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EEENHAE,

LERAKESSEINECRSNSBREENMITEREH, HE, H425H, RHE, &
BNRE, M BEEEEENKSESSETEEN 80.85—92.712%, BHRN 1.69—
4.96% 81524 0.35—1.09% K> 4 0.98—2.6%, AH/EEN0.66—2.17%, EEBHY A
2.3—9.95%,

ERKEEINEARNSEE LT EHEER, AFARLBEEERNWHNIELTR
EE/AT, HOHENEEB SRR (36.63mg/g BE), HERIK (12.92mg/g BE);
HEMEERS (3.36K1/g BE) /PMREEM (1.28K1 /g HE),
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MNERXESE, AXMBRINSE FXLR AN, AIEGEEIHMP DR &7 Lt
HAKEHEAE R GEREA BN EASE, HEMBIERRN &ET R A HigHR

* AMRBRERERMEXSEDIE IIH&HS: 3860589,
1990 £ 3 A 22 B K%l



2 K % £ # % R 17 &

AR, FERH T ER A
OB R D5 ik

(=) EBHEERILE

LR HCRKE: HE (Potamogeron crispus), H22B (Potamogeton maackia-
nus)y WE (Myriophyllum spicatum), #HH (Vallisneria spiralis), /INK#E (Najas
minor), M B# (Hydrilla verticillata) RREIZH (Spirodela polyrhiza), HBH
REM RN ERMHREFXFERR Y. KELERTHREREND T ML EE
Hy, A B 7E /KB S FE A P I, BE A B

TRAAREBARRRY. XFRRHRESFE S, @B ANLTRAHI0A kR
BGREEX 2ppm) B 2—-3d, HEREBKE, £FKRBEFAFLRMAA,

(2) EBRFH

TREFRZA#T. BRFEEBELE 30°C, KBERRE 30°C, KFEKAE 8ppm
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Tab. 1 The chemical composition (%) and calorific value
(Joule/g. wet) of seven aquatic macrophytes

X = H{LERH Chemical composition Enerﬁgay c{?ntem c/p

e N ay [EREEH Fropein
M7(J><isture l;ﬁige%n HEE? stﬁhj‘ C;llgt%%se ni}jg;en I/ g wet /g, dry

*HEO 80.85 4.82 0.66 2.45 1.27 9.95 3.36 | 17.56 69.79
E123-10) 82.89 4,18 0.90 1.97 2.17 7.79 3.11 | 18.17 72.63
EHED 85.89 3.49 0.61 1.56 2.14 6.31 2,54 | 18.01 72.80
F=10) 92.52 1.69 0.41 0.98 0.66 3.74 1.33 | 17.80 78.79
N3 16) 92.72 1.81 0.54 1.29 1.34 2.30 1.28 | 17.52 70.50
HHHBEE® 90.94 2.15 0.35 1.51 1.49 3.56 1.53 | 16.90 71.21
BB 83.04 4.96 1.09 2.69 0.86 7.36 3.04 {17.92 61.25

* @ Poramogeton crispus (@ Potamogeton maackianus (@ Myriophyllum spicatum @ Vallisne-
ria spiralis ® Najas minor Hydrilla werticillats (I Spirodels polyrkiza

MZE 1Al B MM ER K S B S SROELEEY 80.85% (HE)—92.72%
OUNERE). BEERX 1.69% (FE)—4.96% (REFH), MBI 0.35% (M BE)—
1.09% CREIFH) RS 0.98 % (EHE)—2.69 B (CRIETEFE), FU4FRD 0.66 % (GHE)—
217 %(RLE) KRB LN 2306 VN KE)—9.952(HE), HEENELEEN 1.33
(FHHE)—3.36KI/g BE(GHEE) 8# 16.90 (S B#E)—18.17 Ki/g T&H, kR 5EH
FREL (C/P) MyAR(L7EEEDY 61.25 (REIFH)—78.79 (FH),

ERMKENSEELN T tHEER(GRBKBLEGREBRRIESTIN), Kha
BAREERIM(FEER. ZER BER. EER EARER. S ER . GER BER
RAER) M\ RELREER, tRHRKEFHENEERDGRES (36.63mg/g
), THEERK (1292 mg/g BE), YEEERSBESHEEE (SEERE SR
48.63%), RIEREEEFM(HEEREER 3442%), LHAEPESSBNLTRE
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X2 tHANSERER (26 mg/g BEH)

Tab. 2 Composition of amino acids of seven aquatic macrophytes (mg/g wet)

Kquscin YO | HumO | RKEO | %HO |ixEe | BAR | ZHR
macrophytes F:10) #O®
KEAEBEE ASP 4.42 '3.88 5.26 1.52 4.19 3.55 1.93
FE” THR 1.80 1.64 1.02 0.58 0.94 0.91 0.88
2 &% SER 2.01 1.97 1.26 0.71 0.98 1.05 1.08
A#E GLU 4.44 4.02 4.35 1.44 3.09 2.42 2.96
HE%® GLY 2.16 2.09 1.21 0.88 1.17 1.30 3.70
REE ALA 2.38 2.19 1.51 0.84 1.30 1.20 1.80
BEEE: CYS 0.46 0.38 0.30 0.23 0.16 0.13 0.17
4EEE VAL 2.38 2.17 1.50 0.82 1.27 1.14 1.00
ERE MET 1.05 1.04 1.02 0.44 0.30 0.16 0.27
R EE ILE 1.92 1.68 1.11 0.63 1.03 0.92 0.81
ZEE LEU 3.39 3.17 2.03 1.20 1.92 1.80 1.37
&R TYR 1.46 1.45 0.90 0.47 0.65 0.67 0.64
*PE% PHE 2.55 2.45 1.51 0.92 1.09 1.03 0.8+
BB LYS 1.86 1.37 1.31 0.64 1.17 1.02 0.85
AR HIS 0.65 0.62 0.45 0.27 0.38 0.32 0.38
¥EE ARG 2.03 1.80 1.19 0.69 1.05 1.04 1.33
WE% PRO 1.67 1.54 0.99 0.64 0.91 0.94 2.45
*REHEE(%) 48.63 47.64 41.38 47.91 42.36 42,57 34.42
BEBRT
Amino acids 36.63 33.46 26.92 12.92 21.60 19.59 22.46
(total)

@—® E#F 1, The same as Tab. 1
* HEZEB 2N % of total amino acids

EAARER. SEARVEEREAERIEER (K 2.

MERAEHEEBRNASBIEELRTUEY , HENERNES, KRERR
AELHAEFEERA, BT LIANEBRERAKEHROEREERE, WD HKE
HRBEFEES FIET

(=) e ALtk ENHLENRXRRRGC)

AMRELREHEHRET,UE TRIGEANE S (139 B, KK 8.70—22.02
cm, {KE 10.50—226.56 g) FIHIL&5 (126 B, ki 8.50—24.90 cm, {KHEH 6.50—381.05
g) WME o BE EHNKE. M ESNETTENTYR.EOR, S4R.
R RS R BKIL AL ERERBERER,

W ER R LS LoD LIk s

& 3.4 Il HAMPE LSRN REA R CRHKERBARTUEL: A—&
EAMANCRHKENHCEERRN, REAEBHNANE—HKERNHELELEE
EERNGETUEHEMKENBEAENSRELEFRIEMEEER HLex
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Tab., 4 Digestibility of amino acids of seven aquatic

N ~ _—
@ 7* Eﬁ; 2k § 7]: 23 & H " Bt
% v% ng 5 H, # # & & &
J
” 2 S Ele | B &8 | 8 | 8| 8B | ®
% < ASP | THR | SER | GLU | GLY | ALA | CYS
2 =@ 78.58 | 69.77 | 68.33 | 73.13 | 65.57 | 69.75 | 61.60
+2.51 | +3.54 | +£3.71 | +3.15 | 44.03 | &3.54 | +4.52
75.22 | 70.85 | 65.12 | 74.00 | 60.14 | 70.72| 56.59
® # H0 +2.23 | +2.62 | +3.13 | +2.41 | +3.58 | +2.63 | +3.90
- % =g 76.90 | 78.62 | 78.37 | 76.72 | 81.71| 78.43 | 76.68
s # +2.81 | +2.60 | +2.63 | +2.83 | +2.22 | +2.62 | +2.83
s x  m@ |11:06—[23.00— | 78.46 | 69.09| 65.33 | 70.13 | 59.59 | 68.46 | 55.00
& 22.02 | 226.56 | +2.86 | £ 4.10 | +4.61 | +3.97 | +5.36 | +4.19 | £5.97
& % RO 85.18 | 67.04 | 65.16 | 76.39 | 58.87 | 68.96 | 70.90
o 2N +1.86 | +4.09 | +4.37 | +2.96 | £5.16 | +3.89 | +3.65
] 90.86 | 84.03 | 81.02 | 86.32| 61.53| 82.26 | 53.23
#HARO +0.88 | +1.53 | +1.82 | +1.32 | +£3.69 | +1.70 | +4.49
89.04 | 88.94 | 87.86 | 91.14 | 95.31] 92.83 | 87.56
RRFHO +3.17 | +3.20 | +3.51 | +2.56 | £1.36 | +2.08 | +3.60
68.08 | 70.40 | 71.13] 72.24 | 86.43| 75.42 1 61.33
" RO +1.86 | +1.72 | £1.78 | +1.61 | +0.78 | +1.43 | +2.25
& & 5O 80.90 | 76.32| 71.64 | 78.15 | 63.86 | 76.65 | 68.31
#% +0.83 | +1.02 | 4+1.23 | 4-0.95 | +1.57 | +£1.01 | +1.37
| e B
S 73.03 | 74.53 | 73.97 | 74.61| 77.97] 75.86 | 73.47
4 ® HO +4.06 | +£3.84 | £3.92{ +3.82 | +3.32 | +3.64 | +3.99
L —
2 11.20— | 24.18— | 91.95 | 62.88 | 59.07 | 71.22 | 48.78 | 67.62 | 44.28
z % HO® 24.90 | 381.05 | +0.84 | +£3.77 | +4.16 | +2.92 | +£5.20 | +3.29 | +£5.65
. - 86.69 70.13 63.76 77.01 36.11 66.01 43.21
;"‘E & &BO +1.50 | £3.39 | +4.11 | +2.61 | +7.25 | +3.86 | +6.44
= 92.96 | 86.61 | 84.91 | 88.54 | 70.23| 85.02| 83.59
RHARG® +0.83 | +£1.57 | £1.77 | +1.35 | £3.49 | £1.76 | +1.93
] 80.69 | 85.65 | 86.36 | 89.40 | 94.88 | 90.33 | 82.00
RETHO » +4.15 | +3.50 | +£3.33 | +2.59 | +1.25 | £2.36 | +4.40

@®—@ W* 1, The same as Tab. 1.

FhK BRI BB EERUN KB PR R R AMKEREA RS T REa.BUH
A EREN, A KEOMEESAKERXEE, MBRBLRKENLE (¥, %)
EfhE (X, g) BXRARES—6) TUBHMM AN CHKENHELE  MEAKE
BNmEEH RS,

2486 FAkgH-tHAkNHBXERREGC)

e Eda 20 MABEARE L 21 MEREA (R 7), B EERETHELE, &
HadthkENBEABEaR (Y, ¢ BE/24h) S584F (X, g) BXEX, X



BROES: RERKRAREGEARNEFNERFHR I Ba,
13 Ak &% LRKE BE YR AR &R LRINE 9

ARpEERHLE (30°C)

macrophytes by grass carp and Chinese bream

4 = B = i % # O " % o
% & x & = &l & & g & W2
By & £ Digestion
i B & o B i B B it i 30
VAL MET ILE LEU TYR PHE LYS HIS ARG PRO
69.07 75.23 69.70 69.38 69.02 71.73 76.17 71.84 73.35 64.27 71.56

4+3.62 | +2.91 | +3.54 | +3.59 | +3.63 | +£3.31 | +2.79 | +3.29 | -+2.86 | +4.18 | +3.33

71.19 93.59 68.35 70.02 56.94 60.54 73.22 61.24 73.42 69.00 69.81
+2.59 { +£0.58 | +-2.85 | +-2.70 | +-3.87 | +3.55 | £2.41 +3.48 +2.39 +2.79 +2.71

78.22 | 77.19 | 78.71 | 76.90 | 78.95 | 75.58 | 73.13| 79.15 78.34 81.55 77.84
+2.65 | +£2.77 | +2.59 | +2.81 | +2.56 | +£2.97 | +3.26 | +2.52 | +2.63 | +2.25 | +2.69

71.46 77.95 68.03 68.73 63.92 68.63 64.92 57.17 72.99 60.72 68.80
+3.79 | £2.93 | £4.25 [ £4.15 | +4.79 | +4.17 | +4.66 +5.69 +3.59 +5.21 +4.14

69.75 74.13 69.11 69.89 61.79 68.67 76.12 67.33 68.96 59.07 72.32
+3.79 | £3.25 | +3.87 | 43.78 | +4.79 | £3.93 | £3.00 +4.10 +3.89 +5.13 +3.47

82.52 | 78.89 | 79.43 | 82.36 | 70.75| 79.01 ] 90.06 | 77.82 83.11 82.39 82.44
+1.68 | +2.03 | +£1.97 | +1.69 | +2.81 | +2.02 | +0.95 [ +2.13 | +1.62 | +1.69 | +1.69

85.83 | 90.60 | 86.26 | 85.33 | §4.14 | 86.40 | 91.04 | 88.87 94.43 95.51 90.98
4+4.10 | +£2.72 | £3.92 | +4.25 | £5.05 | +3.94 | +2.59 | +3.22 | +1.61 +1.30 | +2.61

65.39 | 60.09 | 65.57 | 65.15 | 65.84 | 66.93| 51.19| 71.10 66.48 85.13 72.00
42.01 | +2.32 | +2.00 | +2.03 | +1.99 | +1.92 | +2.84 | +1.68 +1.95 | +0.86 | +1.63

76.53 | 68.75 | 77.76 | 78.80 | 67.01 | 76.65 | 74.98 69.96 80.15 76.03 75.90
+1.02 | +1.28 | +0.96 | +0.92 | +£1.43 | +1.01 | +1.08 | +1.30 +0.86 +1.04 +1.06

74.40 77.06 73.08 74.73 76.15 73.97 77.72 75.24 76.91 74.81 75.02
+3.85 | £3.45 | £4.05 | +-3.81 | +3.59 | +3.92 | +3.36 +3.73 +3.44 +3.79 +3.76

59.79 73.73 61.24 63.59 54.97 62.28 65.66 63.83 67.54 59.42 72.62
+4.10 | £2.67 | +3.94 | £3.69 | +4.57 | +3.83 { +3.48 +3.67 +3.29 +4.12 +2.78

71.71 | 73.85 | 72.74 | 74.62| 54.89| 73.10 | 70.71 63.13 63.03 43.27 70.56
+3.21 | +2.97 | +3.10 | +2.88 | +£5.12 | +3.06 | +3.33 | +4.34 +4.20 46,44 +3.34

87.17 73.34 86.75 86.97 84.99 87.58 90.44 81.98 87.40 80.23 86.52
+1.50 | £3.13 | +1.56 | +1.53 | +1.76 | +1.46 | +1.12 +2.22 +1.48 +2.32 +1.58

83.17 85.83 82.29 80.03 83.26 79.96 82.90 86.41 87.77 94.22 87.76
+4.11 | £3.46 | £4.33 | +4.88 | +4.09 | +4.90 | +4.18 +3.32 +2.99 +1.41 +2.99

BAYE AR AREIEM b B/ F 1 (B 0.5236—0.7119 (0], H3L g5 7F 0.3580—
0.7364 Z[HD), AIMEAKBEAN LN EAB(BEREAERESR MM, MEANES
BORAAEZEIONRD, Haxn tikENREaRREH BEIIETER L, £
ANMKES S THLE (7)),

£r EFTR , B A RO P Skt 1 £ R K BERO P41 EBE 2 OB R TR &, Ba Rtk
NS AKRE R . BARE L g0 -E Rk SR N RSB TN, B1E
W43 B4 B 22 BEFNTE B 5 B 4o R Sk o5 2 B ik 2 BERORD - BB A0 B A RS, i B
BERERK, FEEW, AXNEMONHLENELROSE, TEBR T AL ML
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Tab. 5 Equartions relating digestibility (Y,%) of seven aquaric macrophytes
to body weight (X, g) in grass carp and Chinese bream
X = ﬁﬁiﬁkﬁﬁfblﬁiﬁﬂ:éﬁ (Yo%) HE X% KETHFEMIE (Yo%)

v Grass carp Chinese bream
HED Yp= 42.6319X%%%? (r=0.9994,n = 6) | Yp = 58.8647X%9265 (r = 0.9861,n = 6)
F 124-10) Yp=36.4119X%% (r=0.9874,n = 6) | ¥p = 60.7737X°-21"° (r = 0.8287,n = 6).
REG Yp = 38.9586X%" (r=0.9772,n=6) | ¥ = 43.2695Y%%1 (r — 0.9947,n = 6)
ERE@ Vo= 44.6480X%0%0 (r = 0.9964,n=6) | Y = 40.3824X%%2 (r == 0.9975,n = 6)
Y. 3 10] Yp = 42.6062X%%% (1 =10.933,n=6) | ¥ = 41.9719X>", (r =10.998,n = 6)
BHEHREO Vo= 51.9354X%%%¢0 (1= 0.976,n=6) | ¥p=56.3172X%%6 (r = 0.967,n = 6)
EEEED Yp = 53.5706X%%" (r=10.995,0=6) | ¥p = 63.1176X°9* (1 = 0.97l,n = 6)

R Xog—#HKE; ©O—@ BWF 1, The same as Tab. 1

¥6 Na, BAGHERAEEERNLESHERIXRL (300)
Tab. 6 Equations relating digestibility (¥4,c,%) of amino acids of seven aquatic
macrophytes to body weight (X,g) in grass carp and Chinese bream

K P BRAMKEEEMENAE (V4,c%) EIPSPop Ok Y R S (YA,C%)
7 Grass carp hinese bream
HED Vac = 56.66X%%" (r=10.9994 n=6)| ¥c= 65.56X"%27 (r =0.9853 n = 6)
VA1) Vac=57.68X0%% (r=0.9861 n=6)|¥,c=7231X9 (r=0.8274 n=6)
P 3=-16)} Yac=65.65X%%" (r=10.9800 n=6) | Y c= 60.80X%%° (r = 0.994] n=6)
EHO® Ya.c = 50.88X%0%" (r=10,9965 n = 6) | Y c = 61.96X%%° (1r = 0.9798 0 = 6)
Y3 16 Vac=5800X%0% (r—0.9320 n=6) | Voc=57.84X%%" (r =0.9971 n = 6)
BHERG Ya.c=74.56X%%%" (7 =0.9783 n=6) | ¥,c = 80.30X%9% (r = 0.9666 n = 6)
EEITHE Vac=78.92X%% (r =0,9928 n=6) | ¥,c=76.37X%90¢ (r = 0.9710 0 = 6)
X,g—ftk#E: ©—@ [EFK 1, The same as Tab. 1
%7 Na.BioH-tRHANGRARKE (30C)
Tab. 7 The maximum rate of food consuption of seven aquatic macrophytes
by grass carp and Chinese bream
B Grass carp Fk#; Chinese bream
,  |mAaEeR @ BAEER (g)
e | EmE | K & Maximum | (R4S | tkiR7E X Maximum
S.L. range/B.W.range| Aquatic rate of food {S.L. range| B.W.range Aquatic rate of food
(cm) (&) Plant consumption (cm) (g) Plant consumption
(g (X£8D) (g) (X£8D)
HED 15.15+7.89 (1) ¥H= 9.49+6.91
HHE 35.40--16.89 (2) By 17.48+16.77
BEQ@ 32.404-23.42 3 RE 17.89413.42
8.7- 10.50 - ] 8.50-- 50— N
oz |1 Sess | BE® 3241702 | 020 60 ey 14.73412.43
W ¢ 10 27.671:18.34 (5) /NG 17.234-7.51
RHEFO® 1 28.27416.86 (6) M2 | 33.041£13.29
BERMEO | 23.60115.85 (7) %152 | 18.014£10.20

@®—@ B%E 1, The same as Tab. 1



»

BROES: RERKEREGEARNERMERFBR 1. B4,
1 ke LR KERSEYHRAR &R ROIE 11

B8 WARHALGHLHANBAREESHRGRRR (30°0C)
Tab. 8 Equations relating maximum rate (¥g g/24hr) of seven aquatic macrophtes
to body weight (X, g) by grass carp and Chinese bream

HASKHEEE (Ve g/24hr) Fk#i@ A ER (Yr g/24hr)
K E Grass carp Chinese bream
HEO Vr=1.762X%51% (r — 0.9813, n = 20) | Yg = 0.8914X%*% (r = 0,9703, n = 21)
g2 210 Vr = 5.1654X%471% (1 = 0.9701, n = 20) | Yg = 0.6191X%"3* (r = 0.9838, n = 21)
RE@ Vg = 1.6435X%711% (r — 0.9890, n = 20) | ¥ = 1.3018X°*%* (r = 0.9612, n = 21)
E-10) Pp=1.923X068 (1 = 0.9964, n = 20) | Fx = 0.8991X%436* (r = 0.9101, n = 21)
INEKBE PR =1.7718X%5% (r = 0.9770, n = 20) | Yx = 1.9937X%*%° (1 = 0.9640, n = 21)
BHEEE ¥R = 2.0037X063° (r — 0.9950, n = 20) | ¥ = 7.66064X0-¥%(r = 0.9790, n = 20)
EWRHED Vr = 1.6670X0%0350 (1 = 0.9750, n = 20) | ¥ = 2.7401X%43?° (r = 0.9670, n = 21)

Ay Xog—HEE; ©@—@ FFK 1, The same as Tab. 1
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NUTRITION AND BIOENERGETICS OF THE CHINESE HERB-
IVOROUS FISHES WITH IMPORTANT FOOD VALUES, II.
MAXIMUM CONSUMPTION AND DIGESTION OF
SEVEN AQUATIC PLANTS BY CTENOPHAR-
YNGODON IDELLA AND MEGALOBRAMA
AMBLYCEPHALA

Chen Shaolian Liu Xiaofang and Su Zegu

(nstitute of Hydrobiology, Academia Sinica, Wuhan 430072)

Abstract

Chemical composition and energy contents were determined for seven aquatic plants
which are natural foods of herbivorous fishes Under laboratory conditions(water temperature =
30°C; dissolved oxygen=8ppm; pH=7—3; light intensity = 1800-—2800Lx), measurements
were made on the maximum rate of consumption and digestibilities of dry matter, protein,
amino acids, fat, ash and carbohydrates in Cienopharyngodon idelle and Megalobrama amb-
Iycephala fed various aquatic plants. The size range was 8.70—22.02cm in length and 10.50—
226.56g in weight for C. idella, and 8.50—24.96cm in length and 6.50—381.05g in weight {or
M. amblycephala.

1. In the seven aquatic plants (Poramogeton crispus, Potamogeton maackianus, Myriophyl-
lum spicatum, Veallisneria spiralis, Najas minor, Hydrilla verticillata and Spirodela polyrhiza),
water content ranged from 80.85—92.72%, protein content ranged from 1.69—4.96%, fat con-
tent ranged from 0.35—1.09% ash content ranged from 0.98—2.45%, cellulose content ranged
from 0.66—2.17%, and the content of non-nitrogen extracts ranged from 2.30—9.95%.

The proteins of all the seven plants contained 17 common amino acids (tryptophane was
not measured), including 9 essential amino acids for fish. The content of amino acids was hig-
hest in P. crispus (36.63mg/g wet wt.) and lowest in V. spiralis (12.92mg/g). Energy content
was highest in P. crispus (3.36KJ/g wet wt.) and lowest in N. minor (1.28KJ/g).

2. Maximum rate of food consumption and digestibility in the two fish species fed cach
plant were related to the body weight (X, g) of the fish by the equation : Y = aX®, where Y
(g/24br or %) is either maximum rate of food consumption or digestibility. As body weight
increased, the relative consumption rate decreased and digestibility increased. Usually, C. idel-
la had higher rates of maximum food consumption, but lower digestibilities than M. amblycc-

phala.

Key words Aquatic plants, Ctenopharyngodon idella, Megalobrama amblycephala,
Maximum consumption, Digestion



