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B E RARMRSESE AETHAEFMEELT IS Oreochromis mossambicus X €. niloticus ) e 5%
AR 9 B 7 IF( Penaeus chinensis ) W F A28 PR R ERC-FH, ME THMAES LR 2RE A
RALFPRETIAEAT; AFARA I E & rf SR EARN 2405 KA A S FRA
% H SRRV EERAEEEAENT, F G AR FRE 0% 2k, RAT HEANKT 10%;
AR ERG LR P, KPP RREN L 62.48%, & FFFHEAN S 18.18%, RRTELLL & 19

35%, HIEAE S Aol AT hr b b0k B AR AR H,

KRR AARHALE, ER, TH

W38 B M S0 VR B P P4 SO shal et 1
HaRlER AR ERTAEE, BWs 2E AT
WEEBFERNAT 2RO EEN, BAIEE
K FEMIEAE AN E T H I NRERER
AR B0 24 7 R > T (B AR
WHEMAHRELS. X—REATREEKHIEE
HAREE TSI, 2RT 19954 6~9 A%
WREREFEEKERALE - FIFG#HT. R
FAEIMR SR, B REHBIR T 18K M e S
USRS TioE %N -3

1 SRR

1.1 HRHFGE

LE N G BB A ( Oreochromis mossam-
bicus X O niloticus ), MAFHME H(76.7£10.9) g.
FAELRAZ SR EW . WE 10 Fik 8

e H 51997 - 06— 29

* R HEREEH B PD-BE -7 -3 FE AT MESRR
BREHSHEHEL™. DR A BEEL S E HH B (39430150
BRI G R B R REEWNERN RILRENEANH (B
it os -2 Sy AR LSRG S ERMTTR M SRR

DEESE BRI GBS IE & Orecchramis mossambicus ¥
O. nifoticus YW BE RN, F KRS RSP L 00
X, 1997

R 3~5, i 1 B3R B 30, KRAF N hEISAF
( Penaeus chinensis), FERHE M (5.56 £ 0.53) cma
S AR, & ULAR R L Mok B e 3e, RALIE AR
FANBERE 8k ; 1H¥ g Xt o 0B 1E

1.2 XRER

MBS T EHN S mx5 m, LREERS
BB EM N E RS, DRI E T4, 4R
TRBwEh, EHBEEN 2.67 hm?, KEH 1
m. AL AR FHEAER, XRPREBK, B
WA FERRBROKT.

THEH4 TER. 1F.2F 3 SERERRE
HEBAF A, BEFRFHNAEENE. EX
PUERBGMIE. aRAFFaMBREER 12
000 B/hm?, B EIREHFE 30 B. 4" ERREEH®
FPEMA, BERADPEMTHRFEESN 9
000/hm’, FE303F 225 FB.

1.3 BMERBREAE

1.3.1 FFEMESERFEKEFRERE
€ RARSENEEFENNEBRREYLSER
PR R AE AR, U6 b bR ial b
LS ERMKE e BB EH T, 8
BERERE UERERA R ACAEREERAER
KA R E R,
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1.32 BINMFHERREE BKEHEEB4LF I
AMEE R R NIFMIER. EEREHNEY,
IKE 18 ¢, 7EAGR 28°C MIEREE 21 T, KSR e
WHEEEHN0.505 mg/e-h, BEESHEINIG 0.
483 mg/g W EEHERKME).

R E S N ()

V=0.299+7.94%x10"2x DO

Hop v AT HEE/ me-g '8, DO AW
BESE/mg L', LRAXMFEEY S om £
A, KBMEE2 + 1T, SRR FNREIE,
1.3.3 EEFBRES A HE KR E S
0 B0 TR A R 1k i R O T B S NS B PP TR
e I A B RSO B PR B8 SR (9] .
1.3.4 AESXSHEZHROBANEY) HE
Wk, MR E S NERREFIFHEYLEE
B, DRANERSSREEKTFREED,
MM EF A ET T EHE L,
1.3.5 tERMERME(DO) A YSI 5739 B
SN EERNBERARE, L Winkler RBE.

2 XEER

2.1 R ARRER
L SRER kB RER (TG - S g
WL R A .

x1 EFHEWKSEHErFUE(A/g n YR
FR/(B/gm 2-d7Y)

Table 1 Gross oxygen producing rate and daily oxygen pro-

duction of phytoplankton photosynthesis
LFE R 2 ER 3* ERE 4% R

enclosure 1 enclosure 2 enclosure 3 enclosuec 4
A B A B A B A B
6.30 0.795 7 73 0,382 3.7 0.786 7 64

716 0.947 G20 D871 8.47 1.035 10.06

7.24  1.053 10.24 0.525 5.10 0D.661 6.24 0.226 2.20
730 0.377 366 0.647 6.29 0.397 3.86 0.298 2.90
841 0.361 3.51 0.810 7.87 0 821 7.98 §.508 4.94
B.05 0849 B.25 0,947 9 20 0D.461 4.4% §.779 7.57
8.10 0.710 6,90 0.624 6 07 0.781 7.59 0.587 5.71
8.14 1.251 12.16 1.069 10.3% 1.229 11.95 3.712 6.92
£ 1% 0 595 578 0.691 6.72 0.38% 3.78 0.850 8.26
8.24 0.668 6.49 (.857 8.33 0.721 7.01

8.25 0,673 6.54 0 353 3.43 0.337 3.28 0.632 6.14
.31 0 588 5.72 0D.608 5.91 0.875 8.51 0.707 6.87
9.16 0 354 3.44 0.519 5.04 0.272 2.64 0.627 6.09
T

Tean

A3

date

0.709 5. 89 (.626 6.351 0.685 6.66 0.604 5.87

L AT, AR M R R SRR
FERES THREME. @l EERN LS ERE
AR BAEFAEELIHETREN
BIEREH. 72, HFRH B KA ERM A B>
FRNED., ERARTPRASALSAEROEE
BREMSE THEFHER, KR AR X80 R 22
WA EEHEFERER AR,

Bt fEAH B S5 REHBNXEHE
1), HERAHRUNERAS. Ik A, 551EmR
FERSAAERS (IR BE)RARAE
.

<47

daily oxygen preduction

BrgR /g o
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4 H# Daic
B EE 82EE 0 FERE Esclur

1 FHEEYESEAE~RRAOTH
Fig.1 Fluctuation of daily oxygen production of phytoplank-
ton photosynthesis

2.2 SRR AR
2.2.1 kFEE  LIBSRAEERNE 4 ERK
ERRMER Y, BRI ERAEFEENEER
b 1,33, B, TRIBAXMERTRSRITE
HEEMEEKEFREER(F2~5), REX
A . P 7 AP R LR B (T R A
2.2.2 SIMMHTR REFSENNESRIT
BEMaFFart e RECEHM, 10 d 2688
SE1RAE), MEANER, arpBrEsE RENY
i, 2 WiE Bz Aga g E R E R
fH(F2~4),

it ME R FE S BAR S A AR R R R V) 55
BE(DO)MERIVEHE, A A FHBEERELR
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B OTE KRR R SRR T 71

R AR R ARG B R P 45 1 KoK E T IFR A
HHE. 2 KNER M B AR R BB E T
fH(FE S5,

2.2.3 RiEFR B ERFRASRLE
2~5. EEEYN BHEIENERFREFRST
HEFCALIE |8 5 7 A 1 3% £ R R 0 45 08 R O R R

100, 10

b=
o

benthic respiration rate
[, [ n o8

EREBE, ®g- 22 bY)

7A24B $HIH 8$A10B 8A19H 8831H

Augl  Augld Augi® Augij
8 Date

O YRR Benthic Respiration Rate

m B Dissolved Oxygen

Jul 24

H2 EMERFRRNEATENEL
Fig. 2 Fluctuation of benthic respiration and dissolved oxy-
gen

tration in enclosure 3

R REEE R TR ERERRED. Y

BEERERFERY, REEEESHE TR TYER
BEAERN, REERAFHSCREHEMA2).
H e L, th R A E R T E -5 R K EL2MH
JERNE R, i PRI 8 T i, T 4B R &
LR R ER, (SRR SR,

2.3 GhiISEERNTE

WEBREMERANTHREE LB EET
%, SERMITEZERLE2-5.

TEA S EFE D, KRR 4 TER TS
HEEEBEE LM 63.1%,67.3%, 69. 7%,
58.5%, FHIER 64.7%; & AP REBE S5 5
16.7%,16.1%, 16.9%, 13.7%, FIE K 15.9%;
PR R H 55 20.2%, 16.6%, 13, 4%, 18,
9%, FE{EHR 17.3% . FIOL, JKEPIRFESE & th i s
HIMHER RS, EATIERFEE B RUR R IPREE
BHEEAZ, HH5SEERMN 15% 3R,

MENBREE BRI LRE, TERAT,
AR 2~ 5 MESE —REWAKKES KB
5, Y ZE <0 57, FYRIEES XY RBUER
FE; HiEME >0 b, EEMBEEL RSB RTH
Fo 172 3TEARP RS KHRERAGES S E
FWAMS.3%.8.7% M 7.8%, M4*ERP LS
TEEARE BT I 6.3%, MENEAE MET
RSV HEASE, RETFRRNES RST #EA
K&,

F2 1"ERENRTEETHIR

Table 2 Diel balance of dissolved oxygen in enclosure 1

b

g/ m
ik Aok ] HERBE Er &, 3%
MEAE FRHOESER consumption of D() HAEFED
date resource of DO oxygen exchange
phytoplankion TR R £ 15 T IR with atrmosphere and
photosynthesis water column respiration fish respiration benthic respuation vatiation of DO level
6.30 7.73(85.2%} 6. 7(74.0%) 0.88(9.7%) 1.48(16.3% ) +1 34{4 14.8%)
7.16 9. 20 100% ) 4.52(64.5% ) 1.01(14.4% ) 1.48{21.1%) —2.189{ - 23.8%)
7.24 10.24(92.3%) B.55(77.0%) 1.01(9.1% ) 1.54(13.9%) +0.86({+7.7%)
7.30 ‘3.65(7?.7%} 2.10(44.6%) 1 13¢24.0%) 1.48(31.4% ) +1.05(22 3%)
.01 351068 6%) 3.17(61.9%) 1 22(23 8%) 0 73(14.3%) + 1.6 +31.4%)
8.05 B.25(160% ) 3.98(59.6%) 1.22(18.3% ) 1.48(22.2%) -1 37(-19.0%)
8.10 6.90(99.7%) 3.B9(56. 2% 13018, 8% 1.73(25.0% ) +0.020+0.3%)
8.14 12160100 % ) 6.62({69 8%) 1.38(14.6% ) 1. 48{15.6% ) -2.68(-22.0%)
819 5.78(52.5%) 7.64{69.4% ) 1.45(13.2%) 1 92(17.4%) +5.230+47 5%)
8.31 5.72(100% ) 1.98(40.0%) 1.48(30 0%} T 4830 (%) -0.78{-13 6%}
9.16 3.44(70.6% } 1.89(38.8%) L.50{30.8%) 1.48(30.4%) +1.43{+29.4%}
F-H{E mean 6.96{94.7% ) 4.64(63.1% ) 1.23(16.7%} 1.48(20.2%) +0 390 +5.3%)

s TRARTICRED, - RAB P E ).+ menns mcrense source) -

m
means decreasel expense) .
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TFable 3 Diel balance of dissolved oxygen in enclosure 2

g/m’
BN HEAHE HREFEREH
o e -k ey (3 consumpticn of DO AL
date resource of DO oxygen exchange
phytoplankton KEES 0. R R with atmosphere and
phetosynthesis water colutnn respiration fish respiration benthic respiration variation of DX} level
£.30 3.71(100% ) 1.28(36.5%) 1.02{29.1%) 1.21{34.4%) -0.20{-5.4%)
7.16 8.47(89.5%) 7.18(75.9%) 1.07(11.3%) 1.21(12.8%) +0.99( +10.5%)
7.24 5.10(65.9%) 4.80{65.8%) 1.07(14.7%) 1.43(19.6% ) +2.2(+30.1%)
7.30 6.29(100%) 3.33(58.8%) 1.12{19.8%) 1.21(21.4%) —0.63{ - 10.0%)
§.01 7.87(100%) 4.40{64.6%) 1 17{17.2%) 1.24(18.2% ) ~1.06{ - 13.5%)
8.03 9.20(100% ) 2.14{47.3%) £.17(25.9%) 1.21(26.8% —4.68(-50.9%)
8.10 6.07(69.5%) 6.43(73.7%) 1.21€13.9%) 1.09(12.5% ) +2.66(+30.5%)
8.14 10.39(91.5%) §.92(78.5%) 1.23(10.8%) 1.21(10.7% ) +0.97(+8.5%)
8.19 6.72(90.1%) 4.64(62.2%) 1.25(16.8%) 1.57(21.0%) +0.74(+9.9%)
8.25 3.43(31.9%) 8.29(77.0%) 1.26(11.7%) 1.21{11.3%) +7.33{ +68.1%)
8. 31 5.91(100%) 2.52(56.4%) 1.27(28.4%) 0.68(15.2%) ~1.44(-24.4%)
F 18 mean 6.65(91.3%) 4.90(67.3%) 1.17(16.1% ) 1.21416.6%) +0.63( +8.7%)
« [ 2. The same as table 2.
a1 ERANREREEEAR
Table 4 Diel balance of dissolved axygen in enclosure 3
g/mz
R UE 2 HERHE HRRZER B
s bodids: L b e (3] consurmption of DO ¥k xS
date resource of DO oxygen exchange
phytoplankton KR R R with atmoesphere and
photosynthesis water column respitation fish respiration benthic respiration vartiation of DO level
6.30 7.64(79.0%) 7.78{80.5% )} 0.92(9.5%) 0.97(10.0%) +2.03(+21.0%)
7.16 10.06{100% ) 7.83(79.9% ) 1.02(10.4%) 0.97(9.9%) -0.24(-2.4%)
7.24 6.42(60.9%) 7.97{75.6%) 1.02(9.7%) 1.55(14.7%) +4,12(+35.1%)
7.30 3.86(91.7%) 2.12(50.4%) 1.12(26.6%) 0.97(23.0%) +0.35(8.3%)
8.01 7.98(89.9%) 7.43(83.7%) 1.26(13.5%) 0.25(2.8%) +0.90( +10.1%)
8.05 4,48(35.9%) 10.30(82.6%) 1.2009.6%) 0.97(7.8%) +T.99( + 64.1%}
8.10 7.59(100% ) 4.08(71.6%) 1.27(22.3%) 0.35(6.1%) -1.89(-24.9%)
B.14 11.95{100% ) 5.66(71.3%) 1.31(16.5%) 0.97(12.2%} ~4.01( -33.6%)
8.1% 3.78(80.9%) 2.38(51.0%) 1.35(28.9%) 0.94(20.1%) +0.89( +19.1%)
8.24 8.33{100% ) 4.59(66.3%) 1.36(19. 7%} 0.97(14.0% ) -1.41(-16.9%)
8.125 3.28(95.1%) 1.12(32.5%) 1.36(39.4%) 0.97(28.1%) AT +4.9%)
8.31 8.51{100% } 2.45(44.1%) 1.37(24.6%) 1.74(31.3%) —2.95(-34.7%)
9.16 2.64(66.5%) 1.61(40.6%) 1.39(35.0%) 0.97(24.4%) +1.33( +33.5%)
FHH wean 6.66(92.2%) 5.03(69.7%) 1.22(16.9%) 0.97(13.4%) +0.56{+7.8%)

» A # 2. The same as table 2.
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Tabhle 5 Diel balance of dissolved oxygen in enclosure 4

g/m?
BRNER MR SRTEBEE
W ES AR consumption of DO EARKEAH

dare resourpe of DO axygen exchange
phytoplankton THE R £ W IR I R R with atmosphere and
photosynthesis water column respiration fish respiration benthic respiration variation of DC level

T.24 2.20{53.1%) 3.01{72.7%) 0.30(7.2%} 0.83(20.1%) +1.940 +46.9%)
7.30 2.90(B8.7%} 1.84{56.3%) 0.35(10.7% ) 1.08(3.30% ) 03T+ 11.3%)
B.0Ot 4.94(100% ) 3.03(73.9% } (.40{(9.8%) 0 67(16.3%) —0.84{ - 17.0%}
g.10 =* 5.71(100% ) 3.61{74.6%) 0.61(12.6% ) (0.62(12. 8%} 087 - 15.2% )
B.14 6.92(100% ) 4.19(69.9%) 0.72{12.0%) 1.08(18.1% ) -0.93 ~13.4%)
8.19 B.26(88.9%) 6.71(72.2%) 0.82(8.8%) 1.76(19.0% ) +1.030+11.1%)
B.24 7.01{100% ) 2.28(51.8%) 1.04{23 6%} 1.08(24.6%) -2.61(-37.2%)
B.25 6.140100% ) 1 75(45.2%) 1.04(26.9% ) 1.08(27.9%) =2 270 -37.0%}
8.31 6.87(100% ) 2.49(47.6%) 1.26(24.1%) 1.48{28.3% ) -1.640-23.9%)
9.16 6.09(89.0%) 4.50(65. 8%} 1.26(18.4%) 1.08(15.8%) +0.75(+ 11.0%)

FHHE mean 5.70(100%) 3.34(58.2%) 0.78(13.7% ) 1.08(18.9% ) —0.51(~8.9%)

* [BlF& 2. The same as tahle 2.

3 g

3.1 ERMBHEEARAMEFE—-HRIMEE,
BATAXR SR B R H AR IR IR R 28, &
ARERRER K B RRETHTAGNE, 35
THEMER, ERFRRNTHELN @
M8 61.7 mg/m*+h.2* B 50.0 mg/m? - h. 3% H
40.3 mg/m’h 4* AR 44.7 mg/m®-h, TR, HHE
AL BB B B0 IS VE PR TR R 40 0, A 5 R U8 I % 6 iy 0
EERTEESETERE. BAEXRERENHKIE
FER AR 8~ 114 mg/m?+h, TELEFHER. &
BB RO S, TR IR PRI H O 42 ~ 125 me/m?+
h(®), Boyd 25 B #1742 388 S48 40 o 18 61 mg/m®*h
fER IR R R A EH, X —Sin S RNMN e
FEEEY GO,
3.2 ERERER, FREYESER~ER S
KEEEEEE AR 91.3% ~100%, EMbEFE K
FERE, ASTHIERERERENRAFRLE
BB, FES5.3%~7.8% 28, B RKAMIER
BE R X ROEERAL Y. B EY e S
=4 86.0% 95 3%, KEFHEEBEAL 14
0% M 4.7%0, SRATOEEIERIE,
BRI RS EAEFERNTFHER
6.40 g/m* - d, fiXF JC5B AT FF 11 P Kk £ 4 K
EFEHE(9.41-10.09 g/m?- )P R HE S &5
HR T RABEAKETTHEQ9 93 g/m-
DU, T 55 47N 2 e R B R AF B KRR PR R (4

16~13.42 g/m’-d) M. RRERRHAKEERS
AHEBAER . HEREFBPKER~ER(6.65
~6.96 g/’ ) BE T RAFFIFERM(5.70 g/m?
d), FHH 1.06 g/m*-d.
3.3 MUBE KRS BERGEREAE, HegR
BRTHREFRQENE, ERFaERBP, XS
THAERM RS REFERME, HEBYHEE
BIRA# 5.5%, REFIFERS, KSTBEA
HdRARFEBAE, X EEY S EEERERA
B18.9%, SEIHIRIMHMKE L E 3 m &b i R
HO~7 m/fs, TREEREFH, FHRELE N, X5
TR SRR ERIEE EBCE L R
71N, BRI %o i S8 PR R e Bt
3.4 FFEMBEEM L TR KRR fmeF
R R, SERFKPRERE S
WA, A EhE R 63. 1% ~69.7% ., R A
BEEHEFRERAR 16.1% ~16.9%, & FIFR
B(13.7% ). JEUEMRR 7E 3 |OL M AT 5 N
13.4% ~18.9%, FERIEMHE. THMIOR
KEMPEEHEER KEPRE 70%, gk
20%, AR & 10% 2, SRATHMESRMALL, K
WP A O BB, TR DR PRER BT 5 L RN, R
M o E XTEF i 1990 RIS A ST, K IFIREE
k58 2%, AR IRAE R & 25 2%, KEHEES
16.6% 71, MBSV S0 4 2140 BT o LB S RN
5 55 AR

H U FT AL, s AR 3 0 FE) IS R 18048 9% AR TR R 9 R
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S FTHINAAVIEER. A AR EaY
BRI T 2T REAEAE, FEH
AP RRYHLE IR T TR AR Al O B A O
AEAEARR TSR AR, BhHEa
BRI EEREY., FAERNFEREET
UTFJLA: &%, A EBAF, RElESH
W, MERR AR M A B R B IR 1. 06 &/
m’-d. AW, EEAMMKIEREERE N 4.64—5.
03 g/m’-d, BHEF A KIPRFEE R K 3. 34 ¢/’
-d, MR AC & M A K PR AR R BT e R IR 1
52 g/m’+d. B, B EKHS =SB TR
BEtarh, F¥E 0.46 g/m®-d. HEK, &R IF
BEiR M PP R RE BB AR, MEAE A M P B B R RE IR
FEHBN1.17-1.23 g/m® - 4, FABIF M o IR AE
HRREREERNK 0.78 g/m’-d, ARBHIFRFE
SRPEETFHIFHENEREER, THE0.43
g/m?-d, HAN, AR AR PEIRFE A (1. 22
g/m?- ) EE S T RAFUFH(1.08 g/m?+d).
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Diel balance of DO in mariculture ponds”

Xu Ning Li Deshang Dong Shuanglin
{(Ocean University of Qingdao, 266003)

Abstract The diel balance of D() were systematically studied with experimental enclosures in seawater ponds

where red Taivanese tilapia hybrid ( Oreochromis mossambicus X O . niloticus ) were cultured by fertilizing and

Chinese shrimp { Penaeus chinensis ) were fed with diet, respectively. The experiments were carried out in

Haiyang, Shandong province, 1995. Photosynthesis by phytoplankton, water column respiration (in situ light/

dark BOD incubations) and benthic respiration (with benthic respiration metre) were monitored periodically.

Fish and shrimp respiration were calculated by predicting models. Atmosphere diffusion was estimated by sub-

traction method. The results revealed that, in the mariculture ponds, the contribution of photosynthesis of phyto-

plankton to the total X averaged more than 90%, but the contribution of atmosphere diffusion averaged less

than 10% . The DO loss in the ponds is approximately: water column respiration, 62. 48 % ; fish{or shritp)respi-
ration, 18. 18 % ; benthic respiration, 19.35% . The balance of DO in fertilized fish ponds was different from that

in fed shrimp ponds.

Key words mariculture ponds, DO, balance
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