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# B T UBEREFRBIRAMGBRNERERTEEAF & EHHRT R 5
W AR UEFEARER BEIAIBRRRARERT LRA HRMKEsD, MMEK
ERFAERRRERF T RS HEIHOER. RN, B2 3005E FFE2ERKE G MR
BRETHRAR, FHOXRMEAREBE—BL0%7.3,11.0 0 12.9C 3 MEF, &R
UL, FHERA BLNREFGTOREENSRESERX, DMEETEE. FHio
BIEFEE(Vo,, Ke/DARTEM 1/2, EETHE (M, mg) RBE (T, ©) HEXK%:
Vo, = 0.394M77e012T o FEIRIy 2 b {F 8RR Bh/K P2 78 B B ik N o (T SRR 15 5038
EHFEARERESH LR, L REREN 1.05, HEDEEEREE (7.3C) BEATE
BH. WP G EFOTE B, e85 4 REVIEX BB EE s B BRIk P A B Sh iR S 402 85 1k K
i 9 5 s MmEFANERE MR NRE 2928 1L KFHY 5—8 fi,

X # A BE S5 PRUe R

MOENBRAKEER (Vo,) 5KE (M) XX (Vo, = aM®) i b6, KB
fE 0.6—0.9 ZjA] (Beamish, 1978), {HZ, ZE¥E/DAOFEARBITIZCBib, APHEE
5 (Giguere et al., 1988) AL &E (Rombough, 1988) B MESK & &1
EIEMR (b > 1), Laurence (1978) 7R RIL, BEE T AR KRR EIRMKEBES
T 0.55—1.26 ZfEl, FR,MEANEESREN AR, TR FEE A K
ERENEDREBEEM. AM,BT Holliday %5 (1964), Almatar (1984) R&RfITiE
{REE AT S ARG ORI RERSN, EA5RDE ANREMEAFIEN TR—HEERE
RERF AT S, F R B TREARIRE, B R —ERER G T FaiEkE
K, HHSRBIRESR, LR TFAFRABR— g,

AR EERGEUNARAFEENFEEEFMANEEERURER B I BT
BefE M. FTRAMMBAENSEZ (Peck, 1989), ML HENEHESE, MAZEER

* Eiﬁ@ﬂa%ﬁ%%ﬁﬁ?%ﬂ%% (NERC)T#, F—FEREAFHARNEERF¥22E R JH.
S. Blazter ZBBW HRFIEZHAENEH S CAMSOPRYHERRTLRH. BRERK, LT 4T1940
3 oo

WHRREH: 199441 A8 EZAH: 199445 JI6H,
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KEENZ, BB BENEEMLIINERRREES, MR &7/ N
NFERFHORFREHEDEX, RARKBEEUAENS LEEE, FAERES
Hr R # R W OB (1 B AR RREE 5 T i 3 4 35 R A AR B A o
1 He5hE

L1 siezhpRnfass & T 1993 4 3 AERKREGES Clyde BHER B A FA
e (Clupea harengus L.), BUHKER, 8 BHEAMIINSHIH 6 BEANE & 8 i
o F—BEAEAISZRESRS K 3 A, 4 AASE 200L ERMEH#E, ZHRE 3 M ARRE
HIER=EN. MLET, ZRHEONBREB T 450L NEARME, UERFTFE, FRlAFERE
Fria RN —3, ERPHEREKREN EAMENES. IRFANRGERE
WK 1, FARMOERLE (Brrachionus plicarilis); ¥ ISR Isochrysis
galbana 1 Pavlova lutheri 3535, EFABVERRE, BMMEXHR Artemia sp. 4k
MRREW W FFFFHCRERED 2001k, BKELHE, EEARXBEZNLERR
In#AER B A AR H 3T SR R H R AT KR B 4926 3233,

ERAFAMOREGHHESNH, EE K BERNTEBERLE 1,

x 1 HBPNFaNANEENRKEEFaNSE. TEEEEH
Tab. 1 Rearing temperature for eggs and larvae and the ranges of total length, dry

and wet body mass of Clupea harengus larvae

RE (3% £SD, G) % & (mg)
AR K (mm)
5R & TE W
1 4.440.2 7.3+0.6 0.165—4.560 1.95—29.3 10.72-27.17
2 7.640.1 11.0£0.5 0.262—4.355 2.35—26.5 11.63—23.61
12.5£0.2 12.940.4 0.190—3.275 1.78—21.0 10.45—20.62

12 #E8NE FHOEEERAFAXNPRENE, TRELFRIEEE 7,
VI BRI, SN R IR, E B EE E—E, EHEESE EE—/NL, 2HFLRA
Fo XEMNRITERERNNTAEERRNAZ TN, FREAEN 3.72ml, FrHAE
KB PHEFEQL BAKE 650W T 20—30min), RGAHBFTEREHESEHEN
Ko BRIEAR, SIANRE 2 BANMIGT A, REEERE B EREKE
o FAEFEAFRENAT 1—3min, RZFAXTREBREREK, ERREST—F
BARBE B KT s XRERN K E— B A fR4E 30—45min, RGN, HIHIRERESH, Ar
DL —RKRE— R TEFAVEATERES Smin AR, 1h BSRE KK, SRk R
B S0ul, FANEEEAWRREZRINE, HELZ 8 (EF AN BERENE KL
HEETMHTFUBE,

R BEMEMK (couloximeter) ME KBEHIKE, HEEDAREMRME (EH,
Minneapolis 77, Mocon AR5, (Hersh, 1973; Peck, 1989), 7EMEHEE R, &
B aBENMTEI et al., 1992), FRAFRELET, IEF AN EAEEE
(ROU), fAFFHELIERIR] L4 9:00; [FAREHLREEY 10:00, LR LFRBBRAS K —
o MFAERK, FRK/NIEFABERE UFREARAAFRE R G TEAEASH
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ATHREZENEX,

Wi fF AIERMEE DL THORESER, UGN L REMARSME (BOU), HERE
FaEHRA 200 X 107° B4R EAE (ethyl p-amino benzoate) 3—5min, FUL BEpREE, R
JERI AR 2. BB RNTFAERRENRLSAFE, BEMRERB AT EKE,
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Fig. 1 Oxygen uptake of Clupea harengus larvae at three rearing temperatures as a
function of dry body mass
a,b.c ABIRFHL-BENFAERRORKS4THERES — 502 BREGANMIAHENE (B 3. B
4o MARLBESETFHERR (Vo, = aMPeT; % 3), 07.3°C; @11.0C;®12.9C(E 3.8 4 ).
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30min PN EEVRE Wk &S0
BEIAFARHFEREREBECE, BRIMNER, RGNS T AEREN L THES
& (DOu),
13 WHiEsIER  EERARET.UEHRKESINEER, Esmikth, A %
RAGBRF AEFRBNNIRIES. R B TR T a9k R oM Btk
P20t (SRR EN Batty, 1983; BRARE, 1989), fEWREIFRE > HKERE S
BLEERREINL T RS EHNRRENNE:L, FEFANBEE, ARETRE
WHIZEES AT, H 1T 1h BEBINRITRE.
14 FESH EHRUSBEHBRER (S.EM.) KR, S—MLR(EM KRB
AERETNELEESSFATEMX, RASR/N_REER, REB&KEMAXR, %A
XELWMRRA, EERTRFANEEERNELMS Ing FATRENEEER, ¥ #.
FIEAMEREEETERTERTRESIT, UEHEENIER. EBE (T, ©) BF
BEIAZHFRERRZA, BRARAW T ES THE SR RARESRITZ LT E 5, R
BRIBUAE SR A B B Btk #: I8 (testing homogeneity of regression coefficients) Fr5% FifY
ZHTEXKA: Vo, = aMbT, Rij1, Vo, ARAR(UESE—TAE/NNEE O, ng/
b 2R); M(mg) HFIRE; abe A EBKRASHFRESIT ERTX—
B, 2BETIIE BM HEHLSER.
2 4%
21 THEARWSKRE, BEMAX  FHE3 MIFEEANS L. BETEHES
BERAABRER -, BARTRENRB(E 12,bc), FIERMERXEZBEEERR
(P <0.01), tHXKXILE 2,
FERE#S L BRENEA R THEEETOMEENENTHEEEME 2, P <

F2 HEIMAREREEFHNREEARSHTHENRBEARR(Vo, = 2M°)
Tab. 2 Regression equations (Vo, = aM®) for oxygen uptake dependent upon dry

body mass of Clupea harengus larvae at three rearing temperatures

& # BECC) a b r’ N
7.3 1.053 0.764 0.910 1
1k GRR B 11.0 1.728 0.507 0.861 10
12.9 1.954 0.591 0.875 6
7.3 2.071 0.834 0.988 10
= g 11.0 2.325 0.854 0.985 10
12.9 2.488 0.710 0.959 6
7.3 2.328 0.839 0.960 30
EHCE B 1.0 2.741 0.856 0.958 36
12.9 3.396 0.702 0.915 20
o 7.3 1.295 1.050 0.957 17
HIET
11.0 0.794
(U HTESHT 12.9 0.854

r=HERE N =Rk £3[,
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0.01)0 ARREZFFHEEREFEH LRBNEINAE, ¥R GERRDREED,
TR/ TEXRREET, AFT ZICHNEREERR AL 73CH B &
46%0 Wik, K 0, BHET 2 (Qn FRBEEIE 10°C, HLARMHEEHREFZE,
Blaxter, 1992), {FFAEZMEHI TA#H ERBELGERNRBEE B 50% (B2, P<
0.01), BEEFAMK/NAEHENL, T 30%—70% ZH, FHERBRETHELR,
SARFHETHENAREELETNEE THRWE 2, P <0.01); BEMRETHORSE
LAH R R 87% (I 73%—101% ZH),

1
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ginoc i
= 12.9C —
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£ hE
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Fig.2 Comparison of oxygen uptake of Clupea harengus larvae at three rearing
temperatures under basic (anaesthetized),dark and routine (light) conditions

RERRALERRERAHAMEEHE K TRERALE 2) R4 % lmg F
HEFANEER EHKBRFRE2F%EIR,

RERLRERERLZETFHEER (Vo, = aM Ty JLE 3) BoR: FHERHG
HROZRHTHRERTHHIEERIN 0.816, BEEREN T4 0.803, MKEEE% 0.677,
XERW,EEFEHRRRENSN), K LSRR R TE AN B EEE N
EOBLE

%3 FHOBL(RRE), ARUSRCEAREARSKT HEOEEY
ERFEXR (Vo, = aM®eT)
Tab. 3 Multiple regression equations (Vg, = aM"¢<T) for oxygen uptake dependent

upon dry body mass and temperature of Clupea harengus larvae under basic

(anaesthetized) dark and routine (light), conditions

% # a b ¢ r? N
#IE(REER) 0.394 0.677 0.1291 0.929 27
HpE 1.520 0.803 0.0390 0.978 26
BHREXR) 1.410 0.816 0.0645 0.955 86
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22 FHBREDIRESERE. BENMERX EUCEAEEEN, TEEFRED 1
TASEFHENME TR TUFREAN 0 E BB A FHfErFl s
WEITE SN ACE R B Bk K, HEZRMENERT T, BIEREH, LT
th B#RITHANRELLE 7.3°C I, B4 30min LK T SBI73% ;5 fufk 12.9°C
B, 540 30min 2R TR B RITHNSE 61%,

RREREN, REXAENN RBEE BT BB KEDITEAERAE [Opng/(ng
- h)1 FETHEREEMmENAE 3)e ATHEMRKR/AN, BERERMEENEX &
RN RER, FIRUE A 3 ik B RS P SRS IEES. A, #ILER
ATV B R BT A TG R BER R (R 2)K B, TRX—BER, HHMENRB®EES &
TR IR D), e EERIRIE A, KRG, ERRES 1000 REBHEEIINRERE R
2, AUERESERNREBAER(E 4). 3 X S pl Tt X0, ZAASE 1 000 RE
HEHSIREEE ST AN TRERSEREMR,RERHCY 1.050 Gk 2);im A, BEXNF
HESINEEREFBENER (P = 0.0001), 41000 REHBIHNEZERLE7.3,11.0
F112.9°C W, 43814 1.295,0.794 F1 0.8540,ug/mg, RIZE(RIRA (7.3°C) BEATEHR
2R (11.0 F112.9°C) (3 2),
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Fig. 3 Relation between the routine oxygen uptake [O,lg/(mg - k)] and tail
aggregate beats per hour of Clupea harengus larvae ac

three rearing temperatures

3 TR E4iE

S1 RTSHAM & Fry (1971) MR, SMTEER (KAL) EHRGEH £
Vs FERE YA IR BT RO, DU R AR A SN S SR, BREEABARET
BRI o AR, B TF AR SR T AR RS IE B AR USRI A 24 55 08 (Blaxter, 1992),
S FRLA T 5 B L A0 T £, RS TERE IR 38 P R T, (L {38 9 AT R
REH &8, B (R TER RS 55D 11153 (SDA) Fhize (5,57 FATMIRE
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Fig. 4 Effect of body size (dry mass) of Clupea harengus larvae on net oxygen
uptake per 1000 tail beats at three rearing temperatures

HHXREL EL T EMTERMEXR. HBERNE 1000 REHEE NAEHELR,

BEAE B R AR R £ /0 0, R R TR A BRI LT R &, Hmib
B AFE RENYLREERN, U ERLEW BN B R e,
32 RWRSREERGESITERENBER  AXER, £3 MIFREAFENE
M RENMSH RN ERELEERR (B Do BARMENEKERRES £4,
55 Beamish (1978) fREEEFRL AR AT HN—2, ACIRIFEELERBRRER
A THIE LR =, IR 5 Holliday %(1964), de Silva % (1973) ] Kigrboe 2:(1987)
WRE R, EF , F 8RR R ER, £ 7.3°CHTH 45%, i 12.9°C
WREE 57 %0 XIBIR, (FHEFERFIR R NI Bk 75 SV RERE L) SR HAISEY 1/2; X EMEE
BRAF ARBAME T IRAEM (Rombough, 1988), Kigrboe % (1987) i&HF5TsT 8°C &
BMAERERN TS ERENOER, SRRV #LEAMEE M mEk; g F
Img B A, ARERKERGRTNEZT 0.833—1.25000g/h, HAFRE K IEER
HIMERS, Fill 8°C B 1mg THREFARNRBEEY 1.110pg/h, HEX—HH,

IR A LB K T O ER AWk & 2 S0 R /N B iF ik A9 1T sk b 8 (Batty, 1987),
R BT RS R/NOBRE, B KF THEo Batty (1987) 38, 1lmm Ra9Faf, H
TEHE 4k 60% , BEE MR 3.33Hz, RAKAHFS B/ 7 200 R B#EED
MK — & B KPR AR X B S R, AR TR B RAEE, 4920 1.7830g/h, AR
R—R/MFEE# L RIBEY 3.5 Fo BBt UL AR/ | BT, EERAKETUKE
TR R 5 FT#EAKPEOERGEND RS BEERK, FHEHONRIE S
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b4, 21mm T8RS LAORTEIE R 90% (Batty, 1987), X—iEadl/KEHRE
MAEE R 20.240ug/h, AR FEEN S o AXNWX—MAER, XHFTHETH
B3 (Holliday et al., 1964; Lasker et al., 1962; Post, 1990),

RERENTFAZH AVEERUREKERDEREER T AR LA, &K
1lmm [FEE7EBRE TR B R AT 15% o X—IESIKFRE 1.3 T # LR,
FEY T4/ 700 (R BEEBEIROIESIKE, RERBEBINE 3.33Hz, 6% KEAT
Wk HIEZI Ko X—ER S Batty (1987) WM AV & FEBEFEIRK A, KR
REIE, 1R 22mm K, THE 2.3mg FFHE, HBRERBERLHH LMY 174
5, RATREEREN AL T/ 1000 X BEEINES K, ifuE Baty (1987)
M, 22mm KA EEERREPEIEEK, kR4S 40%, H&EXN 12mm/s, K4
B2 F 49/ 3 000 YR BEEIREIA0ESI KR, XRH, BAFAEFRFNRERE ©
75 ah 2 52 B R Y.

AR REL, FHEFR (BLR) 58 EERTHOREZRLEEM N 1imm K
(0.2mg TFHRE)F#E 1.49 EHF| 22mm & (2.3mg FARE)FEEAT 2.3, AR, 5RiE
A TR —HREEK(1.3>1.74)R 5, Walsh Z(1989)WE §{(M. cephalus) i)
X, R E R A, FHS5% FEEELEEFaERNASX 3SR, 3
AP AR RER PUMRE: Mg LRE MY %, miFkEsEE s M M
¥*o FLLBEEFHRA, B ERERBEERRIBESLER, TR, RS LM
AL H IR,

3.3 MEEhEEsE A TETHR, FkRE RS RRE B ERS YT R
B TE TN ER AT ABEIHNGEEERRS T ANK A (Kaufmann,1990),
17mm & (Img TRE )T 8, DUE BLIK I H B i vk, — IR R S8l s il i RO 2 S B5 1
AR 03BL (fFakK), BENREFANARUEAIEANEER & 13.6) (Kamler,
1992), 1 B Img THEFERATEINEEEDR TUBMGIT. X—B83fkE 0 B R
TFRENERK. AXBEN, 51000 REEHEAE7TICHEAERE S T 1105
12.9°C (& 4) Wi, BHEE, 73CHBHBEENHENSZEE S T K 522, A&
11.0 &1 12.9°C W43 BIE % 320 71 344J At ARBANESEERTMATSREARE? 5
Batty Z(1992)R M, £ 5—15°C X—REME, FHREEHKFTEINEERE -
o MH, B hEiEEXRN, EX—RENE, A gRE%EEs) Tl E
SRETH, Hit, B2, REBAZBEEERN LI, HiEdTRAOZEER Mk
SR B RS BT O BE B T RARY /KA ORI 51k, iR R T onAfr &l B e
RRARES, £ (R NFERERENAREHERTE (Vieira et al., 1992), B
LA ERBE THRNEE, XRBRETARSTERZITENERE-FURNIR
o

g % X &
Ei & ¥ Blaxter, J. H. S., 1989, i F f7e 5L & B LR IR KK i BT » 1 3 518 ,20(1); 110,

vlmatar, S. M., 1984, Effects of acute changes in temperature and salinity on the oxygen uptake of
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THE INFLUENCE OF TEMPERATURE AND ACTIVITY ON
OXYGEN CONSUMPTION OF LARVAL HERRING
(CLUPEA HARENGUS L.)

Yin Mingcheng (M. C. Yin)
(Shanghai Fisheries University, Shanghai 200090)

R. S. Batty
(SAMS, Dunstaffnage Marine Laboratory, Scotland, U, K.)

C. E. Franklin, I. A. Johnston
(Garty Marine Laboratory, University of St. Andrews, Scotland, U. K.)

ABSTRACT

The metabolic rate of Atlantic herring (Clupea harengus L.) larvae was measu-
red as oxygen uptake within sealed respirometer chambers using couloximetry. Lar-
vae were reared and tested at three temperatures (7.3,11.0 and 12.9°C) in order to
avoid the acute effects of transfer. Anaesthesia allowed basic resting oxygen uptake
to be measured and video recording of activity enabled correlation of activity levels
with rates of oxygen uptake. Oxygen consumption varied with body mass, tempera-
ture and activity level and was reduced in darkness.

The lowest rates of oxygen uptake (O,ug/h) were recorded under shallow anae-
sthesia to provide the following estimate of basic metabolism VOygoyy = 0.394M*57,
e*1?T where M is dry body mass (mg) and T is temperature (°C). Activity in the
respiration chambers was less than that reported for free swimming herring larvae.
Net oxygen consumption due to activity, after subtracting basic metabolism, had a
mass exponent of 1.05 and swimming activity was significantly more energy expensi-
ve at 7.3°C than at higher temperatures. The relative energy requirements for acti-
vity and for maintenance/growth were assessed. Free swimming larvae were estima-
ted to have an active metabolic rate of up to 9 times that at the resting level, and
depending on body size, a usual metabolic rate of 5 to 8 times that at the resting
level.

Key words Atlantic herring Fish larvae Temperature Swimming
exercises Respirametry Metabolic rate



