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(1. P E RGBT e BEEK = OETE BT A AR Rl T Hp 2 e R i S
AR HOL IR SR SR A 5 266071;
2. By MEAER S SRS E R IR A S SRR A IR E H S 266071)

WE RFLBRAEANFEFE, BFR T i (Scapharca broughtonii) & £, "R R # K B Bk XA
HERAL(pH 271 8.2, 7.9, 7.6)8 M L, 4R B m, E#HHE S EAR)MH £ £ (FER)H % pH # 1
3 (P<0.05), #FE pH By FEARTT UKD 5 Rk B9 £ 8 £ (OR)% pH % v % (P<0.05), [ pH K2
P TR, KUK pH £ — A2 E ISR et R ENR)Z pH B0 F B %, M pH
MERERTHERE EANAE ;O NMEMpH WIFKTHEA. FF pH F U THHRERLERE TR,
A BB AR, PR, HEETAEKK N (SFG)HM pH WEKTR D, BB TR ER TR
K3, pH £ % B4 B 2 B (P<0.05), M pH By 1K, BH PRt g SE At
BlHE A, MHEER A A K L), HAK pH &4 T, B MHE Y &R ERK IR, Hin
REE, FRHEERD, #MEw SFG Wb HARERW, EHMBRAFET, & emi iR
W AR, AR A M A E K A Anfn B K By th R E AL .

KR et pH; #|A; "FRAHE; fERX

FESES S917.4  XEAARIRES A XEHRS  2095-9869(2020)05-0015-07

RIS RBFEESRENT— R ZEL 2011), MFE DU R i 25 5y IR pH B BEATR T 52 21 52 Ml (1)
(BIRTHAE, 2013), CXFOIERZHE . ¥54k. KM WSz —, W VR X B A7 R ™ & L b
BB 7 A 1 A (Parker et al, 2009; Talmage et al, (Kurihara et al, 2009), mJagREACHEE S . Re R AEAG
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Jo A K P [ (Zhang et al, 2012; Beniash et al,
2010), HET, AR AR — 20 285 D128 0y AR 3R
b AR NI AE o TS TR IR A X 22 U DL S AR s AR 1Y
S P [ 1K IR A B R

ik 1t (Scapharca  broughtonii) & — Fl Jk 5 i VE g
WD FEFR R AR 8 ARk B i sl R
TR E B AT AR RIS SR 2K T A
BEMeIR . BEAHET . RN R R MR BN R,
OB A 2UR8 /0 (Mao et al, 2013), 3Rk, [H
WF 2235 TFJ 1 BRI Ay N T3 SR 0 A 3 R 18 1 4%
FHE BT (B GBS, 2014; Z2PH5E, 2018; BERME,
2019) , 1HA PR AR A £ Az B K B i WA SCHY 52 00 55
AR DLARIE . ASBFFEINE TR[E] pH 4508, sl A48
% [Ingestion rate, IR, mg/(g-h)]. HEFE*K[Faecal egestion
rate, FER, mg/(g-h)]. #E%*®(Oxygen consumption rate,

OR, %). HE%Z ¥ (Ammonia excretion rate, NR, %)X BE
WZ 2, BT TR pH XA . A A e il
s, B R TE H 28 R AL TR K PR rh kT DL
FERMES %

1 MRERF=E
1.1 ##

SEER T 2 WA LA A AR PRSI AR 1L AR s 5 T
LU SR TH S A LSRR, T3 D s R 5 My Ik &
), R R(4.3120.23) em UAMACE T, BT
ST B FKIR N (16.8+1.3)°C, FRARIIK 11K,
HEEFER, TR Spirulina spp )i 2 IR, ST
PRI K 2RSS i35, 17K pH 2 8.21+0.06, #
N 33.12+0.36, 57 14 do 250 HIBLRI A P2 B W2 1.

F 1 A FEIECEEREZ)
Tab.1 Biological characteristics of S. broughtonii (Mean+SD, n=36)
ek FC TR BHATE Fo T JE 6

Shell length (mm) Shell height (mm) Wet body weight (g) Soft tissue dry weight (g) Shell dry weight (g) Condition index (%)

43.08+2.32 33.14+2.24 22.45+3.87

0.98+0.20 9.03+1.64 10.73£1.34

e B (%)=(3KH 4T & /5T E)* 100

Note: Condition index (%)=(soft tissue dry weight/shell dry weight)x100

1.2 SEIGiEit

WE 3 pH BREES 0 8.2, 7.9 #1 7.6, Hrh,
pH A 8.2 SZIGAH JE: F ARG /K 4L, pH My 7.9 Fil 7.6 SL5:
A a 1) SRIEIKGESETEA COL IR 25 T LARKAI pH 3k
13, AR, HHZSH0KT Y (SmarTROLL-MP,
)L WK pH AR 1L, 4 pH KB Iri(E R,
I ZELl CO, SARIMIE A, 4ERF pH R 78 S50
T, ARSI, F4 pH LI E 4 M7, B4
AT 30 HUgkhl, B TR KAE (50 cm*30 cmx20 cm),
B MR HE SIS A .

1.3 EBEXWE

BEE SR AE 7 EL(20 cmx15 cmx10 cm) (7.
ARG S FOpbkl, 2 L gk , K hig i (DO)
PRFFFE S mg/L LA I, FF A& B 10 min 5, BEAHW)
WRIRIE R 5 mg/L BYIBHESRE , FHORIFIR e s re K b
BRI s) . MESLK KIS b4 pH S8 41
KIABEHAE . B4 pH EHBE 4 1T, 2 0%
FIXT REZH CAS gty , SIS R 2 he SCHGE5 A,
H et ECH R AR R RO R A B (e L 5T
w), JERrE AT, ZJE RS SRS 5 0
TF, ARl Ea s, 60°CHET 48 h BiEHE, 40T

FOEFREE 1 5 52 56 11 AP H B e 3 1 AR R
WA S0 5 i B 20, THAELRH Y IR A FER, /ZA5X
WM.
IR=V (Co—Cy)/(NxtxW)

A, VR SEEE KRR (ml), Co. C 43l k5L
35 3 45 SR A PEOBHAR BE (mg/L), N Ay 5256 ek 45
B, CNSCERI ] (h), WAL T E(g).

FER=IRx(1-AE)
K, IR HHEER, AE NFEEE,
[i] {1k % (Assimilation rate, AE, %)=\ :
AE=(F-E)/[(1-E)xF]x100

K, F=(POM/TPM), MR AP T &
i, E=(POM/TPM), 3&ff A AL A9 T 5 Ho il
POM Ky Jiki A5 WL & =, TPM N B ki) & i
1.4 FREIRHE M SCI0

SCES R 24 h, ¥ 3 HAEFPIRESRLE . A%
—FRY It DA 3 L IR, SCI %S 2 he
g 20 52 56 P WL 1) 7K A 85 15 45 Ak 3 K A v K A 85 A
6], DAAS T L it 0 OoF R 6 R X6 R, S8 4 ST
2 ASXE HE AT o A SBEIH A5 HAE B 10 min J5 1 b SE 50k
GhmtE, ARAEGAR DO FIE AR (NH,-N)M B 178 kit
B OR Fll NR. 7ESLIRES S, FEbRA RO el i)
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MGk . 7om), IFRRHGEE , 25 A& DR 4K
HAGFE T, 6 60°CHUAR T HET 48 h )5, FRoT
BEHRAL TH, #LL N EITHE OR fil NR, A
mr.

OR=(D¢—Dy)xV/(Wxt)

K, OR JHfAEFEE 2 mg/(g-h)], D, Hl Dy
Ry AS X R A S 4 /K DO Y7 B (mg/L), V
MR ARL), W N T H(g), t MR FFLE
AFEl(h), 16 %+ A9 EE IR T (g/mol)

NR=[(N=Np)x V]/(1000x Wx t)

K, NR WHRARFEHZE R [mg/(gh)], No Il N
NSRS (AR FRL RS RG240 7K H NHy-N R BE (mg/L)
V RIFIORZS (L), WAL T HE(g), t ILdmy
ZLIT[H] ()

AR A

O : N=(OR/16)/(NR/14)

A, O N ML OR AT NR Z[H]H HAE ; OR N
HAA KT OR[mg/(g-h)]; NR AL/ {AH NR[mg/(g-h)].

K] SmarTROLL-MP(3E [E) i 5 52 56 7 K A
DO, KRR R E AL D 7K i 2= 8 A
EEITHE

NS S W

C=G+R+U+F

K, CHIEERE, GHAEKRE,
U e RE, FoHEZSRE

A KA J1(SFG) M sh i HE ) & W fig & 5 LN #E
R B RE e 2 25, KR TR A4t A 4 FRE AR 7= 1) 7 4%
i, ERRIAK:

SFG=A—(R+U)

K, ARRILEE(A=C-F).

AMFRAESATRE R TGRS, AN T RE e A 7
1 mg POM=20.78 J; 1 mg 0,=14.24J; 1 mg NH;-N=
248717,

1.6 HIESHT

{4 i} Excel 2016 #1 SPSS 18.0 #4475k 5434
YRR, & HIHH 5 J7 22 73 B (One-way ANOVA) HL
AN TEIBOR 22 [ 1 22 S, P<0.05 g A [RIAb BH ] 2% 5
R

2 HBRE5HH

2.1 EEIERL T BB R R AHEE R

FEAHIFE H, pH X EEITEY TR A5 i 35 5200 (P<0.05)
LAY IR B pH ARS8 (] 1), pH A 8.2 411

1.5

i)

R gL BE,

IR Hi5[4.82 mg/(g-h)], WE® T pH I 7.9, 7.6 4
(P<0.05); pH N 7.6 ZHHY IR F1 pH Jy 7.9 4HAHIL 2R
AN HLE(P>0.05).,

pH X ki Y FER A % 3 52 1k (P<0.05) . ik if FER
BE pH (R (K 1), pH A 8.2 4HAY FER ft i
[1.51mg/(g-h)], BFHET pH R 7.9, 7.6 41(P<0.05)

[=)}
w

A
% 3R Ingestion rate
=

——HE3EK Faecal egestion rate

n
)

B

N
—

c

BHaR
Ingestion rate/(mg-g™'-h™")
°F
os]
ke
Faecal egestion rate/(mg-g*-h™)

<
<

8.2 7.9 7.6
pH

BT pH e b Bk £ AR A HE SR A R
Fig.1 Effects of pH on the ingestion rate and faecal
egestion rate of S. broughtonii

AR R RN A ] 22 5 18 3 (P<0.05), T
Different letters indicate significant difference between
treatments (P<0.05), the same as below

2.2 EHRRL T R AR E R

ABF5EH, pH XT BERIT Y OR A 12521 (P<0.05).
JELRITY OR Bifi pH YRGS T REEHEW(& 2). pH K 8.2
201 OR fixf=[1.04 mg/(g-h)], W& T pH N 7.9,
7.6 41 (P<0.05).pH >4 7.6 211 OR HAIK[0.50 mg/(g-h)]
J& pH M 8.2 ZHAY 48%(P<0.05), {H5 pH Ky 7.9 4
L 2% R i 2 (P>0.05).

pH XL NR AI52 I A 1 2% (P>0.05), Bl pH
MIREAR, LAY NR 2256 T B BT (& 2), pH
g 8.2 £ NR #¢#5[0.10 mg/(g-h)], pH }y 7.9 41/ NR
e f16[0.06 mg/(g-h)], J& pH M 8.2 4HAY 60%.

L-F 1.5 f—— ¥4 % Oxygen consumption rate 1 0.3 ’T;
on —+—HEE % Ammonia excretion rate 3
& o0
£ g
210 02 %
5 s
% £ % £
% B %5
£ 05 01% &
2 2
e :
= a ‘g
(7] o
20 0
& 8.2 7.9 7.6
pH

B2 pH e xl bt S R A HEE R R
Fig.2 Effects of pH on the oxygen consumption rate
and the ammonia excretion rate of S. broughtonii
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2.3 EHRATRHMNERILHETL

AHFFEH, LAY O @ N HFE pH AYRFARE TREM)
¥, pH 4 8.2 41, O : N {H& K(10.12), pH N 7.6
2 O NAHI/INT. 9 (E 3)o Fr 225 B, pH Xt
HiF Ot N RIS TG ik 2 25 5% (P>0.05)

2.4 GEHARRML T RLEH AR 2 UL

AW, HE pH IRRAG, B ERE . K
Bt . HEFEHERN SFG B L, imiHEMRE I & ek /b
AT HE TN A AR 2)0 2200 HT R, pH XTIt At 8%
ERE PP RE HEZERERN SFG 1 BA I E 1520 (P<0.05).,

ANIE pH &1 F, A SFG RER I RN 2 3,
15

12

a
a a
2l
o 6L
0 L L Il
8.2 7.9 7.6
pH

K3 pH e x kit O : N AR
Fig.3 Effects of pH on O : N of S. broughtonii

BEAW

w

F2 HMHAELRRE pH THIRREIX
Tab.2 Energy budget of S. broughtonii at different pH [J/(g-h), Mean+SD]
oH HERE IR BE HE Be HEFERE KRR
Consumption energy  Respiration energy Excretion energy Fecal energy Scope for growth
8.2 100.25+5.32% 14.07+1.26* 2.52+0.38* 31.39+1.37% 52.27+4.72%
7.9 56.51£10.56° 8.87+0.66° 1.53£0.34° 17.32+0.82° 28.79+11.03°
7.6 40.26+8.56" 7.18+1.35° 1.73+0.43% 11.29+0.22¢ 20.06+8.43°

T [l =30 A ) 7 B3R 21 ) 22 53 1 35 (P<0.05)

Notes: Different letters in the same column indicate significant differences between treatments (P<0.05)

#*3 [ pH THRIMAEEWZHIE
Tab.3 Energy budget equation of
S. broughtonii at different pH

pH e W 3 7 Energy budget equation

8.2 100C=14.03R+2.52U+31.31F+52.14G

7.9 100C=15.69R+2.71U+30.65F+50.95G

7.6 100C=17.83R+4.29U+28.05F+49.82G
3 it

3.1 GEHIER AL TR IR | R 0m

pH 252 M D2 AR PRI B R 2 —
KEWFsE R, & pH &M T, UEHLIRAL FhrifE
FRBPRAS, B SIS E pH JERl, H IR Bl TFE
FrRI A —ENAE N ARTESE, 2016), HHFR
A% T DL S A5 A AR W B R T R B A2 O T Y A
Z—(FERIESE, 2017), % pH X DL hE
BA W #5720 (Fernandez-Reiriz et al, 2011), {415
(Crassostrea gigas). 2&JEffl(Haliotis rubra)ih T2k
WEERY, HAUARL T —Fh-F R R, HIRETS
J18 W B (Bamber et al, 1990; Harris et al, 1999), 7F
MRAL T, Fliis {1 (Ruditapes decussatus)%j{4 iy IR
B # AR (Fernandez-Reiriz et al, 2011), i #4£(2017)
WF o & B, pH Y B AR XF 4i % (Sinonovacula

constricta)ffy) IR 77 7E i EPERZ I, 450% (1 IR Fifi pH [5
RS B T Rt $2 T CO, M i o8 F I D1 (Mytilus
chilensis)f D1 9 4= BRELAG AR H TH 5200, REAZFEAIR
HARE . AR . HFEA AR L H T ARG
(Navarro et al, 2013), 5AWIRLE RAAML, AWFIRHF,
pH Jy 8.2 A1ty IR B3 ®F pH 2 7.9, 7.6 41,
[T, by FER WplEE pH AR TR, SRR 1L
Xof bt () 4 AHE RS 7 A T — s AT A (AL
e 400 %) R A B 5 3 B R g e, WL i 8 I
B4 BRAS , 30 IR A1 FER B B T I

3.2 EHAERL X R I IR X369 B 2 A

X5e AR K IR AL B T, TEIk 58 MR
PN TR Rl 1 A7 T A2 B Y T, e AR A2 3 40
(Miles et al, 2007). 7EZMIELLT, BHIH =T
DURAE TR 1 40 F B2 1 — Fh il By P oK g
(Michaelidis et al, 2005; Liu et al, 2012), Lanning %
(2010)F 58 R W, V3 TR A 2 10 o - 05 P i AR A Kl o
TERIIRRIE 50T, HodifE iR DL (M. galloprovincialis)
23T AR T B L2 (Ding et al, 2012), 7EifE
JKAE pH P8, Al BREE D (Pinctada fucata) ., 7€
HiFL &3 D1 (Chlamys nobilis)Fl135 22 i D1 (Perna viridis)
(R AR 4 BT R B (Liu et al, 2012), 7B/ H Rk
ST, DU WA A A 174 32 2 D PR 2 4 L e 2
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SR AN 45 2% 19 U3 [R) 4 1] (Thomsen et al, 2010),
AW ARV, R , M A7) A r i
R EREAL, M NR 31 (Fernandez-Reiriz et al,
2011), SAMREE AL AW, FfiE pH 1R
ik, BufAy OR WEFRAT, NR RIERRIUE A TS
R R, (AR IEH K A, 000 e g o R X 35
TERRAL SR T 28] T — & i

O : N {HREHE S WL E XA WU R, L
1B A = AT LAAE A A A3 i A58 1R T i Fe bk 2 —
(Widdows et al, 1971), AH5Erh, £ pH 4y
O:N{HBmITCH F2ES, (AKX pH 4/ O : N HHKT
IE KA o Y DU 20k A AN R I a iy, H Ot N
{EFRAIC, i 5 DU 32 /0 Faa DT R A4 P 2 1 SR
B2 TR 1) AR P AR W) B (R e H, 2014; FRRIE
4 2017)

3.3 FEHAER L XV hH e S U T B RS M

K H CO, ¥R LT, CO, REZF i AWk
20 00 5 S5 45 R 0E TR A IR N, (AR A N Y pH
REAG, T8 7 40 s e v, Ewikss
B — Z H A B SR R T R AT, T Y L R
FHFERE &= (Parker et al, 2013; Gutowska et al, 2010),
WA YR A B P Re = A AR KR —E R, B
2RI e ST R A, B3 i ol R B 4 1 T AE
R 18 b R 4 5 | HE At A Ay 15 30 B = 4 T B s D
(EF5FF, 2017; Esbaugh et al, 2012; Bechmann et al,
2011), YSEWHWEC. virginicalt THiF CO, HEHY
W pH Ry 7.5), AR A B NRRES, HEmH
FER RGN, A5 AL %8 K K3 il (Beniash et al,
2010), 5 LRAFIRES A —3 . ARPFFTL T,
UELIH PR BE . PEIRAE . HESEREAN SFG ¥IBE pH 1Y
BRI A AL, pH R 7.6 41 A B AR
pH Jy 8.2 4 HERY 40%), HEMEAE L S L 5 14
ke, TR, 7E pH M 8.2 (% 7.6 Wy rh, 1§t
IR BE Y 5 FE R 14.03%TH & 17.83%, HEHAE & L
H 2.52%TF % 4.29%, TMiHEZSHE N LUl 31.31%F% %
28.05%, K BE& LI 52.14%F% & 49.82%. 7D
KigmaBith, ABAR L aEIRAT e R 5 kg
WU (EAHEAE, 2014), BfidE pH MFRAC, Bl S
T4 1 A B R (BRI A £ R 3 AR ) LR Y
PRI 2 A 20 5 3 ) A PN TR - A 25 L . PSSR
T AU/ R0 HE M3 038 E S e R AU G, 1
KRG R B AWML, FHNRERKREE
(Fernandez-Reiriz et al, 2011),
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Effects of Short-Term Acidification on Feeding, Respiratory Metabolism,
and Energy Budget of Scapharca broughtonii

XUE Suyan'?, LI Jiaqi'?, LI Yang', DING Jingkun',
XU Han', ZHANG Wenwen', MAO Yuze'?", FANG Jianguang'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Shandong Provincial Key Laboratory of Fishery Resources and
Eco-Environment, Qingdao 266071; 2. Laboratory for Marine Ecology and Environmental Science, Pilot National
Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract Ocean acidification is one of the major changes in marine ecosystem in this century. This
has a negative effect on the fertilization, development, growth, and survival of marine mollusks. Presently,
physiological effects of ocean acidification on some economic shellfish are not clear. To study the effects
of ocean acidification on the physiological ecology of economic shellfish is of great significance for
environmental science, ecology, and aquaculture. The feeding, respiratory metabolism, and energy budget
of Scapharca broughtonii at different pH levels (pH 8.2~7.6) were studied in the laboratory. The results
showed that the feeding and defecation rates of S. broughtonii were significantly (P<0.05) affected by pH,
and there was a declining trend on the feeding and defecation rates with a decrease in pH value. The
oxygen consumption rate was also significantly (P<0.05) affected by pH, showing an obvious downward
trend with decreasing pH value. There was an initial decrease in ammonia excretion rate, which then
increased with a decrease in pH value. O : N ratio at low pH value was lower than that of normal seawater,
indicating that low pH value could inhibit the respiratory metabolism of S broughtonii to some extent.
The energy budget at different pH values indicated that energy ingestion, respiratory consumption, fecal
energy loss, and energy absorbed in the growth process all decreased with a decrease in pH value.
Interestingly, energy loss during excretion decreased first and then increased. According to energy budget
equation, we found that pH had a significant effect on energy distribution of S broughtonii (P<0.05). As
the pH value decreases, the proportion of energy consumed during respiration and excretion increases,
while the proportion involved in excrement and growth decreases. Under low pH conditions, S
broughtonii will make appropriate physiological adjustments to reduce the feeding rate and increase the
metabolic rate, resulting in a decrease in energy, which leads to a decrease in energy deposition in the
growth process. This study suggested that the feeding and metabolism of S. broughtonii decreased
significantly under short-term acidification, which may be a synergistic effect of increased cell energy
demand and nitrogen loss.
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