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Impact of cage fish farming on water environment in Daya Bay
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Abstract; Water environment monitoring was conducted in the cage fish farm area and its vicinity ( as control area) in Dapeng Cove in
Daya Bay from 2001 to 2002 on a seasonal basis. The results showed that water quality in the area was in relatively good condition, ex-
cept the dissolved oxygen (DO) in summer and sulfide in spring both exceeded the criteria of the second class of Sea Water Quality

Standards for fisheries in China with exceeding rate of 62. 5% , the other water environmental factors were general within the criteria.

DO and chlorophyll a (Chl a) in the fish farm were both lower than that in control area significantly (t-test, P <0.05), while the
concentration of NH,-N and PO,-P in the fish farm were general higher than that in control area, and other environmental factors did
not display evident differences between fish farm and control area. The seasonal variation of COD,,,, BOD; and sulfide mainly related
with the seasonal characteristics of fish farming. The seasonal variation of seawater temperature, salinity, transparency, suspended sol-
id, DO and pH were mainly determined by the subtropic monsoons climate in Daya Bay; the seasonal variation of nutrients such as
NO,-N, NO3-N, DIN, DIP and SiO,-Si were mainly regulated by the rainfall and phytoplankton status, and the seasonal variation of

Chl a was mainly related with temperature and N : P ratio, so there were no evident relationship between these factors and cage fish

farming,
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BEYRE (3.2 mg-L7") MHBETFHEK
(BIN3.3mF4.1mgL™), BRAKDBE
JKF (t-test, P>0.05),

FREE DX A I X MK & Y R T I W R AR
MEEAMM. REHKRER, LFRM; HEN
RFEAY (4 AE10 A) HMNBME, £FHMK



%34

HEES . ARBUE K &M TR X KSR 0 11

MR, Ho2001 £9 ARERIETHE?L; &
REMEUKERRE, £FREYRENERTH
245,
YHEEFHEHEATERESREBNERTE
TR RA R, KETROKILFRHM 10 A
THEEWE 4 Ak, RAMEXMER, RiREHE
KPR NN 4 A P HIHRREEI H, KA

MXEUN Bk, . BRFEZ KRR IR
KEWER, HEARRL. FFME; MEFRILSE
W38, NZRRERKEME, 5ISFBURYKEE
T, WK+ BRI R K, i
KEWTRE, ATRAKR. $E. BHENERYE
YA THETEAEEZETURRR, 5MME
FEREAK,

*®1 FAAFERHINBREKEE, $E, BREMBFURENETEL

Tab.1 Seasonal variation of temperature, salinity, transparency and suspend solid in cage fish farm and control area

REE/C #hE HEYE/m BFY/mg-L!
i} E] T . .
temperature salinity transparency suspend solid
time range
: FA CA FA CA FA CA FA CA
27.9~28.1 27.9~28.1 28.9~30.8 29.7~31.7 1.3~1.9 2.0-~2.1 1.4~3.2 2.8~3.8
2001-6 X +SD
28.0+0.1 28.0+0.1 30.1+0.7 30.4x1.1 1.6+0.2 2.1+0.1 2.4zx0.6 3.2x0.5
27.6~28.3 27.3~27.8 21.3~24.2 22.1~24.5 3.0~50 3.5~55 19~2.6 1.9~2.8
20019 X +SD
27.9+0.3 27.6+0.3 22.8+1.0 23.0+1.3 3.9x0.7 46+1.0 2.3x0.3 2.4zx0.5
19.2~19.4 19.3~19.4 32.1~32.3 32.1~32.3 2.1~25 1.5~24 53~80 9.2~12.3
2001-12 X +SD
19.3+0.1 19.3+0.1 32.2:0.1 32.2x0.1 2.3%0.1 1.9x0.5 6.2x1.0 11.1x1.7
24.8~24.8 24.8~24.9 31.8~32.3 32.0~32.2 20-~3.0 21~40 2.6~4.0 2.0~4.2
20024 X +SD
24.8+0.0 24.81+0.1 32.1:0.2 32.1+0.2 2.4:0.4 3.5+0.5 3.4+0.5 2.9z11
30.3~30.8 30.8~30.8 32.2~32.4 32.2~32.2 15~3.2 3.0~56 0.9-~2.1 0.3~16
2002-6 X +SD
30.5+0.2 30.8+0.0 32.3x0.1 32.2:0.0 2.4:0.8 44+1.3 1.6x0.5 1.1+£0.7
TR 26.1 26.1 29.9 30.0 2.5 3.3 3.2 4.1

annual average

. FA HrRBEREX; CA FAxEX
Note: FA denotes cage fish farm area, CA control area.

2.2 DO, pH, COD,,. BOD, fifi{L4n
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6.53 mg-L™', FFX A DO ¥k &KV B EML T X
X (t-test, P <0.05), FF KX fxt X DO ¥
RS HRTHAR, £, EF0OREKTHH
XPEE, ME. KBEUNEMK (H2a), K, BE
MR AW KK AR (DO <5 mg-L™') B™E,
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#. pH, COD,. BOD, ML) = R 2 A £ 5
RS (r-test, P>0.05), F:5 X HI4EFHE 4
Sk 8.12, 0.67 mg-L'l\ 1.19 mg'L'liFﬂ29.5 g
LY, YR M4 Hk 8.15, 0.67 mg'L'l‘ 1.44
mg-L™'f133.4 pg-L™', ARESE _REAKE
RHATIEM, R 2002 48 4 A 55 X Fx R IX
WA E BRI BB, BIRRERT
62.5% (>50 pg'L™'), NEFELRE, FHKX
Fxd B IX AR ALAFIE A AR, pH BREKFEA B K
TR T Beshsh, HMFENEREE (B2b); m
COD,, . BOD, Migifb ¥ LIEEEE, HMFEW
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Tab.2 Spatial-temporal variation of pH, COD,,., BOD,, sulfide and pH

CODy,, BOD, WALy / pg-L™'
B3 1E] Fien::] pH -1 -1
. /mg-L /mg-L sulfide
time range
FA CA FA CA FA CA FA CA
8.25~8.36 8.26~8.45 0.37~0.70 0.33~0.74 0.87~1.67 0.84~1.95 26.4~37.7 9.3~20.7
20016 X =+SD
8.30+0.05 8.36+0.10 0.49x0.13 0.51+0.21 1.13x0.33 1.25+0.61 30.9+4.3 15.0%5.7
7.88~7.94 7.88~8.02 0.61~1.26 0.49~0.63 1.20~1.74 0.54~1.19 14.2~24.7 12.8 ~27. 1
20019 X +SD
7.91+0.03 7.94 +£0.07 0.80+0.26 0.54+0.08 1.35+0.23 0.93+0.34 19.3+3.9 19.3+7.2
8.00~8.21 8.13~8.24 0.54~0.78 0.62~0.86 0.89~1.10 1.23 ~1.83 27.4~46.8 21.5~58.5
20019 XxSD
8.14+0.08 8.19+0.06 0.66 £0.11 0.77+£0.13 0.99x0.09 1.44+0.34 35.5+7.8 35.1+20.3
8.03~8.35 8.05~8.20 0.64~1.37 0.98~1.24 1.55~2.04 1.63~3.10 34.5~62.3 40.5~62.3
20019 X =z=SD
8.19+0.14 8.11+£0.08 0.91+0.27 1.07+0.14 1.70+0.21 2.42+0.74 49.6+11.6 53.0+11.3
7.98~8.15 8.13~8.24 0.33~0.57 0.32~0.57 0.73~0.86 1.02~1.34 27.6~38.4 21.0~30.2
20019 X +SD
8.04+£0.07 8.17+0.06 0.48 £0.09 0.47 +£0.13 0.80x0.06 1.15+0.17 31.9+4.2 24.9+4.8
V-

8.12 8.15 0.67 0.67 1.19 1.44

annual average

29.5 33.4

H: FA RAMBAFEK; CA RRMEK

Note; FA denotes cage fish farm area, CA control area.
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Tab. 3 Seasonal variation of NO,-N, NO,-N, NH,-N and DIN in cage fish farm and control area

%3 REFAXFXREEA NO,-N, NO,-N. NH,-N 71 DIN REMFHEL

pmol -L !

i 8]

time

Y5 FEl range

NO,-N

NO,-N

NH,-N

DIN

CA

FA CA

FA CA

FA CA

2001-6

20019

2001-12

20024

2002-6

XzSD
X xSD
X xSD
X:tSD

X +SD

0.85~3.73 0.22~0.77
1.92+1.39 0.56 +0.30

0.65~0.81 0.81~1.15
0.75+0.06 0.94 +0.19

0.22 ~0.36
0.25 £0.06

0.14 ~0.46
0.33 +0. 16

0.17 ~0.25
0.22 +0.03

0.10~0.18
0.15+0.04

0.10~0.25
0.17 £0.07

0.09 ~0.26
0.17 +0.09

2.01~22.6 7.02~33.6
7.32+8.64 16.8+14.6

8.22~11.7 10.2~19.2
10.2+1.40 13.8 +4.79

0.77~3.53
2.38+1.01

0.18~2.53
1.33£1.18

1.82~9.10
4.35+2.96

2.07 ~3.62
2.90+0.78

1.07 ~4.62 1.64 ~6.20
2.78£1.60 4.44 £2.45

0.02~0.44 0.28~0.74
0.24 £0.18 0.44 +0.26

0.40 ~5.44
3.59 +2.07

0.47 ~4.24
1.97 £2.00

1.39~4.20
2.77£1.06

0.23~3.63
1.97 +1.70

4.26 ~9.42
6.06 +2.17

1.37~3.87
2.85+1.31

1.60 ~4.24
3.07+1.09

1.02~2.70
1.59 £0.96

5.41~23.9 5.41 ~23.9
9.48 +8.04 9.48 £8.04

12.8~16.1 12.8 ~16. 1
14.5+1.26 14.5+1.26

3.21~6.89 3.21 ~6.89
5.40 £1.40 5.40 £1.40

7.35~16.3 7.35~16.3
10.6 £3.55 10.6 £3.55

4.65~7.69 4.65~7.69
6.01 £1.22 6.01 £1.22

ETHE

annual average

0.65 0.42

5.76 9.04

1.75

9.78 11.21

. FA RAMAHREK; CA FRMRK

Note: FA denotes cage fish farm area, CA control area.

£4 NAFARSHREEFFRAD I BESTNRNOEF AR

Tab.4 Percentage composition of three forms of DIN in cage fish farm and control area

Y FEH X cage fish farm area XTH X control area

season NO,-N NO,-N NH,-N NO,-N NO,-N

NH,-N

20016
20019
2001-12
20024
20026

F¥HE

annual average

20.3
5.2
4.7
2.8
1.3

77.2
70.2
4.0
46.3
45.3

2.6
24.7
51.3
51.0
53.4

3.2
5.6
9.0
2.7
0.8

9.4
82.5
36.8
71.6
75.7

6.8 56.6 36.6 4.3 72.2

2.5
11.8
54.2
25.7
23.5

23.5

M3 FBETHENE A ERERE, FHK
NO,-N. NO,-N 7 NH,-N ff & DIN fE-3H 43t
1% 6. 8% . 56. 6% F136. 6% , TixtHEX K454
4.3% . 72.2%F123.5% (F4), TR, FHEXHM
SRR K P AR FER SN NO,-N, HKE
NH,-N, NO,-N §/b, HFHEX %K+ NH,-N fr
DIN WEAKHABEFXRK, EEFHWET#ET

T50%, RALIEK EEFERS, TR, K
AR K PN EANARE—EBE LRET

FH XK PO,-P W T H{H K 0. 56 pmol
L7, AEBETFXMX (0.46 pmol-L™"), Ti Si0,-
Si WBEZS [ o3 A 2 RN, FRE X AN B X 4R
EHRE A 22.2 f122.1 |_|,mol'L_l - 5 DIN A
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Tab.5 Correlations of nutrients with salinity and Chl a
NO,-N NO,-N NH,-N DIN PO,-P $i0,-Si
ELFF salinity  -0.461 ~0.720 0.104 -0.679 -0.964*" -0.958"*
Chl a -0.514 ~0.773 ~0.115 -0.823 -0.513 -0.538
B: *P<0.05, * *P<0,01 Note; * P<0.05, * *P<0.01
a 12 b 60
10 ° L
I - = 45
T8 &
26 ;z:'? 30
% 4 ~
Q 15
iEl [el g1 tEldle B
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Fig. 5 Spatial-temporal variation of Chl a and N : P ratio
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BB SRR BT BEREER.
2.4 Chla

FER X A HRX 9K P Chl a B4 3WR B 4
HK3.13 F14.18 pg-l”', FERXBEMFXHEX
(P<0.05), HBVHABENESE >LXE>ESE
>HZE (F5a), XUBE. LFRKELE. &
SEEEIR I A KSR, IR XS R
YK ERER T R,

MNP B AR IEOLAE, B, FHK
FIXTERIXHI N P L3RBT 30, BkEBLHH 18, &
BEEAN12 (ESb) . —MEARTEINGIESE, N :
P L%k 16, WiZEERIEE N : P lWAES ~15 28
i, BoE FRWEDKAKD . Xk, AL
B, KSR IHEY A K KR T AR D) PO,-P Ik
MM AR IR S, T4, H#FM N : P LA
EARWHYAER.

3 4ig

(1) RS ¥ 7K 48 24 X 48 5% 58 0 38K 37 55
BROLEST, BREZEN DO MFEEMHILYIREE
FERBOKFEEF BB (B EYR
62.5% ), HEKFERF—BABRR,

(2) #FFEX DO Fl Chl a FI¥K 5 B F K FxF
MBIX (t-test, P <0.05); T NH,-N Fi PO,-P ¥k &
W— s TR, HAakFRERFRSE SR ZE
RAK,.

(3) ¥sK CODy,. BOD, FiEifbyiy 1284k
FEEMAFRAETFTHRNIESAR; WK
H. £, SHE. B%%. DO M pH WHEHL
EEZHETREELTHHFERS MK, NO,-N,
NO,-N, DIN, PO,-P # Si0,-Si ¥EFHFHET
T EEZEN MBI AEN, Chla HFT
AL EEZKRAN : P a9, SMARA
MAFRIFRHE,

sl HEAMER, MEZ. THR. EXKEHR
RAFBRAERIFAL T RS RS ERTHDH R
I, BT,
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