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BT EmAEY RTA? FRED EBEE’
FRXY EER OKNES HHA P
(1L**#kémﬁﬁiﬁ%ﬁ LV 2013065 2. b AT TR A O P RRSE R R E S L R P EDK PR

WP BE BRI HS 2660715 3. H S TIEHRNA S HR R &S E R LR = ol B 5 &= it
it i%ﬁ% i 2660715 4. PEPBEREBEVIRI H5 2660715 5. #SKEAERAR K 264300)

WE i 7% 1 #5 (Arcuatula senhousel ) /2 #14% 45 37 78 & Fk 89 08 A RE A 4, AR B IR FE v e I
KR, HTFENTHEEEERY, ARZABAKENTREEEZGTC, 15C, 23C, 31C)fMh 7 AL
HMWEEE HER HEAER HEFFAERTHATTHAR, HELTHRERI TR, £REF,
ZCHMEAE, HoFE, HAX, IUBEHREFT THMIEEHE(P<0.05), 27K E T
1.09 L/(g-h). 24.46 mg/(g-h). 3.50 mg/(g-h)F1 62.93%; 7TCHtyEAE, BER, HAR, HER,
HARHKTHMEEMHE, 25 H 024 L/(g-h). 6.04 mg/(g-h). 1.02 mg/(g-h). 4.20 mg/(g-h).
233 umol/(g-h), HIEAFE, e F HEAEX, AMBEHMAEREAGHEAATE THNES,
HE23CH K E R FE AR RE T ER I T2 N :100C = 58.12F + 46.74R + 2.54U — 7.40P
(7°C); 100C = 44.28F + 29.14R + 1.85U + 24.73P (15°C); 100C = 17.18F + 41.81R + 6.64U + 34.37P
(23°C); 100C = 53.35F + 28.26R+ 14.66U + 3.73P 31°C)., #t EWR X o % kM, £K#P). TR
(R, He it d (U) i 2 18 82 (F) & & & 82 (C) 1Y 1 Bl 9 7l 1 —7.4%~34.37% . 28.26%~46.74% . 1.85%~
14.66% ., 17.18%~ 58.12%, 23°CEF £ K fik & & & b 4yt ) B 2 & T H b 05 & 4 F (P<0.05), 2| 7
34.37%; TCH &K, H-7.40%, HARERNENT O RSN AR EFRAT BIE .
eS| G Al RE; RMAEE; AAk; #ERX
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FROCHSE . (O BRI SFE, BT RMENZE, 10.48%, LA MHEAE DY Z FRIA G (Crassostrea gigas)
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Jig Wi 2 (PUFA) i S B Wi & 1Y 35.57%, DHA Fl EPA
di Ik 16.44%, 75 XTI % 8 2ok A% v i) v Ui 21 4%
W, KNG A AP FE UG AR AR AR Y
BB A3 M XA 37 5 R (G f A%, 1989; R4,
1996), & HAb ML IX A FRFE 1E O AT il . AW T
2015 4 6 H7EINAR SIS T AR A it &2 3, &6
Sy XA B A ST LG 40 A, % B i T 3k 200 g-m
(MBH) o Moe UG EIREPIE, AN Z [l i /2 2240 B
GRLE, WRNEA—REREA, WAk, HE.
HEM S AR G 3, AAEIR A s e, 2
TR A R DL SO IR L L AL . AR
SEAEDURY—/K S 1 5% 46 5 178 1 F2(Glud, 2008),
b 3 AR FE G XY IS BUIR 5 (Vanni, 2002) . [RIAE, ™Y
SELE B Ve T . B RE SR . FRAE T Ik A
Gy HETE R RS, AT DR B ) 2 R AR
to M AR, & —FEAR IR AT FIHE ) B 75
Bl X DA B RE A S, BB R T
fift DURAE TR AR i A BAE SR, MR A &
B 2 B AL R S B2 ARG, AT AT LA B R A0 57
FRASE, JhE O 15 % 85 5 U R 1 ) 3577 4 4% B A IR
TR B IR IR 2 o

HET, EPNAMEE TR T K5 T U (Mytilus
edulis), #1475 . FEH =511 (Ruditapes philippinarum)
4i 4% (Sinonovacula constricta) . SCHA(Meretrix meretrix)
EMif(Scapharca subcrenata) . #1ifL k& Ul (Chlamys farreri)
A BRBE R A E IUFST (Widdows et al, 1988; Ren et al, 2001;
Mao et al, 2006; M/NESE, 2002; ZEAUKESE, 1999a,b;
IR, 2002; HHEMWAE, 2004; E RS, 1996,
SErF R AE, 2006), BFFELE X T IR0 45 5 Wi A
\ESEZE L, BV g E DEB Fi%(Dynamic
energy budget) & {EIERIEE . (H H T4 A FIEE T
72 LA RE S ST IS R LRGSR, X T
AH A BE I 225 T o B

1 MBRTTE
11 BRRESKEMHS

S i N S8 LA B O 1L 2R S8 I VSR Y T
W AE FRFE X (37°02.509" N, 122°30.260" E) R4, #Z X
WOKRZ) R 8 m, T 2015 4F 7 A 18 H A} 2R e
FROAS DP-201, JF I HEAUN 40 em®)FZBURE 2R
5 cm WPUERY), 30 min AT IR S0 5 (6 T RIGVETE
FT AR 5 A5 3k ), UTURR) i BE RS AR [ R (17.14+
0.72) mm]. HEH/K DG SIIEH BRI . 7EBE
FEHT LKA (Ko x FE x5 4 9.00 cm x 23.50 cm x 29.00 cm)

SR 7 dJEIFIR S, BIRAm], KR KA AR R TR
BEJECHEB 24 cm Ab . WY 19 B SR K 2D 8 J5 1R R S 56
FHK, 5256 7K Ut 2 K HLHXLS 1000, Ky, o6
YA, HEKEREE N 30.90+1.10, pH & 8.10+0.70, A
M 6.00 mg/L LA |

1.2 LGt

SRR 7°C L 15°C, 23°C ., 31°C, 4 Eb
BE o BB 3 ANEE A 3 A XTI, aE L
RS Td A, JFRSCE . B, s, B
SEATHEER 5 ASSLE DL, A C PRI 1 L B
BEMRTP AT SLE, /K HE 500 ml, PRy At 35 (Nitzschia
closterium), SZgeadFEr, B IEERITRE, fEARE
M S 56 P DU AE 0 S I RTHE T PRRRRE <, Rk e K
RS oA, IR e AR SRR 22, SRR 2 he
ST ZER S, B DU ZE 0.45 pm JER S DB AT K
WA SCH0 S 24 h YRS, I HFURLAT #1421 (POM)
AU EURLY)(TPM) . SEB i f R ¥R = AR % . B
FBUN 0.53 L 19RO S50 8 FE AR FHEZ R,
SEERLH RS R 3 S LG o IR SRR LT IR IE
WUEAK)E , BUTR GRS B0, T RS2 . X
AL, AT RIRERRAE . SCg R, Rk, R
R BRI — 3, SCRAFEE 2 h, LRASHS,
M3 BROK AR A TR R FHE R i T

1.3 MEF*E

131 #EAFax % £ % [Ingestion rate, IR,
mg/(g-h)] LA S 56 HiF F5 7K A4 v EDRL R B2 1) AR Tl ok R
PLFIUREA 14 POM 1% B A 5 $8 4% o

POM =Ws —Ws5,

K, Wes HHBHE M2 GF/C B 4F 4 8 40
(Whatman) (T /S 7E Do A 4 28 450°C B¢ 8 h AbB)id
UEJETE 65 CHA P it A E , FIRT-(RS % 22 0.01 mg)
PREFTS, Wiso A Wes FEMIEARTE St b 48 450°C
PIBPRAL BRIT Ve 5 1

IR AR A:

IR =(Cy—C,)xV /(W xt) (Griffiths, 1980)

ST, Co A AR S oI 25 1 AL R
ZH K A RN B (mg/L), VRS2 KA IR FR(L) 5
W Oy 26 FH DB T (), t M SERRAFEE YN 1] (h) o
132 HEFRFRAKEMNE BRI
AE 3 F (Assimilation efficiency, AE, %) A HEFER
[Fecal pellet production rate, FR, mg/(g-h)], ZE{#
POM 5[ I,

E' =W /W3 W =Ws —Wy505 W, =Ws =W
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Ko, Wo ok GF/C BRI E R, F'5 EWITRE

Tr—2
AE = (F'=E)/[(1- E")x F'] x 100(Conover, 1966)

b, FORBPRIRIC K 3 T E A L (%), B3
P IC K 53 T E 1 LB (%)

FR B3R A L

FR =IR x(1-AE)

A, IR AR [mg/(g'h)]; AE NEER %),
133 #HAFAed R F 0% 7 fit S8 (DO) I 2
K FH(Winkler) it i 125 (] 20 J), 2007) , AR 405 52 0 i
J Vs Mg AR 1Y) MR RE AR Ak TR BN RO T A AR AR
[Oxygen consumption rate, OR, mg/(g-h)].

OR W AXLT .

OR =[ (DO, -DO,)xV ]/ (Wxt)

K1, DO, F1 DO, F3 5l Ay 5 56 TF iy FH A5 SRS 52 5
IR P AR A T (me/L), VO SEES FK AR (L), W
N SE I VUVRAA T H (), t LR Rt [a] (h).

FUR(NH,-N)R TV R A A Ak ok (R S8 e
2007)I5E , R4 S B0 f 24 ZR0Hk B AR A TR B A
THEHFZ K [Ammonia excretion rate, NR, pmol/(g-h)].

NR I~

NR =[ (N, —Ng)xV ]/ (Wxt)

A, No BN, 43 hy S50 T s R 2 R B 52 56 7K
T2 AW (umol/L), V R SEE K AR F(L), W2l
SCYG T IUVFAR T H (), t SR RREERT 0] (h).

1.3.4 EAKFENT € 7K Z [Filtration rate, FR,
L/(g-h) A A

FR =[V xIn(Cy / C,) |/ (W xt) (Griffiths, 1980)

K, VRS AKIATL), Cofl C Al sk
55 FF I RN 28 SR 7K A B PR R BE (mg/L), W 5256
DUARAR T H (), t IR ART A (h)o
135 A FbegitH ik AR ON)IHEA
HUWTF

ON =(mg O, /h/16)/(mg NH;-N/h/14)
(Widdows et al, 1988)

136 BRIV HEF E % & BE (Ingestion
energy, C, J): MR TFAYY—HE = 0 REL,
1 mg POM=20.78 J (Crisp, 1984);

HEZFE BE(Feces energy, F, 1): #EHEZERMAE Y-
et 4 280, 1 mg POM=20.78 J (Crisp, 1984);

I BE (Respiration energy, R, J): AR FEE KA
FEABER R E, 1 mg0,=14.23 J (Crisp, 1984);

HEMEBE (Excretion energy, U, J): HREHEZ R FIHE
Hi—fE M R %0, 1 umol NH,-N=0.34 J (Bayne et
al, 1987);

K fiE(Growth energy, P, J): P=C-R-U-F

RE RIS IR A AT

C=F+R+U +P=F + A(Carfoot, 1987)

Arf, CHHEERE, F WIEMERE, R AVIMILEE;
U bHEMEE, PR BE, A HITIKEE.

14 HEFKItSLIE

BUR AN IR ] Excel 2013, Geit41% ] SPSS 19.0
AE, X T EdE R R 5 225081 (One-way ANOVA)
F1 Duncan Z 5 W #4704, DL P<0.05 1F 22 5 i
EIKF-o

2 #R

21 BEMOTNRIEAENERRNZM

BT FNE 2 WTLUE Bl 0 T, B KR
MR 2T m G A&, 78 23 CHf s3]
KM, 73914 1.09 Li(g-h)., 24.46 mg/(g-h), 7£ 7°CH}
Mf/ME, 43918 0.24 Li(g-h). 6.04 mg/(g-h), HA
[i) 98 B =2 [ 79 19 22 5 i 3 (P<0.05)

C
I d
: b
-a
N
7 15 23 31

7K Water temperature/C
3 O Ty [ 07 N SBT3 N

Fig.1 Filtration rate of A. senhousei at different temperature
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RO~ ™
= R N - =]
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Filtration rate/(L-g™'-h™)

e ARIFRFRR2ZER BRP<0.05), TIF
Note: Different letters represent significant
difference (P<0.05), the same as below
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Fig.2 Ingestion rate of A. senhousei at different temperature
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2.2 EEX AL RS A IR B R

B E AT IS AL R R | HERE . AR Hw
M 3 FTLE H, BEE IR TR, FEE R R ST
e JE R RS, 23 CHF IR B RAE, A 3.50 mg/(g-h),
7CHF M/ ME, M 1.02 mg/(g-h), H 23°CHl5HAR
UL E B B 2 W] 25 5 i 35 (P<0.05), W&l 4 FI[El 5 AT L)
E i, HEZ SRR A i e, AR LGB IR A T
MR, 7°CH, HEZCR B i/ ME, 2 2.33 pmol/(g-h),
AR AR KA, N 27.45, 31°CHHHER SRk R AE
4 50.44 pmol/(g-h), FAE/MER 2.89, H —=#71F
7°CH 15 CIIIE R E 2 5(P>0.05), (H 5 HAh 2 A~
BERRE 2 7] 22 53 1 3 (P<0.05) .

221

4.0 - b
- 35¢
£ 30
=
kv 57;02.5- ¢
® § & 20k
el
8% 15} a
> 8 a
o 1.0"
O'SJ
0 L L L
7 15 23 31

JKIR Water temperature/C

K3 e L AN TR E T AR SRR
Fig.3 Oxygen consumption rate of A. senhousei
at different temperature

2.2.2 BEAT E LIS HEE FE fe R AL F 8 R

L6 TT LA, HEZS SR B I B 0 T i T
31°CHA R EKAE, M 15.76 mg/(g-h), 7°CHfkE/
B, & 4.20 mg/(g-h), HHEZERAEA R 6 PR 22
SR (P<0.05), IWE 7 W LIEH, Bl R TS,
R RIOR 2 ST e B a3, 23 CRE A 2l R
fH, 7 62.93%, 31 CHAR/IME, A 28.90%, H 23°C
i, 5 HA TR R 2 ) 25 57 1 3 (P<0.05).

60
(4
2 sof
<
A
g5 =40
5,
W5 230k b
g8
Eéza—
10
a a
0__ 1 _ 1 I
7 15 23 31

JKiR Water temperature/C

K4 hFellia A AR T R
Fig.4 Ammonia excretion rate of A. senhousei
at different temperature
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Oxygen-nitrogen rate ratio
98 vy
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JKiE Water temperature/C

Kl s oe LG AN TR B R B A AL
Fig.5 Oxygen-nitrogen ratio of A. senhousei
at different temperature

—
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T 1
o

Hezek
Fecal pellet production
rate/(mg-g'-h™)
SN RN I SR NN
Ea
-

Blo MrclLig AR T iR
Fig.6 Fecal pellet production rate of A. senhousei
at different temperature

15 23 31
7K{E Water temperature/C

23 mEEX DR EEW R

M1 ATLIE i, 23°CRY, e Lt 2R K RE b B
BRERY LU fe i, MTHEZERELL BB ik 7°C IR IE 47 A
B HEFERERY & LRI A TR A T RIS LT
PIRALT 23°C; FPIGRE A LLIRZ B, YIRT 28%;
HEMEBER) 5 HEAR AL THAOKF-, H 31°CRe, AR S
PO o T AR A (P<0.05)

=

S o o
T T \

o

Rtk

Assimilation efficiency/%
N W A Uy

S

o

0
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T T T T

15 23 31
JKiR Water temperature/C

K7 i Fe LR AN R IR i IR A A
Fig.7 Assimilation efficiency of A. senhousel
at different temperature
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x1 ORMBTRIEE TRV X
Tab.1 Energy budget of A. senhousei at different

temperature
B AE RIS S5 e
Temperature ('C) Energy budget
7 100C=58.12F+46.74R+2.54U—7.40P
15 100C=44.28F+29.14R+1.85U+24.73P
23 100C=17.18F+41.81R+6.64U+34.37P
31 100C=53.35F+28.26R+14.66U+3.73P
3 it

LT AR Al 22 R MR P DL 26 (R D8 /K JEE vl 72
4 EH)iE s K (Shumway, 1982), JE 1M B #2252 1 D
B P AWE 1 a o o= IR A ) B3 B N ety & N el ]
TR AE YR, TRV DL 26 A B AR R R A IR
TP, DL AR a3k % YL 1 T s Tk, {H R
HH 3 — 3 R A, 4530 A BRI Bl R A0 2R 2 4 H BAS Ti)
FE R (A A4, 1998; TN 2002; #Hk
25 2004), A=Wy i AN W R R 8 B 0 AR BRI LS
REFREE . AW, MU IREA R . R, U
KRR A AR Y R B T i s, 7E 23°Cak
e mr, JFHTE 31UCH 53 TR, Newell 5£(1997)
W2, W5E DL B B R S B A T 1) T o 1 -
W, YR ROE IR, A RS AR, X
SRS R, Jansen (2007 WFFE &L, TEFF
BEiR g BT 24°CRE, TR DL (Mytilus spp.) I 2 48 19 P
RAHN. T R%; Hiebenthal %%(2013)fF58 K8, TEikAE
S ERE R, dE A (Arctica islandica) Fil 48 i D1
(Mytilus edulis)i) A= 38N SN, RIMILT- T
TR Z LR, ST S T K RIS . % 8 FIE
FEHFI A AE i gy 25°CA A, Wik, 31°CHlkE
E2 it T S NG iyt 37 BRI, A AR 4 kA
TEM, HAREEAE—ERE 28 T,

WM RN, AR LS 4EY 52 2R B0 %
AT, T AR SRy W7 A ) 2 1 BB A3 0 BE IR BT 11
— I E R bR (Dall et al, 1986), Conover 55 (1968)ff
FEEW, FEABOKIE SR taE, SR i
Jog5 K; Mayzaud (1976)F 53 R0, 23k & A Bt
g, AN 7, AW, 7CH1SCRHAER L
SFRIh 27.45+0.48 . 24.10+4.45, H M, 7R 2 P&
JERSEE T, (s LA LARR K AL &4 . BRI AN 2R 1 PR TR
HHLEE, 7E 23°CHI 31°CRTEIE A L3 9.46£1.06
2.89+0.28, RUIH FE R A BTHERE , Moe UG
PR T 2 B B0 SR SR IS A R R
EQ015)XHFIFLES VLA GE & B, M AL (L

T ST S R A e A A Ak A Tl 1 3 P 2 e R
FE AT AR, BITE 26,4 CIk B Ml , X W]
DU RIS 3 SR R %D

HAER W AT LI, TERE N 23°CHY,
PSR A KR A R RE Y L) R T At 3 AR
FEIE(P<0.05), 1X 5830V (1975)BHF 5L 45 AL, )
B, 76 23°CHF, FLSCRANE K SRR S T fiem,
P TR E M S T AR EE . ANl
WG RE U TRk A, HEZERE 5 A K (17.18%~
58.12%), FFIZHE(28.26%~46.74%) K2, HKEAK
B (~7.4%~34.37%), HEMAER/N(<14.66%). HAifL
Jad DL RE 1 0 FC SR Mg (CEAR 55, 1999)[ WK RE(44.29%~
51.70%), HEZERE(31.40%~36.80%), K fE(12.72%~
21.68%), HEMEBE(<1.71%) 1A TR, 1B 5 35 7T 4 -5 (Ostrea
rivularis) 2 I [ HF 2% i (33.22%~64.22%) , ‘E K fig
(27.75%~58.93%) , WM fig(6.62%~16.46%), HElHfg
(<1.24%)], HERAREM 5 HooK o [FAERLHRTE 0.29~0.63
ZAR], AN A B 22 A, %o b Al B D2
TR fl sk %, A 2205 D1 (Perna viridis)il 5 () [k %
15 0.66~0.94 Z [A](HEEE, 2001), Fifl 5 UL AR 3RAE
0.63~0.69 ZIAJ(ERE, 1999); Hufi[F AT {EAE
0.73 =4 (Valenti et al, 1981), #7553 Il (Argopecten
irradias) FIAi £L &3 D1 % 4> 9% (Chrysophyta sp.). 47
(Laminaria japonica)is e iY [ fb 2% 310 0.95.
0.62. 0.29 F10.92, 0.45, 0.43 (BE4IEZE, 1997),
LA TERRISAE T, AR DA X 1R TR 1k
RAA T

Bayne BL, Hawkins AJS, Navarro E. Feeding and digestion by
the mussel Mytilus edulis L. (Bivalvia: Mollusca) in
mixtures of silt and algal cells at low concentrations. Journal
of Experimental Marine Biology and Ecology, 1987, 111(1):
1-22

Cai YY. Aquaculture and utilization of Museulus senhousia.
Fisheries and Education, 1975(1): 87-90 [£53:i. F-[GJL
WS FRBLAFI. K= 5#E, 1975(1): 87-90]
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1987, 407-515

Chai XL, Zhang JM, Fang J, et al. Study on carbon budget of
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Shanghai Fisheries University, 2006, 15(1): 52-58 [%¢FH K,
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Conover RJ. Assimilation of organic matter by zooplankton.
Limnology and Oceanography, 1966, 11(3): 338-345
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Effect of Temperature on the Energy Budget of Arcuatula senhousel
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Abstract Arcuatula senhousia is a high-quality food for shrimps, crabs, and other aquaculture species
and is a type of shellfish with a high breed latent capacity. The effects of temperature (7°C, 15C,
23°C, 31°C) on the physiological metabolism of A. senhousia were studied using the stagnant water
method under controlled laboratory conditions in October 2015, to obtain a deeper understanding of its
physiological metabolism and to establish its energy budget. The results showed that the filtration rate,
feeding rate, oxygen consumption rate, and assimilation efficiency of A. senhousia at 23°C were
significantly higher than those at other temperatures (P<0.05), by up to 1.09 L/(g-h), 24.46 mg/(g-h),
3.50 mg/(g-h), and 62.93%, respectively. The filtration rate, feeding rate, oxygen consumption rate,
fecal pellet production rate, and ammonia excretion rate of A. senhousia at 7°C were significantly lower
than those at other temperatures (P<0.05), as low as 0.24 L/(g-h), 6.04 mg/(g-h), 1.02 mg/(g-h),
4.20 mg/(g-h), and 2.33 pmol/(g-h), respectively. With increased temperature, the filtration rate,
feeding rate, oxygen consumption rate, and assimilation efficiency of A. senhousia increased and then
decreased, reaching the highest value at 23°C. The energy budget equations at different temperatures are
as follows: 100C=58.12F+46.74R+2.54U-7.40P (7°C); 100C=44.28F+29.14R+1.85U+24.73P (15C);
100C=17.18F+41.81R+6.64U+34.37P (23°C); 100C= 53.35F+28.26R+14.66U+3.73P (31°C); The
energy budget equations show that the energy required for growth (P), respiration (R), excretion (U), and
feces (F) accounts for —7.4% to 34.37%, 28.26% to 46.74%, 1.85% to 14.66%, and 17.18% to 58.12% of
the feeding energy (C), respectively. The proportion of growth energy to feeding energy varies greatly at
different temperatures. Growth energy accounts for the highest percentage (34.37%) at 23°C (P<0.05)
and the lowest percentage (—7.40%) at 7°C. The results of this study provide theoretical guidance for a
deeper understanding of the physiological energetics of A. senhousia.

Key words Arcuatula senhousia; Temperature; Assimilation efficiency; Oxygen-nitrogen ratio;
Energy budget
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