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Abstract; Since the beginning of the industrial revolution in the mid-eighteenth century, the increase in carbon dioxide
from humankind’ s combined industrial and agricultural activities has elevated atmospheric CO, concentration from
approximately 280 pwmol/mol to 390 wmol/mol. The ocean has absorbed about one third of anthropogenic carbon emission,
thereby curtailing the growth of CO, level in the atmosphere. At the same time, however, the absorption of CO, has caused
unprecedented changes to ocean chemistry, lowering seawater pH and carbonate ion concentration and increasing dissolved
CO, and bicarbonate ion concentration. The changes in carbon chemistry are referred to as ocean acidification (OA). The
oceanic uptake of CO, and the concomitant changes in seawater chemistry may benefit algal photosynthesis, but have adverse
consequences for many calcifying organisms, and may result in changes in species composition and other ecosystem and
biogeochemical processes. In this paper, we present the current status of ocean acidification, and review its effects on

marine organisms and ecosystems, with the emphasis on two key biological processes-calcification and photosynthesis.
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The ability of marine calcifying organisms, including corals, foraminifera and coccolithophores to produce calcareous
skeletal structures is directly affected by decreased carbonate saturation state ({)). When seawater p( CO,) reaches two
times of pre-industrial p(CO,) , biological calcification productivity will decrease by 20—-40% . Most calcifying organisms
investigated demonstrate reduced calcification in response to increased p (CO,) and decreased CO> concentration and
CaCO, saturation state ({2, ) as well as lowered pH. Coral reefs which are the most frequently investigated ecosystem
showed reduced growth rate, lower calcification rate, and increased levels of bleaching or necrosis under ocean
acidification. Pteropods, foraminifera and coccolithophores are major planktonic producers of CaCO, and account for nearly
all the export flux of CaCO, from the upper ocean to the deep ocean. Their calcification rates will decrease with decreasing
COY concentration and Q_,. Benthic invertebrates such as echinoderms like sea urchins and brittlestars will mostly suffer
from the deleterious carbonate conditions, especially in their early life stages. Enough evidence suggests that seawater
acidification will damage the calcifying organisms, but to what extent calcifying organisms are affected and how they adapt to
the changed chemical environment are not adequately addressed.

The increase in CO, availability facilitates photosynthetic carbon fixation of some phytoplankton groups, and the
increase in photosynthesis will differ among different species due to the level of carbon concentration mechanism ( CCM)
and the efficiency of light utilization. The low pH conditions may also change taxonomic composition and uptake ratios of C
to other nutrients. Elevated CO, concentration increases phytoplankton C :N ratio which may take excess carbon, thereby
buffering OA in the surface ocean. However, calcifying algae show contradictory evidence of either an increase or decrease
in calcification and photosynthesis.

CO, in the atmosphere is projected to double in 50 years and to triple by the end of the century if the current CO,
emission continues at the present level. The ocean will become more acidic as pH was projected to drop by 0.1 and 0.3
units, respectively. Ocean acidification may also alter ocean biogeochemical cycle, community composition and ecosystem

stability directly or indirectly.
Key Words: ocean acidification; CO, ; biological calcification; photosynthesis

Tk #EARET 400 000 4E (8], K p( CO, ) MIAEALIEE K 180 £ 280 wmol/mol' , Talk Hdir LISk, A H i 5)
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1 EFRIESA
1.1 Eyisf

TAEESE A Y (corals ) A 763 /& H (shelled pteropods ) 4 fL HL (foraminifera ) 5147 7 ( coccolithophores ) |
BAKZNY) (mollusks ) L 1) (echinoderms ) FEFI HIHEZK COT™ AR WS i #% sl AR 47 5¢ . WEVERRAL T, COT ¥
P WA, M PE SR M A B AL A DK SZ 204 . Hall-Spencer 57 X 3P —> KL FU R 5 CO, XA AR 25
RGHATRA I p(CO,) BIHGIIAN pH B A FEAR, W A AN 5 10 3 12 250820, 4 pH (E/NT 7.6 I, B4
M RERE T TEFIRE T KA p(CO,) KR A A5 1 B 08 20% —40% ), LT iA 2 M
TR B e A A5 S B0 28 B s AR M AR CO, MR B TH I AR SRR R 2 SRt R 22 e e Bkig e A W)
R TR

MEFERRAL T, CO3 YR BE (1 8/ AR IR S 10 R EE BRI B 1L R RE Q) 3 Ly

0= Ca 1[CO% /K",

Horp W) 3 s ik 7 K, BORTIRER RS MR B ) A, SCA (aragonite ) HE 7 A1 ( calcite ) ¥ i PE 5
50% 5[ Ca™ 1SR EE TR LL B, PRI BLA R Q FE COY VB E i RIEE R |

Riebesell " Xf H. 1 (1 20 FPY R K 1 Ca®  pH (AR B 2 TCHUBR VR, IA Ry 53K pH {E €O, F1
COY WREEARLY  BRFRES IR Q XA W50 /E FHEATE W05, Q>1. 0 By KA R T4 R4 B4 72
FEB TR AR E , Q<. 0 B AE Y IR SM 5 FE BOREA i (B LA S R AP i S sE R g BR M) 1, B
AT, 2K BRI 5475 b TR AR RS — MR 23 Bk A W 5 A 4 B 1 1 P 7, {H Reynaud %510 % 38, BVl
QKT 1,0 MFEAIRE T BORZ B 1A= W E5 AL I BEAIG
1.1.1 WIEAES RS

PR AL 25 R G MK AR W) 2R R B PR BB A B R G I TERR AL B R i ARy FR7E
HA Y Es AR Y) 3 23 R RO 1% R G AR A ORI Sh e, i 000, A 2R O €O, I 2 2 40 11 3
BERESE 1 TF 51 2050 4 IR /K UM AE 04 4= Kok 32 307 5 U

BB R e 1R 15 J2 1) B TR T T I | ZL5E T ( CCA) FNERES 3 ( Halimeda ) o X SEE51L A1 K
Wi rh e AR YR IR B Y WS RO B BB R A 2SR X, BB AE 2 R G S g 5 AR AR W i T IR A T
P CCA AAHIVEF . pH (A MR 2 T EOMIG A K % 5 Ak 3 S A0 AR 7= I B AIG, (6 S8 1 Ak R R 5
TR, IR RE SO B A A A5 R GE M RER 451 L ARSI 25 L Langdon 457 HEISFE A T AT Tl Y p
(CO,) KV IR R Uk /> 40% |, ZESZ B -1 711 3. 8a H , AATtn AT W5 1) SR A A 35 17 sk 2 05 ol 0 B A8
TEIIEIR . Ao A YRR AR ATREZ S p(CO,) ETFAIMESE | PR, BUFE A4 Ak s PR3 7 R 1k
S B PR 5T P AR A A AT T Rl Ay S 4 D 3 LR 0 3 b 8 T R e S R A 2 R e 2 A O 52
MR IX — RS SRS o

VK PP SCAT PRI X A S A AT BT T S, B Q20 4 BUE R R IR L 3.5
M) 2100 AT 21, BEARSAT K SO RESRFELAL TR AR (Q,, > 1) (Y5 RA 25 5 57
FIRA CO, WRBE TR b T IR 52 BN S0 T ) Wi B 8 SR R BRI AR B A8 A A = ik, R 7RSS
AT 3 R P 1 L5 I S A BB ZE R AR E . —ROAh O, =3.5 IR AT RR Y . B4 ,98% 1Y
PR 2B KA SO AN Q, =3.5 BEKH, 4R p(CO,) AKF-i5E] 450 pmol/mol , A HEIX 1Y Q0 5
SART 3.5 B v OB A 2 AR GO T DM

AR, 7E i 2h R KBl 3 P 1340 26 3 25 2 7K IR | ok e v 7K S S 4 26 AN R g e AR S R 0T R
v A RO R A AR, BT R IR SR B Q Bl U A R AR T R, ¥ K A I EIR e sz B
p(CO,) EFHAYSMR , FHEER 3 V2 /K B TE 2020 4FfH 2 B EE AR IR EE T (Q,,,,<1) , ] 2100 4, 5 #8 7EBK TR
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BEA AR R v /K IR A 2 709% 7
1.1.2 PR

TR ES A A 523 2 H (shelled pteropods) A fLHL (foraminifera) FIfi41 3% ( coccolithophores ) JL-F- 51k
T A N E R IR T Y CaCO, . A 7o 3 H I S0 1Y B IR AR P TR AR M A R AR b A AR =
BEPY A TR SR — R SO B DR IR AR AL A R 2 . TR p(CO,) 38 F] 450
pmol/mol B, 32 H A 7R 2 2B > L 26 SCAARUK IR b A 7o 32 H s AR e R 1 58 5k, 25
Fe R B SCATIRLFING SR B LAT B 2 8 il s A0 A G AR B S A ST AN TR T K A el 2 U
B A HERPE COT AR TR A, Wi A H A 3 BRI (Limacina helicina) FI%K % & 38 % %
HEAEAC TR OGR4 J5 AR AT R A K VA R AL WR R BT 32 I U . TS R COT VR
TRV P 805 A AR IR T 3L A I SIS o 05 T v 7K B8 52 T TR A 1 Jlu i e e o 7™, 3] 21 HH2 R e
KIFERIZHK COYT WK FE R (5525) ol kg, SCA LRI FEERFEHS 1 BLAE 1020 800 m LT EEHR
SRS A A e 2 H A BEAR P B, B8 1] SCAT AT 0L 0 8 AR 205 B 3R 2 1 T 4%, LA 2 ool A2 3
S

P A LR HEVE P e NS AR A W, BTN AR IO A0 Ahae R TR AR YA A 0 B A IR A
FEAERS A S h i 5 EEAE A, B AR P S W BE M ISP 1 PRI LR v R W S Ak R R
25%—50% " LA IFREE T COT R EEASEARBURR, HAMSE M S COT MR IEMDG, R AR ZE LT
SRR A AL, B R PEELA I A FLIR AT T 2L 70 S K< co, W BRI A I B A5, A
FLI A5 AL 330K TR 20% —40% PO, 5 500 J7 AR 4 T - 16 BT HH A A (PETM) v, 25 11 1 16 7 1R
b, FECY I R ZHURMEAT FLAUK 487 BRI 24 AR B R A RS T, A L L 28 77 22 31 ™ S sy, HLAE
ST AR b A O XS A BRRAG B 7 AR E R

WU RN Bk A ) dems A ALAE ) R B AT F SR A 7 3 TR TR 2 rh i 4
AR, ZR00A N KSR RN p(C0o,) BT FEESILR B TR, Riebesell % f3 PN 52K B /R 6k
[CIE A 3 ( Emiliania Huxleyi ) F1R A 3 ( Gephyrocapsa oceania) 7 750 pwmol/mol p( CO,) T, F5 4L 5 73 5l
ALY 15% F1 45% , [R]Ih A 4G 2 B JE KA R0 RN S 38 B3R A 2, L P 2 25 2R 498 5 30, Y 7o i G (B A 38 505 £k
AR R B CO, W ) ETFMIFEAR > SR1, Iglesias—Rodriguez 25" F| FHBR BRI CERER BB CO, ¥R IE |-
FHE O, KB F 280 wmol/mol p( CO,) ,750 wmol/mol p( CO,) T, Ml E& IR A & A4 Jok: JTCHLEK ( PIC) F1450RE
A BB (POC) Az AR A, A 4 o 8 1 28 A v, Bk 2 FBR AR & S B CO, 43 e py 3 i 3 . ix 5
Riebesell %% (E5 57 i | 2 A AEAE S , bR EQ R e R Ak (R[] SR N T BE 5 AR [] 2% 25 1) 52 56 2% 1R A
AR AL I A O, R L Y A I TER D IR AR T BRI A X CO, e Ay ma 7 S A, B e —
FhEGAL B RS LA A AR IR AL T 08 SOy, SR B B A A B R 52 %, JHOO o T A 1 i 07 AR A 252
SCRAERS AL B it — D 1TE

LA, CETERRAL R B N 5 AR A R AR KOG R | 4310 7 8 45 0 i A 28 ) 52 30T IR A 1 R
W FEPTAESAAE Y RS LA 7= A AR A S A /NS 4y T3 R 5 A AL A R 5 07 S 1k
Ay 7 A ERA S AR A = F1 10 80% LA 1Y B TFEIETERR AL T I B Ak BB TR A R AE B . A AR AR 2
WU B W ML % A6l CaCo, 2 CO, FEAFIAER, ASEFR I, B & —A KA CO, MIEETR (Ca® +2HCO; =
CaCO, | +CO, T +H,0) . BT, FRRRACT 45 1k A= 4 (A A5 A0 32 i, DT 9ok 25 Ak 1 FH 1) KSR O,
A REE R KR CO, WRPE BT B S 5k
1.1.3 JRITCHEHESY)

AR )RR S R L CaCO, ‘B 88 RIS HESH Y , EAT1 03I SO T A i Mg 5 A (3>
5% MgCO,) AE CaCO,(amorphous CaCO, ) S AR MR AR RZIEMES SR ITFES RS
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W YR AEL VA S LR A A AR AR S Y RO S i A K NS A6 AZ p(CO,) FE
R B BS EBUN UL TR A (TIPCC) 2007 4R A5 F Y 2100 4F K< CO, 43 (740 wmol/
mol) T, MG U1 Mytilus edulis 1R 4G Crassostrea gigas WS Th 3 2K 43 5 AR 25% 1 10% , B 7 560
pmol/mol p(CO,) FEE FREFE 6 A H , 13 T A= Fifg A 14 A 4t 2 1) b 2 hm 2

E5 A6 I Y R AVG DL S FnyaE IE X p(CO,) I B K ik R Ak 2 A8 AR AHURR S #EAH Hemicentrotus pulcherrimum
HI Echinodetra mathaei 13 K5 B 21 %k B R ML & K /NEBE CO, Wk B OIS AT WA MR K 22 5t o
Mercenaria ¥£3CA AR R BET 3R 0 100, SDFEAE PR N i i L PRI 2 i Bl O S o i Vg 2
Jfi gl i 2. Ophiothrix fragilis #1ATE pH {H =8. 1 HE/K 15555 8d J5 47 (29.5+5.5) % F£3% , M 1E pH {l=7. 9 [ifF
IKH RS 0. 1% ZhiRn] LIFEE B

AR S RN AR AR B B i 8™ 0 SRS AU LIRS T e T TE R Ak A B SRR B4R AL B)
PR D43 S A R TR S (B AEZR I B, AT 0o i A 55 8 b sl S AR 5 A AL A SC
AL R B ISR AR AW M. mercenaria ( WAESNTE N SCAT ) R Crassostrea gigas 414 ( BLAE AR
FEIL T4 Rl TEIASE T CaCO, VE R SCH M RIIRTR ™ I ALA B AR B9 RRG & B BB, CaCO, 74T
BRI ASE TSR PR RE A ETE CaCo, WA AS CaCO, T 50 15, it
FERRAL T AR R SRS R AA S ) 0 AR e A B AE ARG & 5 Rl R A= B BOJC LI 55

MFETRACTS , BAR S ARz S S5 IS A A S AL R BRAIS , AR K 2 2, ELAE SR R G B B e
TR, EAFSE R A R DL O IRAE DR DA I ASBEHET B e R B S W, A7 LA
PRAE A T RETE T PERR AL TS SR Z M . Gutowska 451 H23H sk /L 31#) Sepia officinalis TE7 CO, W T
AR NS AE T SR KR EE R, FSe s RISl 4R sh i B RE R AT R 2R sh P T 2 B
WA HE S 23T R CaCO, B B p (€O, ) Thm BREE T B AT A K R4S AL 1 28 40 BT S L /0 3a )
[ BT
1.2 A1 E R
1.2.1  ZIRpRA R

KA CO, WeBE - FHXF Bl A 6 Bk A 52 i £ 2845 81 T 2L B9, I CO, YR T = A R T
Yyid e AR K CO, FEAL AN, Wi s i A K &, BT C3 M R e b 1 F B . 7

LI RAEZS R G AR AE A0 3 A A AR (B2 A AR 2T PR 1 3 it 6 o S I R sl A, 3
e LBl R AR SRR R I R AR S KRG R, LIMRTE p(CO,) FHE FRIEAER A K SRR
FR2AT 5 AR | B8R CO, R B FHIMIAZ 25, M/ IMEARE ABTRNE L 56 & E AN Co, W
Fhiminag> Bk L KR CO, WREETHEA R T LM ARA K & E (A X T 4 BRAE BE Ak 1w -7, B
I

HRDEAVERRIAR C 24 50% FIETHK K CO, , A RT3 5 LA AL TR BR AR, Km0
I CO, B WR MG AR RIZE A P I (38, [R) B R Bl X 6 B 75 SR BT, €O, e BE (R 384 i ] 444
IR AR R (B EXT CO, &AM ROV 58 B 5 B B PR B AR G AL T BRI 9 1 A2 KR COo, WREE
T Az as o R SR, SEI A P AR TS BEAR A AR ) Vi R AE K I8 Y o,
W8T Z B2 a5 AS B
1.2.2 Vg

Sk R — R MR ] RUBISCO (A% EiKE- 1,5 - W AR AL/ I % 8 ) [ %€ CO, , RUBISCO LA CO,
MBI, X CO, WA R BN 20—70 wmol/kg' !, 1K CO, VR EEIEFL 10—25 wmol/kg, AN
FELAIE RUBISCO HRIEAVER . A e IR LEEXT CO, RE AT M BR ], 2805 HA —Fha iR Ak A B i
CO, e g BIBRH AR B (CCMs ) . A CCMs (IAR 21 3 A B9 EHLER H HCO; 1T /7 80% —90% '/,

KA p(CO,) INFFIEBLT , R ZE\KE R CO, WREEIAE 2 HCO; WREEAIEN 6% , L 4K CO, 7T
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U T2 44, T E AR HCO; WTRIFRE I 2 2 B/ o AEX T —2EBE Rl HCOS #1 CO, 1Y
WA, HAE CO, Ve FERG AN o T LA 4 98 /0 3 Sl S ) BE B T AE M 3R £, JUHAEBE IR (RE & LB SR Eh ADG IR
A5 ) B2 BRLE, REJRRE IR A C A SR AT LAAE CO, VB T g Bed il sk J B 40 B W IR M 2R 25 e, S PR A A 14
T,p(CO,) THm T2 CCMs B PERE S T I, 5SS 40 H B ARG 3 il LIRS 8 2 iy G RE &, AT f2 2 H
R

TERAG R EHGE R CO, WREEAEHEARBE S AL B3 Gracilaria sp. 1 G. chilensis | JERRIR Y
JE#E Lomentaira articulata A ] Nereocystis leutkeana WA ; XA 26253 3¢ VL& JR T Gracilaria gaditana 1<
R IAT R ; 128358 TP Y Porphyra leucostica 5 P. linearis WAE 32 BMHI 0 AR KRR Ta) 4 9 R 80
Ve, A AR RS IR 2 HRTKR CO, MR MRRE ! KA CO, YR TH R AR AR A it K R g 3 7
RIS RAS T AR, ELG G V8 PRG35 A I8 /K AR 3 sl 2 1 T ik o 4

TR 2 P BOF I L 7 a3, Rk FOM A AR A b2 hn . FlRR AR S R GERY CO, ey
SEEGEE R p(CO,) A 1 050 wmol/mol A, A1 FE 350 wmol/mol T, 12d PVRIHFHEMIRETE 24 T 39% WG
BLB , IR T AE OB AU L AN 6 T B 8, 1 BBk 1 2o JBE W1 A6 407 o o R Ky i 10 5 114 66 T B 5 Vi A ALK
(DOC) HYZr M 5%, H. 7T BE-5 Bt /K rfvids B i A0 35 Wy UKL (TEP ) ¥ 52 38 i ik i 41 F 1) 98 5 J2 DA A ik
ke,

RIFEERR CCMs ZCR AT L A AR, X KA CO, 3 I i AR TR, Rost 2515t 3 Fh ok i 8 o iy
SR BROU AR R QIR A7 BT O ST , A ErP i B A R BRI A e B AT iR CCMs TR AL, e rp e
J B 2R EEXT HCO; BYMBIMERE CO, R EE B HEANTATHG 5 | BRIE A 28 D) DR AN A2 5 o D [ 7 35 X TE MLtk 24 A1
WA, 324 LA F) I A Fik e R BRI A 20 B A5 D6 B TR R AE B A CO, ZKF- T AL T BB I i AR 2
A A BRI 1 32 CO, WRBETH R AR 2

CO, YR JEE (¥ 75 F A 52 M V7 0 AL 0 (0 L BRI S FRER R T L%, Tortell 4547036 A 38 RSPV IR W AP0
BT CO, fINE 525, KB p(CO, ) 7K 150 wmol/mol ETFE] 750 wmol/mol B | i =E B | T} b e oL |
[vi] s 37 0 AL A2 R 1) Sk L AT U L BB RAAIG , EAIR CO, WRIEIRBE T, A5 A5 0 5 A P 1) 4 K 6 ol o &
ARSI T, Tortell 55 X R KIF V7 e A 9 V& BB 9 T & B, CO, ¥R B3 N 25 S B0 e b 00 A 7= 1 1
B AR ORI R R S 0 AR, PRIAE Y S B W I B BA Y LA S A 1 K BRI EA TR B
HAAE [FI PRI E A B AR HE 7 TE R BRIE I R AR B AT A T L A R 1Y
AR B HE W A T Bt E

BERS CO, W T, 37K pH {E T R nT RE 23 72 0 e 2 A9 A= 0 1 LA, anigy SR A 40 i st Atk I
AR 1 A 5, TR S A R R ) Y L AR Z PR IR R K pH (B R HL— 28 3R (1 A KA
TR pH (8, = T U T E, HA RS Z B S350 Jese R 8GRI T, SR Co, WRE
ETHSECCOMs IBAERE S TR 4 Y RE i, A 2 #b FE 8 2R XS B REAY 7 5K, BT 35 in D't B i 3 5 1 i e
H71 Chen %P0 X ERIEARBE BRI /R | ROGIR T, BRIE AR 8 B8 10 6 T2 T 1k R A KR S 32 MR Ak Y 1) 559
ARG T BRACAEHE T i A, B, R p(CO,) FEEL T, CO, BT S AR TILA1EM B4
o H RGN, HAERE R IR fd 2 5 R A0 M A A= BRAE T OB AR W R IR AL T 8 o 87 D) 2 T A 00 Y

LREEIR,

1.2.3 #5fk

VRS A B, B FE TR IO 0 B e AR AT SRR i, — s DB A E R EE o, {2 Co,
1 R TAIE P AS 5 99— T 38 G A5 A A IR B CaC O, AR, 78 6 E B 6 1 1 5 5 b 3R Ak 2 1o 78 op 2 P54
. TEHFERALTE LT S5 A 1E 32 CO, F HCO; YR BERE i i HABALAVE A2 3 CO% kB FIRIR
Y5 A AT (R P 1 IRIESEIAG /K pHL (L1 ARG ] B 5 i 5 1 i 1) 8 e AR A5 H b A AR T . DRI 5 Ak i 7
VEPERR AL T (e 1 SEME TN, 20 PRI R AR S R T R T CO, YR b Tt 865 4k 3 S5 1b AR T 1

http ; //www. ecologica. cn



18 1 R 55 R ST i e 5865

g2 (AL E K CO, B AR R AR R 22 7 0

B A TN AS AL BEAE R LR B CO, BTN i) [0, 6 2050 HRL A 5 1k 8 v O 5 4 F RS ARV A A 6 &R
K Wi AR S ALBEA K e, A S R AR 7 T d s A AR AR RIS B SR I S A
T 5 16 A B RR RETH K pH A SRS JCHLER AN Ca®* Y RE R I T A T/E LA 2 rp i 45 i fie
HEESARAE TS AR AE R A R TGRSR A B UIIESE . — Ay HCO; e85 AL TR F T 451k,
PR H s B gtk 246 HCOS [l CO, #1k, Aot A E IR IR, (AaX —IhReI A+ A8k, B
FEESAAE FS IEBGEE IR Z 52, HLARES Ak 40 M BE FN A5 Ak 240 e AR A R0 A T A R, 0 s LA
AR 5 BT 22, S B N (IR RR T ) RE R0 EC B B i A5 40/, E5 40/ F T Rl i iH FE 2 g i
T/ 5T A 8 A7 G 8 AU >

FEALAE FH ARG A A AL S A AE K R R IR . 5B ERIASIRD, BSR40 T Mk EG 15 A 38 4
J 53 S RIS A B 25 A g T S A 1 e e 3 R B A i kel A D, R AL TR A5 AL R A U
A FIFREE pH I B9 FE AR 1T B 235 i 067 8 B N 20 248 | Riebesell 251 1 Engel 25 5 b G5 47 8 A A 55
R T KRR CO, W _ETH R, {H Zondervan %5 28 PN 5250 H- A 15 2 EE R

WU PSR i 5 A B 0 LU (L8 3 WP N PIC/POC & 2 A e AR08 A a BB AE | AR R
AR WA DU RIBR IR 6100 3 A AT 50 55 , R CO, TEMIE AR MR sh ™ . B CO, WM
BN, A0 MG A DR 2 BIAR E | [R) It B 12 R 160 R 8 1 B ARG 4 sk A5 Ak 1 FH (O BRI 4544 F 454 1 FH AR
SR ) A AN Y PIC/POC BHIEAK ., PIC/POC By AR 7E 25 o B A 35 150 54 0 LA £ B A 9 R
PHEVR 0 LB A A S p Y ERAS B THESE , A SRS AR VR F A PIC/POC ARG, B R 25 UL A JCHLER A A
HLAR EER A0S, TGN 2R CO, fEAFHR B B BN R CO, YR TRy T R it
1.3 AR T A Py b ek fb 25 R i 52 )

HAE Redfield P78, AMTTROAR T PERRAGIA AN £ ZE F 0 E—%(N) B (P) Rk (Si) fZE Y HiER
TG BB VIMI SN, A2 CO, HEB T 25000 P FR AL AN U B G 28 TRz 5% ), 5% i 25 H 78 9700
R ERIL-AEEE , W RIGIAZ I TR AL CO, & AR b Hog B 9 4k W 35, 5 B R 07 181 R AU
PR K] RS AR AOD8ES > B (P) AIEE(Si) TEIR 2 p (CO,) ETHA T I A B 2 (HEA]
2] 32 Bk R M HO ERAL 2R 2SR RS20 ) p (€O, Y78 AR AT L3 1 5 Wi 1 i b AR 465 Mg ) 422 52 ) Si
AR, EEANER p(CO, ) T I RETE 25 IRE S8 B e g A7

CaCO, PRI AE#EH POC ZEM/K)Z il 5 = SVEM, X AE iR w3 vamk, B v e )2 9 AE P s 1L e
2100 4ELUJG TR, ABEBE CaCO, B B0 HE ATRMEERY POC 276 FPIR)ZE (200—800 m) R A4 241 i I°F 1 43
i, PR IRIZ A AR W R SO G IR A AR AN, RIS T, — S n 2 & IR TR i
FRIG AN ( BIIRLBRIR 3 220 ) TAET:, WESXRH 4255 CO, YR £x 530 H A BE 3 fa FNHe A 6E I FET 5% F T

MR AL T B0 OH™ Fl COT B F Uk BE T B, DTS2 i Vi 7K v 4 S P Vi e WO o e L 28 1 R 4R Ak it ik
2O OH A1 COT ABH M M =M Ee B TR AR ENE &Y, XA T4E KK OH fil COT #k
FERe o 50080 82% F1 77% ) TRIL, R AL AP K SR b 5 R 4 i B P B A8 e A 78 ik, b i
S AN 4 BRI BRI RS | — A R BRI [C R A e 1 2 N0 s, 7
# p(COY)SRMER IR Fe BT IAEY AT I ERENS, 24 pH {E M\ 8.4 F#5 7. 8, TRUFHPIREE XS Fe B I
PIREAR 10% —20% =7
2 BRE
2.1 HORBZMAITE B, AJE CO, REHER S 200 e A0 ™ 5 0 W 17 P s e A o i AR AE AR
AN [R5 AL A 1 (R A5 A ATL T B 26 35 AR AN [R) X8 16 3 i A 1) s Pt Ay 22 5, A2 1 R TR A 190 532 i 2 Bt AN T)
SN 5 L0 A )0 R TR Ak UM A PR R 2

(1) 53 CaCO, TEASME AT A5 FLHURISA 5 F2 52000y A, I i 38 1 H =250

http ; //www. ecologica. cn



5866 A E = 32 &

SCA, CCA T4 AT Sy 5 it 110 1 6 7 A A, SRR sl 0 R T L 4 A 9 BE 0 WA AN S T CaCO, M o 52 TE
CaCO, A CaCO, SHiRFRGE , /m Mg J5 A i FR AR T304, SCA le T A0 By Vs ik . 0 b iY) CaCO, BANERE
43U A X T T T A AR R

(2) S5 RGN RN TR] B R0 H At B 45 A ) R A% 0 A B F-iE A 8L Ca®  COY A HCOS , 7E
PR A 2 A Bl ] A L P9 4% B - PR A RN /K S T Y6 BE 1 37 25 90 0 G I 389 35 AR A 301 A A0 BORS A0 i #5 40 R
45, BRI CO, B HCO, BN Ta54L " | DRI, —Be a2 LGB HE S X 388 pHL (B RIBR R £6 1k 22728
A T

) AR B2 X AR S 4 FE IR AE A T S B, 40 B BE %) 3 3 40 R JIEL L D T TR
A L ELESS

(4) 3 (I DX TR) ok T 5 R 3 i k3 3R A I /N R0 T A 906 7 o8 43 v /K B 3 2 H A AR A7 o
5 3% BN TE TR AL B 5

(5) V6 B IRER SR PR I 2 5 i 5 AL A 4 1 BE 40 T, M TT S5 5CH: X R b 1) e = A 2
SR RRZ R T WAL ER LRz Co, EAEREm
2.2 S5 Y2 HIA R R AL R UK R CO, R MBI AR B e & LE W e AR T, 3 v Y
IR 7, BN SRR CO, MR BERG I T R 5t . A [R] VAR A XV T R A 1 i 7 [R)AE A7 25 5 T
T I 25 S 1 PR 3 AU

(1) WP AR B AL (CCMs ) fFAE 25 A BR5E CCMs 3855, EEFIF CO, MRk IR B 3 Fh | 161 1R
T Z R

(2) AN[RIBERGE B A FREE pH (BN ) IR AL T pH R A4 B AR X AN [v) ¥ 38 D0 JEL 2 0 40 i e ) A=
IReRZ M AR 5

(3) VIR B SRR IR R R A B i 4 e, e R B I LT, CCMs R R BT 1744 i BE i, AT g5 1k
B/ 111 R

SR YTERRAL T IR A US54, AT RESS R pH (BT B A6 ) 55 6 %0y 1 52 B4 i 7 L 454k
T DA T 8 7 B85 Ak 55 () 3

ANV %o T R A i 7 25 S | 08K T B0 TR IR AL X AR W BRI AR S R G = A R e . e g A
ARG, I RS Ak 5 PR 1 R A A2 S s PR 5 38 mT AR A AT o S B A A 34 ) W PERR AL
TR MR PR E R ) A TRV 2E B, 20 AT ) g ) B BRI & S S e T TR AL i 5 4k, Co,
INE T IRE TR R B R R LT AR R B | R O PRI TP R R B A AR KA B
FH, R H AL AR Y AR TR A YR B YRR RIS AR A S S AR B AT T B AR
P AR Ak, 3 T 02 L BT AR TR AR S RG24
3 RE

UTAER VIR AL B BCA [ PRk A 53 0 J1 s, XV 3 A 0 AR 25 2R S 52 i) 37 38 RBOR 22 110 6 3
TR AL 5 RS A AL 3858 10 AR AL 2 I R R A5 A A 0 A B A A PR R B 28 S O B AE T, T e i e AR 35
RGN AN A Y M ERTE AR B, 2 AR A ) 04 T I T 1 AR AR SN 3 T e DL N LA D Ttk — 2
IEEY I

(1) M FERRAC R SE I e R R R AE 28 R GE A AEAR R 22 e, 3 20 (] — W | AN [) A% 2% 14 X it
TERR AL B MR AN ] DRI T A 0 6o Vg 3 1 L i 107 A 2 BRAIL IR 9, A 4 v v 9 A T KT 1 4 Fh A e L L
SEAEAFIREE T X PR R AL A I

(2) RFERIZMIKIRIRER R G5 KR CO, PRIFTA , BT R AE WIAEAS [F] CO, MR BETT (4 e 13 45 ) A5 40 5
HRASRES , e EASE T, 52 2 kAR T AR RER JE RS 2R S S R & Z 25
HAFER L7 X BRI NI 1 X IS bR v VA 3 A ok A v g ) U e B %) Ayt A e 4 T

http ; //www. ecologica. cn



18 1 R 55 R ST i e 5867

o) 2 UL TS A Py B A~ R TR] N 5 I ST 50 BB R Y A R 5 4 U S o A T TR 1 X P A 0 Y
pA0

(3) R CO, WBEET &, SR IFERRAL B R I, i 25 DR B2 K T m AR R, BKE S
HEARIRA )RR B T R B SRR 1) BRIk BRI N TE A Y A AR I, IR RSB RR AL, 73T
s 55 g Yy B AL i R A S RN BB ST

(4) T — Wyl O R A AR I JC I ARAT R I R A A B R AR A5 R B SR, R R T P R A 19 A 253

7RI 5 L AE I KT 031 BT 4 [ B, s e o R A 25 28 0 46 T R RS 23 T (AP 5, A B M ) 00 o e 16

TR S R GERITRAL A L

References :

[ 1] Feely R A, Sabine C L, Lee K, Berelson W, Kleypas J, Fabry V J, Millero F J. Impact of anthropogenic CO, on the CaCO; system in the oceans.
Science,, 2004, 305(5682) : 362-366.

[ 2] TIPCC. Climate change 2007 ; the Physical Science Basis, Summary for Policy Makers. Cambridge; Cambridge University Press, 2007.

[ 3] Forster P, Ramaswamy V, Artaxo P, Berntsen T, Betts R, Fahey D W, Haywood J, Lean J, Lowe D C, Myhre G, Nganga J, Prinn R, Raga G,
Schulz M, van Dorland R, Bodeker G, Boucher O, Collins W D, Conway T J, Dlugokencky E, Elkins J] W, Etheridge D, Fraser P, Keeling D,
Keeling R, Kinne S, Lassey K, Lohmann U, Manning A C, Montzka S, Oram D, O’Shaughnessy K, Piper S, Ponater M, Ramankutty N,
Rosenlof K, Sausen R, Schwarzkopf D, Stenchikov G, Stuber N, Takemura T, Textor C, Wang R, Weiss R, Whorf T. Changes in atmospheric
constituents and in radiative forcing// Climate Change 2007 ; Working Group I: The Physical Science Basis. 2007 30-30.

[ 4] Sabine C L, Feely R A, Gruber N, Key R M, Lee K, Bullister J L., Wanninkhof R, Wong C S, Wallace D W R, Tilbrook B, Millero F J, Peng T
H, Kozyr A, Ono T, Rios A F. The oceanic sink for anthropogenic CO,. Science, 2004, 305(5682) : 367-371.

[ 5] Fabry V], Seibel B A, Feely R A, Orr J C. Impacts of ocean acidification on marine fauna and ecosystem processes. ICES Journal of Marine
Science, 2008, 65(3) ; 414-432.

[ 6] DoneyS C. The growing human footprint on coastal and open-ocean biogeochemistry. Science, 2010, 328(5985) : 1512-1516.

[ 7] Hall-Spencer J] M, Rodolfo-Metalpa R, Martin S, Ransome E, Fine M, Turner S M, Rowley S J, Tedesco D, Buia M C. Volcanic carbon dioxide

vents show ecosystem effects of ocean acidification. Nature, 2008, 454(7200) : 96-99.

] Riebesell U. Effects of CO, enrichment on marine phytoplankton. Journal of Oceanography, 2004, 60(4) : 719-729.

[ 9] Hofmann M, Schellnhuber H J. Ocean acidification:; a millennial challenge. Energy and Environment Science, 2010, 3(12) ; 1883-1896.

] Smith J E, Price N. Carbonate chemistry on remote coral reefs: natural variability and biological responses. Science, 2011, 4(1): 7-11.
] Heinze C. Simulating oceanic CaCO; export production in the greenhouse. Geophysical Research Letters, 2004, 31 (16): L16308, doi: 10.

1029/2004 GL020613.

[12] Ridgwell A, Zondervan I, Hargreaves J C, Bijma J, Lenton T M. Assessing the potential long-term increase of oceanic fossil fuel CO, uptake due to
CO, -calcification feedback. Biogeosciences, 2007, 4(4) : 481-492.

[13] Mucci A. The solubility of calcite and aragonite in seawater at various salinities, temperatures, and one atmosphere total pressure. American
Journal of Science, 1983, 283(7) : 780-799.

[14] Doney S C, Fabry V J, Feely R A, Kleypas ] A. Ocean acidification: the other CO, problem. Marine Science, 2009, 1. 169-192.

[15] Reynaud S, Leclercq N, Romaine-Lioud S, Ferrier-Pagés C, Jaubert J, Gattuso J P. Interacting effects of CO, partial pressure and temperature on
photosynthesis and calcification in a scleractinian coral. Global Change Biology, 2003, 9(11) : 1660- 1668.

[16] Hoegh-Guldberg O, Mumby P J, Hooten A J, Steneck R S, Greenfield P, Gomez E, Harvell C D, Sale P F, Edwards A J, Caldeira K, Knowlton
N, Eakin C M, Iglesias-Prieto R, Muthiga N, Bradbury R H, Dubi A, Hatziolos M E. Coral reefs under rapid climate change and ocean
acidification. Science, 2007, 318(5857) : 1737-1742.

[17] Langdon C, Takahashi T, Sweeney C, Chipman D, Goddard J, Marubini F, Aceves H, Barnett H, Atkinson M J. Effect of calcium carbonate
saturation state on the calcification rate of an experimental coral reef. Global Biogeochemical Cycles, 2000, 14(2) : 639-654.

[18] Gattuso J P, Frankignoulle M, Wollast R. Carbon and carbonate metabolism in coastal aquatic ecosystems. Annual Review of Ecology and
Systematics, 1998, 29(1) ; 405-434.

[19] Caldeira K. What corals are dying to tell us about CO, and ocean acidification. Oceanography, 2007, 20(2) : 188-195.

[20] Guinotte JM, Orr J, Cairns S, Freiwald A, Morgan L, George R. Will human-induced changes in seawater chemistry alter the distribution of deep-

sea scleractinian corals? Frontiers in Ecology and the Environment, 2006, 4(3) : 141-146.

http ; //www. ecologica. cn



5868 A E = 324

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Orr J C, Fabry V J, Aumont O, Bopp L, Doney S C, Feely R A, Gnanadesikan A, Gruber N, Ishida A, Joos F, Key R M, Lindsay K, Maier-
Reimer E, Matear R, Monfray P, Mouchet A, Najjar R G, Plattner G K, Rodgers K B, Sabine C L, Sarmiento J L, Schlitzer R, Slater R D,
Totterdell I J, Weirig M F, Yamanaka Y, Yool A. Anthropogenic ocean acidification over the twenty-first century and its impact on calcifying
organisms. Nature, 2005, 437(7059) ; 681-686.

McNeil B I, Matear R J. Southern Ocean acidification: a tipping point at 450-ppm atmospheric CO,. Proceedings of the National Academy of
Sciences USA, 2008, 105(48) . 18860-18864.

Caldeira K, Wickett M E. Ocean model predictions of chemistry changes from carbon dioxide emissions to the atmosphere and ocean. Journal of
Geophysical Research, 2005, 110; C09S04, doi: 10.1029,/2004]JC002671.

Schiebel R. Planktic foraminiferal sedimentation and the marine calcite budget. Global Biogeochemical Cycles, 2002, 16(4) . 1065, doi; 10.
1029/2001GB001459.

de Moel H, Ganssen G M, Peeters F J C, Jung SJ A, Kroon D, Brummer G J A, Zeebe R E. Planktic foraminiferal shell thinning in the Arabian
Sea due to anthropogenic ocean acidification? Biogeosciences, 2009, 6(9) : 1917-1925.

Burns W C G. Anthropogenic carbon dioxide emissions and ocean acidification ; the potential impacts on ocean biodiversity // Askins R A, Dreyer G
D, Visgilio G R, Whitelaw D M. Saving Biological Diversity. Springer US, 2008 187-202.

Zachos J C, Rohl U, Schellenberg S A, Sluijs A, Hodell D A, Kelly D C, Thomas E, Nicolo M, Raffi I, Lourens L J, McCarren H, Kroon D.
Rapid acidification of the ocean during the Paleocene- Eocene thermal maximum. Science, 2005, 308(5728) : 1611-1615.

Riebesell U, Revill A T, Holdsworth D G, Volkman J K. The effects of varying CO, concentration on lipid composition and carbon isotope
fractionation in Emiliania huxleyi. Geochimica et Cosmochimica Acta, 2000, 64(24) : 4179-4192.

Engel A, Zondervan I, Aerts K, Beaufort L, Benthien A, Chou L, Delille B, Gattuso J P, Harlay J, Heemann C, Hoffmann L, Jacquet S,
Nejstgaard J, Pizay M D, Rochelle-Newall E, Schneider U, Terbrueggen A, Riebesell U. Testing the direct effect of CO, concentration on a bloom
of the coccolithophorid Emiliania huxleyi in mesocosm experiments. Limnology and Oceanography, 2005, 50(2) : 493-507.

Iglesias-Rodriguez M D, Halloran P R, Rickaby R E M, Hall I R, Colmenero-Hidalgo E, Gittins ] R, Green D R H, Tyrrell T, Gibbs S J, von
Dassow P, Rehm E, Armbrust E V, Bossenkool K P. Phytoplankton calcification in a high-CO, world. Science, 2008, 320(5874) : 336-340.
Gao K S. Positive and negative effects of ocean acidification; physiological responses of algae. Journal of Xiamen University: Natural Science,
2011, 50(2) ; 411-417

Gazeau F, Quiblier C, Jansen ] M, Gattuso ] P, Middelburg J J, Heip C H R. Impact of elevated CO, on shellfish calcification. Geophysical
Research Letters, 2007, 34(7) : 107603, doi: 10.1029/2006G1.028554.

Green M A, Jones M E, Boudreau C L., Moore R L., Westman B A. Dissolution mortality of juvenile bivalves in coastal marine deposits. Limnology
and Oceanography, 2004 . 727-734.

Dupont S, Havenhand J, Thorndyke W, Peck L, Thorndyke M. Near-future level of CO,-driven ocean acidification radically affects larval survival
and development in the brittlestar Ophiothrix fragilis. Marine Ecology-Progress Series, 2008, 373 . 285-294.

Weiss IM, Tuross N, Addadi L, Weiner S. Mollusc larval shell formation; Amorphous calcium carbonate is a precursor phase for aragonite. Journal
of Experimental Zoology, 2002, 293(5) . 478-491.

Beniash E, Aizenberg J, Addadi L, Weiner S. Amorphous calcium carbonate transforms into calcite during sea urchin larval spicule growth.
Proceedings of the Royal Society of London Series B: Biological Sciences, 1997, 264 (1380) : 461-465.

Raz S, Hamilton P C, Wilt F H, Weiner S, Addadi L. The transient phase of amorphous calcium carbonate in sea urchin larval spicules: the
involvement of proteins and magnesium ions in its formation and stabilization. Advanced Functional Materials, 2003, 13(6) . 480-486.
Gutowska M A, Portner H O, Melzner F. Growth and calcification in the cephalopod Sepia officinalis under elevated seawater pCO,. Marine
Ecology Progress Series, 2008, 373 303-309.

Zhang Q M. Responses of tropical biological coasts to global change. Quaternary Sciences, 2007, 27(5) : 834-844.

Han Q Y, Shi P. Progress in the study of seagrass ecology. Acta Ecologica Sinica, 2008, 28(11) : 5561-5570.

Palacios S L, Zimmerman R C. Response of eelgrass Zostera marina to CO, enrichment: possible impacts of climate change and potential for
remediation of coastal habitats. Marine Ecology Progress Series, 2007, 344 . 1-13.

Badger M R, Andrews T J, Whitney S M, Ludwig M, Yellowlees D C, Leggat W, Price G D. The diversity and coevolution of Rubisco, plastids,
pyrenoids, and chloroplast-based CO,-concentrating mechanisms in algae. Canadian Journal of Botany, 1998, 76 (6) : 1052-1071.

Rost B, Riebesell U, Burkhardt S, Siiltemeyer D. Carbon acquisition of bloom-forming marine phytoplankton. Limnology and Oceanography,
2003, 48(1): 55-67.

Zou D H, Gao K S. Effects of elevated CO, concentration on the photosynthesis and related physiological processes in marine macroalgae. Acta

Ecologica Sinica, 2002, 22(10) : 1750-1757.

http ; //www. ecologica. cn



18 1 R 55 R ST i e 5869

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Gao KS, Ji Y, Aruga Y. Relationship of CO, concentrations to photosynthesis of intertidal macroalgae during emersion. Hydrobiologia, 1999, 398-
399 355-359.

Riebesell U, Schulz K G, Bellertby R G J, Botros M, Fritsche P, Meyerhsfer M, Neill C, Nondal G, Oschlies A, Wohlers J, Zollner E. Enhanced
biological carbon consumption in a high CO, ocean. Nature, 2007, 450(7169) . 545-548.

Tortell P D, Morel F M M. Sources of inorganic carbon for phytoplankton in the eastern Subtropical and Equatorial Pacific Ocean. Limnology and
Oceanography, 2002, 47(4) . 1012-1022.

Tortell P D, Payne C D, Li Y Y, Trimborn S, Rost B, Smith W O, Riesselman C, Dunbar R B, Sedwick P, DiTullio G R. CO, sensitivity of
Southern Ocean phytoplankton. Geophysical Research Letters, 2008, 35(4) : 104605, doi: 10.1029,/2007GL032583.

Hinga K R. Effects of pH on coastal marine phytoplankton. Marine Ecology Progress Series, 2002, 238 281-300.

Chen S W, Gao K S. Solar ultraviolet radiation and CO,-induced ocean acidification interacts to influence the photosynthetic performance of the red
tide alga Phaeocystis globosa ( Prymnesiophyceae). Hydrobiologia, 2011, 675(1) : 105-117.

Zondervan I, Rost B, Riebesell U. Effect of CO, concentration on the PIC/POC ratio in the coccolithophore Emiliania huxleyi grown under light-
limiting conditions and different daylengths. Journal of Experimental Marine Biology and Ecology, 2002, 272(1) : 55-70.

Rost B, Riebesell U. Coccolithophores and the biological pump: responses to environmental changes // Thierstein H R, Young J R, eds.
Coccolithophores: From Molecular Processes to Global Impact. Berlin: Springer-Verlag, 2004 99-125.

Paasche E. A review of the coccolithophorid Emiliania huxleyi ( Prymnesiophyceae) , with particular reference to growth, coccolith formation, and
calcification-photosynthesis interactions. Phycologia, 2001, 40(6) : 503-529.

Riebesell U, Zondervan I, Rost B, Tortell P D, Zeebe R E, Morel F M M. Reduced calcification of marine plankton in response to increased
atmospheric CO,. Nature, 2000, 407 (6802) ; 364-367.

Hutchins D A, Mulholland M R, Fu F X. Nutrient cycles and marine microbes in a CO,-enriched Ocean. Oceanography, 2009, 22 (4):
128-145.

Ishimatsu A, Kikkawa T, Hayashi M, Lee KS, Kita J. Effects of CO, on marine fish: larvae and adults. Journal of Oceanography, 2004, 60(4) :
731-741.

Shi DL, Xu Y, Hopkinson B M, Morel F M M. Effect of ocean acidification on iron availability to marine phytoplankton. Science, 2010, 327
(5966) : 676-679.

Andersson A J, Mackenzie F T. Ocean acidification: setting the record straight. Biogeosciences Discuss, 2011, 8(3): 6161-6190.

S 3k

L AL E FUSON B I AR B . BT R AR, AARRLERR, 2011, 50(2) : 411-417.
TR, BT X R BRI R FEINEWETT, 2007, 27(5) : 834-844.

ERKGY , M. WA AR, A4, 2008, 28(11) : 5561-5570.

ARERE, mAPL. G CO, WREEX KNG BOGETEH KA Gl B ma. AR 4, 2002, 22(10) ¢ 1750-1757.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol. 32,No. 18 September,2012( Semimonthly )
CONTENTS

Hyperspectral characteristics of typical subtopical trees at different levels of simulated acid rain ««--eseeeeeeereemneienii,
.......................................................................................... SHI Qilong, JIANG Hong, CHEN Jian, et al (5621)
Wind fields and the development of wind corridors in the urban metropolis of the Pearl River Delta ~ -«-eveereeeereeeeiniieiiii...
....................................................................................... SUN Wu, WANG Yiming, WANG Yuelei, et al (5630)
Dynamics of canopy structure and understory light in montane evergreen broadleaved forest following a natural disturbance in
North GUAnGONE «+++++++++srrreeesimueiteiiiitt et OU Yuduan, SU Zhiyao (5637)
The influence of 4 species of preys on the development and fecundity of Orius similis Zheng — «+eceeeeeeeeeeeieiii.
.......................................................................................... ZHANG Changrong, ZHI Junrui, MO Lifeng (5646)
Woody seedling regeneration in secondary succession of monsoon broad-leaved evergreen forest in Puer, Yunnan, Southwest
CRINA  veeereeerernsnsnenenemntnentteteatetteeneaaneneereneraeneaseneananenes LI Shuaifeng, LIU Wande, SU Jianrong, et al (5653)
Scale-dependent spatial variation of species abundance and richness in two mixed evergreen-deciduous broad-leaved karst forests,
SOULhWESE CRINA - eeeeerreenenrenaenrenerneenerneenernernennemnerennennens ZHANG Zhonghua, HU Gang, ZHU Jiedong, et al (5663 )
The spatial heterogeneity of soil nutrients in a mid-subtropical Castanopsts kawakamii natural forest — «=«ceeoreeereeeeeeenniiniiie.
.......................................................................................... SU Songjin, LIU Jinfu, HE Zhongsheng, et al (5673)
Effects of Vetiveria zizanioides L. growth on chemical and biological properties of copper mine tailing wastelands — +++ereveeerereeeeeeenns
.......................................................................................... XU Decong, ZHAN Jing, CHEN Zheng, et al (5683)
Effects of different irrigation regimes on characteristics of transpiring water-consumption of three desert species -«-e+eeseeeeeereeeeaeaene.
.......................................................................................... SHAN Lishan, LI Yi, ZHANG Ximing, et al (5692)
The response of euhalophyte Salicornia europaea L. to different nitrogen forms ««««««++ssseeeresiimmmreiiiiii i
.................................................................................... NIE Lingling, FENG Juanjuan, LU Sulian, et al (5703)
Dynamic analysis on spatial pattern of dominant tree species of cold-temperate coniferous forest in the succession process in
the Pangquangou Nature Reserve —+eoeeereeeererereriiiiiiiii... ZHANG Qindi, BI Runcheng, ZHANG Jintun, et al (5713)
Effects of AM fungi on the growth and nutrients of Salvia miltiorrhiza Bge. under different soil water and fertilizer conditions «--------
................................................................................................ HE Xueli,MA Li,MENG Jingjing, et al (5721)
The dynamics of soil respiration in a winter wheat field with plastic mulched-ridges and unmulched furrows —«ceeeeeeeeeeeieneiieiiann.
.............................................................................. SHANGGUAN Yuxian, SHI Ripeng, HAN Kun, et al (5729)
Cattle dung composted by different methods had different effects on the growth and quality of soybean — «+eceeeereeeeieeieiiiiiniin..
.......................................................................................... GUO Liyue, LIU XueMei, ZHAN Lijie, et al (5738)
Nitrogen budget modelling at the headwaters of Urumqi River Based on the atmospheric deposition and runoff — «----eeeeeeeeeeeeeieannnn.
........................................................................... WANG Shengjie, ZHANG Mingjun, WANG Feiteng, et al (5747)
Evaluating the ecosystem sustainability of circular agriculture based on the emergy theory: a case study of the Xingyuan circular
agriculture demonstration site in Fuqing City, Fujian -----ee-e-e- ZHONG Zhenmei, WENG Boqi, HUANG Qinlou, et al (5755)
Effects of cold exposure and recovery on viability and energy consumption in the sub-adult female giant spiny frogs ( Paa spinosa) ---
.......................................................................................... LING Yun, SHAO Chen, XIE Zhigang, et al (5763)
A comparison of night-interruption on diapause-averting among two populations of the cotton bollworm, Helicoverpa armigera — «+-++-+--
................................................................................. CHEN Yuansheng, TU Xiaoyun, CHEN Chao, et al (5770)
Effects of soil erosion control measures on soil organic carbon and total nitrogen in a small watershed -«-«--e-eeeeremmieniieiiiii...
................................................................................. ZHANG Yanjun, GUO Shengli, NAN Yafang, et al (5777)
Comparative analysis of Lugu Lake watershed ecosystem function under different management authorities — «+oeeeeeeeeeeeeeeneiaiannn.
.......................................................................................... DONG Rencai, GOU Yaqing, LI Siyuan,et al (5786)
Relationship between fish community diversity and environmental factors in the Lianjiang River, Guangdong, China ««---eceeeeeeeeeenes
................................................................................................ LI Jie, LI Xinhui, JIA Xiaoping, et al (5795)
Effect of dissolved oxygen level on metabolic mode in juvenile crucian carp -+ ZHANG Wei, CAO Zhendong, FU Shijian (5806 )
Community composition of net-phytoplankton and its relationship with the environmental factors at artificial reef area in Xiang-
shan Bay «eeeeeeeserrerreiininii JIANG Zhibing, CHEN Quanzhen, SHOU Lu, et al (5813)
Emergy appraisal on the loss of ecosystem service caused by marine reclamation: a case study in the Taozi Bay — +oeeeeeeeeeeceeiecenes
............................................................................................................... LI Ruigian, MENG Fanping (5825)
Assessing the visual quality of urban waterfront landscapes:the case of Hefei, China —«reeeeeeeremereeeeiiiiiinii
....................................................................................... YAO Yumin, ZHU Xiaodong, XU Yingbi,et al (5836)
Review and Monograph

Advances in ecological SEnOmCs «+«++rrwrrrreeeeesemnimmiiiriit it SHI Yongbin, LI Junmin, JIN Zexin (5846)
Advances in studies of ecological effects of ocean acidification —«+«+eeeeeeeeeeees WANG Siru, YIN Kedong, CAI Weijun, et al (5859)
Advances in feeding ecology of Acartia ««++-+eeoereerrersriiiii HU Simin, LIU Sheng, LI Tao, et al (5870)
Research progress on ammonia-oxidizing microorganisms in estuarine eCOSYSLEM o+« +eeseerreraruet ettt eeaaes
.................................................................................... ZHANG Qiufang, XU Jirong, SU Jiangiang, et al (5878)
Recent progress in research on neutrophilic, microaerophilic iron( Il ) -oxidizing bacteria «-+«+++++-: LIN Chaofeng, GONG Jun (5889)
A comparison study on primary production in typical low-latitude seas ( South China Sea and Bay of Bengal) «-«+e-vvereeeereeenniinn.
................................................................................. LIU Huaxue, SONG Xingyu, HUANG Honghui, et al (5900)
Advances in leaf maximum carboxylation rate and its response to environmental factors — «ososreeersreriiiiiii
................................................................................................... ZHANG Yanmin, ZHOU Guangsheng (5907)
10-years of bird habitat selection studies in mainland China; a review «:eeeeeeeet JIANG Aiwu, ZHOU Fang, QIN Yue, et al (5918)

Scientific Note
The effects of incubation temperature on embryonic metabolism and hatchling behavior in the Red-banded Snake, Dinodon

FUFOZOTUGEUIIL +++++++++veeeesssssnmnmtnrtitties ettt SUN Wenjia, YU Xiao, CAO Mengjie, et al (5924)
Sensitivity analysis and dynamics of soil microbial biomass carbon, nitrogen and related parameters in red-yellow soil of tea garden
with different fertilization practices ««e«eceeereesreaeeeniniiniie. WANG Limin, QIU Shanlian, LIN Xinjian, et al (5930)

Effect of fertilizers on cd uptake of two edible amaranthus herbs «+---eeeeeeeeeeeenes LI Ningyu, LI Zhian,ZHUANG Ping, et al (5937)



(AR R EAE S A2 T

(EFFR)2013 FMEITHRE

BRG], QT T 1981 4, F2 2 RIE A A0

FEIR IR BRI R SR | R0 BE S e AR A A2

Bk ARG B AT R AR B AS SOT RS = A R45
CHEZSZE) 2 H A, K 16 FF4%,300 BT, B N2 90 Jo/ M, 448 22 fr 2160 TG,
PR &A% . 82-7, [ AMIR £ AR5 . M670

FRUET]S . ISSN 1000-0933

CN 11-2031/Q

K JET5 1 AL F5 SRR R SO s W ST M4l s AR A 2 B BE

A [E A5 LR Ry T P T I, ] B4 S A A AR S WG R A BRI A e A AL TR

TESETT R

I HE . 100085 Jb R X XUEH 18 5 H

E-mail. shengtaixuebao@ rcees. ac. cn

2

WEMEMRE flaty

iE: (010)62941099; 62843362

HE: www. ecologica. cn

HITHE XIKE B ¥

5 2 H ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) (Semi .S din 1981)
(lliﬂﬂj 1981 ﬁzi;H@H:'J) Semimonthly , Started n
K EISH (201249 A) Vol. 32 No. 18 (September, 2012)
B (RS A Edited by Editorial board of

Hohl : AL HTHEE X XU 1 18 5
HIS B 2515 - 100085

LI : (010)62941099

www. ecologica. cn
shengtaixuebao@ rcees. ac. cn

ACTA ECOLOGICA SINICA

Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

Tel: (010)62941099
www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

SR U
F & PEEBEHEEADS
* b PEASYEES

rp E Bl 2 e A AR AT 0
Mk b X 18 5
IS B i A - 100085

H RR 4 4 & ) Y
ik b S R E AR AT 16 5
HBEL 2 A5 . 1RO0717

N Rl JbmUILARENRIT

) 1T 4 4 & ) Y

Editor-in-chief
Supervised by
Sponsored by

Published by

Printed by

FENG Zong-Wei

China Association for Science and Technology

Ecological Society of China

Research Center for Eco-environmental Sciences, CAS
Add 18, Shuangqing Street, Haidian , Beijing 100085 , China

Science Press

Add:16 Donghuangchenggen North Street,

100717 ,China

Beijing Bei Lin Printing House,

Beijing

Beijing 100083, China olt\)
iﬂiﬁ%ﬁm*ﬁjt?ﬁ 16 % Distributed by Science Press m e
Hﬂ[ﬁﬂ[fﬁﬁ% :100717 Add:16 Donghuangchenggen North g
Eﬂlﬁ ;1( 010) Gfé34563 Street, Beijing 100717 , China 1 =—=A
-mail ; journal @ cspg. net Tel. (01064034563 O V-
2l My A[E RS A Et—:m(ﬂ )rn 1@ cspg. net g _2
ENRST R R 55 8 e - =2
Mokl AL T 399 {546 Domestic All Local Post Offices in China > g
H A =] —
HE B A < 100044 Foreign China International Book Trading (%) _E
ITERE ST A 8013 2 Corporation 2 ":
¥ A iE " - 7 Add:P. O. Box 399 Beijing 100044 , China =
ISSN 1000-0933 4= = =
N 0o ERSIMAF LT EREERS 82-7 ESEITRS M670 Efr 70.00 T

CN 11-2031/Q



	01.pdf
	fm.pdf
	zm.pdf

	stxb201108131184.pdf
	02.pdf
	ym.pdf
	18fd.pdf


