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Tab. 1 The specific growth rate (SGR), ammonia excretion and phosphate excretion
by the gold fish fed different foods at various ration levels (mean+S.E.).

et HHe WE e | BEEh
L] ﬁﬁ?j(ﬁ* GR Ammonia Ammonia Phosphate Phosphate
Food lt)auon 4 s % excretion excretion excretion excretion
% b. w. [ mgN/indi./d | mgN/g/d | pgP/indi./d | pgP/g/d
5P 0 —0.316+0.0604/0.32840.0147/0.149+0.0065 | 2.65+1.764 1.1330.779
Minced Beef
1(0.24) 0.026+0.1039 [0.629+0.046910.33010.0511 | 5.88-+1.860 2.96+0.929
2(0.48) 0.560+0.1172 [0.8844-0.09720.438+0.0135 | 8.82+1.534 4,4510.768
4(0.96) 0.9304+0.1845 {1.39940.1107{0.75830.0466 | 15.271+4.535 8.6142.925
6(1.44) 0.9344-0.1717 |1.85840,0951{1.001+0.0457 | 30.2942.663 | 16.794+2.701
8(1.92) 1.030-4+0.2138 [2.6084-0.2729(1.0554-0.0236 | 37.9946.339 | 15.41+1.949
[ AR 0 —0.07540.0898{0.434+-0.1056(0.21540.0159 8.0346.128 5.19+4.400
Dry Pellet
’ (0.25) 0.03240.0618 |0.57740.0598(0.311-+0.0497 8.0343.738 5.3443.419
(0.5) 0.1273:0.0735 [0.78240.0695(0.325+0.0122 | 16.47+2.349 7.2941.660
(1.09) 0.54410.0604 [0.9084-0.0555/0.43930.0138 | 20.32+4.4912 9.47+1.289
(1.5) 0.853+40.0597 [1.18340.1586[0.5484-0.0153 | 33.66+5.329 { 15.514+0.913
HWR(G-89) 1 5.009:+0.2974 [2.304::0.5407]1.080-£0.0980 | 99.95:+35.99949.01413.138

*EEPHNAEARYTESKENEG S Values in brackets are dry weight of food expressed as

percentages of the initial weight of fish.

%2 FAKEERE (SGR, %/X)5WAE (R, % s GR/X)*%REHHE [SGR =
a +bln(R + 1)] &
Tab. 2 Coefficients for the equation, SGR = a -+ bla(R + 1), relating specific growth
rate (SGR,% day) to ration (R,% b.w. day)*

ﬁﬁﬁt & a%S.E. b+S.E. (%)
1 MinE B —0.40340.1287 0.53740.0655 75.3
2 DanéPiﬁll*iL[ —0.50240.1846 0.5660.0837 67.5
3 Ehiss e ~0.45240.1106 0.55140.0529 70.2

*IUEFEN: (AYTE)/(AKEBEE) X100 Calculated as: (dry weight of food)/(wet weight of
fish) ¥ 100

¥ (NE) 5EERE (NI ZHMXAEN NE =a +bNI, SR IALR A, B
B, RBHASBEGR 3). 1 REEW, RIDHBRRA 4 SHPEEREER (P>
0.05)o WpTZSIT(EL NI XihER)RY, WL R PoaitE, 2t giEs
B, HBEER (P<0.001), ERBZEREMAMLNEN, EHTRIESHLHE NE
5 NI k&, NI i@ NE bR 98% (& 3).
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Fig. 1 Relationship between specific growth rate and ration in goldfish

A VA H4EE Fish fed minced beef

Tab. 3 Coefficients for the equation, (NE = a + bNI), relating ammonia excretion rate

B LIEEAtA¥ AtEE Fish fed dry pellets

%3 HANSBENEmgN/R/R)SEEHRE (NLmgN/R/X) LRy

EA5E (NE =a+bN) pRE

(NE, mgN/ind./day) to nitrogen intake rate (NI, mgN/ind./day)

FEX &Y atS.E. baS.E. (%)
HA
4 Minced beef 0.3161+0.0271 0.4704+0.0101 99.0
Gy
5 DryDPellet 0.40910.0297 0.48540.0150 97.9—
AHME )
6 :i’ooled 0.37540.0232 0.469:}__070098 98.0
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Fig. 2 Relationship between ammonia excretion and nitrogen intake in gold fish
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Fig. 3 Relationship between phosphate excretion and phosphorus intake in goldfish
A, B BEFREIAE 1
x4 HARRBEEE (PEug P/R/R)SAMRE (PL, peP/ B/ROXRFDHEBES 2
(PE = a + bPI) W%

Tab. 4 Coefficients for thc equation, PE = a 4 bPI, relating rate of phosphate excretion
(PE,ug P/ind./day) to rate of phosphorus intake (Pl,ug P/ind./day)

ﬁéﬁﬁ ’goﬁi?d a+S.E. " b+S.E. (%)
; M.mj:fgeef 1.884+2.446 1.0840.136 74.1
8 Dﬁfy’éﬂﬁ[ —0.86344.873 0.36640.0361 78.2
0 ﬁfﬁfﬁ*ﬁ 6.8342.724 0.338-0.0283 75.7

& fa B HE A S RE B AR R N S INCHE 3)0 S RHRG R AOBIRILE, BiHE R
RIBIEE AR #, B (PE) SHEEIE (PI) HMX AN PE —a + bPIL, it
KA LRERE, HERSTEREBESHGE 4).  RERH, & 4 B HEX 7, 8 B3
ELREER (P>0.05), HHEDHTEL PI GHERIRY, ARNFSBHEHEZ
ERERE, FREER (P <0.001), EAZERIYMALHZM, EHRELROBIESH
DTS PE 5 PI WpUXR A, (6B PE hERK75.1% (R 4)s

%) ®

AGMRELHSAEREE5ERFZMPXAR, SHEW RS RAZW 08 K
XXHT SGR=a+bla(R + 1) XHWARAELANERKEEEARPER, KARTRE 8
Singh % kMR RESL Heteropneustes fossilis HAEKRSEEEBE R,

BARAMRRANHMEN ESER RHEE R ERERK, BERREREHX
FHEUNERERAREL W, ERAFHT, AXEERSHEY, MBENE|EH
SRHEMNARERIEN, EEEBERTEARTEN, WREREE MW ks
MR, MARREEYhENITN. Elliot HEIF (Gammurus) {AWEt88 (Salmo
trunie) AL T —AERKRE, B RA LS ERES MW, 208 R E ", Smith &%
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FASER P RIS AVBRA K (Theragra chalcogramma), ZEARMER &K TLHEE
Mo XEAM KRB HIMRAYWHEFR RN PHRIGCRBEAK, HEREN
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BROFHMRSHFREZANERN—EL, X O B A £ % E P IE LS,
Elliots™ G HI bR f0 MHEM X 5 W REMR AWML, NS REXSHMEHE R A
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BRI R EORE P EHE MR B R 98%, B, AREERARREN, TAZER
Wy 2 OB M, T (XM SR B B TR CHE M 2, EA R IOBF b, AR B X — 4 R T
)ﬂ?ﬁf‘ﬂ'ﬂﬁ‘%‘?ﬁﬁ],NUE{E@Uﬁi%E%%%ﬁTE@ﬁﬁHﬂﬁﬁ,/\%ﬂlﬁ?ﬁ%m%—'
AU R R, RAEXAZKGTHEAEREIGI YN ER, ETitE, &
NRHBBREERNER, £5FTRARREEMNE S EE,

ARSENET 8 IR (30°C) KBE(RANIRE FTHEHHES, RIBAXFA
B 2g ErEHER %43 5026 0.47 (ULIK) & 1.20 (BR) mgN/g/d, 2g ERERRIHEH =
7 51% 0.68 & 1.51 mgN/g/d, 5% 1 FiFlEiE AL, & S NIER VR&, BEXL
RTFR—KE. REMFEHERTEEGTAMRH, RERE RLRTT5ERRBERK,
ARFNERERS, BHE (15—-24b), XRERHRSZER ERATRIESHR R
BB

IT AR HE M TRYE, AXRBWMFHR. Kuenzler BTG I (Modiolus
demissus) 7E 16—24°C BB ERHEME 34 64 ngP/g/d"%, Johanunes RP—HEKimE K
(Lembos intermedius) ROBEBRELAEM Y 1.4 wgP/g/h (33.6 ngP/g/d)™, XEET5
1T E. BAS AP HEIBIER S EE, BT SHMERENX A RAL A

PR R MsE T OB e, EAFEGﬁnEPJTVFﬁﬁMEﬁ)Qﬂﬁ#E'JﬁFﬂO
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EFFECT OF RATION LEVEL AND FOOD TYPE ON THE
GROWTH, AMMONIA EXCRETION AND PHOSPHATE
EXCRETION BY THE GOLDFISH CARASSIUS
AURATUS (L.)

Cui Yibo  Liu Jiankang and Hua Li
(Institure of Hydrobiology, Academia Sinica, Wuhan 430072)

Abstract

Two experiments were conducted at 20°C to study the growth rate, ammonia excretion
and phosphate excretion by the ornamental goldfish, Carassius aurarus (L.). In experiment A,
minced beef was used as food. In experiment B, a dry pellet diet was used as food. Fish were
tested at six ration levels in each experiment. The relationship between specific growth rate
{SGR) and ration (R) can be described by the equation: SGR= a+bla(R+1). When ration
was expressed on a dry weight basis, food type did not have significant effects on the coeffi-
cients in the above equation. The relationship between ammonia excretion (NE) and nitrogen
intake (NI) was: NE=a-+bNI. Food type did not have a significant effect on the sope in the
above equation, but there was a siginificant difference in the ammonia excretion rate, adjusted
for an average rate of nitrogen intake, between the two experiments. The relationship between
phosphate excretion (PE) and phosphorus intake (PI) was: PE=a+bPl. Food type did not
have a singificant effect on the slope in the above equation, but there was a sinificant differen-
ce in the phosphate excretion rate, adjusted for an average rate of phosphorus intake, berween
the two experiments. Despite the significant differences between the experiments, nitrogen in-
take and phosphorus intake could explain 98.0% and 75.7%, respectively, of the variance in
the ammonia excretion and phosphate excretion in the combined data.

Key words Growth, Nitrogen excretion, Phosphorus excretion, Ration



