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BRIk S SR 5

FEA, B#EH, TRT, H H
R YRR P=BRIEIT A 48M 350002)

W E: FIE P R EIR K IR FE R e X RO 48 B 1T 5
FEFRFEIAE . S5RFKH,10 522 BF-HikE N 55. 6 g(18P) FER
BT 159 d, BIERIK 99.7% , MEH 584. 6 kg HiNF) 1
478.0 kg, ¥k 143.2 g(7.0P) , FEHZEEFEM13.0 kg/m® 5
7 32.8 kg/m’ , L4} 1H 1 263. 2 kg, #BHRIE E 893. 4 ke, (HRIR
3K 70.7% o e PV IIE SRR AN 57 20 T 855 5 A= W e, (o 68 i
ARG TR, BEAR T 57 5890 3 R /K B AR fL R B4 i &
A R o 1 B B R FE M K AR AL 0. 03 ~ 1. 28 mg/L,
TWASZASA 0.02 ~0.75 mg/L ASAA 1.21 ~99. 60 mg/L, A A5
HI7E S ~7 mg/L.pH LABRER S TA TR ELE 7.0 ~ 7. 7T JKIRTE
23.8 ~32.4 Cla], REGH H BOKERTE 5% W, K Tetr B4 F
BBEE HTRE N . SRR LE 2 WA RRE, AP ES
MTCHR BYIHATRIIR  BOER RiF. FIREHKFHERGIHE
BB , B35 Foid /KPR EL A, TERBAE = R B Z LK™ M

HRER: B RPEAIE(FE
Kik4s m’) BB (32.8 kg/m’ ) 3
17 T RSB IR K RIS .
FE S AT I3k 159 d, 886K ) T #
Mg, EPEAMERET KEGEH
FEs SR A M RV A B S SR AE Y
TR REME T ARSI
AL, HIREER T AR B#K
TEMT , 08P 7K 7 FE BRI 68 fig /K 14
A LR AMHRILE AT
KW : TEAKFEI R G ; B 8 g
TSR A I s KB Tk
HESES: S 959

4 [ B A 28T 7K A 5 2K HE R

684 ( Anguillidae ) 723 [E 75 J7 SR 58 F i E Y
F R ARIE, FEK PR SR T R A
frl

R T A8 BR K £ AR 55 58 68 65X — 44 5%
WK, B8 Bl KRR AL KM, A ZE
MR B R R VALK, 7] A 346
R ) FRFFLET E] , B 7= A] 3K 30 ~ 50 kg/m’ DA Lo
SH IR IR, B AL 4 S0 K55 TR B AR G, T
DIRERE, FRES RN, Bk &
ARG AR MESR . K ENFI R 95% LA L.
B AR S B BB 338, T HEH BER
FIK T MR R SRR A B o

1 MRSk
1.1 FFENK
FRRM R AR e B A R 08 SR

RS HEA: 2011-08-25 {EE HH3: 2011-10-19

X EERASAE: A

SRR 6B (Anguilla anguilla) , P ¥ AT g
55.6 g(18P),
1.2 {ERKFERFEEZMK

I TERR A MR K K 7 BF 58 B 9 o il
HAE K IR B N T, W 1 B, FrAE i
WAL 6.64 m, & 1.5 m KPP RIETE b, A 280A
FL45 m’  FRFE K 2 O HEK B A S B
#, 22 180 pm ANEMTHEMSIR)G , FRIFIEMHEERE
s s ikt AULREM, 2UiE)s , B 5
YA RS, EEKAZERARER
G A RN 2B W B JE B K AR BEA
IR B 4, Ko ¥ R A AL BB F W) (3 60
wm DUF HER P A 30 ) U MR AR
WA TR B TR BEAT 5 BRI IR 20 B, KR4 3 kW
TESRFEAIRHEA 6 m* BIF M A S LK E, BE
14 m® BT B4 (UEHF B Pb A 15 M

ESTH : @M@ e 5l T E S5 B [ %A (2007)010 5 ] ; A RHTI H (2009R10012 - 3)
fEE® I : FFER(1982—) , 5, BYBRWFGR 5L , B, PSR 5 1) R K 7= FRBEK BB J#E o E-mail : gijulong@ 163. com
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BIFIE LR B SR B EY S U i Bk
BB A

| i o AR
| Fest | Bk A B SR |

(e K—asaemd s nk —mimnmss |
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Fig.1 Flow chart of the recirculating

aquaculture system

1.3 FEFEMR

FE 1 m’ KR BA 0.8 m* BTt UEAR
YR, AN NH, CL K A &G 5 mg/LP),
TSI R AEY B, 20 d 54 Y RS L)
REA R SE AR, KB R B AR B A 1 e A rp
FTREAL AR BEHE D, [R] B 55 B Wt il 77 60 kg BR UM 68
i, TR AR IE IR AR, IR SR K RS
TR Z 2
1.4 FEZE.RESHEME
1.4.1 FHEZRE

ARG R YN 684 10 522 2, FFE 584.6
kg, FRIEVIIAE N 13.0 kg/m’
1.4.2 #{HEE

HEHEERFEANZREELHAE, LS mn
WIZSENE, A ARER 0.8% ~1.5% ,4 10
RiHE 1 REMELERIFATRRE,
1.4.3 JHEPGIE

TEFF K RGN KLL 5 x 10 7° A /IR AT IS 55
RbBE FRFEK AR 3t . T R 55N AR 4, LABE R
Fo
1.5 BE.ZE.pH.RERE

RGKIR 23. 8 ~32. 4 C; | FIWRAS 4 E 3
AIERGK IR EIERITE S ~7 mg/L; A NaHCO,
WA pHTET.0 ~7.7 ;7 KRG /K FLEFE 70 ~ 80
m’/h, H{EFF 22 ~25 K,
1.6 KEIEHREMNESHE

FRFA W] B K R i L K DK R4 1
K, ARG RERRE ST ,3 REUHE 1 1R, Rl o
Ha#FE @A (WERRALaE) " EHER
(ER—EAE) " WER (LDt E

)1 W DO pH IR BESTRALIENR . B0k
PI(SS) 1 JFRAE 1 K, R A E &% (GB11901—
89) ' HATIE o

n
in

FRAME (1) 7k DA 2 ==, —

Tt 100% ,
it

KRR SR y, =L — IR

n

PRE
BOFHERRE y == Hrhx, B i RFFEMHE

(&)7KD%1¢§L%L{E,%5§I%HA%# WHER
REBRE, n WBEEREAS, HAE TR IEM X
BRRITE ST ITERZER.

2 4R

2.1 ROABERENMENRFEBL=ZTREN
B

2010 454 A 22 H ARG 60 kg ER Y 58 b
HTRABIHEFEY R =FRZREE A 2
PR B ARAE0. 03 ~0.27 mg/L Z [H], WAHERTE
0.02 ~0.10 mg/L Z[a], BAMEMSAKIF&
AR TR , A0 FARARAK P, %87 0. 8 m’ J&
MEANR B AV 3845 & 50 iH b 2h i L&
iR 1.21 mg/L 213 d EF-E8.00 mg/L, £
HRGEA B NMILII6E

o &R g -
< 0.5 'X']Eﬁﬁ?é%ﬁ 7 ﬁ
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® 0.3 5 R
% + 8
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Fig.2 The change curves of ammonia-N, nitrite-N
and nitrate-N during the period of low density

2.2 FEMEATHER

niE 3 fos , JEFF K IR 88K BikEa A 2010 4F
4 422 HFF1R%E8 H20 HILi1120d,4 H22 H
505 HAMRABERAEY RN B, AAE
0.03 ~0.27 mg/L 2 ], WP BE R A FHE N
(0.14+0.07) mg/L, 5 H6 H(% 14 R)5E—
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HETBSR R B8 4 524. 56 kg, 2= 6 A 11 H (% 50
R)RGEH HIKE/NTRELKER 1% (i
25K BISL) , B B SR pE i & R AE 0.21 ~1.28
mg/L 8], SE¥9{E J7 (0. 62 £0.27) mg/L, R%
BERAKMKE, A LA THEN EFA,EHY
ST LK AR HE B SRIEEIN. 6 H 12 HE 8
H 20 HRG H#KEL N EKER 5% , IWH B
A 1E0.38 ~1.26 mg/L [A], SE-HI{EH (0.75 £0.26)
mg/L, KEMKG, RENBRKEHREHEZ
KA, TSR 2 47 26 R — B BORE 2 B MR BE o

A AR §
221 o F#uk1% / \ /\
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Fig.3 The change curves of ammonia-N
in the culture pond

2.3 FEHTHSETHES

s 4 s, AR50 3R IR A Y I B B, W AH
BSATE0.02 ~0. 10 mg/L Z [8], Hh B B WA SR
FH{EH(0.04 £0.02) mg/L, REGEHHKEND
TRELKER 1% B B, 75 56 1t W65 S A AE
0.07 ~0.75 mg/L [a], SE-¥{H J7 (0. 21 £0. 16)
mg/L, REREBRAERRIMKG , TAES A
THEMEFA . REBHKELNEKER 5%
HrBe, WAKASALE0.08 ~0. 62 mg/L [H], FH{H N
(0.24 +0.13) mg/L, ZEH¥KEMKIG, RS
A AS R BE I B R AT, T S 4 e 72
A — B B M Mk BE
2.4 FEMESERTHBEE

WA S Fis ARSI AR R B, IS A
MFFEEH 1.21 mg/L 213 d EF+Z 8.00 mg/L,
el BB A H ¥ BT 0.52 mg/L, R4 HH#K
BINFRELKEN 1% B ,6 H 4 HRERA
BRE R HATR, FEZEN 1 EAN
BT T HoK BRAE , (EAEZS FHR BE f 26 42 K1 99.
60 mg/L [&Z 45 50 K1 27. 08 mg/L, BLHEEE
14 R 25 42 RIFHMAASAH 10.85 mg/L EFHE
99.60 mg/L, H# EF+ 3. 17 mg/L, H ¥ 1HE N
9.58 kg, RGHHKE 5% BB, TR M IES
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RIEPEAET 15.00 ~57.90 mg/L [i], BEHEREAR
U R TASE B — A [E) BE, 26 99 K& 114 K,
HEHE N 9. 69 kg, AR H ¥ LT+ 1. 60
mg/L, THZS R B R BE LR — B BEH B 2%

+ fRHE
= H#K1%

-~ H 5%
Bk f\ A
x\j,x\fx.x\x/ o

0 10 20 30 40 50 60 70 80 90 100 110 120 130
i) /d
B4 BEFEEBTHSRTHER

Fig.4 The change curves of nitrite-N
in the culture pond
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Fig.5 The change curves of nitrate-N
in the culture pond

2.5 FEMH. HAOSRSEZFRYETL
2.5.1 &R

5H6 H -8 H 20 HAKBRRKME(RSEiE
1755 14 ~ 120 X) , BRER TN B FRFE M L B3 7K O &
RV BE K — R RBRE, WK 1, Kk D& A4
F7E0.21 ~1.28 mg/L, EH{EH M (0. 69 +0.27)
mg/L; BRG &K BTG, K OEA
B4 46 0. 04 ~ 0. 93 mg/L, F¥1H J7 (0. 43 =
0.22) mg/L, 106 d AT — K EE A LR
16 -7.94% ~85.51% ,— KRR A T EBRTN
38.29% +22.69% ,
2.5.2 BB

5H6H-5H27 HAEHE(REETH
14 ~35 X) , BREF I & FRFE 0 5F | 7K 11 B kL
P (SS)WBE R — M EBRR, WK 2, HKOE
TR (SS) 4EFRF7E 1. 20 ~3.40 mg/L,F-3¥{E
H9(2.00 £0.94) mg/L; % R G84& KA BT
5, 3K 0SS 4ERRAE 0.90 ~2.30 mg/L, V-3
fER(1.28 £0.63) mg/L, 21 d i3 H]— K
SS FRRE Ny -9.52% ~73.53% ,— K Pk SS F-H# %=
W H27.86% +32.15% ,




24

FFE R, % B IRK R E R E AR T 215

=1

Tab.1 Changes of ammonia-N, ammonia-N removal

SRR IE it KO RAREERE

rates of the culturing pond’ s water outlet and inlet

H mE K PEA HAKDEA —KEEA
/d /(mg/L)  /(mg/L)  EBRFE/%
5.06 14 0.38 0.35 -8.57
5.08 16 0.40 0.46 13.04
5.10 18 0.56 0.54 -3.70
5.12 20 0.32 0.73 56.16
5.14 22 0.04 0.27 85.19
5.16 24 0.68 0.79 13.92
5.18 26 0.64 0.69 7.25
5.20 28 0.21 0.47 55.32
5.22 30 0.16 0.40 60. 00
5.24 32 0.30 0.85 64.71
5.26 34 0.53 0.90 41.11
5.28 36 0.29 0.82 64.63
5.30 38 0.54 0.92 41.30
6.01 40 0.40 0.54 25.93
6.03 42 0.93 1.28 27.34
6.05 44 0.48 0.83 42.17
6.07 46 0.31 0.39 20.51
6.09 48 0.36 0.34 -5.88
6.11 50 0.06 0.21 71.43
6.13 52 0.13 0.40 67.50
6.17 56 0.71 0.89 20.22
6.18 57 0.78 1.00 22.00
6.22 61 0.69 0.92 25.00
6.24 63 0.35 0.50 30. 00
6.27 66 0.61 0.78 21.79
6.30 69 0.38 0.73 47.95
7.03 72 0.39 0.82 52.44
7.06 75 0.31 0.74 58.11
7.09 78 0.46 1.07 57.01
7.12 81 0.67 1.26 46.83
7.15 84 0.25 0.38 34.21
7.18 87 0.30 0.52 42.31
7.21 90 0.90 1.20 25.00
7.24 93 0.30 0.56 46.43
7.27 9 0.36 0.46 21.74
7.30 99 0.21 0.57 63.16
8.02 102 0.06 0.39 84.62
8.05 105 0.62 0.89 30.34
8.08 108 0.43 0.63 31.75
8.11 111 0.48 0.84 42.86
8.14 114 0.69 1.08 36. 11
8.20 120 0.30 0.71 57.75
FHME 0.43 £0.22 0.69 £0.27 38.98 £22.69

2.6 AfRE.pHIKBRBKE
2.6.1 BRE

oA 180 Lyl A MES 1T &, i A A= I 7E
5 ~7 mg/L, fdi 15 %5 B FRTH BV U TS LARR IR
GHEEEA 12 ~ 18 LIESE,29.6 ~14.4 m’
A<

*2 BEfFFEMEE. KO SS REXBRE

Tab.2 Changes of SS, SS removal rates of the
culturing pond’s water outlet and inlet

] PSS HAKHESS  —ikH:SS

B 0 eyl s(mgl)  EBE%
5.06 0 2.30 2.10 )
5.13 7 1.00 1.20 16.67
5.20 14 0.90 3.40 73.53
5.1 21 0.90 1.30 30.77
A 1.28 +0.63 2.00+0.94 27.86 +32.15
2.6.2 pH

REBTTE, B THAERBREL, BRI
W, RGM pH BEZ T FE. FHRKER S 40 9 45 {5
pHRETET.0 ~7.7, 1348 5 A58 Hain
RIREANE (S) SHREE (R) BUE I, R FH
2309 0.4, D&/ S =0.4R, fil4n, H4H
10 kg, TSN 4 kg BRERE4H LA TR BE REAR DR o
2.6.3 JKIR

FHIRLHITTF S5 -10 A, /KIR7E 23.8 ~
32.4 Clal, N7 H2 HE9 H 24 HRGEN/KIE
BFE30 CUL L. BATER KRG TIRMA,
HERERAINA HWHIREZR, H RGN AKRK
REHA32.4 C, ZRIFEREEA: (1) BHTFRAR
KSR K, BRI TR 7= AR B 3R
BESARGKAES; (2) R B RIEIE R 7E
Fas SRR EA B RIS, toBE 1k T P9 R AR L
%Ko
2.6.4 HKE

FRF RSP, REGH) H Bk BTE 5% W, HAb
HEV5 /K PAAK RS 25 03 AT B AL 38 , 7 0k 20 T 4b
HEV5 /KX IR 5 5
2.7 RERE

BBE I RGRTHEAT R RANE AL, PR K
RGH KA S x 10 °  H IR I B ULIE SR A R
gt FREKIR i TR 55 AR, LB iRE .
FRIEHAE) K A P IR A8 20 BU 3, 4 b IR TP 8 PR
KCEBR S 3R B ) 0 2R 4 R A, o K A4 vk B
rBIEE] 0.4 x 10 °F1 1 x 10 HATBIA
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2.8 FEMR

BB FRFEBOR IR 3 PN, WA SR 10 522
RVHfkE Ky 55. 6 g(18P) Yy RR Y 48 & 584. 6
kg, BFRAE R 13.0 kg/m’ o FRFEMIA]H B 2 1K
A RRE, FRA LS EPREDHAHA
FAZGHJEN], 56 — IR RIRIRITBEIR T 20 d, 33

WA, SRS A, TR 68 b 234
BB, ¥ 143.2 g(7.0P) , & R IR, 48
YR 1 478.0 kg, BUIE R 99.7% U b, Bf KK
i #R ik 32. 8 kg/m’, T 893. 4 kg, HhHIH
1263.2 kg, /B R B0 1.41,

=3 BEFFER
Tab.3 The results of eel culturing
PR RLAG/ g KRN/ & VIREE/ (kg/m’)  KREE/ (kg/m’) JRCE VA TR R B
55.6 143.2 13.0 32.8 99.7 1.41
. T FFHE] 99.60 mg/L, OTTE FI ROSENTHAL!™
3 e

3.1 BUEFEMBERRAHEFREDE

T B /INEAR A i R R ST AR FR K
IKFEFRIER G M KRR | B P oh 5 15 4 g
VEEAR A B ALV P B A 3 e S R 5 T
AT T REBHMPIRS . YT A e Al
BRI ST R IE A T AR R IO AT IR P ek, B
B2 U0 st A R AB IR K FR 58 2R G A ot A o
AR R AR A YT U RS e, 45 R R
B 25 °C IR I0E R Y5 3R A IR, 2 W U 2R T
TThBEROTE BRI 8 ~ 9 d, # i A ok th B
RS AR RIS TR E 4
WRFRFEXT G, I IE B WA TR, Y L
DHRE R BRI 18] g 37 ~ 38 d, Hy i frh R G
HIBEKERAMERSARRE, THERA
BEIVRBEIA 23. 2 mg/L, TG H #all A 7 Y IE
HERWE . BARSGWEEER 8. 69 mg/L (4
F75 NH,-N ¥ B 0. 16 mg/L) , B il K R AR
#E(NH,-N ¥R <0.02 mg/L) MBI g 7 4%, 7=
ERM IR R A . B, G KT
FHRGAE IE % W3 IR F0 0 G B, TS 4 A
T M AR e A SE R AL Th R BB U M
OO RS B INE R 1/10
AT TR b T A 5 A 0 B, 55 AR A B 5 AR
J& BT YT U8 2% TP T RS AL 40 B R, R
2 R BB ) 7 22 BRI, BEAT TR (Y E
PRI 1/10) SE 3R MR, HE— B RR T 3
FERS: , BUSSR R R
3.2 FEEHRKBEHNSEARE

RYLBITE 42 K ESANRIIH 1.21 mg/L
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Rl B PR K 3758 R G H R S AR O
400 ~500 mg/L, 7EEFRKFRIEARLGH, HBR
MR X R Y, H 5 R RS S M RE E
911,50 mg/L 22N A BB R 2 A B A AW
BT fHRR R 35 B R A B AR R AR K B B
2T A AR B 2 517 K. HIRAYAMA'™ 4§
T8, R B S R A S B R B R A R R
15 5 B R B IR G5 T 1 AR O SRR
PRI I , 4 745 R VK B H A 253 o R R A 8 R B (]
B, PRI — I ER K 2R G0 3 308 77 7 9 170 A 4 780 2
8 3R R RS 28 45 57 97 RS AL U A% IE R BF 5T
) KRR R BT — B EET
B, ARI T R G5 H K& 5% W B, 35
AR LT 15.00 ~57. 90 mg/L [a], B R #
FE HL H kB 1% B BeRA B2
3.3 S&EMSS — kT HEBRERIE

R SRR R G xR AN SS — Wk
IR RTE 20% ~40% i), AR TFE B i3
R — G 3R 7K 374 2 G 37 5.0 7K 35 [ 41 4 b
— P AE B B K 88. 64% [ RBUR . F
7 22 R A1 F9 B R T R Sy L R 5% MR £ 68 A £
Bkl AR K L BORDRE L 28 5 7E K A b
KA, T R ER AR, Bk, &
GR35 P BB B S R T — BT

S E Wk
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Research on the cultivating eel in a recirculating aquaculture system

QI Ju-long, LAI Ming-yong, WANG Mao-yuan, TIAN Tian
(' Freshwater Fisheries Research Institute of Fujian Province, Fuzhou 350002, Fujian, China )

Abstract: The eel were cultivated in a recirculating aquaculture system (RAS). Result shows that after 159
days cultivating, 10 522 eel survival rate was 99.7% . Total weight was increased to 1 478.0 kg from 584.6
kg. Stocking density was increased to 32.8 kg/m’ from 13.0 kg/m’. Total feed was 1 263.2 kg and the eel
weight was increased by 893. 4 kg. Feed conversion efficiency was 70.7% . By using adding nutrient solution
and low stocking density, the water quality was stabilized after the eel stocking in the system. This method
would reduce the risk value of preliminary stocking stage. The water quality parameters in the RAS were as
follows: the ammonia nitrogen density 0. 03 - 1. 28 mg/L, the nitrite nitrogen density 0.02 —0. 75 mg/L, the
nitrate nitrogen density 1.21 —99.60 mg/L, DO 5 -7 mg/L, pH 7.0 -7.7, water temperature 23.8 —32.4
°C. The water exchange of the RAS was less than 5% in 24 hours. The water quality parameters in the RAS
were suitable to eel. The eel dactylogyrosis was prevented and cured by using Chinese medicinal herb and
nonpersistent pesticide. In conclusion, the RAS can maintain optimum water conditions to culture eel. This is
a green, safe and water saving new culture mode.

Key words: recirculating aquaculture system ( RAS) ; Anguilla angnilla; cultivating biofilms beforehand ;

water quality; water saving
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