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Moss, 1984) Fl 4 7 45 15 (1) 4 ¥ 2 Ff: 1 (Dugan & Du-
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FBGIFCT 2 N TR E R G wa s =
(Yu et al,2016a; Gao et al,2017; Liu et al,2018). 2 |
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KA S, R R AR B (Gao et al,
2014; Yu et al, 2016a). Yu %5:(2016b)#f 78 K I, £ 11
i AESBE X, KRBT (Acheilognathus macrop-
terus )/ NR B A SR] BON TR AR
IREPERRRIR T NP 2 E FRIGR I
128, T 2 HOR B v 2R DOK AR Y 9 B (Gonzdlez—
Bergonzoni et al,2012), Jf A i 2 1 6l ST /K FE A A K
(Gu et al,2016) F#AEIT/KHE P42 1) F:(Chambers, 1987)
LA B OK A AR 9% 45 K4 (Yu et al, 2016b); L 4F,
B M S0 RT3 I 5 e 7K B B TR i T /KAL) o
4, 2% £ 1t R Y K A TR BRI B, SR
TR AR T, T S EUK R OGRRGREE R I, &
2R 52 W T /K A8 W) A= K (Chambers, 1987; Hussner et al,
2010; Liu et al,2018) ; I 4l € V7 50477 , 1 55 00U
TV 7, AT 3 B0 e P AR & BT T
JKFE W) 1% 52 (Jeppesen et al,2003; He et al,2018);
IS PN ITA) 5| D PR T BUKAROE B FE R, 52
i 1 7K A8 4 A K %5 (Shin—Ichiro et al,2009; 15 fFi [X,
2014). HHT, A R TP Y52 (1 78
Z 4R AE SRR B FR 2K, W 6 (Manatunge et al,
2000) Fl1 il (Yates & Peckol, 1993; Yamanaka,2007;
be~1-48,2016) s TR /N A B 10 40 SR I TR B/ . 7
A B E A, DK 2N R B it 2R
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FEAWI(Yu et al,2016¢) , 18 H A [F LKA (1 3%
PYEATE R

K Mg i e SR R 0 S R — i, S TN B g
PRI, R A0 T2 (MR L ,1998) . ARSIt
S BT T RSB A - BA G R R
FEAEEACU R A K5, B 7R /R K g Xt 4 Fh
DUKEPI SRR, KA E SR 58
RS E

1 ARFE

1.1 EIeHR

) L e TR | 4 AN RETE TR B R
B AR Ll BRI 3, 2808 /K Bl L B 2R 0k B iR )
FPFEY) . KIESER B W], 44K 9~10 cm (1 fiE
HAMAE, £ 500 L A gkA7 98 14 d B3I ATE
AbEE ., SIS KGR B AR L, KRR 2
17K , 28 64 wm 26 Wit 38 J5 4766 T 500 L SEI0AH N
UK YA SR 9%
1.2 XgE

ARG T 2019 4F 12 A 78 KW 1 A2 745 R Ge it
Fuuli— 7R Lk (R S50 = N EAT o S RE BN IE BN
HAHLBFEEAEME30ecm- N EA 15 cm A5 L) .
SIS AT, SEES R G I IRIUE = A L& B R A
SEUG S B R 48 (H 7 3% LED AT 541 B, 524 LED AT
#5H1 3R T 15W 1) LED 47 & 41 5 4% 1 12 h (1) )%
FRE K, 7K 3R T % B 595 (9.440.6) pmol/(m?+s).
RN T YRR KR AR E , 9 = 1 S U RS (AT I iR
JEE) 7 S 56 BA 18] CR F5 32 i, 1 1R) UL B2 7 15.1~15.9C
SRR ILRFLL 11 do

AHIF 7T 53 R BE L AN #1840 2 AN AR, 4k
FAWEINES . SR EHT AL RSN
N4 LI RTHER B SEI0 F /K o AR5 [l IR 2 e o
(0.420.02) g 5 PA 5 | (1.3+0.02) g % H 7% 5 | (2.5+
0.1) g S MEM(2.120.05) g FEIEIUZ % 10k, BRikE
W)Y TR B — /N B DAAR R R ) ) T EDIRAS .
TEA AN FR v, B T AN IS o0t R 2H AR A e )L
IKKEY Z A6 B3N 1 R 4K (12.2£0.3) cm. 1A
(18.9+1.3) g I REESG , F1H TR % FE 4.7 kg/m®.
13 HRRESUE

SIS FFURTT , WA AE T R N 7K, AL
FabrE NI R G IWILAE . SLI0 45 AT 1
WTPR B SR KA o AN SEER I E 1) F b ELEE
ISR CTND R (TDND VRS CAN D i
(TP) G 3 fif % (TDP) V8 i ii% 1 i (SRPO M2 3R a

(Chl=a) ¥R FE , W 52 7772 2% (VA ' 8 7 0 A
) (A AR A BB B, 1990) s AL , 45 I 5E 7K AR 1)
pH{E(pH-100, 77 JiREHZ) AR «

TE S I8 T 46 R0 45 SR, 23 53l W0 5 A3 Ak A 20 1D
H, @I PAR A S BT T KA B AE X A K AR
(Poorter & Eric,2007)

RGR = 1000 xIn(W,/W, }/W /1 @

1 :RGRAVUKEM AN A2 [(mg/(g-d)],
WA W, 53 il 2 5 SRORIAT G ol A P A 420 PV L () s £ 02
SRR A] (D o

K g7 1) RGR T 7 EW F @, WA W, 2331
Je KA S0 45 RN UR N VR E (2) -

S A R P A 0 UK 8 i 1) 3 BT
TRVINFELE A SR T8 N & P4 R, i 3 4k
AR HUREAS B 45 5L, Al S B4R il o & ) b R P
VIR b R E 43 B, 2 5 VE S IR GBI & S IR AL
BRI (G AN BB BE, 1990)

1.4 #iELIE

I8 B R 25 T 22 93 #1777 (One—way ANOVA) ,
PRIC KBRS /KA E 77 R B UK A= K
TP RGR (52 , LA K EERT 3E N S AN RITK
R R o5 B b . R 2 S 7 % 73 B (Repeated
measures of ANOVA) , FLHO HE ZH A £ 28 241 [A] pH {E
ZES . RTRFKEEHI AR AT N S UK E
YIEAIIR R W SEIG T IS A PR TUKAE B AR A & A
KT a4 5 Ao 8 GHAT I TG AR R, AR SR T
Frie 5 R4 7 o 0) 3047 Pearson A<M 4T . ZE AT
A HBEE SRR, S BARAN 2 EASARRT, #T
log, F&4 , T4 i #4978 Excel 2003.SPSS16.0-Origin
Pro 2019 34788  Ge it o0 AT Al I o

2 #R

2.1 KEEFEXIKEEREARFMEE afZim
SEG AR AN, #4258 2H 1 TN TDN.AN.TP. TDP Al
SRP K ¥ 44 5 2 TR (1, B Do S IRZLAN
A Chl—a W FESME S 728 1.91 pg/L #11.95 pg/L,
PAL R )] Chl-a ik FEAAFAE B EZE R
2.2 KEEEEXT pH HIZ M
1 28 20 () pH {8 B 5] 8] 22 46 5 % (rmANOVA,
F=208, P=0.0002), S35 H 46 55 1 R pHAE 23 T F%
(rmANOVA , F=2782.7, P<0.0001) (I 2) . 524 1
8] , £ 28 40 1 7 25 pH N (7.3+1.0), X I 2 ) pH v
(8.1x0.4). £ 2 2H () /K f& pH {8 & (K T X
(rmANOVA , F=25.8,P=0.008) .
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Tab.1 ANOVA on the effects of A. macropterus on
nutrients and Chl-a concentration of the water

AR & dr F P

ME(TN) 1 93.8 0.001

Ffi S (TDND 1 36.7 0.004
AA(AN) 1 60.2 0.001
SR CTP) 1 224.3 0.0001
AR % (TDP) 1 2640.3 <0.0001
ALV M (SRP) 1 69.3 0.001
4% % a(Chl-a) 1 0.008 0.900

xR
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W /mg L
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Fig.1 Nutrient concentrations in each treatment at

SRP

the end of the experiment
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Fig.2 Daily pH values for each treatment

2.3 KEERFXTTKEY ERKIEY BN
REERFS AN FIGUKAE P A A2 K ZR (RGROFIAE
VBSOS . SO A AN , 0 22 e e PR R o)
i RGR O IR iy (HE R AR (R 2) ;24
()4 f0 SRR EATUR 75 RGR N2 5T RREH (B 3).
BRI R T7 22 70 A AR B, SIEBar5 TR N i S A F) e v
AR AR S0 IRA TR E R, af
BEAAELE N L ) A= ) B 35 B A T R 5 it Ak
HRA UKV B AV E EE R TN RAGE2.
F2 KREEHFXT 4 FTIKEWEN ERKE Y SH M
BREFESH
Tab.2 ANOVA of the effects of A. macropterus
on the relative growth rate (RGR) and biomass

of each submerged macrophyte

A il df F P

Ao R 1 6.7 0.06

B 1 0.2 0.70
HRR IR Gl 1 89.7 0.0006
FEAC N 1 142.5 0.0003

ool e 1 1.8 0.30

R il %*E 1 0.03 0.80
Gt 1 41.2 0.0009
FEACIN 2 5 1 1264 0.0004
TUKEY S & 1 128.4 0.0003

2.4 KREERFITTKEMRIBRERYE

T IR R 1) KB iE A E N L 4.
TN B AFSUKE D AP S a5 B . AR
W 7 FOIUP AR RN « REAE IR > 4 3> 2 o
SESIH B (LSD, P<0.05) .

Pearson 73 #7 i 7~ , BEAE I 78 1 4 #0358 1O AR 4k
AITE R EERE 718 9 5 b2 G, Foh SRR TR
FEREARDC 1r>0.8) , 5 4 0 35 A 52(0.5<11<0.8) 5
P B R 5 T B DT AN B ¥

3 it

3.1 KEEMFHEM Y PN SBUKE pHELFH
BT, KA AR 2 PR T /KR pHAE. 2%,
RAE ST 7 HE 1) COy LA B FE 7K AR Hr 1 345 A S 2 £
pH B s Fo ok, fa SR 2 BRI, T 5 A2 /K A pH
[%(Chew et al,2003;Ip et al,2004) , H /KA i i i &
W2 S8 JEP0T (Randall et al,1989) . L4 125
A Bl HE R (H AN RE R B R
(Randall & Wright,1989; Sheehan & Lewis,2011) ;
U 5 o 28 308 o R 1 ) HEME A7) K B A K 44 pHL, 11 55
0 (Chew et al,2003; Ip et al,2004)
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Fig.3 Comparison of the relative growth rates (RGRs) and wet biomass of the four submerged

macrophytes with and without fish
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Fig.4 Fragments of submerged macrophytes in fish gut viewed by microscope
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Fig.5 Biomass proportion of each macrophyte in
the fish gut
i ) v S A B ) 2 (0 pHL S A SE
KA F HF CO,, BRI HEHE) B 1 | 2 R
(Randall et al,1989;Ip & Chew,2010). 1 i, K fi& fifi it
pH HIEEMR , =2 i Tt R HEMAY) BRI T 3

xof HE AL AN B S 20 vp pHAH ZE 0K, HL SR I6 45 SR I
AR ANKREZ KT RA . SRS H LT
AN SFUT7K IR A 78 (Cao et al,2007 ; Zhou et al,
2017) , A SZIG A £ S 2H 1 AN IR BE I T 843K
MR RS2 DO Y CE AR eI 2 5D
REE 22 fifk tey VG B2 AN 15 SR 11 A7 THT 52 ), (EUAE 5T %of JEE
4, AN 45 T8 A UK AR K TE SRS AN A
XTREZH A AR o KT HE I R, BT SRR
(R4, % B ZH 5 0 2841 o RGR 1 LLEUR — M HIE
Fr SR A K BRI 2245 . (#0220 v R 1)
RGR K TR, iX v g 2 T R A h & F
ZPE L, BRI B 2 Bl 5 $h AL R FH Bl vr Re
HRIH A FE AN T SR IR 47 T 20
3.2 KEBSFERTUKEWMHRTEFREFER

B 1 S Can ) | ) 38 o HE S U AR ) AT HE T
FREREERAT, W2 G KA B A B AR TR
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J& (Jana & Sahu,1993; Moody et al,2015) ; 1fij /N 4 &
PE R EESE TIPSR P 855 , 25 2Eid 5 HE ki
FKAR T F7 TR EE TH (Yu et al,2020) « ASHF 5T HT,
KB it 2 2 0 T KA 8 FR IR . SIS A5 R
i, 8 A YUK AR S AR P B 2R T X IR A,
HF Kt i 0 3 UK A A, IR T A B S R L
VIFRAE IR 2R, 42 5] R KRB B FE T R i 2 5 otk
A AE E SRR, R AE A 4R B VIR sh A « Bt o
RANENBPEE , AR 0 RGAR IR AR B
XK. oaRERN, YR akak N DKEEY A E
I KA 1Y D% £ Sk A4 B B AR (Doren-
bosch & Bakker,2012) . [KlIt, AS2E6 A K i 75 245
ORI RE 2 I AE Y LR RE L B 5 BEAAR U, 5804 %
(10 15 B R B i IR (AR, AT 4Rk A48 77 26
W FEER = KT
3.3 RERBEFEAFEERELZIDEF

— MM S 7B — S TR IR VO BN, YK
W PR A B 7R B R BE IR v T 3 0 G 5 20085
Moody et al,2015) . AHF 7T H, RIfE 4 K b E 77
BRI 0 v o HEAH, REE T2 9 R 4 £ 358 1 A )
A KR R T IR A . X 3 R T KA X
FEACAN 2 A 4 f0 R R IR PR PR TR BT 8, 2R i N
FY X PR R AR o b T AR
ARG H R 73X — A5

1 28 1) V2R NFIAE ) (1038 1P 40 2 5 i H )
IR A A W) 1 3 B P B B (Keast & Webb, 1966; Dab-
rowski & Bardega,1984). H 7KW, HEAEEH
W) i & & I 7K A2 A4 (Lodge , 1991 ; Dorenbosch
& Bakker,2011) s {HT/K AR H BT 284 006 L5 di
BAR O b oAb K A &, o H R K YD
(Smolders et al,2000) , A GEAN & sEMFE & & iR BEVE SR
BARPUKEYN FEFE. 1 Yu (20160 H 5T
RO, BEINAE A IX rp ) o o T D 4l AN A
0 BRI BE R (D IRl T 85 T DK R
T A DL BRI 4 £ 98 Dy 2 AR Dy DAREAE IR R A
#, {H Dorenbosch & Bakker(201 D58\, PT/KHE
Yy H o W) IR 1 B B s T SR B A A I R
K. 22K ERH2004) X 8- UK AR VI 254 i ik
JE (0, A S8 SR FF 1) A R /K AL vh R A E T 7
B i E (104 mg/g) , 55 FL A AR (1] mg/g) -
ARSEES R, KB R TR EE SR R R K, X R
SR FoAth 1 O R I B AN ), R 3 R A 1)
Ty 0 5 £ 2 1T BB A 2 5 M K B i i R 40 B UK A
PR eE R 2

Dabrowski & Bardega (1984) fJf 5 /& BiL , 1 2K 1)
MRKNEERKELMER R, HOTRE R/ 200
HAfEfr. MERECRIAR B () R 1% &
YR 22 BOK R 5 11 /N 2 B 1k 8 2R ) 1 3R
X AT R PR i L0 DOK R B . KB i )
AL/ A (0.9£0.1) em, T %5 1) 35 B 5 ROK,
[ANE NN N Y A FADN = CPOE SN W R IWI K7
(s R FE R 1. KB, KEElEA =
1 e P R T 40 B 2 ARG N 2 B, (R AR TR
R SR I A TR B L X UL B Y 2R
JoT 7 B AN A 5 ) KB i A T A SR )
o R EE RS AR R MM TR A E, W]
RE A R M K S o A ) FER R, F IRt —
AT IEAT RIE .
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BRIV E RS YRR T R ER, LR
R ITF Bl AR it AR KT, DAHI 551X £
£ 2 7K AT /K R AR U 465 1) mT e ™ A 1 41 T 52
Wi , XA B T 4ERFME E R K 02T

4 i

(1) K i 2 2 0 7 /KA E 77 E K FE (TN TP,
TDN.TDP.AN 1 SRP) , H.{& 2 P 7 /KA ) pH AE

(2) K g fidg %k FHAE I A Bk s o, LN
G 10 35 s SEG 48 AN, 0 S AR AE IR R0 4 f0 TR 1)
FRH A KR i AT IR 4

(3) KEEHH T35 BRAK T 4K 1) B A P &
FoE B T PR e AR R B A Y 2 1
ARSI

B BRALE A R Z 5T B Ak e 5 it
AR

SE 30k

W B Hi,1098. 1 [F 204 A8 B N1 H () (M. bR
AL

G AE AL, B T 38,1900, WU & E FR AT A BVE M. db s
WEERHE AR AL

227k F4,2004. PJUKAED) 540 E MRS 56 R FLD]. BRI
RN

A B, 2004 AR [R] K /N B £ Stk 5 R B 5 T A S ) B L
XK E E FRIAE B R DL M B
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Feeding Preferences of Acheilognathus macropterus on
Four Submerged Macrophytes
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Abstract: Studies on the effects of omnivorous fish on submerged macrophytes are mostly on large fish
species such as Cyprinus carpio and Carassius carassius. However, submerged macrophytes are the pri-
mary food source of small omnivorous fish species, their feeding preference for different submerged mac-
rophytes is not yet clear. In this investigation, Acheilognathus macropterus, a typical small fish species
widely distributed in China, was selected for study. We conducted a controlled experiment to study the
feeding preference of A. macropterus among four submerged macrophytes (Vallisneria denseserrulata,
Hydrilla verticillata, Ceratophyllum demersum and Myriophyllum spicatum), and analyzed the effect of
A. macropterus feeding on the growth of each macrophyte species. The objective was to provide reference
for ecological restoration and management of shallow lakes. Two macrophyte groups were set for the ex-
periment, one with no fish (control group) and the second with fish (treatment group). A single plant of
each macrophyte species, with the same biomass was placed in each of two aquaria, and one A. macropter-
us of body length (12.2+0.3) cm and body weight (18.9+1.3) g was added to the treatment aquarium. Be-
fore and after the 11 day test, physicochemical parameters of the water were measured, and the pH and
temperature of the water were measured each day. The gut content of A. macropterus was observed under
the microscope after the test. Results show that (1) nutrient concentrations in the fish treatment were sig-
nificantly higher than that in the control group and the pH was lower. (2) Gut content analysis showed that
A. macropterus preferred M. spicatum and C. demersum, with the two species accounting for 75% and
17% of the gut contents, respectively. The fish fed less on V. denseserrulata (8%) and H. verticillata was
not observed in the gut. (3) At the end of the experiment, the relative growth rate (RGR) of both M. spica-
tum and C. demersum were significantly reduced by A. macropterus, whereas the RGR of H. verticillata
and V. denseserrulata were higher than in the control group, although the difference was not significant.
To summarize, A. macropterus displayed an obvious feeding preference for M. spicatum and C. demer-
sum and significantly reduced their RGRs. Furthermore, A. macropterus significantly increased the nutri-
ent concentration in the aquarium and reduced the total macrophyte biomass, compared with the control.
Therefore, A. macropterus and other small omnivorous fish species (e.g. Pseudorasbora parva and
Hemiculter leucisculus) may reduce the biomass of submerged macrophytes and change the community
structure via selective grazing, negatively affecting the water quality and stability of lake ecosystems.
When plans for lake management and ecological restoration are being developed, the effect of small om-
nivorous fish is of concern and their biomass in the community should be controlled to a low level.

Key words : Acheilognathus macropterus; Hydrilla verticillate; Vallisneria denseserrulata; Ceratophyl-

lum demersum; Myriophyllum spicatum; feeding preference



