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REESHSROXMm

AEK K A BB HEk!
FAEG mRe” x&pK2

(1. R RFEEBE R B0 507228;
2. WFR R E R IR AT E R B s M i 507228)

HE H T R 8 A E Rk X 4T 2 BT (Cherax quadricarinatus) # 4 % (Ro) 5 #E A (Ry) 1Y
B, KA B E R LR R IR AR ACE N T A RREMERRESET, 3L BTN
AN SH, FHEAM AMAMER L 4A) Rofm RyWEMHMHE, EREFR, REXMTEEIT
Ro f1 Ry %1 2. % (P<0.05), i /& N 15°C~35CHt, RolfiE E A& Mg, 35°CH, A irw

Roik Z| & AfH; £, S4H Ro ¥ 0.777 mg/(g-h), FF AT HM 2 4~41(P<0.05), 1 #IT Ry
HEEABELE EAE TS, 30CHKF ZAM; HF, S4t RyW 0061 mg/(g-h), T#&
KT H A 2 A4 (P<0.05). i & X 21 % % 4T 1 F A L (OIN) B B 2 % 9 (P<0.05)., 4 &K L xf 21 %
AN Rofn Ry ®7 2 3% (P<0.05), & AKE Nl 0~16 mg/L i, —HHMAAREZN EAE R E
FETHENZES;, YAEREN 8 myll B, LHEEITN RoFAEHAM, S. M Fr L 4 RyE 44
# 0.663. 0.332 #1 0.195 mg/(g-h); YA G KE N 12mg/L #, RyiAZE| & AME, S. M AL 4 RyfE
2% 7 0123, 0.049 F1 0.034 mg/(g-h), F %% T H b4t 3 41(P<0.05), & &K E Xt 3 F AL 21 %
ZATH) OIN E 78 B % % (P<0.05), 1 Bl iR E &4 T, LT Rofr Ry By Q10 & 38 B 24l &
1.102~3.361 #1 0.346~3.417, E 777 25°C~30°C#rn 30°C~35°C fit 3£ 2| 5 /1.

KA EEN; RE; AA; BEAFE; HEE
FESES S9%66 XEKFRIZES A XEHRS  2095-9869(2022)03-0095-08

WP W HE TS K P S R I A A E PV B (NHZ-N) 55 A QK P 2 00 2 o g ik i) 2 A4 T B2 4
—, IR PRSI R A T T I B G A (BE b, AT LA 550 S5 B 7K 7= st ) 0 AR B AR A A AR
45 2010; XE 54, 2019), fEACEEEh, A MR PSS, 2017; XIFHNESE, 2018),
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41 B4 LR (Cherax quadricarinatus) {4 Fk 8 1% 7k
Je iR, B ABORRNE, (RBIK, PRIBTEESE, R4
(8 %5 G B S A (Jones et al, 1994; 8 EB %,
2000; Vanzquez et al, 2007), IT4-k, 21 EELIF A
FUBAERE A L VL 95 FITE pE 45 g 7 458 IR AE RS
AEP7REE 3k 3000t (Yuan et al, 2019; 32RI14%, 2020).,
TELT BT SR AR o, 208 45 W BT B AR 1k DA Bt
B T B SR P A AR R R S R A S S PR R) R,
S £ B SR A = 3G s (Liane et al, 2011, 2015).
Cui %(1988). [E/% 1% (2007) . Z=hn JL% (2014) F1
IR PAE(020) 5 R, AR E KA Z
H B R sl . MEAR/NER R, £ 5K . &
RKF | EEEINT AR R RO, Bar, EA
SPEAVFZ K T UL S5 e iR (Panulirus ornatus) |
75 W 1 U (Exopalaemon modestus) Fil L 44 ¥ X o
(Litopenaeus Vannamei)] . D1 2k A1 1 248 467K A 3l 4 1)
AR AH OC 9 WF 58 CR i ik 5, 2009; X1 HIL4%, 2010;
Giacomin et al, 2019; %' 5 {2 5%, 2020)., Ifii 4} T 21 %
R E L TR L FRBUREE )y T (Liu et al,
2020; Lu et al, 2020; & 3Cf54F, 2020), 7EWFm kM y
T i A7 A o AR SR T 2% AL /K, B9 il B N
RO FE XA [F) OB A% £1 B B IR FE 4 % (Oxygen
consumption rate, Ro) FllH 2% (Ammonia remoral rate,
RIS, 5 TE 53 BT 2L B BRI WA By A,
BB FR B AR B R R =% .

1 M5
1.1 St

CT RSR[5 4G T B DU 2R FR A 3, R LA
JRTCIR 1R, B 3R T R 2R B S & R
FEARGEN . BFRWIA], AR 2K, #H)52 h
oK 12 . 37 5 K 4K 7K 3 A (30.0£0.5) T, pH A
7.81+0.18, %% (DO)H(7.09+£0.28) mg/L . 3FhHi%
ST BB PR AR WL ER 1,

x1 ABBENEYWFERE
Tab.1 Biological characteristics of C. quadricarinatus

209 Groups &K Body length/cm {&TE Body weight/g

/NS S 4.361+0.151° 1.912+0.1522
FRELHE M 8.510+0.223" 13.853+1.251°
I L 14.623+0.591° 62.354+6.282°

TE: ARVING SF R R R 22 57 i 3# (P<0.05)
Note: Different small letters indicated significant
difference at 0.05 level

1.2 FEFHE

1.2.1 BEARRE I LAEHEIT Rod Ry %a
BWE 15C, 20C, 25C, 30°CHl 35°CHt: 54 il
FERERE . SEEWT 4R 7K IR R (30.0£0.5)°C . 4% TR BE 4R
FHUKEEFN AR 15 LD BB R FoKil, & 12 h Tt
BRI 1°C, IRFBE KR, R BEIRE N 2 d s
FFIEAT Ro Ml Ry A2 . SEHR AT 24 h,
1.2.2 R FGRE AR R LA L0 3 H 9T RoAe Ry #9 % ")
RAWEKE 0, 4, 8, 12 F1 16 mg/L I 54K
-, I K ALl fE NH,ClECHIT R ; & 12 h
FhE L mg/l, BEIE AR, AEEIFIEN 2d
Ja FEATSN . SRS 24 h,

1.3 Ro 1 Ry BIME

ARAFFEH, Ro R Loligo systems 7K A= A= I 1
ASCIN 5 o i 00 21 B8 8 R R 7 7K L U B 7K
I R 22 5 PRIV 2 T (IR 1.6 L) h i —4
W2 2 A DA %o B, HL P 0 st A () K s R 2 Rk B
PIRIK, AHCE BT, WFIRAGEST 1.5 h, HH[E
KL R 5 Limin, [ 3 5CA KK & DO, SE56
TR 525 005 43 B R 4E 50 mL /KA, T2 Ak
DGE o ARG TSI LE SR, AP A BRCE /N .
R AR LT B MR 5 L 2 HAT L H, AKIRHEEA
e FEAd FH DeChem-Tech(f [) 4= F 3l 1k 2% 43 7 A3
FE, JrikZ RERRL(GBT7148-81),

1.4 IEHRITE
Ro. Ry« E A H(O/INYEFIEE Z2E0(Qu)iTE AR :

Ro=[(DOy—DOy) x V]/(W x t) (1)
Rn = [(N;=Ng) x V]/(W x t) (2
O/N = Ro/Ry ()

X, Ro. Ry R EFE AR AR Mg/,
DO, Ml DO 431l A S 46 FF 1y Rl S 98 45 SRS 7K H 1) DO
Erag(mg/L), V IEIEE KR RI(L), W L%k
IFE (), t ASEIRFZET I (h), No Al Ny 4351 A 525
FFUE AN 28 o5 K P S R (/L)
T R A
Q0= (R Rl)lO/(T2 -T) 4
2, Ry AT Ry 43 SEBG HBE T I T P21 BB UR 11Y
Ro = Ry[mg/(g-h)] .

15 HiES

S 6 504 R 1T 0 45 1 2% (Mean+SD) 1k
K Ml SPSS 23.0 #k 4 i 17 B A K Jr % (one-way
ANOVA) 1, P<0.05 K EEXEF,
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2 #R

21 BEMNAFMBIZEZEIL Ros RyvFI O:NEE

A

2RI LA Y, I AN [) B RS £1 B B RS2
Wi i % (P<0.05) ., 7E¥RJE H15°C~35CH, FHE#E
JERBGIN, LEEARRH Ro ¥R BT, HAE
5CHA B . EAMHFNREERT, S AL ZEEIF Ry
BB T M R L 41 (P<0.05) , 15 BE XN [ BiA% 41 2 5%
IR Ry JRA 5 500 (P<0.05) , 14 [ I 8 48 fin 52 56 7
Jo FRER S, TETREE Ky 30°CHY, 3 Fh A 21 Z AL i

Ry ik 2l i M, S. M Fll L B IR T Ry 439l
J7 0.061. 0.034 F1 0.018 mg/(g-h), HALHAALL R
3 % (P<0.05).,

TR P X6 AN [R) AR 21 25 B T OIN {HAY B2 3% 3.
M 3F LA, fEHE R 15°C~35C &M T, 218
FEAFH O:N {H N 8.636~20.899, [f]— K& £1 B B MR A
ANFEREER, OINEHZE%E TG mES, H&R
JERMT, ON {EAF7E B &2 5 (P<0.05), FEiRE
Sy 20°CHT, L LT #EIF OIN (&5, & 20.830,
B T H A 2 4N2H (P<0.05),  Hifth i B8 AN [R1 AR 21
FEFLUF O:N {EAH Hb ¥ 6 8 3% 22 57 (P>0.05)

=2

BEXAERMBLLEE Ro M Ry

981

Tab.2 Effects of temperature on the oxygen consumption and ammonia excretion rates in C. quadricarinatus

LB #E42R Oxygen consumption rate/[mg/(g-h)] HEZ Z Ammonia excretion rate/[mg/(g-h)]
Temperature/ C INELRE S AL M KHAE L /N S HELE M KEHE L
15 0.329+0.059%°  0.136+0.020%¢  0.084+0.020%¢  0.018+0.002*¢  0.010+0.001%¢  0.005+0.001°¢
20 0.386+0.010°°  0.197+0.012%  0.153+0.010°  0.027+0.002*°  0.018+0.002%°  0.007+0.001°°
25 0.500£0.063%°  0.275+0.010%°  0.163+0.019%°  0.033+0.006"*°  0.024+0.005"°  0.011+0.002%°
30 0.525+0.060°°  0.314+0.009%°  0.173+0.021°°  0.061+0.005"*  0.034+0.003%*  0.018+0.002°2
35 0.777£0.150"*  0.420+0.060%%  0.286+0.045°%  0.041+0.013"°  0.020+0.002%°  0.016+0.00252

I ARAKREFRFRFIREH Ro(Ry) 25+ 3% (P<0.05); AFI/NGFHE FAR RN FHURS 41 25 57 . 3 (P<0.05), T
Note: Different capital lettersin the same row indicated significant difference at 0.05 level at the same temperature; different
lowercase letters in the same column indicate significant difference at 0.05 level at the same size, the same as below

£3 REMELEEINERRRETHRAL

Tab.3 OI/N rations of different size C. quadricarinatus under different temperature levels

I Temperature/'C /NG S FELAE M KHHE L
15 18.432+2.448"3 14.164+1.217°P 16.832+1.888"®
20 14.155+1.2175% 10.733+1.4405° 20.830+2.25472
25 15.822+4.454°® 11.948+1.7374P 14.252+1.2337°
30 8.636+1.300°° 9.359+0.912P 9.442+0.485°°
35 19.477+4.890"2 20.899+4.121A2 18.846+3.702"®

22 FRAREMAEMBLEENS Roy RyF O:N
LR

MR AT LA, 2 AR E XA [] B 21 2 B A
Ro 51 I 3 (P<0.05) . TEZ AWl 0~16 mg/L A,
BEE A AW BT, FHBEL ETHE T RERE
P HAEREWKE N 8 mo/ll k5w . EHFZ A
WM, SHABEEIF R BEESTS M AL 4
(P<0.05) o 22 ZL R B X AN [ WA 21 B BT Ry IR AT i3
SN (P<0.05), 47 Fifi 2 AUk B2 1 e 2 2% IS TR
fkas TER AR R 12 mo/L B, 3 Fhpis 21 Bk
IF Ry BB B R, TEZEARERMT, SCMH
L 4141 SR Ry 43714 0.123.,0.049 11 0.034 mg/g-h,
H 45 FUAS ) AH b 22 57 I 2 (P<0.05)

SRR B X AS (R R 21 B S M O:N A 11 52 1 i

# 5. NE 5 ATLIAEN, fEAZKEN 0~16 mg/L
b, £0EEELURAY O:N (B 3.729~9.442, [] —HLA% £
BEIMEA A EZRE RN, ON HEL TS
Fhimfass, B4 4 b 22 5 1 35 (P<0.05) . fEZA
W 0~8 mo/L B, AR HEAS 21 ZE B UF O:N {EAH Hb
T . 3% 22 5 (P>0.05) ,  H:fh k 2 20 A1 LE 22 5 W 3%
(P<0.05),

2.3 BEMNAEMIZLIEEIE QnEA I

M 6 ATLIE , fESLiREE Y 15°C~35CHY,
LT EEHEEMF Ro 1 Quofiih 1.102~3.361, ¥ 1.820,
S LT EHLIF Ro ) Quo L F 5 ETHE FRFEA#A
M Fl L @R TG LR aEEIF Ry
() Quo fHi N 0.346~3.417, F-¥{Hly 1.819. 3 FhALHE
R [ Quo fE 7E 30°C ~35°C i #4735 2 A%
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Tab. 4 Effect of ammonia on the oxygen consumption and ammonia excretion rates in C. quadricarinatus

AU #E4.% Oxygen consumption rate/[mg/(g-h)] HEZZ Ammonia excretion rate/[mg/(g-h)]
concentrationnglLy /ML S L M SIS L USSR M SRS L
0 0.525+0.060°®  0.314+0.0095® 0.173+0.021°® 0.061+0.005"° 0.034+0.003%°  0.018+0.002°°
4 0.643+0.048"%  0.319+0.003%%® 0.187+0.017°®  0.070+0.006"° 0.035+0.002%°  0.021+0.004%°
8 0.663+0.108"%  0.332+0.006%%  0.195+0.00852  0.087+0.002"° 0.038+0.0025® 0.025+0.002°"
12 0.457+0.069""  0.283+0.048°% 0.146+0.012°*° 0.123+0.005"* 0.049+0.002%%  0.034+0.001%*
16 0.348+0.017"  0.225+0.0645%°  0.133+0.006°¢  0.093+0.003*° 0.032+0.010%°  0.029+0.0025%
x5 AEAMBAEENREABASERE THERLON)
Tab.5 O:N rations of different size C. quadricarinatus under different ammonia concentrations
A ME Ammonia/(mg/L) NRAE S RS M KA L
0 8.636+1.300"? 9.359+0.91242 9.442+0.485"2
4 9.143+0.135"? 9.066+0.543%2 8.869+0.654"%®
8 7.614+1.435%2 8.848+0.3752 7.822+0.695""
12 3.729+0.687°° 5.754+1.063° 4.292+0.5024B¢
16 3.735+0.264" 6.957+0.066"° 4.540+0.438°5¢

®6 FAERETLEEN RMRVK QulE

Tab.6 Qg values of oxygen consumption and ammonia excretion rates underdifferent temperature levelsin C. quadricarinatus

IR B #E4A % Qq0 Oxygen consumption rate Qyo HEE % Q.0 Ammonia excretion rate Qo
Temperature/'C /NEILAR S AL M KHAE L /NELAR S LS M KHAE L
15~20 1.377 2.098 3.361 2.250 3.240 1.960
20~25 1.678 1.948 1.135 1.493 1.778 2.469
25~30 1.102 1.304 1.126 3.417 2.007 1.636
30~35 2.190 1.789 2.733 0.452 0.346 0.790
A 1 Quo fEII /N, Ul B S Y B3 B, X £ B AR
3 ik I 0 AR ke (RS 384 45, 2007). 17 7 T3 L 4
. H 4T X F 3 = H: AN 3
31 REXTEEIR Rofn Ry KIS S LT EELF Ry ) Quo fH B K, Hifth 2 44 Ry B9 Qo

Tk B R 5 ) K A 22 B B A AR Y B A
HWT. mREWRERN, FEEERER, KEDIY Ro
I Ry Bif I8 B2 B FF v TG I (F v 4, 2018) 41 45 Je i
FLGHTERT MRS MRS FF G X — L CR PMEAE, 2009,
PR 5%, 2020), HAhsK A 285 sl hn v o 5 Bt
(Pseudopl euronectes yokohamae) 41 11, . JLfL 1l (Haliotis
diversicolor) St /2 Wbt (2 AT E 55, 2018; T 52865,
2020), AHFFEAER WoR, TR R 15°C~35°CHT, 41
BEHEEIF Ro BEVEEE TH =i ; Ry 7E 15C~30°C i [l
WK N, 78 35°CHFIZHI T, Z0 BB IR fcid
KKl 24°C~32°C (454, 2020), =T 32°C
SRR = A — IR, SR Ry BRI
Quo A2 S WL B X K AR A= AR i B 8 b, AR5
W, JEIREE N 25°C~30°CHY, 3 FhAIARLLEELIF Ro

(ELE AR B I, U6 I AR 1) 2128 i U T
T VIR AR

32 FREREMNIEER R RyHIF M

PR 45 (2019) . £ BH 45 (2020) 1 5 BE 4
(2020)fF 52 R BT, K778 Ry AN S R} | RS Fnh
FEAF R VIROC , IRAZ 7K AR TR SRR B I RE I, KA
Wi Rk m ), &S8R4I ETL .
PR ZEE R IOT, WP e (Paa spinosa) i)
TER ALt 14.70 mo/L Ji , Ho Bz IR AL U R b 2
TR KO 2 A (Micropterus salmoides) 75 24 &k #
it 4.31 mg/L J& HBURFI ] (2544555, 2004; G pKlE
%, 2016; FHEME, 2019; T HLAE, 2019; #IRAE,
2020), K, A w025 i AR 9T L1 B B AR AE A [A] 2 A
R S5 T IR WA 3 ke i e L A AR AUt 32 v el 7R
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ST BTG RN, ZLEERIT Y Ro H4E L THE TR
W, AR 12 mo/L B AR, X5
R 5N (2017)WF 5 45 R . X2 H R 2K
H R R FE BT, K () B S gk T B I i i
AFLRPY, a5 i s B8R, E I AR T 4T BB AR g
PR, PRk RS YA R A A Ak T
2E—EWER, XA e HEE, R, d il
I AR (B a2 45, 2014; 4FZ5RI4E, 2015),

33 BE. SERENIEELR O:N B

O:N H WK = sh A KA — A H S
B, HAR/NoRz AW IRNE AR SR . ok s
Y143 AR B9 =R (Torres et al, 2002; Zheng et al,
2008; TM&UhaE, 2017, Xeig¥4%, 2017), 4 O:N{H
BN R 7 EDES, IR A Y RN B LR A A
WR T, W O:N N 24 F, WFRITI%AE Wik i 8
VIR e A B A AR 32 AR 15°C~35°C
I, ZIEFIF A O:N i 4 8.636~20.899, Ui HATEIZ i
FEL I, AR Y BE 5 32 2 B J5ORD S E
(FH & 5%, 2021), TAE 2 RMRE N 0~8 mg/L N, 41
FEECUFIY) O:N H Ky 7.614~9.442, & ML 21 B FHF
AR 3= A 17 R AR 1 B kR L (HUR R E iR
B MR AN N 8~16 mo/L I, L ELEKIR ) O:N {H
J 3.729~6.957, BT, Z7EES AR LS (L
fie T (XIME L4, 2020; 2 B, 2021),

ZE LTI R RE RN G R X AN TR 2T BB 11
Ro il Ry P52t 3, 7EFRFtad i, S dler B FIp
e A KR 25°C~30°C 5 AHEST SZHAMA, M AL
LT BEFL AN S R AE R, (BB AN 35°C, A
SIS, BB RS2 8~12 mg/L .
FELLEE AR FRA T, DO A K IR AR, IF HLAK
g H BT W 3l G PR A (AR Hp 2 R e v T 5
HA KA

2 % X M
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Effects of Temperature and Ammonia on Oxygen Consumption and Ammonia
Excretion Rates of Cherax quadricarinatus with Different Sizes

ZHOU Jiancong’, CAI Li*, YANG Jingru', LIN Xianxin',
GU Zhifeng*?, SHI Yaohua'”, LIU Chunsheng**"

(1. Ocean College, Hainan University, Haikou, Hainan 507228, China; 2. Sate Key Laboratory of Marine Resource
Utilization in South China Sea, Hainan University, Haikou, Hainan 507228, China)

Abstract To determine the influence of temperature and ammonia on the oxygen consumption rate
and ammonia excretion rate of the red claw crayfish (Cherax quadricarinatus), a single factor
experimental design and closed flow method were used to analyze the influence of temperature and
ammonia concentration on the oxygen consumption and ammonia excretion rates of crayfish of three sizes
(S, M, and L representing small, medium, and large crayfish, respectively). The results were as follows.
Temperature had significant effects on the oxygen consumption and ammonia excretion rates of crayfish.
The oxygen consumption rate increased with the increase in temperature (15°C~35C), and at 35C, the
oxygen consumption rate reached the maximum, wherein the rate of the S group was 0.777 mg/(g-h),
significantly higher than that of the other two size classes. The ammonia excretion rate of the crayfish
increased first and then decreased with increasing temperature, and reached a maximum at 30°C; among
the size classes, the ammonia excretion rate of the S group was 0.061 mg/(g-h) and was significantly
higher than the other two sizes. Temperature had a significant effect on the oxygen/nitrogen ratio of the
crayfish. 2 The level of ammonia significantly affected the oxygen consumption and ammonia excretion
rates of the crayfish. The oxygen consumption and ammonia excretion rates increased with an increase in
the ammonia concentration, and then decreased. The oxygen consumption rate reached a maximum at an
ammonia concentration of 8 mg/L, which was 0.663, 0.332, and 0.195 mg/(g-h) inthe S, M, and L groups,
respectively, whereas the ammonia excretion rate reached a maximum at an ammonia concentration of
12 mg/L, which was 0.123, 0.049, and 0.034 mg/(g-h) in the S, M, and L groups, respectively, and was
significantly higher than those of the other groups. Furthermore, the ammonia concentration had a
significant effect on the oxygen/nitrogen ratio of the crayfish. The Qqo values for the oxygen consumption
and ammonia excretion rates ranged from 1.102~3.361 and 0.346~3.417, and at the minimum values were
at 25°C~30°C and 30°C~35°C, respectively.

Key words Cherax quadricarinatus; Temperature; Ammonia; Oxygen consumption rate; Ammonia
excretion rate
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