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Advances in the effects of ocean acidification on marine invertebrates

ZHAO Xinguo, LIU Guangxu "
College of Animal Sciences, Zhejiang University, Hangzhou 310058, China

Abstract : Since the industrial revolution in the 18th century to date, carbon dioxide ( CO,) released into the atmosphere as
a result of the burning of fossil fuels has elevated the atmospheric CO, concentration from approximately 280 X107° to 394x
107°. About a quarter or one third of the anthropogenic CO,( several billion tons per year) has been absorbed by the ocean
and subsequently lowers pH of seawater, which has been firstly termed as “ocean acidification” in 2003. Oceanic uptake of
atmospheric CO, not only acidifies the seawater, but also lowers the carbonate concentration and then causes a decrease in
the saturation state ({)) of calcium carbonate. The saturation states of calcite, aragonite, and high-magnesium calcite are
critical to the formation of supporting skeletal structures or shells in many marine invertebrates. Therefore, theoretically the
CO,-driven ocean acidification will affect all marine invertebrate species through altering the chemistry property of the
habitat that they live in and subsequently poses a great threaten to marine invertebrates. Marine invertebrates are one of the
important components in marine ecosystem which play critical roles in both material and energy flow. Moreover, many
marine invertebrates such as edible mollusks, crustaceans, and echinoderms are traditional aquaculture species which are
economical significant. In this circumstance, knowledge about the impacts of ocean acidification on marine invertebrates will
definitely contribute to a comprehensive understanding of the mechanism underlying the ocean acidification effects, the
precise prediction of the damage, and the aquaculture strategy designing to handle with ocean acidification in near future.
Though ocean acidification has only been studied for approximately ten years, a great deal of researches have demonstrated
that ocean acidification generally addressed significant negative effects on gametes traits (such as sperm swimming velocity

and fertility ) , fertilization success, early stage embryonic development, biological calcification, and gene expression of a
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wide variety of marine invertebrates, including coelenterates, mollusks, nematodes, echinoderms, annelids, and
arthropods. In addition, previous studies have showed that different marine invertebrates and marine invertebrates at various
life stages exhibited differences in their responses to ocean acidification. Though the influences of ocean acidification on
marine organisms have been a study hotspot for marine ecologists and marine biologists for about a decade and generally it is
believed that the negative impacts of ocean acidification on marine invertebrates are due to the reduction of calcium
carbonate saturation state, the alternation of pH, and the subsequent responses of bio-reaction pathways. However, the
mechanism underneath these reported negative impacts of ocean acidification on marine invertebrates were not fully
understood. Moreover, among the great number of marine invertebrate species only a few organisms such as corals, sea
urchins, and blue mussels, have been well investigated. Furthermore, due to the fact that most studies are conducted in
laboratory, whether they can reveal the true scene in natural environment is debatable. In this article, results of previous
researches about the influences of CO,-driven ocean acidification on the gametes, fertilization, embryonic development,
calcification, metabolism, and gene expression of various marine invertebrates were summarized. The potential impacts of
ocean acidification on marine ecosystem were also discussed. The authors suggest that to precisely reflect the future scenario
studies on the interaction between ocean acidification and marine invertebrates should be carried out in a wider range of

species and take the complexity of marine ecosystem and environment into account.

Key Words: ocean acidification; marine invertebrates; reproduction; early-stage development; biological calcification;

metabolism; gene expression

[ 18 el Tl Fdy LUK , TR A BB TS S 2 M, KR COL M EEARWHE K, B2\ Tolk
ATHTAY 280x 107 (ARifERELL, FIR)) HEK 2 2013 4EAY 394x107°  BEK T 29 40% , HAT5 45 LLBEAE 0.5%
ks NSRS CO,AH 1/4 & 1/3 BlEFENO, X KR T RS CO, MK
H T VK R BE 38 KRIBR R 6P A 1A 2R A9 ZE AL > . Caldeira %5 2003 4F55 — UK 7E 3 4 Bl 24 5 Nature )
R TG IR A A o R AL L 5 Tl AT L, MR R Z KA pH [HE LR T 0.1
ASBANE, AR AR S LY RTHCRHEL CO, , 3 21 2R R IZ KA pH E L& MK 0.3—0.4 A~ B0 1 £ 2300
SERERRAR 0.7—0.8 BN TR PEER LT S BRI K AL 2E R B A AR AL S S X PR AE ) S TE A B R G
PPAETRIERIEEN . BT I,2009 4E 8 A 13 H  FEBCA EHFR CHLUBE S T, ok A28k 26 1~ EIZKM 155 (i Tk
MFERTTE N G55 TREANRF , 23 T (FEANRFE ) (Monaco Declaration ) , X ¥ 2 A 7™ FH 52 M 42 BRI E AR 25
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FEREBEN ., TR ICEHEE LA A TR TR K P PR RR A 5 B K AL 25 PR BT (0 B A W 2 36 i 7
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Table 1 Effects of CO,-driven ocean acidification on gametes, fertilization, early-stage development, biological calcification and metabolism of

marine invertebrates

s Pyl E 24 W4 2] 3k
Taxon Species Parameters Objectives Effects References
JEE R sh TRILHE I (Acropora digitifera) pH <7.7 i HF R FRAR B HE 7 (8]
Coelenterata pH 8.2—7.2 KT K712 B e 1 (9]
pH 8.0—7.3 &y e FEEE D A [10]
AR KFPEHME ( Crassosirea gigas) pH 7.8 BT pRIE S Al [11]
Mollusca pH 7.7—7.1 JIIREN R IR AR A [12]
RICE AW (Saccostrea glomerata) pCO: 3757_ KT 5l SL%*:HFK P ARG Sl s B 2 [13]
1000x107° WG
LA ( Pinctada martensii) pH 8.1—7.4 L AL FWE B ;4K R T IR [14]
P. fucata™ pH 7.7—7.4 JAEN TSI 5 IR S  HET [15]
SN DL ( Mytilus Californianus) u ;:7002;?: iy L s B [16]
SO (M. edulis) pH 7.8—7.5 g E\F?{t%l‘%ﬁ;ﬁﬂlﬁ%ﬁéﬁ;%% (17
R
W IR DL (M. galloprovincialis) pH 8.2—7.4 L FEIREHE A KO % [18]
pH 7.3 4y HL; ik AR BIRGE ; RTRS [19]
S (M. trossulus) peo: Wk AL [20]
>1200%10
RGO ( Perna viridis) pH 7.7—7.4 A VEETUE D RIS  HE R [15]
MifLEE DL ( Chlamys farreri) pH 8.1—7.0 AR B AL 5 IR Dl 55 [21]
AESRATFLIE DL (C. nobilis) pH 7.7—7.4 RN TEETUE D RIS s HE R [15]
1354 D1 ( Placopecten magellanicus) pH 7.0—9.0 KT ZRZEse [22]
WA AT ( Ruditapes decussatus) pH 8.0—7.5 4k k¢4 [23]
EZRIE (Littorina littorea) pH 8.0—7.7 4 A= WAk 5 AR [24]
Vs H R 44K % (Acartia spinicauda) pH 7.83—6.89 A BB 240 08 /L s B 432 45 [25]
Arthropoda rh AT K 3 ( Calanus sinicus) pH 7.83—6.89 AR YIRE 2 sk 2> 5 o R AZ 15 [25]
Wi YT HEK % (A. steueri) pH 7.4—6.8 FILERYIREN AL AR BOOE [26-27]
L1855 K (A. erythraea) pH 7.4—6.8 4wk AL R R AR BUE [26-27]
He 2 3545 th ( Hydroides elegans) pH 7.9—7.4 &y iy AW ES AR ; S A S F s [28]
{1 ( Callinectes sapidus) ”D”m;' gt 5l e g [29]
2900% 10
W&7EHE ( Petrolisthes cinctipes) pH 7.6 Lt piE Al [30]
i‘i&f”f e imlmm) ol 8.0—7.5 4 KR TTIE  BOL 131
FE [CHE 1 ( Chionoecetes bairdi) pH 8.0—7.5 4k %;}; BRI S AR
R FATR Penacus plebejus) Peo, 4007 Yy B LA [29]
2900% 10
W B 3§ BH ( Heliocidaris erythrogramma) pH 7.7 lien K132 BIRE 155 5 5245 FRIEAIK [32]
Echinodermata  #FzUK A1 ( Echinometra mathaei) pH 7.8—6.8 T TR [27, 33]
T 33318 ( Hemicentrotus pulcherrimus ) pH 7.8—6.8 PRANAE g B A R R H RS [27, 33]
LEERIAH ( Strongylocentrotus purpuratus ) pH 7.7 41y HROR T IGE ; AR [34]
LIUEH(S. franciscanus) pH 8.0—7.5 T TRERN; ZH G 2 [35]
T (Amphiura filiformis) pH 8.0—6.8 FL AR ;5 IS [36]

* 261 Pinctada martensii 11 Pinctada fucata SRl — R oS0 R B ECERRE DL ,tﬂﬁfﬁ\h%{ﬁﬂiﬁﬁl

L1 EPERR AT E A2
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http ; //www.ecologica.cn



74 A A5 R R A X TP O A S ) 1) R W T S i i 2391

KA BRI T DR Vi T A Sl W TG X T R A 1 e 0 B BF 9 — AN BB 5 T, 2008 4F
Havenhand 55 pH {8 7.7 B9 CO,BR LG K AL PREEVERE ( H. erythrogramma) WIKE -, K BUKS F W) 1iF 3l 3 R A g
eSS T 00 43 HU X S S AR s Morita S5 46 T8 G A I (AL digitifera ) SEATRIFSY, % B0 241K pH {EAK T
7.7 W TR AZ SRR 0™ E 55, Nakamura 55 72 HEEAl F3fE— 2B 98 & LK P CO, VR BE 506 7
FEHAZ SN RE T 10T B Z IAIAAE G IE AR DCHE . BUR AW ST 3R B, IV 12 b 2 o U T TG A 3h 0 (kG 1 7=
A AR, (ELE AN R H0 b 60K 5 X9 6 R AL B T A2 3t A BT AN [R) . B4, Havenhand 25 X K SF- PR HL85 ( C.
gigas) WAEFWHIE , 2 DURG T-iF sh SR M BE T S AS 70 LD R B An e,

FRESTRG T, PR IR A X B A )52 0 U A A 40 AL KR IR S T AR 7K & (C. sinicus ) TR RE 27
K (A. spinicauda ) JPE 2 I Y 0L 4% B8 G TR 19 1 1 A T REg A1, [] ) 32 B SR A5 B 15 m, BROE 0L P
245 08 FUAR , 3 SO0 HE 5 BRI B0RLAS BB IE 8 B

TETERRALATTC ¥ RS2 I B , H AT LIS 58 24, BAUWL TS A S i B it — 20
i,

1.2 IR Z A R R

TR RRAREE I A HESI I T~ A S0, R RE 235 |6 52 05 X B2 1 385, 0 T B2 G R ny AR, o1l
Kurihara 5 Shirayama >k J] HC1 2 b #1 CO, W2 1k 19 J5 24k 3 Mg A W I (E. mathaed ) F1 5 & 5 ( H.
pulcherrimus ) BIAE T, K B2 K R 50 25 AR, AH LU T H CO, BR AL XS 3205 R 52 M) B K X T RES CO, AN 2L
VK TR BB (3 0 38 5 S VR /K B PR 66 1 A A R 9 A5 4k, I HCL A5 307 /K R B 386 i 7 2561 5 Havenhand 45 F
pH {E 7.7 BIRRALHE K AL BRI IA (H. erythrogramma) ¥ ¥ J& , 5 1E 5 00 132 K5 S0 0, A BLAZ KGR L
P HRALNE 24% s Parker 5530 28 JE 5 A1 4L WG (S, glomerata) W5 K B, S A< B 18 1 R A R 7 35
TR,

R 17X SZAE AR VR IR I R I X Z RS SEAE LR 115 VB ] . Desrosiers 55 & 8124 7K pH (BN
T 7.5 i, ¥ 53 UL (P. magellanicus) A5 ZAE S B E1 ) Reuter ZEAELLIERH (S. franciscanus) H EIHFSE
WRINEFERIGRE & BT 2R R A,

B2, HATAIIFTE 22 0 52 3R 0 1) B 5, 3830 A7 1 28 L S20KG 3l g 2 I U e 1) L o« R FHOR IR T %2
AN SEA B A BC T 1 A BT 5245 SE56 43T , Z M e Ttk 22 5 22 RE 3R 52, SR B o — FLak g i AR 1
THRE UF LU GIHEA 732K S0, R iSRG R 45 ) 1520 I, P 28 85I (EAR HE R, (91101, Byme 542 5H
FRUEFETR b T PU RN AR ( H. erythrogramma , H. tuberculata , Tripneustes gratilla , Centrostephanus rodgersii ) . ¥ 52
( Patiriella regularis) X116 ( Haliotis coccoradiata ) 52 K5 5 IEA i3 520 0 (H 2 Hse i+ i Z2mg 1 e
TR 25 S0 2R AR, ELR 1 ok RS B LA (> 100:1) ) 53 SN 4452 3 1 2 D M B2 R Ak 32 K
AR RIHE, B0, 790 T RS20 AT T RSO0 He i 5 (>100:1) |, RIS AR AL AT 90% 1Y)
KR AZAERE ST 0 10 45 T 00 750 H A9 B JL-T- 2000 1320 , AT ) BEHE 2 e TR MR AL XS 52 0 7 2E
FAILTIVE S5

2 BFBRUNEBERLZEREMSELRIZME

2.1 HEVERRALT R L E RN
RHE SE— DA WU HA: T 0 2 A 1, 2 A WA DAY A A 2 B R LUt fE . 5 ik
AR LG, T T AR ) 14 B30 VR TG AN &l SO0 PR BE B0 3l S AUR% , PR H 8 3 2 B 25 ) <52 B v IR AL 1 JgU .
DR RN PER A 2 SO 2 TOE HES W iy P IR NIG A4l de ke B AER | JF 7 A Bomy B, 17
40, Kurihara %5 % B 1 AR AL 5| 2 T 361 MH (H. pulcherrimus ) 4y M A 1< % 8 BE A%, W JE 2 39 m' >
Michaelidis F1 Kurihara 43538 T Ho s G D1 (M. galloprovincialis ) 4l B 32 W R RS2 IR K A S
TR RIS Kurihara SF45GE 15 BR AL X KSFPEHEWG ( C. gigas ) % BRSO FTBIERON Y 5 Parker 25
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TERJC EATHEG (S, glomerata) WP A5 3¢ BH B & 1 P R AL FE B 09 N8, 2R JE A A 415 (S, glomerata) D JE4))
HUPETE SR 0 A, WA TR S 0 i I A K R BRI 5 Stumpp S X EEERIEAN (S, purpuratus ) (5T R W
TFCERR AL TRV RE 22 (i L4l b Ak K % & 08 > 5 Gaylord 11 Range W43 514 18 T 96 1 R A6 X I M1 i DL (M.
Californianus ) B JHEEAT(R. decussatus ) BT FIEIERR 'S 2 XS0 2506 T R ER KL UL (P, martensii ) 41
(IR SE 2 B 7 R 1L B & B 32 B, A2 TG SR AICY 5 Long 55 WL 38 17 ¥ 14 12 Ak X 34 4% Jin 400 1 % (P
camtschaticus ) FFECIEE (C. bairdi) ERK KT RHASAE Y

AN HEPERR AL XTI AL AR AP 2 R A R AR, 40, Kurihara 55 % B VE IR Ak 5 200 20 25 fi K
K (A. steueri) M 2L YR /K &% (A. erythraea ) B %) HLU i b ZR AR ; Mayor 45 & B i v TR A i v 4B 37 K %
(Calanus finmarchicus ) PIFALIRIFEAE 5 Gazeau ZEWFFT & B FERR AT | L SR DL (M. edulis ) WEAL R A5 2R
AREAL

(AR — PR 2 K A 45 R R IR [ Wy L 22 ] — W R A [) A 1% s B BRI v R Ak 14 i) 1o A AR [
I AR 5 ) A B R AR pH {H8 7.70 B ALK X 55 [QERBE DL (P. martensii) A =BG K BIA
I AN A5 M) R HE S5 5 W B At 4 e O 75 20 B Sl e 1 T Dt 81 T 2 1 40 VR i 58 A G B BT S (16 ) o
FRERE , M4 I AR A TP 02 | 16 £ 55 1% 2, {45 6 PR 458 A ARGt 1 s, DAL 17T 6 308 b X v A R e B vy 1)
S
2.2 EETERR AT A WA Ak Y 5 e

12 CO,FEME K T IR AT B0 /K pH A M REAR , 20 BRR E5 1R (Q) TR % T I TC
S A8 AL %) T 5 Tk R A A R K P U0 R O Tl R A R RE AR R sk TR A T AR BV AR ) 4 Ak
AR

ZUFFETRAL B RZ W, M HP IR DL (M. galloprovincialis ) 5 5 FCERFE DL ( P. martensii ) 4l MR e AR A= K 28 18 T
MBS 2 Fine 45 & U PERR 1L S 2 R BEIY] ( Oculina patagonica 55 ) BRFRES B R AT AL, LAZK IR
IR AELE ) Chan 25098 AR5 AL L (H. elegans) WA YIESALAE I E IR, 32 CEIR L 2l , O i) A K
SR (14 AR 45 ) 2% LG T , B0 8 RS ) S B2, L ) Y5 Ak SO 1 L 81 8 06 n > el e el L Y R R Ak
AN 2t 2 BEL RS 1 JC A Bl ) 5 A RIR IR 85 1 R AR 30 25 7™ T B 0] 5 A R TR 85 1 L 18 TR 98 Ak 45
4, $L 2 5| R e (AR RS SR 1 T il

TR R AL XS A W0 A A A FH %) S e A7 R ) ] 1) 22 57 , 3 AT BB -5 A [R] 400 b ) e AR BBk R 65 1 2R ) T L
i VS B T AR KOO 5 A B L BIAS TRLA SET B An, Wood A5 LRI R (AL filiformis ) R BIF5E ¢
G, 0% IR L RE I Ao 4 1 R 0 A B 50 45 b SRR MV T R A AR AR K 1 L AN R B 1 ) 5 Ries % 2 31
WS (C. sapidus) FIZR T B XTUER (P, plebejus ) 751G FERRAL IS T | B REAR B AR B i . T X AR
AR T ST AL 5 BAT B R 5 5 28 S e M i L R TR ME S A [R) 368 180, RO TR 2 9 0
HESh P R e AR — R LT BTk A

3 EEFERBRARERRN

LT I P M T M S PR B 5 2 B 2 10845 A0 I , 3 2o 0 B 725 AL R B8
PR 60, %5 T PRI AR % A B AR T 04 B SRS ESE . B0, Wood “5XHHIEFE (A, filiformis )
R 5 DU T e R AL 5 L3R AN R R X B P A i R BB L oy T G
B3 S L DL LSS o PR | AR 20 HAe AR 0 A A7 1 5 IR RS0, J2— R T 452
B REMUS I ; Carter SEXHIEFENE (P cinctipes) W5 % DU ERR TL A L4 L AMR 1RO A i LS 0 A 32
WL R T MR T e pH B SRR IR A ZE L AR Lannig 25BF58 % BUA
SEPEARI( C. gigas) MOPCIHE GAEMEAERR ALY IS F % A T8 ™) (B G0 Tt M ) i P R LR
P 5 AR

http ; //www.ecologica.cn



74 A A5 R R A X TP O A S ) 1) R W T S i i 2393

FIAN MG EERR AL T AR B R WA E R JE 22 5 . 19140, Beniash 25 XF 32 P45 ( C. virginica) BF5E
R R PRAC KT 45 A ) 85 A TE N ) — Z 91 A2 TG 2 7 A R 152 e (] s 4T DL 0T %) A o A 5 8 o 3
Jint T s Nakamura 55 0] A B RR AL fEHE U RE AT (AL digitifera) FE4EUHE D> ARIBHES " ; Thomsen 45 £ %
R IR AT TR SR [ 52 M0 UL (M. edulis ) AR 5 0 30T S80S B [RERBE DL (P, fucata) A BERTFL
J# DL (C. nobilis) 53R DL (P. viridis) WF5E , BARFBHETE IR AL = B9 U8B W A HE I o e 2477 A A )
S (R T AR A AR B R[] AR ARk 0 i 2 S 0T BE 5 AR UK N IR T 4 1) BB D AN TRl
ST R R P R T8 B R )l TRV R AL PR R RS pH (B OB E T B R R AR A L4
WA B IR A, AR AL AR I ; AR Hr R N ROV 58 ) 55 AP B R Sy FLRE TR JE UM pH AR Akl Sk Y
SN0, TR E RS AR IR AT A, AN AR 3 1o B AR5 o LA/ 5 R RE H T AR 0 SOR AR A7

4 EBFBRUNEERRENZI

E4 b IR RR AL S MR T AT Sl ) B AL R AR 2 S T B I BRI BIL TR, B2 S A
SERIBACTBIT T RS, S T — RS ESHMEER (K 2) .
®2 BEBUEEEEEDDERREOHM

Table 2 Effects of CO,-driven ocean acidification on gene expression of marine invertebrates

s L7 WIRES B SR L Uivgh e 5| 22 ik
Taxon Species Methods Transcriptome Tested genes References
JEER B FEFARIE B SR F s 9O0E
’ 56 SR 48 KA X 54
Coelenterata ( Pocillopora damicornis) H# PCR SRR oA 2N [54]
SN ;7’1’4 YR . . X .
Z AL A (A, millepora) ETCRUJ IO TERL L S 7 A KA 4 H A [55]
T aspein; calmodulin ;
f/f{ﬁ&x)ﬁ% L RERHEDL (P fucata) PHtE R PCR — nacrein; she-7-f10; [56]
ollusca hsp70
DNA 3CFE #4725 9¢ . chi;chs ; nacr; nka 5§ 33
MG IL (M. edulis o, ; SIS 4 chs; nacr; -
MR UL (M. edulis) S B POR HINE R 4 P [57]
ijﬁ}i&d}f% . LAMFAR(H. pulcherrimus) PHtE R PCR — msp130;sm30 ;5m50 [58]
chinodermata
FY R ( Lytechinus pictus) FEPS R - - [59]
wnit8 ;pmarl ;alxl;
REKIBERE (S, purpuratus KICE B - vegyfr ; sm. H
LERIGA (S ) POLER PCR 735m30b [60]
msp130;sm50
B A SEREHG S - [61]
TN hsp70; gp96; nka; nbc3;
Oyva 8 = l) — 2
POt E R PCR nhe3 76 26 3L [62]
cyclophilin; msp130;
RS R POt B colp3a; pl6; suclgl; [63]
# PCR idh3a; sdhb; atp5d;

cox5b; ndufs6

TER R B 2 I T HES Y b I IONBEE 58 i 7 5E R 20 7, B S0y A= 285 s, PRtk B i
ROBIF 5T 22 LATRERE R X 4 S #ilan, 2009 4F , Todgham 5§ Hofmann DA SSERVEGAH (S. purpuratus ) 4 BN X4 F)
FHIEFRES R A6 B PCR Y7 1A XT3 5 1 K 24 1000 A= iy A 5 8 PR 7R TR PR R AL 45 14 T B Rk 1 10
HEAT T WRSE, R IRA 00 Ak S A5 A 20 L 0 1 R G BRI () Rk K T I R W ik AR e B e
S AR A A WS A — A 32 B T TR A 7 EE R M Stumpp S5 [FIRE LUEE BRI AN (S, purpuratus ) A XE
B0 26 D ATREREIHEAT 7296 E 7 PCR A, & BUACHTAR G R ik i B, AR WA AR AR DG RE R Rk B
P E B A SC R R A A EIE (U0 Na' /K -ATPase ) , A AT R (10 nhe3) ') ; Hammond 5
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Hofmann 1 VR RR AL 5 IR A T S 52 i, R TG E B PCR AN 1 7 /> 41 i 38 5 AH 5C 3k A 1)
IR, IR BRIERA (S, purpuratus ) B IAMNG K& & FEH wne8 AP0 4L FE A sm30b Hyzeik i FiE Sk
TR IR AL X A ) 85 Ak 52 i A9 AL T, Kurihara 45 F) FH 28 6 € 8 PCR $R M5 & 81 5 380 10 (AL
pulcherrimus ) 55 8 F5532 3 P msp130 FIRZZF) T, FEH sm30 FFEEH smS0 121 0 A UL A i 5 mg %

BAR FIRHGETE —E FRE b S TV R AR X JIEL BT FRGR KT (R S e {HLX eI 5 S S X Tk S A
JEFF BRI T 37 43 98 5 HLEN A K B, O v IR G — B B, Evans S5 A 3 PSS O ik 6k 58 BRI AIE (S
purpuratus ) BYRENFE SR FEATRN , 73 A AS 1 TR (B R IE 5 5 T SRR RV SRR DG R 1 3k K
A2 TRk I RE LA R R A A AR AR s i A i AR i O e OV T R A R, L AR A )
PRAE G IE AT

FRitEABAN , — 26 BAT 5 S E B RO AE S W (i a5 FQBR AL DL K 52 TR O ) oAy /D i i v e Ak
ML N RIK B GE . BN, Hining S8 2652 i PCR D550 1T R IR DL (M. edulis) S ERERYIE A
TG, AN EFERR LA E T e 18 R RE R AR 4 F AL 252 T 266457 ; Vidal-Dupiol 45 FI#% 5%
2 B AR N5 e 7 PCR X REMAMIE I ( P. damicornis ) BN 5 sl 64T T 5T, KBS A= W05 AL AR G )
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