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vensis) F1 5 55 3 #& 18 (Bellamya aeruginosa) T
2010 4F 4 AW B LIBTE LK™, a5
ARG R BIARTNEY, TERMEREE
Yuh K IEFE (60 cmx50 cmx70 cm)NH B &4
TEF2d, HERERS, HER 0.3, BB/
AL, R ITHG R HEIT AR, KB H
BikgYS5H8000E 1,

®1 TRAENENFSH

Tab.1 Biological measurement of experimental animals

n=200; X £SD
EYESH ShAE IR H iR IR
biological measurement C. cathayensis B. aeruginosa
FeH/mm
43.07+2.22 233+0.16
shell height
5E 5 /mm
3173+1.22 1.54+0.12
shell width
Ak THE/g
0.8790 +0.1720  0.2556 + 0.0380
soft tissue dry weight
STH/g
3.8337+£0.1820  1.4087 £ 0.1411
shell dry weight
1.2 LEHE

1.2.1 SLEigit FHE 10, 15, 20, 25, 30°CH
35C 6 MNMEEFBEE, & EAHEA ik 0.3(1RK)
1.8 #hEal BAENE 3AEE, HFi
NS A BUKIE “OKER” FrERliRE. &
AbFEZE H FHRERIEE AR 2°C, ERINEEE,
HYIFE 3 RIGAFRELE ., ALK RAFH KT
W=, LL2.5 LB BEERREE, SHEA 3
R E HIRE 5 RESEHRIB, MERKREA
EEH, WESHTFEBXRM 6:00,. 12:00, 18:00
N 24:00 #4T, BIKKELE 2 h, 4510 E LLKRT .
G K R ERE(DO). CO, URERANH;-NYE
B, SREE 4 B ELS R E T T

122 WEBHERFE BHEHNERAH HACH
A H) HQ30D BIA A AN (LR AT Winkler
B5PRIE), CO, WMllERMA NaOH W E i,
NH;-N R A28 R el S2I6 45 35 1 2 18
WAYESE, ARERRUESTBHRE, &
HRETRARSTEE T 0 CTIRAM AT, AFA1604A
R FRVPHRE,

123 HEHZE

(WRFELRATEFRBEAR DO, CO, M
NH;-N & &, B TIARITEHREEE. CO,
HE R, Angea R

OR=[(DO,— DO,) ¥]/ (w?)

CR=[(Co~Cy) V] / (wi)

NR=[(No—Ny) V]/ (wi)
X, OR HBAEFEFEEE mg/(g'h)], CR H
BN AR R COL HERU R [me/(g-h)], NR A B4 R
BHEFE [mg/(g'h)]; DO, A1 DO, 4354 LI Ttk
Mg Rt K P ERE T B mg/L), C, M CaHHN
SEIG T 0 R 45 RET K o AL BRI B (mg/L), N,
M ON BT R R K ERWEE
(mg/L); V AR K RERBRL), w ASLIRIER
FHEH(g), t AL ATE (h)

Qe aE! . AR E

Q=CR/OR O : N=(OR/16)/(NR/17)
KH, O HFFRM, O : N AP REFETH SH S
BAEEFHAILIE, OR. CR., NR 23R8
KRERNFEER. CO, HHEMHEEE,

GYREEMITE

R ¥E Brafield BfH B REREICHER

Rgs=11.80R+2.61CR-9.55NR

P, Res RBIE[I/(gh)], OR. CR. NR 45K
BARRBRNFEER. CO R RMHEER,

D010 MHE  EWiEAEREX R EE
Ak 1 B R FE — MR PR R AL 010 B

Oro=(My /My) 10/ ()

K, 01 AREIHRE A RN R EE, M, F1 M,
43 3 R 358 FF 06 (1) T 3E B 45 TR (o) B B A R 0 AR
B,
1.3 HESWAHE

SEIG &5 S A Excel2003 #1 SPSS17.0 #E4T4L B,
HERANAR T 200, BREREERN 95%.

2 ERE5H5H

2.1 BREXTFRERARA R ARG

211 BEMNREFRAEHTRNE 8 PR
RS IMRIRFE AR LA 1. ATLUEH,
LEh B R B, IR A% PR R AR R B R
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BRERE 0.3 5, H4EE HIEYE 10~35CHEEN,
FERMAILRN 0.451~1.328 mg/(gh), EIMEH
0.948 mg/(g-h); T4 45 bk SR A FE & ZRAE 0.253 ~
0.815 mg/(g-h)ZfEl, FHE R 0.561mg/(g'h)o 7K
RA 10CH, “HFMFEERMRMK. HERER
AR, REXBHAR, & 0CHBIREK
. M/KBHEFA TN, BHIBNEERHET
Feas, 35CHREFR N 30CHTRHRT
0.155 mg/(g-h)F1 0.093 mg/(g-h), LAYELEE K440 738
B, ZAHRRSWEHEH, BEXHR KL %R
R FEE R I AR B E(P<0.01), EHEF 1.8
T AMIEFE AR AL SRR AL B A
BEXPFIR CO, HERE WAL BES
FEERLI(E 2). oK H H 4R HIRAY CO, HERX
RIE 10CHBIK, 7 0.495 mg/(g'h), 30°CikF]i&
{H 1.305 mg/(g'h), KIBF+ZE 35 CHHHEBRER T K2
1.155 mg/(g'h), FI{EN 0.940 mg/(gh); TS
FHARAE 10~30°CHY CO, HEBE M 0.270 mg/(g-h)
F+= 0.786 mg/(g-h), 7 35CH X FFEE 0.709
mg/(gh), F3{EF 0.544 mg/(g'h). LR E S HT
G EE, REX AR H RS IR
CO, HE R 1k B 3E(P<0.01), PIFIZTE 1.8 K
—e— FAEF HYR C.cathayensis HFE sal. 0.3
—s— BRI W C cathayensis ThE sal. 1.8

—o— HABIF IR B.aeruginosa ¥ sal. 0.3
L6 r s SEsresig B.aeruginosa ¥ sal. 1.8

14
12 r

1.0

<
s
T

FEE AR/ (mg-g ™) O, consumption rate
o et
(o) =]

<
[

10 15 20 25 30 35
1R/ C temperature

B 1R A IR R S R AR MR R R R B

Fig.l1 Influence of water temperature on O, consumption rates
of Cipangopaludina cathayensis and Bellamya aeruginosa
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0.8 +
0.6 |

0.4 (

COAHERZE (mg-g-h)CO, emission rates

0.2

10 15 20 25 30 35
BE/C temperature

B2 BEX AR R A SRR CO, HEBCR MR
Fig.2 Influence of water temperature on CO; emission rates of
C. cathayensis and B. aeruginosa
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212 EENEMBHESENRE BEX P4
MR AR B HE R R W mnE 3 fin,

MWEHTT LB H, 78 10~30°C7K 18 78 Bl 1 4 ] —
HET, PEREHEMASARIBYHEERYEE
EREFEHASTMES, £ 30CHRBRAME; F+
F 30~35CH, ZHEMHFERBEKENARTT
R o LASRZK R 1), 10°C Bt w4 5] T M A4 45 3 i
BIHERRRR, 45107 0.089 mg/(g-h)Fl 0.061
mg/(gh); BEFE 30CH B K, 45N 0224
mg/(g-h)F1 0.180 mg/(g'h); T 35°CHFEIHEEER X
F%] T 0.205 mg/(g-h)F 0.160 mg/(g-h). BARZE ¥
ENTHER, BEX fEhPHEE RN
BB B & K (P<0.01),

2.1.3 BEXNHHBEERE. SELMRHERNR
M MR/KA P AER IR B IBIE R, &
RLLACBRME 4 i, NEPEH, BER
BRTHE, ZEWRRBESZEE/N, HE 25C
i B K, 43314 0.680 #10.665, F+Z 30~35°CHT X
AHEA, 28EEFEHHBR, BEZ
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030 —m— HERHIR C cathayensis #F sal. 1.8
—0— 4RBIFBBR B.aeruginosa EhE sal. 0.3

025 - —h— BB B.aeruginosa $hIF sal. 1.8
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Fig.3 Influence of water temperature on ammonia excretion
rates of Cipangopaludina cathayensis and Bellamya aeruginosa
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Fig.4 Influence of water temperature on respiratory quotient,
O:N and metabolism rate of two gastropods under 0.3 salinity

IR B W A R BB 3 (P<0.01) . FEE R B I Tt
B, PIBMERLLREZ 3 m, HE 25Crftyk
BHRAME, 4514 6.833 F15.135; BERT 25C
A, HEALYHBRENF MR T &

RFHFS5EEBFERLWRE, HR2HNA
B ERARAE 30°CHF IR BIE(E, S 16.935 F1 9.926,
AHERE, BRESN - HNERALMRBERWE
TR 3 A% 8.2 (P<0.01),

214 BEXEHBREENRINEE(Q, P
B A 2R 4 1R B R SR BE Qo) T RS R a3k
2 FRR, KR 10~35°C, YRk 4 4L R B SR An4R
FIRIRAY 01 FIMESHI R 1.55 F1 1.61; 1.8 3%
PR FFRIRIY Q10 FIMESFIN 1.43 F1 1.45,

F2 REXNEMBREERRIDZRE(Q)
Tab.2 Influence intensity ((ho) of water temperature on
metabolism rate of two gastropods

AL R R HFEIRIR

RE/T C. cathayensis B. aeruginosa
temperature 03 1.8 03 1.8
10-15 2.04 1.77 2.17 1.74
1520 1.99 1.83 1.88 1.78
20-25 1.70 1.54 1.82 I.61
25-30 1.25 1.22 1.39 1.34
30-35 0.77 0.78 0.79 0.77
-4 average 1.55 1.43 1.61 1.45

2.2 EREXFEHIESRAR BRI M

ME 1-B 3 LB, F—RET, ME
BRI, H R B SRR A%
CO, HEMHAERWAE —~ERENE, #E
XoF PP AR TR RN HE M A 5 MR S 38(P<0.01)(3R 3).

W E—E&EET 10~35CHRIA TR K
EHE, FAE 3 NZRBITUER, PEEM
RERIF AL, RSB RAR S E N A &
Fim, BEERAEELWE THUAKNEER. CO,
HERCR . HeE R RIEMEA K (P<0.01), BT
PRI K B B MR B B, 1.8 TR AP, IR XHKAR
B Qo TE L 0.3 HAIHFT T FEGEE 2).

WSBARIBAREOIRITER LY, HEFH
BT E TR, ER&ENAEERYTE.
HEMNFAGARBHFEEE. CO, HiE., HE
R R R B E, BEXFRERMEALL
HMBARBE, MR 2 For, BEAKEEENF R,
FHIBRIRN 010 (EHA BT TR,
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®3 HENEHRZIRHETFOER
Tab.3 Influence of salinity alternation on metabolic indexes of two gastropods
HEEF HYR C. cathayensis
N g
%%y FERE (mgg ) CO. % HER/(mgg™h) PR Af B (g )
salinif oLl ammoni ; i ‘N
O, consumption rates (mg € ™) CO, onia excretion respngtory ° metabolism rate
€mission rates rates quotient
0.3 0.948+0.009 0.940+0.010 0.161+0.002 0.721+0.015 6.256+0.018 12.102+0.061
1.8 1.087+0.007 1.048+0.012 0.182+0.002 0.701+0.001 6.346+0.017 13.824+0.113
4B BIR B, geruginosa
HE COFRIE/  HEEH/ (mgg b IR
g 2 e (mgg”h™) PER g 1oy
salinity FERAE (mgg ) (mg-gh™) ammonia excretion respiratory O:N Rt/ g i)
O, consumption rates X . metabolism rate
CQ; emission rates rates quotient
03 0.572+0.010 0.544+0.010 0.124+0.003 0.692+0.013 4.91420.134 6.984+0.123
1.8 0.658+0.011 0.621+0.010 0.139+0.004 0.687+0.022 5.028+0.064 8.054+0.060

2.3 REFEHENWEHIEIRAERSNZEER

10~35CYE Bl PN, T PR R i 1) #E SR 3R S A0
BIRSRE . ENXRET TUETFHFEH,
5RO, 1R B AR B e A R AR i AR A T
AR B, BRT RS, XHAM 5 TSR
A B W3 H M (P<0.05); {BALXT 44578
B REERMHERA B E W (P<0.05)(F
4)o
24 ERTHXEMHEARSRNEME

& 5 B, HKIR 25°C, RKABRIZA S
EHRAH —EWERZEAME: LI 24:00 K
R R, HWK 18:00; 12:00 KRB REAE, 2h
YERAOREEEHEMATERE., SERRER
HATRREE W Z TR, BRBIFHMIRAMR
R B3 (P<0.01),

3 iFig

3.1 REXNFMUBARECHT0F R sE R BRIR I
FHAKAETHE YA, BHEXRZR

Y, BERESIRTIEREREETHNEE
HFZ—. BEERENTE, EARSFRERE,
AR BE SN, EEHREYN, FE
BEMRELEAN, HEXHMEEER. HFER%EE
FRREIRER IR MRS, EBEEXMEESHE
FE AT,

7E 10~35CHIZKIRTEE A, 45 H R4
BARIBHFEE R . CO, HEHCE . HeE ZAARH
FYEERENTFE MG, 7 30°CH T k&
E; BEASETZE 35CH, Lk 4 MERYE
Frigk, HIREX FRBIRHWERAIRBE., X
54 %245 % R S8 (Veverita didyma)™), FF Bt 2R
R4 (Babylonia areolata)'®). BK4L 48 (Rapana
venosa)!' VBB ST &5 R KM, {H5 Cheung
Lam! 8% 5508 21 8088 (Nassarius festivus) R ITSE
REFAR, ZARERH, 7 20~35CHEEN, B
MALBHFEEAREHEERENREM AR, #
ARARMENETREFENEBHERAR. K
ATLBMERKE, 35CERCEHEI T H4E

R4 REFNELE X AR R RN SR

Tab.4 ANOVA analysis of temperature and salinity on metabolism of two gastropods

HFERR AR FAEBHYE C. cathayensis GBI RIZ B. aeruginosa
variance source metabolic index F P F P

#E4( 3 0O, consumption rates 2.877 0.036 2.970 0.032
CO, HE# CO; emission rates 3312 0.020 1.194 0.342

ol A5 4 HF4% ammonia excretion rates 18.844 0.000 2.865 0.036

ity PRI respiratory quotient 0.669 0.651 1293 0.300
SR O:N ratio 13.822 0.000 0.397 0.846
R metabolism rate 4.096 0.008 1.035 0.420
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Fig.5 Influence of diurnal fluctuation on metabolism rates of
two gastropods

[ FH SR AR R AR SR A S HIRE

WHFH Qo K SURLAE Y SR BE AR b A SRR
TR, Qo EME, Uil shi iR & AE b # 5N #
Uk, —MRVEL, BRE 0wk 12~43, BKZ
BFEEET 2.00, ABFTEHR, WKEET,
Hr A2 [ IR A B IR IR O WFE S BN
1.52 1 1.61, HZFH 0,0 KEE IR E KT 55
AN, RHAERSRT, XAMIERMRERZEE
BB AR R TR 55 . XA AT sh s ALt
K, LARRE L BE B SR 35 I I 5 1L BE X AR £k,
ErB®AeYREN KRR —BK., ERERS
Ja E AR A IE SLARL, B S5 HFLE W (Chlamys far-
reri)POIR AR . SHBIHBBA L, FEEH
W ot Y5 B AR Ak B U B B, AR H TR E A
A4 TE R BE T 558

MEASHY —#F, B ARRFEGEITE
EEE, FERE FHRABRYENEL. &N
28 5% Al 40 1R EAL B B PR IR R B, B IEAE
0.7~1, BHEN 0.8, BEWF 0.7, B 1.0, Hik
B AR 3 O R AR R /N SR HI W — B B A R R
ERREYE AT AN, 7 10~25CHIRETER
P, A R A IR 4R A 10°C R 19 0.799, FEAIR
= 25°CHABRIKME 0.680, WHHEERFENHAR,
TN EREEMEAR N E, BRI
s £, KBHET 25CH, "R EAZE

FRBE /(b)) metabolism rate

0.7 Lk, R 30~35°CHE, shMik i B RAE
R TEAE LB SR BT iR & . KB4 85 b SR T
MR B 5 1 8 O 5 v A (B R MRS

KA WON)RREYERNE A T 5 R8I
wKAL B Y BRI L F, ON H23FEH T
IR ME K, Widdows?' AN, RYE O:N A
R A BRR BT EYRERE BEEZm, HE
ZBHFEH ONERGHBEXM A YRR EHEF
FHRAY, I B AT RAE R A AR 38 R PR 58 R 7 1 —
Hitetr. SHEHREN, O:N HEK, £HAZYHE
FEAI BB R 2 o IR T AR SR AT

AYIEEFEKBIE, MERNEORMA
WA R, Mot xE B AR SRR, 4 Hr
FA A a1 S TR B KR 4 BE = e B T A 2k 42
fit, AR $E b 3 N R RN AL LG B A AT AT AR,
Hh 4R ] EH 48R4 65 PR R R4 N I 2] B BRI AE 25°C
B #E B /DN, PEREARII AR R K, BT A4
HHEW, P RNEEAERBER 25CERH. X
HAR%EPT #HEEPOS 3 Fhik KR = ik
FHRERBUE T X — .
3.2 EREXNFMIESRERS TR R R

R R AR R HAR . BRI EK
YA EREFRRREZ —, HBUEEH
A YR NSNS FE AR AL, T R e L A B AR
w7, BRI E N RS A K R EF R
MR EEE P 8 SUGERFsY 1Y, W
KFIHRAKBEREB AR E D, AAIRAR
ERKE, BUOKTHMHIBRNFEEE. CO, HEK
F | HEERMAERRRAKRUIE BERES.
AIREDR B 2, HARIR R A S AR AR I R IR K
Rk, BEARBUE THUE B 8855 K4,
Y TEHEBINNEERATEERE, NS
BRBRER. E—ENEEHEN, XA BER
(Turbo cornutus)'® | 75 BEZ AR (Babylonia areo-
lata) ), W& (Mytilus edulis)*V SR BR, 2
A Y R E RSB IR RS £ 0 T = 3
m, BENEEZSE, AR AT BR U T R,
Ut B SEA &h B AR — € A 38 VR R o

AR B AR b X SR D IR A ) B e BT AR
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H, 1.8 JHFE Py R B ARk (GE B B AR B R
GABIBE AR E, ZEE T REARIEELE
FETEAR XS IE B AR AR . SREMERENEW T
w4 (5] FH R A R A LR/, T O IR R R R
Ak X E, HE55 b MR X ik B Y 38 L o
HiR—,

Fob, MEEEFNER BE X A2 R H AR A
FEWLEA AL, HEXREHRIBHERAR, X
FE R B F 3 A K XHR -3 A A Y RN
FFER A 22 R0, EhBE RIS BRI O
REfk, BREBIEZREET, XFMEYSRESEL
MR R, XA M FARERSRRNINEE
FEPE R R, Wb ek, M B 47 Hsd A
S RIE A4
33 ERTUXNAEAERSHNRm

rh A 5] FH 48R4 55 PR R i AR R Y R B
WHE, AXRMARELR, B 24:00 BHUBRER,
18:00 Mk Z, 12:00 A B flk A ALER . Sh 4 O HT R AR
K BEE B R T LA R A
i 2 —PY, Rosas %P3, Natara®*HA R,
XA REREE . BE. BERLRBSNE
TR, i ChildressPIUA K, SRR B
AR B 5 7K AR A A SR R HY B AR DL K 3t
YAERERERFTIRBNEFEREE R, P
R E HAZ A SR B R B R Y, FEARE
VLI, A, WEHRD T, AXEE, B L
HITREED, AR REERZ AR, X5H
il JEC A 3h ) G A BR (Hemifusus tuba)[”]% RIBF5Y
2B

g RMAFABLRRIAHBS L FR
F XA 2L R - A2
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Influence of water temperature and salinity on standard metabolism
of Cipangopaludina cathayensis and Bellamya aeruginosa

SUN Luyu, WEN Xiaoman, YU Na, CHEN Ligiao
School of Life Science, East China Normal University, Shanghai 200062, China

Abstract: Little is known about the biogenetics of gastropods. To address this, we measured the standard meta-
bolic rate (SMR) of C. cathayensis and B. aeruginosa at different water temperatures, salinities, and time regimes.
We measured SMR every 6 h using the bottle-incubation method. Individuals were incubated at six temperatures
(from 10 to 35°C) and two salinity levels (0.3 and 1.8), to simulate saltwater intrusion. The O, consumption rate,

ammonia excretion rate, and CO, emission rate of the two gastropods were significantly affected by water tem-
perature (P<0.01). The body temperature of C. cathayensis and B. aeruginosa varied significantly with changes in
temperature and salinity, causing changes in enzyme activity. We calculated the Oy, O:N, and the respiratory using
the O, consumption rate, ammonia excretion rate, and CO, emission rate. These indices can be used to indicate
energy sources in vivo and provide insight into how individuals cope with environmental changes. The ratio of
O:N and the respiratory quotient, indicators of protein consumption, were lowest at 25°C suggesting this is the
optimal temperature for C. cathayensis and B. aeruginosa. The (o values suggest that C. cathayensis is more
adaptable than B. aeruginosa to changes in temperature. Increases in salinity were associated with an increase in
metabolism (e.g., O, consumption and CO, emission) due to the extra energy required for regulation of ionic equi-
librium. The reduced sensitivity towards changes in temperature suggests that these gastropods are minimizing
energy consumption during changes in temperature, thus preserving energy for ionic homeostasis. The metabolic
activity of C. cathayensis, but not Bellamya aeruginosa, was significantly affected by the interaction between
temperature and salinity. The metabolic rate of both gastropods fluctuated diurnally, being higher during the night.
This likely reflects the diurnal pattern of activity in both species, which tend to feed and compete for dissolved O,
during the night.

Key words: Cipangopaludina cathayensis; Bellamya aeruginosa; water temperature; salinity; diurnal fluctuation;
standard metabolism
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