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FKIREH ca® " \Mg® " MR EX I EFRERKTIA
E 8, X, RS

(FEASHFERE &FAKFHLH, L 200090)

B OEASENTHALNSRARPEREE ALATEY C2 Mg . C&T + Mg T EEA
Cal' M@ At P RAFE AR LY h, BRAE. ()FTENFARKEYRELFN CL
Mgt BEFRAER 554 24.92~280.66 mg/L.34.5~344.9 mg/L; (2)Ca®* /Mg?* st 1:10, & F @
MR A GEE S, Q) FPESHEKE C  REAEWAR, LELRHA TR LT o d Bstires s
¥, 2t Estarsed i Mg RAREETER 12 9K FEFLK,

@A, FEAE;Calt M2 A AR Ak
hER4& S 5912;5968.22

FEE IS IR RN M E R, AR ER IR
Ak R ESRAMMER. BEHPESIFEHT
KIBE T M AR K KB R, BAEPIR X MK
KBRS R, ARSTUG F EARE IR RRK
KEME Y AL EEFHATERBRORRET,
EEMET Ca2" Mg?" R HEZHEMHEXE X
w B AR A TR R, o 0 R A P K K 3
AR e R,

1 5%

1.1 oM

1.1.1 hEXMF KA LEGEREREKSH
SErERE. BREAT2K 1.9~2.9 em, i
BRERAEFASL MEBEHE. EKEABAT2K
3.6~5.5 cm, RIRA B HEH 50 L HEHEE.
1.1.2 FBHkE#HRS RBEEKERELRH
RUATEABEY, ERHIE C' X M A
Tk, AREELREHEREIN G Mg .
B R sk ibed, aFtEKRA
KRR KRR SRS E 6 8 kKK, 5

WRAM. 1999 03413
EHEAD EB1955 ), &, LERRRA, HEAHZWRE
R KB BIER H BL MBI Rh Sk ek e SRR A

N RRERIREG: A

BARAKPIRA Ca’” Mg WL, LR |
EREM Ca T M2, P BIHE AR K Ca T RE
WA, REGEEAHE,
1.2 F#E
1.2.1 AERFHSAMEEERRE ' M7 R
BT ia sttt H 10 MEREH(E 2),
Mgt IR ERE, U G2 R 34.49 mg/L 4
HAE, MARE Ca2 /Mg WETMRE. RARS
AtEiek, REEHAN 48 b, 5 20 B, ¥
HBL H KRR (EE 3, Ca2¥ 34, 49 mg/L, Mg**
103.47 mg/L), £ FATH,
1.2.2 ca** + Mgt BlRS ca’ /vt tEEX
EXirSaSEIRRE LR EETRE
Cat™ + Mg BB a2 /Mg LB HZREIH X
AAMPEN AT, RRRE C? Mg
BRTAESEXBERNER L RITT 2 RE
(Ca*" + Mg?* BB .Ca®* /Mg " )3 KFM 1,(3%)
EAST 8, o A RFAE LR, RBEiHH
BEKFLF 1, REBLSMHERE RE 24
I 48 b IR IE BRI HAT AT,
SEFHEEBLUTRETAPENTENER
b5, R R B A BOK,
1.2.3 ' Mg"HFEKRE ZHPAHNTFR
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B#EERBRSR G ERABRE s M RERE
#, 43510 17.3.20.7.27.6,34.5 F 172.5 mg/L,
M KRR FBEE R 111 mg/L 1 4, B
Mg WeBE M IE %K 172,

REHE, FHEH(E. P BE 1K) EBS
(BIEE LS h FREREENRE), S8Rk
173, BB KREE N 25.4~ 30T,

21 EXRitdBERREAT

Table 1  Levels of Co?*/Mg®* and Ca*' + Mg* in the

1.2.4 HE\EAE RRHEEGE, RAEWEIT
Eab AT ER 3

(1) BB TS BT A 803, R AL 3R 07 (5] I 38
TR LGy, A RTFH Ca* Mg * Xfep E %} 7
RIBEPEIEIR, 3 LC, M Lo ER A MB /v
B, IR A FI B,

(2)IEC R AR E4ITE, 84T F 8%,

)P EN B L WBAETHE, 4 »
=(p’> =)/ (1 - )HTRE, X p* AEREW
BT TG I BEBHRTESN, p IRERS

orthogonal test MIFETE A
Ax KF  Level
Factor 1 2 3 2 gﬁ*
Ca®* /Mgt (A) 1:1 1:3 1:0
Ca* + Mg2* /(mg+L""){B) 46 1% 690 2.1 SEFANBRERD
%2 RATRBM G Mg REERBLER"
Table 2 Design and results of single — factor test
Fif/c A E-E=2 Group Na.
Water I
temperature tem 1 2 3 4 5 6 7 8 9 10
Ca“/(mg-l._l) 0 1.2 6.0 12.¢ 325 172.5 4140 793.5 1104.0 1380.0
19.6~21.6
S‘ﬁ-‘ﬁ*/% 35 35 52.5 85 a5 100 70 25 15 5
urvival mate
Mg /(mg- L1 0 345 103.5 3449 4R2.9  586.3  GRO.8  1034.7 1379.6 2345.3
21.8~22.5
#g¥/% 100 10 100 100 72.5 62.5 47.5 25 17 15
Survival rate

= Xt L4 o S HAE A7 45 100% . Survival rate in control groups are all 100% .

2.1.1 Co** RPEIEEEFRIENE F£2 Bn,
EX R R HERRE C et h#EN
AR - LR, RIEEME Ca2 " EN
WIWG L F, XHEF C2t MR NI T R,
LIS 5 W Ca* MW 34,5 mp/L HBEWF
KR, BT RERERHT IR LS H, BT
RS R E C8 H, RAVLRENE 74k
BEFT AT AR Ca2 il LCsg 7 3.10 mg/L, B Ca%*
#H LCyH 558.33 mg/L. 1 Ca®* I LC 2R
Ca>* M9 LG, RL AR E X UF 4 fFBE B RO, BD a2t
REWEME N 24,92~ 280. 66 mg/L. 75, &
Ca’ " ZHHY 1.Cop(0. 37 myg/ Ly £ v B XTUF 4 77 5 {5
BB Ca®t AR LCo(1 381.19 mp/ L) BB BT,
2.1.2 Mg XHREIREFFAMIE 5 E iy
RIFHAHE Me? * RAHRANTSE S, WE2 TE
H, P EXEREE Mg?* R Mgt B RN 344.9
mg/LOAT ) Ca® " /Mg? " Eb M 1:10)3RBLF, 48 b
HMIEERIH 100%, PEXIFA D EES TEEEK

Mg 3. 1 R K PIER E7F. Mt LCs 2 691. 34
mg/L, LCog X 2 290. 78me/L.

2.1.3 BEEENBRBERNKEIR HTH—%
TRAREET Ca* hAxPEMIFEEENE
WA AR EF(3.6.10) T C2" EHFHER
%, W3,

Hatching rate

L%

#HH Group

B SRS ERE RN RE
Fig.1 Relationship between salinity and survival rate of P,

chinensis
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WE L TTLE S, RESERR, ERASET WEMEETRERER N5 ce KELARES
Co WBE B D E A IF AW EBEA — % RN EH A AE R B ER (P>
S, AR T Cal* W X BRI AERE  0.95), 800 55 Ca>* e B 2 IR A T4 T o L
Wy R R, RENRES AN FFER  SERROMNRE BELER,

#3 TRRENCcS RRRE

'Table 3 Calcium concentration at diffevent salinty mg/L
e BF R Group no.
Salmity 10.05) 2(0.15) 3(0.03) 4(RFEER) 5(5) 5(10) 7(12)
3 1.73 5.75 11.5 34 5 172.5 3450 414.0
6 3.45 11.5 23.0 620 345.0 6900 8250
14 5.75 19.2 38.3 115.0 573.0 1150.0 1380.0

H.EEHALEBHA G FRRESEEBA ' FREEZ . Bracketed s the rano of Ca®* concentration in test water to that i ses

water.

2.2 Co** + Mg T BRE /Mg IERRE I, —BH Ca® T Mg BB Ca? T /Mg R
KBAKHET FEhR G2 M 4. 8 EXEREFERmEL, FARBERLE 4,

F4 EXFEAFAFEEABRER

Table 4 Factor levels of orthogonal design and experiment result

w0 s BE Lo i s nBEE/% 48R EEE%
Eepeniment no Ca?" /Mg G Mg12+/ G mg L7 Mg/ (mge L) Survival rate Survival rate
(mg-L ")
1 1:1 46 23.0 230 95.0 87.5
2 1-1 138 a3 0 6%.0 97.5 97.5
3 1'1 691) 345.0 5.0 100. 0 97.5
4 1:3 46 11.5 4.5 5.0 67.5
5 1:3 138 345 103.5 100.0 95.0
6 1:3 630 172.5 517.% 100.0 100. 0
7 1:10 46 4.2 41.8 B?.5 65.0
8 1710 138 12.6 125 4 97.5 65.0
9 1:10 690 62.7 627.3 100.9 97.5

AT BRI Cat /M R Ca2* + Mg FEBIAHTT 24 b R 48 h FERTFEFER, H#ETT
BRE_HZANTEAMANPENFEFNER,  TEM HELERS.

s HRBERKTZHE

Table 5 Variance analysis of the resulis

THEE H % Vanance AmE ¥ Mean squarc F
Vanation source 24 h 48 h Freedom 24 h 48 h 24 h 48 h
A 3.62x107° 0.1033 2 RS 0.0517 4.0123 14.03 87"
B 1.86%10% 0.1875 2 9.30x107 ¢ 0.093 8 20,6547 25,4727 7
AxR 4.72x107° G.089 2 4 1.18x1073 0.022 3 2.616 6.057"
ARz 3.61%1073 £.029 4 8 4.51x107° 0.003 7
FEF(2,8)p 05=4.46, F(2,8) =864, F{4,8) 5y =7.01. » REBEHEY Sunificant difiezence, * » BRERBEEH Bxremely

sigruficant difference.

WA EHEMYHF BT FRE, B8 hE WE.CT M REMEBE T EANCEEFER
a=0.00 Me=0.05 WEBEEEMHN, Ca /Mg ¥ BE BEMHKMERA G2 + Mg >
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Ca*" /Mg?* > H R,

AT H—FE4W C* + Mg BB K CST/
Mg " tLER B KT H 5 R & B F R BRI
HREWAEEYE, MERKT(E ERSET,
R FE G I E P AR, il 2 B, 24 a
5 48 b PETIFFIEEB YRR, P EFE
WERWE Ca+ + Mg* " BRI Mm#E/E, H,
Ca’" +Mg®' BB H 46~ 138 mg/L WX EFRF 1%
RIALAEE, MEEN 138~ 690 mg/L A, 77
EREAREE, EABTEM,

—_—
=
=

o " e — ——— =
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290 T~
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=5
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éf 80
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H

il -+ =
e 1 2 3

H3 Group

=Bog «me—— By

= Agyp -l Augy,

M2 @EEib(A). SRR SPERGEREXRA
Fig.2 Relationships of Cal* /Mg" (A}, Ca** + Mg>* {B)

and survival rate of P*. chinensis

A, M Ca?t /M L S SIS R L R A
F,24 h G2 /Mt fHAE 1:1~1:3 {E Py, SAF

MIFETEERE G + Mgt BRRME NG TR,
fHEER Ca°F + Mg® " BEM AR, X ISR
T, 48 h M AFFERBRAE Ca2' /Mg B 1:1 B h
B, HM#E Ca® + Mg® BBEm, HFEEET
P, MEXRHBERTUAL, AR ZREE N,
Ca®' + Mg"' B &L 690 mg/L X E IR R4
TR, Ca>* /Mgt HRE 101~ 1:3 B NN HF A 4
MBGEE., W& B3 A AR E T A R
th20 R E X AT R A E P

2.3 KRR

2.3.1 CTERKIRE Ca’ " REN P EMIFE R
R RETT 2, HERETHAENEHRA
M dpxtirERIdR. WIRRIFHESR, RiEE
RTFEEEK G EEHEERTERSK Ca2"
HEHM P EIEFE ARRE RS, K& BIF S8
FTEME 1 W7, HAATRYEIEF C ARkl
KPR E, B 5 G AR T EEHRRMA
fel, 7R 2 0L 7 B LR,

2.3.2 Mg &ERRE LT 17 d, AFEMIF
M4 KELE, BRAMPENIFHERERE K,
KREBBFE 2 R, THBER 3 KR TEHEF,
Mg*t PR T FEE PSR ILE M, B
HRBRHHMER, KRR FEL, M RRE5E
KA g, PESTIF R E R R
B, &6,

&6 Mg A ERFEK KK
Tahie 6 Effect of Mg”" on growth of P. chinensis

A HRRH/R B/ 1 FET- 4/ % hB/(g-FE ') Body weight REFHE(g B a7V

Group Sample nos. /ind Exuviation nos. /ind ~ Survival rate HBH Trinial HEEEY. End  Daly weight increment
1/2Mg" 8 20 35 35.3 0.360 0.78 0.0247
S Conrrol 20 44 15 0.237 0.65 0. 0245

Mg?* AP E XL KR e R &8, o E IR

EME BT EREA L2 KB ERFEHR,

3 1Tt

3.1 Ca¥t M RELXHERAYhEMIFERFR
A1 7]

Ca' Mg  BETatEERB £, FEM
SRR DAFE Ca® R FIER K 10 509K P41,
BEC RERTEEBAKMKIHT HEH.
M Mg®t B RS EN S Ca® MR, W E IR
fif M®™ BB 32 0B, FEX Me? " Kb 48 h HFiER
525 100% . (B3R Me®' KNS SR,

Bt Ca®' + Mg® " BB Ca®t /Mg ELfE R o
= %ot KR A7 5 SRR Y IE S #, Ca2* + Mgt BB X
Xt EF i R W R

it — B EIE C2T + M B BT G 5
Mg? " AP EXT AR B E R, 0B #HT T &
mASERFEEEBRSRETHE, REELE
ZiRBd, PEAIFFEEEE G Mg® IR
BN, HEEL¥P C KENEMR, Ca'
+Mg?' ot /Mt A B ST IF A WIS I
KRR RATEZMFAEL LA, Bt 2
HEFBEAEAER K= LCM/(LCqgA + 1.CsB)
BitE(RXPABRELMEF. M BASBHE
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), K<1 i, AX AR BRX hHBIE
ﬁ;[ﬂc

HEZRRP, FEIIFHME CS* M M2
M HBERER, B G2 5 Mg ZfF —
SERHME, F Ca?* KR Mg? T W= A HYER,

3.2 Cat'/mgtt B R E R EFAE R

Catt /Mg B X R E IR X T AR B W R
K, WPEMFEFREGERE, A M2 REFIR
B UEE, Mg? SPENFNEFERAK,
HEEZRRS, PEMIFOFTEENBEE G/
Mg BRI TR, HEBERATRZE Ca?*
W,

3.3 Cat Mgt P EXUEKERNE

AP Ca?* Mgt X o B AR B i 0 B
eSO RLIRE, NEREREL IS KBETM
B PEE Ca2' /Mg AR R AR, B
IR Ca " M A FBITE RN EHHER
SEF-EHR, AFRRERE, G Mg K
EEANEBREWBREMITHEF, WHERE
MK,

FREHERFER, ABERAM D ' BF
+HBEEMNAER. EUKECFEHE C wEXM
A AR R4 K@ met 15, LR M ER & 54
EREBMNES, KXEPHEXERENEE,
Digby! " .85 18 th, B 5 S #10 B A ALK Ca
WEAX, TREARTHALAD TER] TR

Frid, L Ca?' FI Mg MRS AR R ABE,
0 HE KT Ca' Mg RFI T H 2R
A, BT M AR .

MC?T Mg K BER, FEXMIFHESEK
EM SRANEREAK /2 BKT, HM G
EREH. REPENFREFARTEARTEY
#KM Ca* AR, BREFMEIMER, G RMRT
FEMNEFERMREE T, TRRY, KFHE+FH
ETHARASBYNPEANGHEGFRERARER
FEM, BRITAN, AA—EWBTHREME TR
A REWE P E IR A AR E,
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Effects of concentrations of Ca’* and MgZJr on
survival and growth of Penaeus chinensis

WANG Hui, FANG Wen-hong, LLAI Qi-fang
{East China Sea Fisheries Research Institute, Shanghai 200090, China)

Abstract:

Single — factor acute toxicity test and orthogonal design were used to study the effect of the

concentrations of Ca®* and Mg?*, Ca?* + Mg’ and Ca®* /Mg " on survival and growth of P. Chinensis. The
results indicate that shrimp would survive in seawater with Ca>* 24.92~280.66 mg /L or with Mg®* 34.5~
344.9 mg/5.; when Ca2* /Mg?" equals to 1:10, the survival of shrimp is not affected; the growth of shrimp is

closely related to Ca®" concentration, and higher or lower Ca®* concentration can affect the growth of shrimp;

shrimp can grow in the water with 1/2 Mg?* concentration of seawarer.

Key words: Penaeus chinensis; Ca®’; Mg?*; toxicitys survival; growth
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