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oy [l 2R IS R PR T B R AR S L RS PRI B /KA b ) SR A BT e R, R IR AN IS
WREER 5] ik B TR o b, U I i 2 5 S 4 10 () SOBUR B RE TR . B FL 4l T Syl — R R

T ALK i 4 41 A A7 50 1 S R S A B
KR : SR BEL o [RIREAT O [P gE SR
hESFES:Q178.1 XHAREE A
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Y ) B K P ALHEN AR S S AR IR S
S AEBRARAR , TR K AR AR W3 g 473 (R 4k 5 2013) -
SR, IX P 5 B AT 2 K A AE I B B T 1
WEL, IO a RN B 5. BRI, S K FR
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BELIA 71155 22 M S Y ()35 G497 A [ml 36 (Folmar , 1976 ;
Carr et al, 1990; Svecevicius, 2001 ; Wells et al, 2004 ;
KAk KRG 4. (Oncorhynchus tshawytscha) 23 % I HE
IKFNE 3 WLIR & ¥ 77 A= 9136 (Gray , 1990 ; Smith &
Bailey,1990) ; B & i (Danio rerio) 2= %4 R IR /K
A% H B 7 77 A [A] 3 (Moreira—Santos et al, 20103
Aratjo et al,2014a)

S R IR I M [ 384T W] DA B EA AT H
AR, G S W HE R R TS5 K CE S, 1989;
Sprague et al, 1965) , {H 235 £i1 28 0 B 1) A 735 3))
iy ) it BT 4 (Saunders & Sprague, 1967) . B
=, KA [ e 2 5 B0 2R N B 2 A B I R
AR CEY BT PSS ) B ZE I X 8 (Atchi-
son et al, 1987) , /£ — E £ E XU S8 25 (8] 73 AT
HET 2 BEA A2 38 RGN S5/ R D Rg , Btk A R
KA 25 KUK (Robinson , 2009 ; Aratjo et al,2019) .
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FOR A, B LT (Pygosteus pungitius) B L
1 (Galaxias maculatus)~ ¥ JK f4. (Retropinna retropin-
na) « K 3EEE (Gobiomorphus cotidianus) % 8% (Hypo-
phthalmichthys molitrix) %5 18 (Jones , 1948 ; 22 1L 1% ,
1983 Richardson et al, 2001). H T2 & (111 55 1
M JE 32 7K  pH &8 R 3R [ 52 M 4R K (X1 4k, 2013),
SIS AN A5 I 5 A AR R, A R A
HEREIIH.
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(AT JWa L AT IR T o AL HERT HE B 1 2 R B E
U IR B ) 0 (A NS, 201D 4F Sk 4, i
T RS B M TS 6 RN &) i AR A R R B T
(AT el RS2 B, 43 A i &)y #8136 28 8 38 R AT A i)
JSLRRALE , Ay adk — 20 R FR T 0] 3 R 5 K HE TR 2 K
553 T 5 A S B R S LR AR

1 HRST®

1.1 Xi&E

SIS E A I TR A T, AR K (5 £ Dem, 25
FHUARTE S50 K EARYNFE 2 i, 55 2 d 4K 173, 328
1K, SEEGFF AT 24 h 5 IR MEAr . SEI6 FH/K N E 7843
MR H R K, HOKBAR AR R < /KR (25 £ DT,
pH7.9 + 0.1, B R%> 9.0 mg/L, L $F 21400 p.S/cm.
1.2 EWHE
121 ZALAMHFETMEE KA 96 hifKA LK
N 4 AT SRRV BE I TSR L A e 3 24,
48.72.96 h [ EUEAEIR 5 LCs,, LARH R [B] 38 S 56 H
RAMREEIE ], By bR B v 5 R s 4 f AE T

K FH I i S A NHL, CL(53 B 48 B 1) S ] vk
JE B B (5.10.20.40 mg/L) , PRIE AT M RE KN
B L 0.45 10 T /KA . SR EIRE %
B3NER. HEBES12h, HHBUK 1K, #KE 30% .
S LSRGt R EREAR , FEIF AR T A SR, R
HBE AN, 7 1R SR SR g S e 45 2R
1.2.2 &4 & 4T Jyom B S2 3 A T HERRHAR R 2 (n
WD T, B 5T 2 IR Aradjo %5 (2014a; 2014b;
2014 IR “BEZ ELE ARG W T2 AL
B TRt B (B 1D, 1225 E H 6 e AR T
ERIPRITT G, BEAN FATC HH 2 2RISR 2K IR £ — I g
TR, KN 25 ecm, BT BB I1(6 ecm X 4 cm)
HANSZIGHE B KON 150 cmo 5 FLTTH R RIR AR TS
R T S 06 4 TR T ] b 3 /K PR o A v A o
40.0.5.1.0.5.0.10.0 £1120.0 mg/L, H 1 0.5 mg/L Al

1.0 mg/L 53 70 8 6] b 22 7K 11 I 2R 7K A 2 50K B
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Fig.1 Schematic diagram of behavior response

experimental device
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fite &)y 01 73 A7 R T A KO

N
- _ %
D N><100/ @®
AN, % BT B i &) £ 0 NV R B TR s
6 (R ik 41t R

[EEGICIR=R PRSI p /A WAE

N, - N
A= CN = x 100% @

c

e NV, xS 2% B DR BE 4 S 30 N,
N [en g S 6 v % BT Y B e 4 fr

FEE TR AR T A XN GREH 5%,
2015):



122 55 44 2 55 2 1)

¥ o

2023 4 3 H

rORD

Cun, = 1.216 X Cyyy _ X 1100
£ =100/ (107" + 1) ®
pKa = 0.09018 + 2729.92/T
S+ Cy JITE L EER pH (R AR IS T
FREE mg/L; Gy, JIKFEP IR RIRL  mg/Lsf 93k
BRI IRE 5 b, % TR BRI IR K.

2 ZERESH

2.1 SRAMSHEMIR

BEVE T SC IS 45 R L 2. fE KR (25£1)TC .
pH7.9+0.1 K R 4>9.0 mg/L £ F , R EIKE N
5.0 mg/L i, 54014 96 h T3 FET- % N 16.67%; 4&,
B E N 20.0 mg/L I, 6% 2)) 6196 h~F I SE T F 54 5|
53.33%; & IR E N 40.0 mg/L I, 72 h A i L)t 45
AR ASCERES 261 T 40 f0 U U1 96 h Bt
W N 16.8 mg/L,95% B 15X 0] 4 13.9~20.4.
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Fig.2 Median mortality of juvenile silver carp ex-

posed to different nitrogen ammonia concentrations

2.2 EEFETERERE TRIIT AL

SO0 b FE R WL AMRBE T . K R S B A i
T H i %)) #8153 A1 AN B IS 18] 22 46 CANOVA: F=0.000 ,
P=1.000, N=48) H 73 41 ¥ 2] (-K J5 K 5 : P=0.131) ©
WL 3 Bz, 45 S5 v 5% B e 1) i &) #8057 35 93 A 32
I3 19 21.9%-13.5%115.6%. 11.5%-19.8% 1 17.7%.

[ 3 S50 PR XKL 35 5 22 o W 4 SRR B i 4y
I3 A AN BE I 18] 22 4 (F=0.000 , P=1.000,, N=72) , {H %%
WP 2 (F=7.869, P<0.05, N=72) . & 4 i,
HARWEN0.0.5.1.0.5.0.10.0.20.0 mg/L ¥ 55 H
(1) Bk )y £V 35 43 A Z2 453 ) 4 44.4% 13.9% 4.9%
13.2%- 13.2% F1 10.4%. R4 6% 2 €0 53 A 18 5 1)
[o] 38 %, WL 5. 0 .0.5.1.0.5.0.10.0.20.0 mg/L H.
JG ) i &)y £ S 357 [ 6 28 53 53l N -58.0% -48.1%-

68.9%-20.8%-33.3% 1 37.5%. L LW G, & BT
FR - 35 B 0 EE 0 31 M 0.99.1.35.2.19.7.78.9.03 Al
18.82 mg/L.
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Fig.3 Mean percentage of juvenile silver carp

distributed through the system
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IR FE/NT 0.5 mg/L I i &) 8 BB 5o e S50 A5 i
18 0 ] 38 6 350 4 AR , i ) £0 06 129 B S Rl R B
H = 4F (preference) s 4 570 N 2 ZUK B2 KT 1.0 mg/L
I, i 4 £ 50 O IR S50 G i /b (JBl 3k 2808 1E
1B , Bk 2y 0 6 1294 5 i Rl e AL+ [l , H7E 1.0 mg/L
I [RlEE R b . MR BRI 1.0 mg/L J5 , %))t
o] 38 5 BT R B & R FE N 5.0 mg/L I [ 38 56 B
i, 2 J5 X Rl .

3 itig

3.1 FRXNENSESERL

FAE 20 g i, B A0 38 st 700 & 2%
M, R ER MR E R WIER TR,
MRZ AP EE, AR 2, R A 78 i, 45
FIG K i 2, ik 248 M 41 8 i Rk 4 B U
RE 7, WP W e R0 Bk 28 386 0, A 1 2 A BN =R
D HUEL LR 2% b B 48 T B A A (), 2013)
R HE 25 (1994) HUAIT FE ], 5 0 L f A L, i [ 42 1K
(5.140.24) cm , 14 5 (0.84+0.165) g% & B # 1 fe N
TgURE, TR B 7201 96 h 2 EUAEIR E M 0.712 mg/L
[ /K & (20+1)C , pH7.14+0.16]; 15 4% B F1 5 32b X,
(1994) FIHIF 7L 2R B , i /E 13°CHT 0 JE 2 T2 96 h 2
AL N 0.38 mg/L; Wang %5 (2017) (I HF 7T 6 1
AL 5 5 d K i A1 £ 6 E B8 201 96 h 2E B
F£ N 0.35 mg/L, AH B & A F [ K iR (19£0.1)T .
pH8.63:+0.1 , V& fift 4.(7.6:0.2) mg/L] 12 & 96 h 2 5
SR N 30.8 mg/L.

FEAS S0 264 R [/KiR(25+1) T, pH7.9+0.1, ¥
fif48>9.0 mg/L, H 5221 400 wS/em | SELG 45 R I,
RN (51D em % 0% 2 R0 96 h B A
16.8 mg/L, # 5pSAH B 3 2 2 K 5 0.87 mg/L.
T4 A0 K/ AR EE DA R /KT pH B S5 S8 26 PRI AN
], AR SCEER G A RA T E R
3.2 SREXTEE L ERITAFERIT
321 ATHMM LR EE  |ESIGR E R A A
FIAIEAT A A T H, B Ar 32 B &8 80U 2
A RN 2 ELERGRHELELERR”.
ARG E E TY o] 82 B 1 Jones (1947) ZEAJF 70 13 (.
Xof L AT AR R PR R TR R R A 11 (]
JOE S B2 T I, FLAI A5 1 288 s I P AR R A
AT B SRR EAME , NG S0 T B U A [m]
T2 B ER T KA A5 KR TR A X R AE A R,
1 IR N T R B R ) B v TR e (2 AL RR A
EPK,1982; Degraeve , 1982 Carr et al , 1990) , 1% %%

BRI (F R R R B AR e R, A
PG5 B AE KR (RS2 Bm 73 AT - “U B 2 G &
4:” (Lopes et al,2010; Moreira—Santos et al , 2010) fig
% 5 Wi G AE AR AR v (886 B2 4 A, AEL T 8 R A BE
RS . Aradjo 25 (2014a; 2014b; 2014c; 20165
201) NG B REAEM M H R Wi T“Ha 2
ERERG”, FFMAHX —RE TR TAFKAEEY
XA A2 TR R 2 I 05 KR AR TS G I Bl AT
F— RFNHI FR L ETLE RS &L H I
R KR B IR, B R (TS QIR B A W] DU
WER . Aratjo 5 (2014a) I\ Ry« o] 87 & — F bRk
Wi [N FRIAT g 5 S L SIZ G A ) A 425 ol 76 - B PR Y0 L Y
(4 h) , 5 G FE KR FE A € M AT LA 214 2k
I, PRI 2 — M R BT 8 £ 2K A T O R
322 #4ENAAWNTHAMNEERALER ZE
R FERR , 1 2N 5 QeI AT i B 3 2245 3
AL, 53 3 YA (B | e — o] R fl A ] 3 o P A B TR
8 W 5| Bl ek 3 2 I S A (Beitinger, 19905 22 L%
45,2004 ; Tierney , 2016) o« H14A 245 A B 3 B PR
T B SR OTR P AR 24 DL A BRI AN
2 [A] 36 (Summerfelt & Lewis, 1967 ; Halter et al , 1980 ;
Beitinger, 1990) , Ifi] /£ Beitinger £l Freeman (1983) ]
{01 s SR W N 7 A I O 7 - IR
BN R EEAE N I 28 B AL 25T eI AE S — RME 5
T SIS IR IR T N . I SIS R,
FENETT G Fee B th < Ak PR [ o L ATGUAR BE R 5 i AT
NHFAE , W Folmar (1976) FRHIF 5T H, — R BE IR 3|
0.1 mg/L I T 8 5 35 [m] 3 , {H 2 %F - 0.01 mg/L 1) —
F KA B 45 51 BIAT M s Beitinger (1990) A A 2L 4%
F B EAA] FA— D KRN 21X 85 G 4
22 5| T AR R R B A IR FE R 5] o sl
(IR 522 B, £0280] I 7 Tt gk R 41X 2 s Ged) R 0
HE AR FEE B3 | VA FEE T 51 BIAN [ 3 PR AT A
W& (Gambusia affinis) 153K £ N 50 mg/L i X}
L oy B Tl 7 A (] R T 2 B B UK BE v A
5 000 mg/L I £ 835 A [5] 3 (Halter et al , 1980) ; i
i (Oncorhynchus mykiss) =%} 10~200 mg/L [ 4 7=
B[R] 8E , #1258 300~390 mg/L 141 1K 5] (Giattina &
Garton, 1983) .

FEA SOG4 B KR (25+1)°C, pH7.920.1, ¥ fif
>9.0 mg/L, HL 5 41400 wS/em| 145 LW, 45
BN 0.5 mg/L I, i 4y £ 30 H B B 1) O 52
B Ial 2N -48.1%) o« MR B E T+ £ 1.0 mg/L
J& 5 Ay 0 2 BRI AT R I [l . Rt fi
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) 80T 28 U AE AN R AT S i 82 B A AR A BE T
gl R [, 5 22 4L B (1983) | Jones (1948) Fl
Richardson 5 (2001 ) 512 56 m JH Al 1 28 %8 22 201 1)
J IR —
3.2.3 &4t 3t B A B E ¥ F (A Beitinger 1 Free-
man (1983) [T 5t ¢ W , 28 Fh Ak, 235 4 vh (1) 25 Fh
FEWR LN T 1 mg/L I 3 5] 2 1 S5 #3881 [o] 47
N Fod 90% 1 1] 3k 5 /N T FAth SCRR R TE R Btk
FE , RA /NGB 5315 B [l R (B T HBOER L,
WIATIHE VBE AR SF NI I R R KV M 7 DA R
#%(Kynard, 1974; Weber, 1981 ; Dauble et al, 1985)

A SEG 2R L i 2 7F 0.5~1.0 mg/L X — K&
X (8] % 82 260 5 92 % D el , 2 AR 5| RS 4 i B B
T oy I e P 2 B FE B/ T 1.0 mg/L. 45 i 4))
£ [ BE 2 AE 0.5~1.0 mg/L 2 M AL HES , 5 ATk %))
[ 38 P S BRI N 0.55 mg/L. Z2ALIE (1983) )
WHIT 25 B, B 4y 0 A S K FE R 0.51 mg/L I [m] agk
N -33%, 1£ 2 F W LN 0.75 mg/L B [H] 8 22
42.8%, 41 5 [7] 38 R {5 24 0.61 mg/L, 5 A3 45 B iz
. BEIESTRE BRI E R, ALK %1
1.0 mg/L Z AR XS B () FE B 120K B8 0.05 mg/L,
Z A8 g KT 3 il 7K 5 b #E (GB11607-89) )
FR AR B S R AR (0.02 mg/L) o it &1 41 [ 38 5] {7
L /N T AR B0 A5 HH e H Al SCHERHE ¥ 96 h - E3E
WPEAE , F B[Rl ikE 47 0] LA BRI i &) 1 G2
BV IR
324 BWEAEWERFERL 15K
o 51 L ) JRK R R 2 BEL 1k B 45 B £ 2 3% A= (Robin-
son, 2009; Aratjo et al,2018) , 4l Tierney (2016) [ fiff
FE AW, E R PR PR B0 AR R 2 5 i £ S (0 2 A B
5L A B BT WL AT SR e I, DT IS S B £
N HABI R (P 4 A AT AR . ARSI R, Y
RAEIRE L 1.0 mg/L )5 , b5 R &I T 5, fif 4))
1 [m] B R I E R BRI DGR AL, T R IR FE
5.0 mg/L B B B B A% 5, AR JE I8 [El . 1IX— B G
S8 BRI s T B 4 f 1 A R bR AR A A
WU e I PR K. fE BRI, M S EUIK
92 mg/L I, fi% 4y £ 1) JHF U FR B8 AT R DR AR T2 55 TR
T 24 50 B P 1K 51 10 F1 20 mg/L I, 68 4 f21 (6 FF 40
2 I b I K KRR , 2 R IS b R 38 5
Pl B A 1A TR S L 2 (Wang et al, 2017) 6
FIEL T B AR IA 5T, BT T2 & S AT AL AT,
SEOG R & 5 PN % E K . @ Richardson 45
(2001 ¥4 3., T 7L A A TN A RO St 37 6 o v A B8

R (7.8~9.2 mg/L) Y754 IH 55 1) (13847
325 KM ERERN B E 0K "EFT
PEAE R MR R AR AEE 72, HAE KRR & &
F S pH KR V8 R RN 25 2 B S UK B 96 bR B
Wil o pH A2 5 M K58 A E B 1 2 M B 12 & E i
NEERRERZ —, MK EF pH FHE, IEE T2
EU A5 384 0, 7K A4 55 4 338 58 (Broderius et al, 1985), 5 2
81 288 B 3B 1) 2 BB I/ s 2, pH BRI E B8 12
(D, BEPERE 2 S5 , 2 B E 2 BTG .

BT8R m IR E T &0 — DR T
R KR IR TR S 'R N — FERE.
KiEFE, AR RS TR BN, A A d R
B 35 (L B AN iS4, 1995) , 46 3 Bz AU
R — DU/ o DR I8 W R A K I
Xof 1 AT R 2 N AR 25 U

EB TR REIEZ BRI ERA ST RIY
W, 7B FRE T, KPR E UAEE R A M
TEERECRES T LR S E N E, X & A Wit 52 1%
IS (221 55, 2009) , M B A 51 762 f1 288 [ 3 1) 22 L
BIAE o o 2 o) A AN B AT S R K B R AR T
S KA TR TR L K AR P R T S &
S0, EE G 5, S A PR (R4, 2013)

S 3Rk

P2, LA, X225, 1994, 20 SRR A 7T [T]. 2K 7= 4 2
£,7(2):55-61.

B, VRAR RS 25, 2019, R AR R U A R K
(Octopus minor) F2F- B0 S A S bE B M VRAR [J]. e
530 ,50(6):1361-1369.

ZALIE, TSR, 1982, 11 20T 7K i5 e [0 388 S B [FIAL ) B S5
BE ] AEE R SR, (2):38-41.

ZALRE 5 1983, Z00F 0 28 1) 2 M S R AR (7], BR85S e 5 B
¥H5(3):19-22.

LG, BRI, SR AR, 2004. FEAS IR 259 B HAS [ it 24 9k
JE vt 2B AT O RONE[T]. 248K, 20(3) - 44-45.

2%, B, TR, 2, 2000, A [F I EKE T R AT
i R 2 of 8 A 1) 2 Mk 7 1 9T (00 R KL, 39(3):
31-35.

Xk, 2013, B4y 06 S 50 38 A 75 L A2 B 2200 N [D]. 5F
M AR

FH A, 2006. FI| FH SPSS # A4 1H 5 4% A LC,,[7]. B B
25, 43(3):414-417.

TR, 6150 EE 1995, FASBALACE T X0 2k E s
1. FEHEFE R4, 10(3):58—64.

A, Brete, T, 2019. @RI K50 051 RO
FFEHERE [T VLA K= R, (2):38-43.
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IRBEWE, Tyadh A, 1994 T BT S Z00] B L 55 0 | 6 £ F) 52 0 ],
PR R 14(3) : 214-219.

B, J AL, TR 2, 1989, 1 B M TIT 32 2 A R K K
B3 AT HURE W 1) 1m0 3 52 2], T 5K 2 5 40 (B AR 2
fi0), (4):122-128.

s, ANV, KOG, 25,2015, SR EMNE KBS IRE
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Behavioral Response of Juvenile Silver Carp to Ammonia Nitrogen Stress
JIlHong!?,LIN Yu-qing?, CHEN Qiu-wen?, WANG Jun?,ZHANG Yuan-guang', YU Shi-jin', YU Dao-ping’

(1. School of Resources & Environment, Anqing Normal University , Anqing 246133, P.R. China;
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Nanjing 210029,P.R. China;
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Abstract: Silver carp, an important economic fish species that is sensitive to ammonia nitrogen was select-
ed for study in this investigation. We studied the behavioral response of silver carp to ammonia nitrogen,
aiming to better understand the effect of ammonia nitrogen toxicity on fish survival and habitat in urban
waters. The concentration range of ammonia nitrogen for testing was determined based on the literature
value of acute ammonia nitrogen toxicity. The 96—hour LC50 reported for silver carp [BL = (5 £ 1) cm] is
16.8mg/L. Based on the result, six ammonia nitrogen concentrations (0, 0.5, 1.0, 5.0, 10.0, 20.0 mg/L)
were set for the test, and a "static multi—compartment” experimental device was designed for the behavior-
al response experiment, with a different ammonia nitrogen concentration in each compartment. The exper-
imental conditions were as follows: water temperature (25 + 1)C, pH (7.9 = 0.1), dissolved oxygen > 9.0
mg/L, conductivity 400 wS/cm. The fraction of test fish in each compartment was recorded and the avoid-
ance rate was calculated. The average distribution of juvenile silver carp in the six compartments were,
respectively, 44.4%, 13.9%, 4.9%, 13.2%, 13.2% and 10.4% , and the corresponding average avoidance
rates were, -58.0%, -48.1%, 68.9%, 20.8%, 33.3% and 37.5%. The avoidance threshold of juvenile silver
carp to ammonia nitrogen was estimated to be < 1.0 mg/L, with a corresponding non—ionic ammonia con-
centration < 0.05mg/L. When the concentration of ammonia nitrogen exceeded 1.0 mg/L, the avoidance
rate of juvenile silver carps decreased initially and then increased. Our study shows that juvenile silver
carp detect and avoid ammonia nitrogen, and display a behavioral pattern of attraction at low concentra-
tion and avoidance at high concentration. The avoidance threshold is far less than the lethal concentration
reported in the literature, so the avoidance response can effectively protect juvenile silver carps from
ammonia nitrogen toxicity. However, at very high concentrations of ammonia nitrogen the behavioral
response of juvenile silver carp is diminished and increases vulnerability toward ammonia—nitrogen toxic-
ity. This study provide a basis for further research on the effect of ammonia nitrogen toxicity on the sur-
vival of juvenile silver carp.

Key words : ammonia nitrogen ; juvenile silver carp ; avoidance behavior ; avoidance test



