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(L KRBT BE R BT el e b MRl T RS R R S5 T8 2660714
2 EHREEASKE AR LA 2013065 3. M RIS SRR MR SR
HEEL B S R OIS0 WS 266071)

WE 20174 7 A~2019 F 4 A M, KRR KR@RA , FGENEH 5 £ KF IR EAHESESH
F B, T Dame #5471 Herman # A i & 7 fix M 75 3 4 52 #5 1 (Ruditapes philippinarum)# =7 5 & o %
RER, WEHE, RMNEAERG TSRS a WEH 2.09~428 mg/m®, HEH 3.07 mgm’; FEIKGE
K 2.29~3.59 cm) #y J5 2 2 5 AT BALAMR Y T 8K E y 0.45 Li(heind.), S0 & & 35 8 = s 7 00T 38K
N 252 LAgh)y; FEZHBF IR, 2BM3IBWFHTELH N 0.18, 0.30 #1042 g; M E oy K H
fFEEE D 52d, SRR 1.58d, JUEJEAKEE N 2.09d; 14, 2 #/ 3 BfF i RAEELD
Bl 637, 378 #1272 ind/m*, E R, FEEBRFTRAECHBAFMEE, BWEU 2 BB IREXTL,
W R E N 582 ind/m’; LA 3B N KA XL, EEH NIEE FE Y 789 ind./m>. AFFRLERT
HARBERM B EEERAT R LK ET R ELRREEDRIENBIELHE,

P35 3 # % ¥ 1f; Dame 38 47; Herman # A K78 A &; KM 7A

FESES $932.6 XEAARIREE A XEHRS  2095-9869(2020)06-0100-08

B EREKFERE, WK E RS —, RRETR K IR A FE RS, K IR AR R
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MG AE: ST AR a I 23 00 A1 B IR 1 FE A B i A1 SR A A BT A 101

PLE (P L GE AR, 2019), B8P DL 200 i g
K. BEE—RINM MG, FEH S KRS E
(Ismail et al, 2015). J&ZE /K& & F= 4k (Officer et al,
1982), FBWRIIX] CO, Fhim S B A48 fh (P HE 22 4,
2019) . P S FREEIN(Gergs et al, 200935 J7 0 LZHE T
ew EENAETRESIRE, H—SXmEsE . F.
FELBC A 37 58 306 sl 5 A 25 2R B0 A s i — 28 671 [T 5 1)
(Dame et al, 1985; Hatcher et al, 1994; EIN=5%, 2012),

N T KT SRR SR 0 5, AR AR L AR
A 10 FITIRA L T T Ittt
TR SR 0 2 R A TR ) FRAH A e AR
K= SR B Ml R0 T R SE & ) T EAR R . R E R A
H WS AT LGB R 20 fitad 90 ARG, Hii, &t
JE T LS RN i) R LS (R I (T )
FL LTS CHH ) RN T (T 85 ) 55 20 A% AT VS 1Y) R 0 45
G TAEOTEDEEE, 1996; FHEFZE, 2000; 25EIC
2 2004; FHHESE, 2007; XIAEMGE, 2015), SRR A
FIRFFE T 80 R 2 Fh —Fh RSk, 8%
FETLAS B 10 A PR A S, B R IR 2 H PR
FE . IR E SRR RS, 2SS RGN B
TR S AR B R, E AR LBk . b
WAL . BRI . BRI RS i —
RSB TiE, TFAEB RGN0k shB W5 M
DL A YR B 3 Y S A W M R L2 B Sl A el
ABEITE T, B MshZS T ] LA B4k .
AR B A BRAER R T BE 2 AR, 5 P
G, (APPAG S R —E iR 2 AL REE
AT B BT 2 R 01, BARRENS 5h 35 M
TN A 25 R GE R R AE A, R PER R, (B9 A E
FISBAER £, SHEHFE EELAR | Ll AR
RIS Z R EER R, b A X425 . Dame $5
Frikde: Dame 25(1998) MR 4 & Wy B i 22 & g 7 11 37
RPN ST B, BRSNS R G0 R A 2] imj 2
SBCHL, (% B S R i e, B — 2 i
Witk , W FJE R (Gibbs, 2007; 3KAKLT 4, 2008).

JBEPH V5 S KA L TR AR A TR AT 1 S, 0
FPAE =t R ab 32.5 7 t, o B T I K SR BE L B 1Y)
90% LA L (7K A, 2008) . B2 M S Ay FE AL B MR AT 45 AR
%4 2000~3000 Hi/kg, #EFRNE A 750~1000 kg/Hi,
R R A REAE Y 4~5 H, £ 7~8 N3R5, BligiIT
AR, BEEIAAE 2 K, ol S AP TR RIS 9 A
HAIE 10 A LA, msessk, JEMmEInfrRa=
KRR, (AFEAETCIP I . A IR . SR S5
NGBS, e LK E IR & IR ek 6k 7
FLAM SR, R LIRS R B ks Sl &k

. BT, CAEHF RS RERCE . SR ES
By 7 2R AR AR i BRI S i ) AR AR A Y A
T VAR TR M VS SE A 2 MG AT Y 3% 5 2 o (R T A
2007; sKBHSE, 2008; XIZ<HEEE, 2015), HIA B PEAS
JEEE TS TR, ZENE OS2,
sE Tk, FoARMER R, DL HLE 3R
b F .

AWFFARIE 2017 4F 7 H~2019 4F 4 H 59K i 0
W B e ARKEESEER, R Dame 8155
Herman FRIAHSS Gk, REKAMEEBIE . )
G P TR D S8 KB E] 3 AN B R A, AT
SRR I T IR A VT4, IR NS 4
PEALPLR SR, AR RGKF i K SR A B Rt
HIS AR

1 #REFE
1.1 Dame 7%

Dame $§Hr ik & HORAS 50 DR FRA 2 B S0 AR
RGN TP T, BT K S B AT
W12 77 i ) A DL 28K B ] 3 N4 FR(Dame et al,
1998) . Tk r I it A 0 1) L 25 2 B o) DL 28 AR K iR
B A5 0 25 LR 2 (Carver et al, 1990), HEE AN
THFEA 31>, — RIS N I A A ' A VR F AR
KEFEM G, R4 RAE, RS
ISl 1) K 5 e B R A DX O i A 3 I
s, FK A B B ) 3R AIE 5 — 2 97 48 DL XTI
TEEY AR, DURUE/K B MR AE . Dame $845
TR AT DU SOFAG RS DR L 170 DL SR K
JE T F1(Dame et al, 1998; Callens et al, 1999; 5K4k4T
45 2008),

1.1.1 KREASGE 7K 115 B4 Bs) [B] (Water mass
residence time, RT)J&451Z 3 PN T A K44 1 74 A B
O£ % T 35 A P AR AR 4 B T L ) B A T, AT LAGE
I 28 0 T (19 A 77 ) B8 3 o R R I K B T
FERIFR R, ARWFFE R X (2004) K4 HE 19 e M 75 7K 5
TSI A5 B Y 7K A B ]

1.1.2 A% AE B ) ) 9% A& 72 5} [E] (Primary
production time, PPT)J&¥8 I PN 1 Vi A ) 4] % A= 7=
BBV PR Vi A ) AR ) R A ), A
ST U BT R A ) A W) i (B) 5 1 S T U L ) A4
HE PR 1P ELAEL

1.1.3 0 £ 8 Rt DU 2 % 7K 15} 8] (Bivalve
clearance time, CT)j&¥g D1 2433k 4 BT A3 7K A4 3 98
— 3k JUT e AR AT, A Ay v S ) Vg K SRR 5 DL
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1.2 Herman &%

Herman (199345 71 J& 38 1 B BLIAEE | W19
PR R Z BRI R, X8 BT D 2 FR 2 it

TTAk% . Herman BRIP4 7 K WA 9 A2 1k
AN
S = m)= P(Cly ) By) -2
Kb, P IR N R R (g/m’) s u iR
PHF BRI I A R (d ) s m RSk 9 PR WA 9 1)
FET- R BT 2R IRFHIMNYIETR); Cly AN

36.30° 1

36.00°

36.20° |

36.10°

120.05°

TERFEWFIIN , o m ARV, I
FIRFHA B A A T 7J<U@?£Hﬂ‘l‘lﬁﬂ DYSEE
BH DL 2R A I K AR E

1.3 SHHAEMEN

1.3.1 *tgEE a F 2017 4F 7 AL 11 J1H1 2018
1AL 4 AJFET 20 UL 4 AR S TS Vi
SR TE A (E 1) R R 2 BUKAE 800 ml,
0.45 pm BB FRLF e uE , 00 2 45 ol o7 PR WA
Y Chl-a ¥J¥ . Chl-a WERMMCOCE RN E, B
HEES IR QBFEAA L) (GB17378.7-2007).
132 MBAFHFFHEHEAMEDEE WA
FEIEA AR o E . IR Cadée(1975)42E H 1)
RN R =N

Cchla :PSED/2
K, Con MRS F[mg/(m*d)],
TR IR ) 0 YR A A ) [mg/(mP-d)],

FITREE (m), D o I ] (K S (h)

P, HEZ
E NEEZE

N en

120.15° 120.25° 120.35° E

AL T 3

KgAK FE M (g-d)]; By N K IR (g/m’); RT
SRR AT B R 5 P Sk TR 38 K 5 0 VR AR B B
(g/m%),
RN WY (P
o _(u=m) PR-P 1
"7 Cly  PxCly RT
40°
N
38°
36°F
34° L .
118° 120° 122° 124
Fig.1
Hrr, PoRERIZ KSR o W& EITRE:

F=C,-0
Xf, ¢, AREMNEE o TR (mg/m’), 0 N
R B [mg/(mg-h)]. BHH)ZE E TR BGE B IY 345,
[k R ECRH 3.7(ER %, 2002),
TR A R 3 C ¢ Chl-a 133, WY
F A =T 4 R a ARSI < SUE AR A < (C -
Chl-a), NV LIREBCALHEEFN, C : Chl-a HUH 33
(KR E5E, 2001),
1.3.3 B R AKEMNE REF B E T RERAAEIE
R IAF 0 PR K & T 7K 28 G0 % B R K Al 2

Investigation stations in Jiaozhou Bay

SCHR(Jiang et al, 2017)HEAT T . K MG K (B 1+
50 m Ze A7)l HCE 2% v A Y (80 cmx 60 cmx50 cm), Ff
T 3 O A IR KA (20 em*9 emx 10 cm),
T IS 1 SR AR e — K I, T4 i it KA
T, TKAEHE RS TR BT 4 om &b, Hi7KAL
BT 5 — v A TR J5 4 em &b,

kit RGEK R 3.5~3.7 cm). P GEKN 2.9~
3.1em). /NGERA 2.3~2.5 cm) 3 FIHLKS A FEAL T2 04
ff, BHRTENTKRE 7dGHHER . KRR
3 FPRLAS IS A A B 9 AN I K R (> B < =
20 cmx6 cmx11 cm)NAVENSZEGA, 55k 3 DA MG
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B0 37 KRS S Sk R A R A% I KR K R N
150 ml/min 2247, 914k 1 ho YIfLES RS, A& 1 h
W 25 A TR, IR O /N 100 ml (1)
T K RE A, (A 485 SXOBORE TS ER PAMAS(H 5
S4031GO, F [ )il 1 7K FF 3 UKL Fi i (I 2 A A
YRR 2~50 um), FEiEFT 3 REZHUEE, PAMAS Il
FE BRE AR LRI 3 R JEAKR AT A (Hildreth
etal, 1976)UIF
CR=V*(Cy—C)/Cy
Kb, VORI REDL/M); Co 1 C A5l
23 [ 2 R S 55 21 R 58 i (ind /L) o
134 FEARESFAMAAEKHIERE  T20184F4 A~
2019 4 4 H % H RS SR 5E X E 1.(36°11714.0"N,
120°152.9"ER4E 1 #% . 2 WF1 3 1 FER = IGAT 4%
50 A, AR R RN 2 21K o 58 98 58 = Okl i 21
0.01 cm), 7 BEHAL, HHEF RPN =R 40

36.30°

36.20°

36.10° |

36.00° |

~

120.15°

120.05° 120.25° 120.35° E

36.30° |

N

36.20° +

36.10° |

36.00°

Fa =N

120.15°

120.05° 120.25°  120.35° E

& 2

WAL THOOCHT EHE, Kzl 0.01 ).
2 H#R

2.1 RMEREHREE a =5 HFIE

PRI 2 M4 R o YR 23 0 AR RRAE LA 3.
METAARE, BINEREER . KET S E o RE
AR AL T 43 30 M 2.09~4.28 Fi1 2.10~4.02 mg/m®,
YIE 490K 3.33 F1 2.81 mg/m®, M4 o BHIME N
3.07 mg/m®, Z=H5 2 FA W (P<0.01), MF I 4 A
KF, BEIFIEMY EZ 00 TSI R ; 2
Zo (L XA S T A0 X B, YAV o S ke B A A1 5 Bk
25 e (L DX A M S 30 A o V35 A4 2R i (L IX 7
TS PEER AL EB IR A 1 o MR Lok R, &%
RIZTRIAEW L = TIR)Z, 25 B3 P<0.05); &
& HEMKER. JK)Z Chl-a T

36.30° -

36.20° -

36.10° |

36.00° |

T UP=N

120.15°
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D
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Fig.2 Seasonal and spatial variations of phytoplankton Chl-a in the surface layer of Jiaozhou Bay

A: %5 B %5 C F%F; D A%
A: Spring; B: Summer; C: Autumn; D: Winter

RAEHLER o WHEARRARI R 09E™
FTEUFAE D) ALY DR 1, M VS T A I 9 2

724100 450.28 mg C/(m*-d), VEBPFIFRIY) Y B
J92.48x10° g C,,
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Tab.1 Seasonal variation of chlorophyll ¢ and
primary production in Jiaozhou Bay
ISR NSRS
o a@FR) alRE)  msEa MR
A Chl-ainside Chl-ainside  Chl-a Primary
Month  the Bay the Bay outside product120n
(surface)  (bottom) the Bay [mg C/(m™d)]
(mg/m*) (mg/m*) (mg/m”)
1 4.28 2.99 0.99 521.64
4 2.09 2.13 1.21 510.84
7 4.72 4.02 2.41 364.65
11 2.23 2.10 1.13 403.97

2.2 FEEEMWRFIBAKE
T B KR SIS E 3 AR SRR R G

FREIIE K Z (R 2), FEF TR IR AMARTE K F R KR >
ORI >/ INRIA PR A 8K O RS < B <
ANERAR o 3 FlRLA () JE A =S AT AT BB K
0.45 L/(h-ind.), {78 5V 34087K %8 2.52 L/(g-h).

2.3 Dame FERREIEMGERMZIERERFFRERBR

JEH V5 JE A = A AT A P i s 32.5 0t (GRBH AT,
2008), B GEE>3.0 cm)ERIATE R 6 g, T4E
sk 5.42x10" k0, FREEJEI 2 47, HEBRME IR
WAFEAF R 1.08x10" i, BENETEAT, 349 km?,
SRR N 7 m, KT 2.44x10° m*(GKEAE, 2009), B
SR K 145 8 I ] (RT) N 52 d (AT, 2004), H
P LA SRR R A 45 515 21 Dame $5 bR 1Y 245 5L
3,

*2 FEERFEVFSERIEKE
Tab.2 Biological parameters and clearance rate of R. philippinarum
B Fek FE UL FC BRI E PR T E Bk IEIK R
Size Shell length Shell width Shell height Tissue wet Tissue dry Clearance rate  Clearance rate
(cm) (cm) (cm) weight (g) weight (g) [L/(h"ind.)] [L/(g'h)]
/N Large 2.29+0.04 1.66+0.05 1.08+0.13 0.69+0.13 0.10+0.02 0.36+0.08 3.60+0.82
1 Medium ~ 2.97+0.04 2.07+0.1 1.53+£0.08 1.46+0.13 0.19+0.03 0.42+0.12 2.19+0.61
K Small 3.59+0.15 2.53+0.06 1.75+0.06 2.75+0.44 0.34+0.06 0.57+0.15 1.77+0.45

£3 RINEEE Dame I5IRIEELER
Tab.3 Evaluation results of Dame indicators
for Jiaozhou Bay

F8 4% Indicator 018 Value
7K 145 B A ] RT(d) 52
WA 77 Bsf ] PPT(d) 1.58
D125 yg /Kt [E] CT(d) 2.09

2.4 Herman FHEMGEHKMNEFERRFRERE

52 PH 25 R T R A 45 R S, TSP S S AR I T A
Y PN 3.07 mg/m’, VOIS AN AR IR I EY) = P,
N 1.44 mg/m® . B K LR A R A G A1 97
BIUEK RN 0.06 m/g, VRFAEYIE K 1 BL0.99d !,
FET-% m BL 0.001 d'(FBA, 2009). 4R EdE
1 Herman FiE, fHR|FEFEIMGAFRIEA T By N
16.31 g/m’, AEHEIG AR K52 A A BE WoR
1% 2 3 3 B AR AP S AR T E 40510 0.18.
0.30 f110.42 g, 53 1. 2 #A 3 WA FFRER
%18 637, 378 #1272 ind./m’,

3 SthSitie
M2 a RTFIFHYDEE R EEN AR, K

o3 A 2 T WA 90 AR ) i T B 1Y 48 BR (Culver et al,
1989), JEPFAL N V5 258 25 i OB IR - Wk A Bk
ZE(1995) B A 45 7%, 1983~1985 AF e 5 1136
JZHEKM 2K a (5 E N 1.02~15.62 mg/m®, FH&
BN 3.05 mg/m’; R EFRFQO0NHIFITIGH, 1991 4F
5 H~2002 4F 11 HBINIEMHERE a BERN 2.09~
5.70 mg/m®, F¥N 3.47 mg/m’; T EFESHQ015)HF
FEFW, 2010 4F 6 H~2011 4E 5 M5 %E o S8R
1.02~3.88 mg/m’, FH54 2.85 mg/m®, ARJAEM 22 [H)
FAE—E I SITER . AR EE SRR, ek o FH
E 2.09~4.28 mg/m’ ZJi], ¥I{HF 3.07 mg/m®, MAERFR
TAKE, MR E o WEAZAHE, %A
ERTE S 1 e N N R

U8 7K 8 3R IR B B[] P 0 DL ir ik oK A
FIRER, JRIPAL FRIE A B O R AR 2 — o ARBIFSE I
FE R IR AT UE AR R B LR K %, A%
GEEK I, I R T RE LS S s A1 AE B AR X rh
OPAERTIR N7 = WU b (= N0 | W O e -3 = 1 B3
K &R I 0 R B (bR AR A, 2005) FIRURE 1
BRI AE B (FE 3B 2845 2012), (B4 mHh I EE 5 52 5
PEAK R BUE . DRI R AE N2, T AR AR
K, HARAF B St S it Y A SR R
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BRGSO R RFESE), BOB =N, (HZ{E
Wk B 5t L B AR | X I8 AT A TR RS S R R
2y, MELATERFANSLI R T Iz s ARWFSCR IR 3T
15 15 ERIURE RS B T8 /K RN 78 T v S T S A [ P
R A RT UE B DR E AE BEE  , IR O
FUA ] e e FR R e BT 1540817 . A2 AN |
PR A T B R — R 0] 2R R D SR A, AT AT
SR UE B o o ASHIF 98 T B i K S 56k
S R B I R B AR B AA2 T KA R T
8B PE DTS 8K M e Ty i i B P E R ERR PR, S
PR B L BB K RAG B 1 IR 2 PR 45 S M
AWEFE 2238 Dame $8 4715 Fl Herman A1 45 &
A PEAS B M S SE AR = IS A A FR A 45 i, Herman #5
RUGLHG T 7K = B8 Bsf [] 0 A4 7= sk () A6 DL 2K K s
() 3 A~ EZ LRI 2 R, EiE A I R A
1A 25 R G R (Dame et al, 1998) . 7545 & ML Y ,
p m F Cly R BB, WA 1 K A
SIS ) s D12 ik (B AL SR, 2007) . Dame 55
(1998)F5 H1, 7K AT 45 B B[R] AH X6 48 55 (<40 )RR 9
PRI R (<4 )ROSR, AT LGRS R AR DL 284
Yrim o BTSSR IR AR KRR 2.09 d, #1494t
PRI 1.58 d, MK AE B ETE Y 52 do AT, A
1o KOV BRI A 7= T e 35 3 R SR I AT R 5
FEEAT M VS FE A T2 wA A1 A ORI BR R B &2 B0,
VAR, M f FE R A BIAE DL £ | RS TR
fiK. WP . AR RMRE R SIS, bR T2 K%
IRBER M A, 5 25 L PR M VS B ) SRR R A AT
FREH OO IR A . AR R, O T G
FE B Y 4% R B 29 7 2500 ind./m?, SEXILEIE B
2424 450 ind./m* (FK A ZE, 2008), 2 3 F1 3 #E AU FRIE 2
3K 378 1 272 ind./m?, SZBRIETE R T R
e, DR AR RN TR R R
— FFH Dame #5451 Herman 5 50 3FA 35 58 25 10 1)
FELZEEYIRE T RFREAR, MIFHEREZL
PR Zm, DAASTEAL ], SEAER A7 HE S 3 2
AR W SRS SR, BRARK H IR AR, K K A5 B8
Ak a] (52 d) [ K AR i K BB, ASA TG AR A A7,
FEIE A I/ o TEAG B B E R RIS AT SR A
B, 5 FEE T2 A1 A 5] A U 1 B A 8 B M
B2, XA R N — R IR 2E . IR A AT
R, AR R T A R SR NS
FEFERRINT 1~2 B F 2~3 {8 1Y B SRBET-F 70 510 35%
I 47%(HE—F-45F, 2006), diaFMEAE, AL 21
WA R SRAH X G, DS B A #E R B R 582 ind./m?;
DL 3 I R R At 4, ) 789 ind./m® MiEH . A5

W, FRBE 2 A A AR R 3 1 A D B 2 B0k T LA 2
FOR, SRR X — R TR, TS R A
W shA A4k | BRI sh A AR Ak DL KoK 52 B8 5[]
fy2s fal S RS, KR 2o i A R TR AT,
ST & AMLAS E A, S TH IR G 28 1 VAN 7 ik 1)
YER P A 1

2 % X M
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Estimation of Carrying Capacity of Manila Clam (Ruditapes philippinarum) in
Jiaozhou Bay Based on Spatial and Temporal Distribution of Chlorophyll a
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(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
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Shanghai Ocean University, Shanghai  201306; 3. Laboratory for Marine Fisheries Science and Food Production Processes,
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Abstract
(Ruditapes philippinarum) in Jiaozhou Bay is estimated with the comprehensive fishery survey data,
field simulation experiment, and growth tracking data between July 2017 and April 2019. The results

Based on Dame indices and Herman model, the carrying capacity of Manila clam

showed that the average chlorophyll a concentration was in the range of 2.09~4.28 mg/m’, with an
average value of 3.07 mg/m’. The average clearance rate was 0.45 L/(h-ind.) and converted to a
unit-mass based value was 2.52 L/(g'h). The average dry weight of Manila clams at 1, 2, and 3 ages
were 0.18, 0.30, and 0.42 g, respectively. The water mass residence time was 52 days, the primary
production time was 1.58 days, and the bivalve clearance time was 2.09 days in Jiaozhou Bay. The
corresponding carrying capacity of Manila clam were estimated to be 637, 378, and 272 ind./m” for
1-year, 2-year and 3-year old clams, respectively. Currently, the cultured quantity of Manila clams has
exceeded the carrying capacity. It is recommended that the stocking density to be 582 ind./m’ if
2-year clams are considered as the target object, and the stocking density to be 789 ind./m” if 3-year
clams are considered as the target object. The results provide theoretical basis and necessary data for
the development of the clam aquaculture in Jiaozhou Bay.

Key words Ruditapes philippinarum; Dame indices; Herman model; Carrying capacity; Jiaozhou Bay
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