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Table 1 Monitoring results of T,S and Trs in cage area and control area in four seasons

i X 35 ks R k2= X% LA
Index Area Spring Summer Autumn Winter Annual
T/C Cage area 28.9—30.8 28.3—30.0 26.7—28. 1 21.4—21.6 21.4—30.8
Average 29.8+0. 6" 29.0+£0. 6" 27.5+0.6" 21.5+0.1° 27.8%2.8"
Control area 29.3—30.7 28.4—30.0 27.0—28.0 21.2—21.8 21.2—30.7
Average 30.0+£0. 6" 29.2+0.7° 27.5+0.5" 21.5+0.4° 27.8+£2.9°
S Cage area 33.38—34.33 29.61—30. 60 32.73—34.79 32.70—32. 86 29.61—34.79
Average 33.9340.31° 30.2440. 34" 33.1440.69" 32.82+0.08" 32.494+1.56"
Control area 33.40—33.94 28.72—29.22 32.57—35.40 28.75—32.97 28.72—35.40
Average 33.69+0. 22° 28.994+0.21" 33.73+1.31° 32.8640.16" 32.244+2. 25"
Trs/m Cage area 4.0—7.0 4.0—4.5 2.0—3.5 3.0—3.5 2.0—7.0
Average 5.1+1.3° 4.3%+0.2° 2.5+0.7° 3.4+0.3" 3.8+1.2°
Control area 3.0—7.0 4.0 2.5—3.5 3.0—4.0 2.5—7.0
Average 5.0+2.8" 4,0%£0.0" 3.0£0.7" 3.5+0.7° 3.941.4°

Note: values with same superscript letters within the same column were not significantly different (P>>0. 05).
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Fig. 2 Spatial-temporal variations of the water tempera-
ture, salinity and transparency in cage area and control area
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Table 2 Monitoring results of pH value and DO in cage area and control area in four seasons

£ X 3 R ES B G EXes

Index Area Spring Summer Autumn Winter Annual
pH value Cage area 8.06—8.22 8.00—8.17 8.06—8.14 8.05—8.29 8.00—38.29
Average 8.1340. 04" 8.0940. 06" 8.10£0.02" 8.1840.08" 8.12+0.06"
Control area 8.13—8.18 7.94—8.24 8.04—38.16 8.01—8.18 7.94—8.24
Average 8.14=+0.02" 8.12+0.13" 8.10£0. 05" 8.13£0.08" 8.12+0.07"
DO/(mg/L) Cage area 6.66—7.50 6.02—7.66 6.01—7.05 7.78—8.18 6.01—38.18
Average 7.1240. 24" 6.7540.47" 6.5540. 36" 7.9340.13" 7.0940. 62"
Control area 7.05—8.52 5.93—7.17 6.19—6.58 7.84—8.11 5.93—8.52
Average 7.52+0.67" 6.57+0.58" 6.37+0.16" 7.94+0.12° 7.10£0. 79"

Note: values with same superscript letters within the same column were not significantly different (P>>0. 05).

() (b

8.30 4 9.00

OCageareca O Control area OCagearea O Control area
a A
a
8.20 A 8.00 a T -|-
- 5 . 1Tl
0 == a a ~
= T a ) a
S 8.10 1E £7.001 a
jan) ~
[>T ]
@]
8.00 A 6.00
7.90 - . 5.00 - -
Spring Summer Autumn Winter Spring Summer Autumn Winter
Season Season
3 R4 KRG B IX pH (E DO [ H 25 254k
Fig. 3 Spatial-temporal variations of the pH value and DO in cage area and control area
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Table 3 Monitoring results of DIN,DIP, TN and TP in cage area and control area in four seasons Unit:mg/L
b5 X 3 HE CES ®E X7 Exis
Index Area Spring Summer Autumn Winter Annual
DIN Cage area 0.044—0.122 0.014—0. 059 0.019—0. 054 0.134—0.151 0.014—0. 151
Average 0.07640. 025" 0.02940.014" 0.03340.011° 0.14340. 005" 0.07040. 049"
Control range 0.064—0.104 0.028—0.048 0.014—0. 057 0.136—0. 150 0.014—0. 150
Average 0.08040.018" 0.03540. 009" 0.03740.021° 0.14240. 006" 0.07340. 047"
DIP Cage area 0.002—0.010 0.001—0.002 0.001—0.012 0.011—0.018 0.001—0.018
Average 0.00740. 003" 0.00140. 000" 0.00340. 004" 0.01540. 002" 0.00740. 006"
Control area 0.003—0.022 0.001—0.003 0.002—0. 005 0.012—0.015 0.001—0.022
Average 0.01140. 009" 0.00240.001" 0.00240. 002" 0.01440.001" 0.00740. 007"
TN Cage area 0.118—0.412 0.440—1. 840 0.450—1.080 0.141—0. 274 0.118—1. 840
Average 0.19540. 095" 0.75440. 467" 0. 70940. 200" 0.22040.038" 0.46940. 363"
Control area 0.111—0. 215 0.200—0.520 0.390—1.080 0.212—0.402 0.111—1.080
Average 0.15840. 048" 0.39040. 144" 0.62840. 315" 0.30440.082" 0.37040. 238"
TP Cage area 0.009—0.037 0.017—0.026 0.002—0. 060 0.013—0.021 0.002—0. 060
Average 0.01640. 009" 0.02140. 004" 0.01540. 019" 0.016=40. 002" 0.01740.010"

Control area

Average

0.007—0.011

0.01040. 002"

0.018—0.047

0.0284+0.013"

0.004—0.031

0.01440.012%

0.013—0.015

0.01540.001"

0.004—0.047

0.016+0.011"

Note: values with same superscript letters within the same column were not significantly different (P >>0. 05).



BHHE BAKETRAMEFEX KB ENHEZTUMEFTRESN

0.2001 () ONO,-N [NO,-N [INH,-N 0.0201 (b) OCagearea O Control area
B 3 o
0.160- i & 0.0161 a
o % _ a
5 0120 = 0.012+ a %
& a 2 £
S~ ~
Z 0.080+ & 0.0084 a
A =
a a
a a a a a a
0.040- é E 0.004- 1 {
0.000 CL . 0.000
Cage Control Cage Control Cage Control Cage Control Spring Summer Autumn Winter
area area arca arca arca areca arca area Season
Spring Summer Autumn Winter
Season
(e) (d)
1.2001 OCagearea [ Control area 0.035 - OCagearea [OControl area
a
0.030 A {‘
a a
0.900+ 0.025 - .
- a —
=
5 200204 Ex a a 3
£ 0.600- g a
= a . = 0.015; a
[ a a = X
0.300- a 0.010
0.005 A
0.000 0.000
Spring Summer Autumn Winter Spring Summer Autumn Winter
Season Season
B4 R4S X AW G X DIN.DIP, TN, TP 23 4584k

Fig.4 Spatial-temporal variations of DIN,DIP. TN and TP in cage area and control area

2.1.4 CODy, #= Chl-a # 8+ = T A4
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f 4 4F 28 AL 35 BBl A 0.35 — 1,30 mg/L, 4E ¥ {H N
(0. 73£0.29) mg/L,CODy, X257 A (P>
0.05), T4 MRy MA T, HARFEMAE XA S2
S 7 (3. 87 mg/L) B CODy, I E R4 MK
IKIFFRAE (<3 mg/L) . (AFF & B K% =K KKE
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x4 WERMMBXEFTH COD,, ¥ Chl-a KR

7KK AR HE (<2 mg/L) ; A X FX IR X CODy,
METLZANEZENKES TEEMEFE
[ 5],

M 48 X Chl-a 4428 fk i B Ry 0. 40 — 20. 33
pg/ L AR R (7. 7546, 08) pg/Ls X BRIX S 4L {5
Bl 0.16 — 14. 71 pg/L, ¥ {H R (7.02 £+ 5. 20)
pg/ L, WA X Chl-a 4 35 {8 & T % BRI, H R TR 3 12
FEHIKF-(P>0.05), WA XXX Chl-a B2
AR ES R E>L T FR, P A EN RIX >
PO 5 X Al 2 75 D 2 XA DX e v LT 5 ()

Table 4 Monitoring results of COD,,, and Chl-a in cage area and control area in four seasons

EiER2) X 3, e ES Fk A7 EXis
Index Area Spring Summer Autumn Winter Annual
CODy, / Cage area 0.70—1. 30 0.05—0. 84 0.59—3. 87 0.24—0. 54 0.05—3. 87
(mg/L) Average 1.03+0. 25" 0.5440. 31" 1.16+1.10" 0.4140. 12" 0.7840. 64"

Control area 0.90—1. 30 0.35—0.77 0.66—1.09 0.35—0. 44 0.35—1.30

Average 1.084+0. 17" 0.6240.19" 0.8440.19" 0.4040. 04" 0.7340. 29"

Chl-a/ Cage area 0.40—3. 46 7.20—14.04 10. 70—20. 33 2.22—3.72 0.40—20. 33
(ne/1 Average 1.65+E1.07" 11.3942. 69" 15.0443. 18" 2.91£0.57" 7.75£6.08"
Control area 0.16—2.59 7.75—14.20 10.19—14.71 2.04—4. 38 0.16—14.71

Average 1.36+1. 36" 10. 96 £2. 64" 12.44+2.06" 3.3441.08" 7.024+5. 20"

Note:values with same superscript letters within the same column were not significantly different (P>>0.05).
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Fig.5 Spatial-temporal variations of CODy, and Chl-a in the cage area and control area
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Je KT IR B B IR R A . N3 5 TR, AR IX
N/P EEIR W A 4F A8 fR S [ Ol 15. 7—106. 3, 4F 3 {H
34,727, 45X IX N/P EEIR H Y 4 4 AR 1k 3 R
o 16.1—61. 3, 4F B {H 2y 30. 34 15. 05 M A X N/P
JEE IR L A 2 (E = R IR IX, E R 3K #) 3 KO
(P>0.05), MIAIX N/P EE/R B ZH AN E
T E>LF>HTF, A FMKER DIN B8 T
BREMAEZ AW T DIP & 5 5% D@ (8 32308 07 v
ot B, DAL 4 DX R R R 1 N/ P EE IR LA
XTHRIX N/P BER LI ZE WA E >4 F>
BRSBTS X W TR R X IR X
Ab HAZETT 2 A X3k N/P BER He i (& 6)

2.3 BHFLEIEMNIEH

WL 5 FrR, MR IX (S2— S5 3 ) A (B #Y 4 4F
AL YL A —0. 89— 1. 00, 4E 3 — 0. 01 40. 73,
X HRIX (S1.S6 i i) A2 4k Fil 2 — 0. 75— 0. 85, 4F 3
{ER 0.00+0. 63, W4 X A1 XTI X Y A {H 22 5% A
B(P>0.05), B 7 B/ART KW A EHS i, H
7 S3 S ulifir K BB AT (A <T0) , HoAth 3 7 7K 5 %5 4
(0CA<1); EZ S1—S6 5 ufi i i 7K it K& (A <
0) s Bk % S2 5l S6 5 i i K R AF (0<<A<<D), H
325 57 7K T R A (A <<0) s %2 S1—S6 5 3 v 1) 7K T
B (O<<A<D)., BRRF . W XORIX I X 25 A8
TEARMEAHE] A > H 2> E>T R L EMEG
BRI (0<A<1), B ZF Mk ZFKFRRLF
(A<<0),

x5 MARMMNBRESTH N/PERLE FGIFETEMERMNERER

Table 5 N/P ratio,organic pollution index and eutrophication index of cage area and control area in four seasons

BN X 35, HE e T G D
Index Area Spring Summer Autumn Winter Annual
N/P ratio Cage area 15.7—25.4 16.1—106. 3 20.7—91.9 19.5—23.3 15.7—106. 3
Average 20.4+5,2° 54, 9+38.2° 41.9+33.6" 21.4+1.6" 34,7427, 4
Control area 16.1—30.6 42.1—61.3 16.1—27.3 23.3—26.0 16.1—61.3
Average 23.4410. 3" 51.74+13.6" 21.743.9° 24.6+1.8" 30.3%15.0
A Cage area —0.22—0.85 —0.89—0.66 —0.70—0.06 0.88—1.00 —0.89—1.00
Average 0.2740. 44" —0.79%+0.10° —0.45%+0. 35" 0.9440.05" —0.01+0.73"
Control area 0.17—0.19 —0.75—0.57 —0.72—0.06 0.78—0.85 —0.75—0.85
Average 0.1840.01" —0.66+0.13" —0.33+0.55" 0.8140.05" 0.00+0. 63"
N, Cage area 1.04—2.10 2.63—4.34 2.98—4.82 1.28—1.40 1.04—4.82
Average 1.354+0.51° 3.26+0.77" 3.57+0. 85" 1.3440.06" 2.38+1.23"
Control area 0.89—1.25 2.86—2.89 3.02—3.05 1.35—1.62 0.89—3.05
Average 1.0740. 25" 2.88+0.02° 3.04+0.02° 1.4840.19" 2.12+0.92°

Note: values with same superscript letters within the same column were not significantly different (P >>0. 05).
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Table 6 Correlation analysis between eutrophication index and environmental factors

e . ;
Seé;i;;n Tra?%??a’;}zncy Sfﬁf‘[y Temﬁ[])%e%ture pII-)IHVEue DO CODy, DIP TP DIN N Chl-a
Spring 0.328 —0.098 —0. 146 0.788 0. 257 0.777 —0.156  0.920" " 0.434 0.983" " 0. 250

Summer 0.276 0.129 —0.363 —0.103 0.296 0. 140 —0.371 0.288 0.519 0.587 0. 320
Autumn —0. 305 —0.484 0. 045 —0.477 —0.719  0.926"" 0.931"° 0.950"" 0.049 0.582 0. 585
Winter —0.616 —0.238 0.639 —0.057 —0.479 0.111 0.186 0.111 —0.852" 0.915" 0.793

Note: * represents significant correlation (P<C0.05), " " represents extremely significant correlation (P<C0.01).
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3 i B AL RE I R AT B ae ). 5 R N At v S A
P (3 7 JE 7KV AR X DO Ak 48 15 K SF 5 1 4K
3.1 5EERNEMFAESEHNKRERTFIER TS RSN S %N 7 N 2l
JE KV WA 5RO B B R RR O O OE BR 65 VY SR IG R A DO AR, AR WS, WA X
(Trachinotus ovatus) , B H FEFFEFEERKTH. B, CODyy, WIFEIME N 0. 78 mg/L. iz EALF £ 11 M
RN IR A W), OF TP AR B 22 Sl . TE A R ARS8 AR ER | T T N i Y L e Kl
B A WO BIKAE 2 O OB — 3 R0 . XS RAKERAAIX A S2 3547, 38 B A5 =38 K K bR
FrFH A W P 04 7K 3R B TR 4 A R B S KT I K Y (<4 mg/L) iZ ¥ 37 CODyy, 5% 1l it 2 BB i
DIN,COD,,, .DIP. DO, pH {8 3 A 75 4 55 — 2 ¥k WA X DIN {447 3 (B T oAt 3% g 02 IR B
TR BT ARUE , W AR DX IR XK BR B R 1 22 R R B ARG ISR 5 1/10, DIP 5 I 5% V5 35 51
2, R AE SR A AR I L 2 A DB K AT gk A R R T O R Y T g
SRIEUF 3 15 2 45 W 2T g A Y 9% 2% BTV 38K I G SR, R RIS M s 57
BP0 25 R — 20, YOI ROAR FR A TG S0 Z B UK BR S B g A I g K TN A TP 4 & L fH AR 4% DIN Al
K52/ . ASBIEFE AR IR B IX DIN 7E 4 DIP ¥ B A] DAE DU 5 7K 05 73 56 1 5l TN A TP 4b
AW EEIE A R NO,-N, 5 ¥ Sk E iz T AR,
AU BT T A A UL R K IS K IR B
7 BAKBHREEESE M ESENKRERTF LB

Table 7 Comparison of water environmental factors between Houshui Bay and other aquaculture sea areas

5 358 ARG DO/ COD,,,/ DIN/ DIP/ TN/ TP/

Sea area Year (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

I({t‘;ﬁi‘;;fya)y 2018—2019 7.09 0.78 0.070 0. 007 0. 469 0.017
Qingzhou Bay'® 2022 5.91 0.020
Yueging Bay""’ 2016—2018 6.51 0. 830 0.052

Maniao Bay!*" 2019 6.41 0.128 0. 007 0.257 0.012
Wanning Xiaohai?* 2011 6.13 0.55 0.092 0. 040
Xiangshan Bay!?®) 2010 3.66—7.01 1. 06 0.907 0.060

Note: the data of Houshui Bay aquaculture sea is the annual average of cage area.
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TSR 2 A IXIFEFE R TS M Trs $I{E e, 3 — T3 05 B 7= RRK 7 0 40 208 A K O BRI O o 98
AT &K ZFH S B AR, AAEH Trs &8 1X AYIFRAEITHE R, DL 57 58 5% 0 L HE 9 b i A Bl
SO IR ZE A AL T RE R M M VR PR B R WA RIS FE K i DO IR B R AR . '
AR K. WM TR —10 A Z W F KSR R AE 1 2 iy R e e R A FE YLK
IKEE 1312 mm A B4 8000, Hivk 8—9 A DIP Al DIN & & RO il 3= & %= J5 H Al fig 2
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EBL%E BAKERAMEFRERKTENNZZUNERRKRESHT

RN A 1.9 £ TP fE L T h i . E E X R
XJE R XA 1.3 /%, TN Ml TP &L 7%
PRI R A L 38 32 ) AR P 7 T Y5 . — T
2 A SR 0 25 1 B AR TS Y s 5 — T 1T AT Rg
5RO TS e b s S A AL AR A BIL
AHx,
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Temporal-Spatial Variations and Nutrient Status in the Aquatic
Environment of Deep-Water Cage Aquaculture in Houshui Bay

PANG Qiaozhu,CHEN Dandan,CHEN Xiaohui, XIE Haiqun, LIANG Jilin" "
(Hainan Academy of Ocean and Fisheries Sciences, Haikou, Hainan,571126,China)

Abstract: The effects of cage aquaculture on the aquatic environment of Houshui Bay were studied. The data
from aquatic environment surveys for deep-water cage aquaculture that were conducted in May, August, Oc-
tober 2018 and January 2019 were collected. The environmental factors were compared between the cage area
and control area. The organic pollution index and eutrophication index were adopted to evaluate the eutrophi-
cation level of the marine area with deep-water cage aquaculture and explore the relationship between eu-
trophication and environmental factors. The results showed that pH values, Dissolved Inorganic Nitrogen
(DIN), Dissolved Oxygen (DO), Dissolved Inorganic Phosphorus (DIP), and Chemical Oxygen Demand
(CODy,) met the standards of class I seawater quality. There was no significant difference in environmental
factors between the cage area and the control area(P >>0. 05). Spring and winter were more suitable for the
growth of phytoplankton,while in summer and autumn, phytoplankton growth and reproduction were limited
by DIP. The organic pollution index indicated that the seawater in Houshui Bay had good quality and no or-
ganic pollution. The eutrophication index indicated that the eutrophication level was high during the peak pe-
riod of feeding in aquaculture,and the eutrophication was serious in the cage area, which was mainly influ-
enced by Total Phosphorus (TP) and Total Nitrogen (TN). In the future,efforts should be made to strength-
en the environmental monitoring of deep-water cage aquaculture in Houshui Bay.so as to avoid the long-term
cumulative impact of aquaculture on the water quality.
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