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20%%0 B B 2 5 (MR )R, BOHCR A -
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DL I Ra Ok
1.2 XWHE
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T SR T BB T ARG 2, 5 1 WKIE ST R
2018 4F 1 HIR(HIE N 4.5), B IMRBRIES 3 E
(No=300 H, J&%& 250 % FE I ph 43 7)), 154
FE ARG BOHOE (. e 1 U AT TE] Ry
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B4 MET R4 30 IR EUREREA>800 1), T
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ol . e MEA LK 4 NMIEEER, A E
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1.3 HEESH

SEEGKCHE ] Excel 2003 #EA70 083, 144
9% K (survival rate, SR) . 4%} A= K 3 & (absolute
growth rate, AGR)FIFHX 2 4 3 B (relative growth
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RGRij W5 | TSR UG | D AERKMRM -2
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IHHB®EE R; | £S5 AN ERME
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6.5. 7.5, 85, 9.5, 10.5, 11.5, 12,5, 13.5, 14.5
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SGompertz: Yy = L»xexp{—exp[—kx(t—t()]}

Slogisticl: y = L/{1+exp[—kx(t—to)]}

SRichards2:

y = Lax{1+(d=1)xexp[~kx(t-t) ]}

3 MR SHOE A —E 2 57 (3 M
B L 2808 L —3%0), HH SGompertz H y M ¥
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B 77 G B (] ) AR AL B SR — B, STRIEE R
FEE A THEERR, BRMIETE RNANE
RIS E RN E, HhEEeE
EHRNAATE RS, AR EE RF
TR — . TERRIEBERD 3.5~11.5 H &[],
FIEH R IWAETE R I0 8 3% 22 57 (P>0.05), 7F

100 |
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Fig. 1 Differences in survival rate of different
Pteria penguin breeding lines
GLHH means golden-lip breeding line of Hainan; GLGG means
golden-lip breeding line of Guangxi; WLHH means white-lip
breeding line of Hainan; WLGG means white-lip breeding line
of Guangxi. Different letters indicate significant difference

among the four breeding lines at the same
age of month (P<0.05).
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12.5~15.5 J 0, LRI E RNATE R %
BT AB®RE £(P<0.05), HEMEERE
REEREER T NERERTRA2.5 A
M1 13.5 H#%, P<0.05); (HiFm &RIEE R 5
B E T R WG R 22 708 2% (P>0.05), T
V&R E RS WHBIEE R WA RE 12
SEIRAN B2 (P>0.05).
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MR OE R RO ER I W R AR E2E R
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K, TTUARIRE R — i/, £ 6.5
Ay, 8.5 Ay, 10.5 %, 12.5 A#:F1 145 H
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A A7AE B 3 22 57(P<0.05); {HFE 4.5 A #& i} 225
ANEFEP>0.05, ¥ 2E); HihiEMEREE R
RE—RK, VI HREE R E )
& 2 G55, 4.5 AT, 4 RSB ER L ik
BAREMAERKMIRGEK ., T, 720, BadKm
TR )G B 3 22 5 (P>0.05), )5 HoA K AT B
25, HiBME&RER RMAEKERRL, H
KEBEABEE RN VWHEREER, ) A
JEEE R A KRR 2% .
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e
= —_— S S = I = %
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B =30: X n=30; x+SD

Pog, , mI0FSD 2 50 A

%75 I ‘5 30 [e—jab——Jeb— |} age in months

g [ E— S foe— spe—F

& 2 br———y, —— 85

30t 3 ; s =05 tp——ape 105

K15 T —p b Yab ¢ —x— 125

dr o n : n ! N : n ; ﬁ0.0I * ; ¥ \  A— ) —— 145
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1 H 2 breeding line

K2 4 MBI HIET RTKA).

1 H A breeding line

FeE(B). I (C). BAELKOAKEE)MERKES

GLHH N4 /RitE R, GLGG A P4 /RiLH R, WLHH AiEMABLE R, WLGG A THBLEF &.
AR INE TR R AR IR H 18 59 4 A8 7 2R 1) 22 53 2. 25 (P<0.05).
Fig. 2 Differences in growth of the shell length (A), shell height (B), shell width (C),
hinge length (D) and body weight (E) of Pteria penguin
GLHH means golden-lip breeding line of Hainan; GLGG means golden-lip breeding line of Guangxi; WLHH means white-lip
breeding line of Hainan; WLGG means white-lip breeding line of Guangxi. Different letters indicate significant
differences among the four breeding lines at the same age of month (P<0.05).
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Fig. 3 The absolute growth rate of the shell length (A), shell height (B), shell width (C),
hinge length (D) and body weight (E) of four Pteria penguin breeding lines
GLHH means golden-lip breeding line of Hainan; GLGG means golden-lip breeding line of Guangxi; WLHH means
white-lip breeding line of Hainan; WLGG means white-lip breeding line of Guangxi.
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Fl SRichard2 A KAEIRIHIE 4 NEREILER RIP
SHRAEEYIIE, AR ME 5 i,
Slogisticl X RS ER I Fe K B IS R e 22 (R =
0.991); SRichard2 X[ G2k I K LG L
H>h 145, Z[E 5 AR BE D52 FR A AR R I 25
WK, HZEPRHERZER R, R 100455 K BR);
SGompertz X 4% Bk DA KR 09 00 & e
(RP=0.996, &l 5A). SGompertz %> K22k U1 7% 55
LA LR 3 (RP=0.999), H L.} 102, 54K
PR DU B A KA R AW & (18 5B). 3 AN ERKAHY
Xt RS B2 Bk DL 52 98 B LA #0 A1 (R°>0.998), H:
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Fig. 4 The relative growth rate of the shell length (A), shell height (B), shell width (C),

hinge length (D) and body weight

(E) of four Pteria penguin breeding lines

GLHH means golden-lip breeding line of Hainan; GLGG means golden-lip breeding line of Guangxi; WLHH means
white-lip breeding line of Hainan; WLGG means white-lip breeding line of Guangxi.
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Fig. 5 Fitting of three growth models on the shell length (A), shell height (B), shell width (C),

hinge length (D) and body weight (E) of Pteria penguin.
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(LA R R B (RP=0.998, L4358 92 Al 107,
¥l 5D)., SGompertz il SRichard2 X} 4> %% Bk Ul {4

A R K 0.999, {H SRichard2 1 L. 41150,  2.4.2 HEBIRNLERKERE SGompertz 1
HIRMERZE N 6944 (L5 RAKBoR), HIL SGompertz  BUNE  NH1E 4 MBI IR T R\ MHA
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[ A K R H B, AHEE A RS2 2R DL 5 A
A RAPEAR 38 FHAR AR SGompertz X} 4 RS2 ER
NEE RE S MERMREITELS, AR
Bl 6 Fim. 4 MIEISEE RTKBAEM Lo
79.392~86.447 mm, K MFaE, Hy i H Bk
FRAEKMWPEEKWMRELR, JTHAHB®RE &R
SR EAE KW R /D, 4 MR KEE TR
R>0.98, IABREF(E 6A). T HHHIBEE R
FeE ) L2k 157.096 mm, it EBET &R .
BREABEEFRMN NE&EBERTRRTHMN L.

u— y=79.750xexp{~exp[~0.273x(+-7.939)]}, R*=0.992

u— y=100.094xexp{-exp[~0.147x(+-11.630)]}, R>=0.995

(100.094~109.963 mm) 50%LA |-, 1H 4725 A9
BT REEAF(R>0.98, & 6B). 4 kSN kH
ZRACTEH Le N 46.263~59.992 mm, Hi ¥ HE
WE R AE RN, THEABEE R
A KRB K, 4 M52 A RN R =0.99,
PLA BRI (] 6C). 4 MK IR T REAL
KB L.k 83.137~93.019 mm, #I4 TN R>
0.98, EFUREL(F 6D). 4 MRS I T R1A
F LN 115.702~128.225 g H1181.022 g, &
JrRE R>0.98, AR ET (K 6E).

u— y=46.699%exp {~exp[~0.158x(¢~11.797)]}, B*=0.995

o—— y=85.052xexp{—exp|~0.245x(:-8.476)]}, R*=0.997 B *— y=108.183xexp{-exp[~0.130x(-12.804)]}, R=0.999 C o— 5=50.927xexp{-exp[-0.142x(+-12.833)]}, R=0.999
a— y=86.447xexp {~exp[—0.243x(-8.490)]}, R*=0.998 a— 3=109.963xexp{—exp[~0.137x(t-12.420)]}, R*=0.998 a— y=46.263xexp {—exp[-0.156x(+~11.898)]}, R=0.994
v— y=79.392xexp {~exp[-0.230x(--8.45T)]}, R=0.982 v— y=157.096xexp{—exp[0.106x(:~15.864)]}, R?=0.992 v— y=59.992xexp {—exp[0.126X(+~14.282)]], R*=0.990
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»—=83.13Txexp{-exp[~0.272x(:-7.869)]}, R*=0.995
o —=87.279xexp{~exp[~0.242x(+8.386)]}, R>=0.998
A—3=01.270xexp{~exp[0.238x(t-8.489)]}, R?=0.999
v—»=93.019xexp{~exp[0.211x(t-9.095)]}, R*=0.981
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» — y=115.702xexp{-exp[-0.186x(:~15.823)]}, R*=0.987
o — y=127.985xexp{-exp[-0.169x(:~17.019)]}, R=0.997
& — y=128.225xexp{~exp[-0.176x(-16.509)]}, R=0.994
v — y=181.022xexp{~exp[-0.153x(+-18.679)]}, R=0.993
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IR

Kl 6 SGompertz AN 4 MR IR LT RFEK(A). 52m(B). 5296(C). ALK D)RKEE)WIUE
GLHH N & JF1EH &, GLGG K P94 /Bt & R, WLHH MM ARIEE R, WLGG A FHHRIEE &.
Fig. 6 Fitting of the SGompertz model on the shell length (A), shell height (B), shell width (C),
hinge length (D) and body weight (E) of the four Pteria penguin breeding lines
GLHH means golden-lip breeding line of Hainan; GLGG means golden-lip breeding line of Guangxi; WLHH means
white-lip breeding line of Hainan; WLGG means white-lip breeding line of Guangxi.

4 MBI E R 5 MERMWRIAEK
PG IR T 2 i as Rk 1 PR, HhIE 6
M 1AL, B A iR R>0.98, Hi25
Mrad R s, B 5 R A ]S 4Rk 31 1A 2 K
F-(P<0.001), BEHAIX 20 AMHERYEA B LAY FE4
TSR DL A A A Ko R AR R R e R (E PR
FR) s V) 6 2 G A K 455 s B ], O ST ) 2 K P AR A
Rk 455 s MR . iR 1 T, 4 NStk | R4
TS 2R DL 78 K MBS & 4K 1 AR A 35 05 R A5 I
B, R BAE 7.9~8.5 AR 7.9~9.1 A%, #

JEPEIRE N 29.338~31.802 mm Fl 30.584~
34.220 mm, A EA 5.174~6.126 mm/J]
F17.220~8.319 mm/H o 7F 11.6~15.9 H 5 F1 11.8~
14.3 %, 2RI 52E Aoty A K 5 80
A B, B IRMEA 36.882~57.792 mm Al
17.019~20.070 mm, fix Kk HHEEH 6.980~8.009
mm/H i 2.655~2.781 mm/H . KL TR IR E K
ARG R R, 1E 15.8~18.7 AR, £tk
AR(E N 42.564~47.171 g, e KA BEE R 7.917~
10.189 g/ H . 7E 4 MR LR R, W4
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Tab.1 Analysis of variance of fitted model and the inflection point of Pteria penguin

EREER AR ST ANOVA TCP cvep MMI

growth trait breeding line ¥/ mean square E p

GLHH 210.483 368.868 <0.001 7.939 29.338 8.009

= GLGG 288.967 941.178 <0.001 8.476 31.289 7.666

shell length WLHH 236.678 1139.055 <0.001 8.490 31.802 7.728

WLGG 203.839 189.592 <0.001 8.457 29.207 6.980

GLHH 164.340 725.394 <0.001 11.630 36.822 5.413

e GLGG 173.252 12039.898 <0.001 12.804 39.798 5.174

shell height WLHH 169.969 2171.471 <0.001 12.420 40.453 5.542

WLGG 146.463 547.566 <0.001 15.864 57.792 6.126

GLHH 176.043 623.273 <0.001 11.797 17.179 2.714

o GLGG 246.734 2351.777 <0.001 12.833 18.735 2.660

shell width WLHH 157.378 522.136 <0.001 11.898 17.019 2.655

WLGG 144.715 352.990 <0.001 14.282 22.070 2.781

GLHH 110.654 546.367 <0.001 7.869 30.584 8.319

BamK GLGG 144.402 1951.754 <0.001 8.386 32.108 7.770

hinge length WLHH 113.332 6082.002 <0.001 8.489 33.576 7.991

WLGG 106.192 187.544 <0.001 9.095 34.220 7.220

GLHH 26.397 141.319 <0.005 15.823 42.564 7.917

ki GLGG 37.681 665.001 <0.001 17.019 47.083 7.957

body weight WLHH 27.837 328.697 <0.001 16.509 47.171 8.302

WLGG 24.088 280.383 <0.001 18.679 66.594 10.189

: GLHH MM &R H &, GLGG ) Wi &Rk #H &, WLHH IR H R & &, WLGG ) P AR H &, TCP 43 i (8], Ffi:
H; CVCP R R A, A7k mm 2k g; MMI hfe Kk A #4, B08 mm/H Bk g/H.

Note: GLHH means golden-lip breeding line of Hainan; GLGG means golden-lip breeding line of Guangxi; WLHH means white-lip breeding
line of Hainan; WLGG means white-lip breeding line of Guangxi; TCP means the time of the inflection point, unit: month. CVCP means the
character value at the inflection point, unit: mm or g. MMI means the maximum monthly increment, unit: mm/month or g/month.

JREEH &R 5 MR A K P35 80 B e
FRARD ARG N ZERARIET R, %
o BCE AR TR AR K ) B I R TP
FUBE T &, 7058 4 P9 i B A2 ) Y <
JREH &

3 e

3 NEZBRETRANGFEEERER

EREA TR S BRI AB R E RE 115
F i AR A1 R T o 25 25 5 (P>0.05), 7F 12.5~
15.5 HikuliEm &Rt E RN REE ST
PO R E & (P<0.05); HEFIEE RIAAEE
— ML) TTUE B R R, SREE R
HR AT R R XL
TSGR U WA TS R ae 5 H DL . PRBE .

Fo O MM BRI AR R A G DLl duih 2 K AT
WERFR . BE . g™, HEaEl s
JER =G A (Ruditapes philippinarum) i 7715 % 5
Hoeta @ EMX, HIEFREBrgi i, 240 H
I . 360 H W (HF X F2 58 ) I I AE 6 R AETE 25 50 KR
PP 2EEBE T R B, B B T 1 (T S B D
(Argopecten irradians) 476 %7 110 Hid(7 H)
1140 HEE@ I FAERE 25, 16 170 HIB©O
JORFIC i E 2 R . A H SR s, KA
W e (05 AT I R OC T 2, LA A 0 3 T B B
5 Hi A 10 HIB AR ZE AR RBAERERA L
F, 15 HIEF 20 Hik(6 A& R R R
ErmTHAR R, HEDUA@40~160 Hit, 7-11 H)
BRAMFIEHRERAEE; 420 HIREG A) L%

REAMA R EHTHME R, KRR
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s SOV SRR, AN [+ i BB A DL 28 P 77 375 o
ATE i 225 . X SEF oY 45 Ul B DL 2R A 1730 %
HHIUE . AEAR L et b BRI O, 5
BT RA— 2, FEMECOBIE R, KR
{2 MR 35 B DL (Mizuhopecten yessoensis)Z & [R] 41 1t
(5 Hi%. 12 HIBH 25 HIFHRATER LS AL
FoOW R RGP kB, A 5T A 2 @i
(Haliotis diversicolor)120 H #4 N4 gt (716 R 3%
HEES, FocEgM gy, DU i iR
et R R RN AR R LR EER ., X
SR oY 45 R AR A AL, 434 R R AT R 2
DU AN R 25 55 | A7 2300 52 B [a] B — CER R A DL LA
A A
32 NEFZBRBFRHNERKERESR

SIGEZERD 4 MEF RTE 4.5 HRAERKE
IRTC B35 25 5 (P>0.05); 6.5~14.5 AR HE 4 K
PEARFEAE B35 22 5 (P<0.05); (HA[R T #%, % Fh
ZRER, WMEMERETRANEEGLKE 85
FE B KT AEEE R (P< 0.05), 1M1
6.5 H T — 35 Jo ik % 25 5 (P>0.05), RAMHKEE
BN AAEKMERmZERMAER, A2
ARG A5, oA R, E
S SECRE S KB, L AR B A R SO A R K M i
WER TR A R, A DU AR K 5 PR
KA X, SAMIRLER—5. KBRSk
M, HoeMEeEa IR ARG LR
Fe@ M aEdk; EHERENHRE LM, KFH
e ORGSR E KRR 2R,
Hocfh 22 5 5 DS R IR AR AR AR G, Ul B D121
ARSI . B, ST, SRR R —
. 3 AE 4 TR, SRR R MRS
R R AR KA AR, 76 58 5 = i L AR
KAE—3, BIESMHRG AR SNE 105 A
WHT ) R R IIA KOS FE BRI K, A K
JENTE 145 A LUG .
33 MEERKERWE

ST AR RABTRA I DL 28 A R R A KR
AT BRI, TR 22 5, ANF D 2R S
(A K AR AT AN [R], AN SO (GAM) N
BALRE I K | (RE | STl AHRIETELEK

AR KR (5 24 88 8) von Bertalanffy FiI
Gompertz A 4P, T 45k von Bertalanffy 4=
R RBRBE D e KA K i e AR KRB (S —
% von Bertalanffy ,Gompertz ,Richards Fll Logistics
FIEE)PO, [al—Fh DL, S [ 14 35 AR dpid 1) A
KB REA R, nasPEHF 4 DL iR 4 5
oK B B0dE A K AR L4358 von Bertalanffy |
Schnute3. Schnutel 1 Schnute1®®, [&]—FEsm e
i, mTHBEAKES, AFRAEKG B RiE
AR AR AT BEAN AR, AN A TG B 0~60 H i
i 7E K i Fad A AR ALl Logistic, 1M 60~750 H
Y IF ) il A= KA LA von Bertalanffy[zs]o [F]—
AEREE, BT REEERKZES, ARAERKMER
1) i AR B R N T BEAS AR W], G v R 44 B 7K 22
TG FA B B LW G T B B DL R G A 1A 7 va AR
() B AR BSR4 5 S AN ZE T AR B von
Bertalanffy I Gompertz A= KA RICH Ky, AHF
FEH 4 NI R ILET R 5 DA KPR ol
ARBRIATREA AR . B T, A
FKE 0 BT A PR RS A ][] — SRR AT G
RIGE T LR AN E RSN ERKERGIUEG S
BOE KA A K225, I Arkhipkin 25P7
von Bertalanfty 3 A58 L %5 T i 7% 5% (Ascension
Island) &l Bl 5 &b ) 18] o7 kA 2 v 19 2 2R 4 W
(Saccostrea cucullata)7e B AE KA 22 57 . ASAfF
FEil i L # origin 9.0 H1 Y SGompertz ,Slogisticl .
SRichard2 3 A KA ARG BRI 5 S A K
RAPIEHE B, 4% SGompertz NS
BRUL S AR A0 308 PSR (P 5) 84 PR A )
Ft# T von Bertalanffy . Gompertz F1 Logistic 3
AR, B 8 Gompertz BB ARG ER DL 454
KR A AR, S5ACHESE 45 A — 3L
RYEE 6 AIAL, Hl i B E S A AE A
HHZE [, Ui SGompertz A KARAINS 4 RS
WIET RN 5 DA KRS BORER R4
(R*>0.98). SGompertz fMl4 2 $fil b B FL 0
Kl 6 i, MERETE R 5 MERMRIE K
WE k —MEK, TV ARIET RN — D,
VAWITE 4.5~14.5 HikWim], Hep &Rk T R4
KW HHEEE REWR, HEMERETR 5
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AR EE R K E TR SR
EHRXEATEFT T B8, N 4 D2
TRET R 5 AR MR AR K 35 R S5 Bk
FBE D, BIEE RS MERMERG A K550
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S A K A A Y B B DL P g 4 L v
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22 ST 80 DR e R PY
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Differences in growth and survival rates among four F3 breeding lines
of Pteria penguin and their growth patterns

WEI Haijun">** CHEN Minggiang" >, DENG Zhenghua"*?, LI Youning" >, WANG Yu"*?,
MA Zhenhua" >3, YU Gang1

1. Key Laboratory of South China Sea Fishery Resources Development and Utilization, Ministry of Agriculture and
Rural Affairs; South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou
510300, China;

2 Tropical Aquaculture Research and Development Centre, South China Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Sanya 572018, China;

3. Sanya Tropical Fisheries Research Institute, Sanya 572018, China;

4. Ocean College, Hainan University, Haikou 570228, China

Abstract: Pteria penguin (Roding, 1798) is an important pearl oyster species used to breed seawater pearls in
China because it has advantageous characteristics, such as large size, high pearl secretion and growth rates, strong
environmental adaptability, and a high survival rate. Previous research on P. penguin mainly focused on artificial
seedlings, oyster culturing, pearl cultivation, morphology, behavioral science, and histology. There have been no
reports on the golden-lip and white-lip P. penguin breeding lines, and there have been few reports on the growth
and development of P. penguin. Our group found that there was a wide diversity of the colors at the edge of the
nacre shell of P. penguin during the breeding phase and that four breeding lines (two geographic populations and
two kinds of lip color) had developed. This study compared the differences in growth and survival rates among the
Hainan golden-lip breeding line (GLHH), the Hainan white-lip breeding line (WLHH), the Guangxi golden-lip
breeding line (GLGG), and the Guangxi white-lip breeding line (WLGG) of pearl oyster Pteria penguin, and in-
vestigated the growth patterns of the four breeding lines. The survival rate, the shell length, shell height, shell
width, hinge length, and body weight of the four F; P. penguin breeding lines, which had been cultured at Xincun
Port, Lingshui Li Autonomous County, Hainan Province, were continuously monitored from January 2018 to the
end of December 2018, and one-way ANOVA and growth model fitting were used to analyze the data. The
one-way ANOVA results showed significant differences in the growth and survival rates of the four shell color
breeding lines (P < 0.05). The growth and survival rate of the Hainan golden lip breeding line was the best, and the
growth of the Guangxi white lip breeding line was the worst. The results also indicated that the growth and sur-
vival of P. penguin may related to the environment, age, shell color, and geographical population. The SGompertz
growth model is a universal growth model for the five P. penguin growth traits. The study showed that there were
differences in the growth patterns of the four P. penguin breeding lines, and there were differences among the
growth patterns for the five P. penguin growth traits. The growth inflection points of the shell length and hinge
length appeared first, at 7.9 (GLHH)-8.5 (WLHH) and 7.9 (GLHH)-9.1 (WLGG) months old months old, fol-
lowed by shell height and shell width. The growth inflection point appeared at 11.6 (GLHH)-15.9 (WLGG)
months old and 11.8 (GLHH)-14.3 (WLGG) months old, and the body weight growth inflection point appeared at
15.8 (GLHH)—18.7 (WLGG) months old. The results of this study indicated that the Hainan golden-lip breeding
line had a high survival rate and excellent growth performance during the early growth stage, and that the Guangxi
white-lip breeding line may have the greatest growth potential (the growth limit of growth traits L. was the larg-
est). The results also provide a reference for the breeding of P. penguin and the production of high-quality pearls.
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