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RK BRI E HOR B 2 0% (B 5%, 2015; Yan et al,
2022; FRAAEESE, 2023), i Lk = AW (Hyriopsis
cumingii) “WE 157 NE RIS E KA . &R
BRI B 18R e (BS54, 2015), W2 2k
AN A B EREE HAS 1 BRA%) . B4l =
N BRI AN ERA R RIEE , AEk -
IR SOME L (M I 45, 2016; Gao et al, 2022): LA EH
PREEWT A 10 JBRAZ, FREEJRI—Mh 1~2 4F, Bk
b R B EET , AMEBEY, Akoya B ER, T EWFR N
“MRIK Akoya”, Mg MR AL (Gao et al,
2022), AR, SNERA LB ERIEEE ITIE A,
. Bl 2 B X ) S BN AR R

YT, ARWFTERIT R = ML NE A 2 Bk
KA BT PER O BR B R 3 . I R HAR . |/ NEAR
R, BERZEE)SHFHREARKMERGEK ., 525% .
Somr . WRTTE ., e . AU E). BREORK
HAE . m/NEA . BB A Sl AR, LUA
SNVERA BB IR T o R TR R 8

1 #MH57FE
11 SNEEHRBHRETSREK

T 2021 45 5 3, wEFE 28 “HiWr 357 =M
WESATANE AR, BRI 5 mm IR EEN
(4.77£0.16) mm, #/NEHAE M (4.71£0.19) mm, [B K
(1.46+2.44)%], HMSMERBAMA 5 PR (RIS
FEA 10 FEkA%), F258 T LI PE R 2E S S &
R Bk, JF T 2022 4F 12 HEEE AN 191 H)

S —

AT RI(E 1)

BT =AW AT ANE AT 2 Bk

Fig.1 Nucleated pearls from the mantle of H. cumingii

TERM ) B ERIE R BEHLBEE 30 4>, & TEE,
FHWERR R R OSHEE S 0.01 mm)il5E HFEK . 525 Ml
e (B 2), SRR 0.01 g)ill e HiF
R . ARG, B— o B ISR | R LRI 52
FHHF Rt — 2 B L UM DL 7 A it o 7 BRE
A R APRIR L 1,

b
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B2 =M SRR s R B A
Fig.2 The measurement of shell length, width and
height of H. cumingii

®1 BFEREMEKRER®=30)

Tab.1 Growth traits of the pearl-bearing mussels (#=30)

it H TS G Tl AR FCITHE L/ TEAYiE
Items Shell length/mm  Shell width/mm Shell height/mm Body weight/g  Shell weight/g  Soft tissue weight/g
SEEEbR R 164.43+61.46  45.55+28.78 101.08+21.85 513.43+151.28 254.53+51.51 258.90+51.44
Mean+SD
n S Z R 36.93 63.17 21.62 29.46 20.24 19.87

Coefficient of variation/%

12 BHEEERNES A

A 5 kA2 B RO S RS U
ERCRERI L R AR (B AR, 2020)
N S

PIREOD = e D

SRJe, (RS A RO E e K AR MR/ AR o AR

P 3R B 2R i 0 S P B R AR 2 2R 53 (GB/T
18781-2008), LA Eki/N HEFRH K/ Bk
KAR/N A2 S HAERN W FRR R ER, %)
(Lieral,2017; BeE*e4E, 2020), HP:

R(%) =Mx100 )

ave
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EAR AR /N HAR S IE . R AN [ R

A, ARG ER R /NFERAZ RS, THE B ER
BER)Z R (mm)

Pk EEE(mm) = BER /DN ER - iR/ DB

YT IR WA PR IR KA A% B ER R N Bk
JZIE RGN B E KRR, L, RS % (2%
2% ) (GB/T 18781-2008) 11 /K (4 #%) 22k 1 I3 )3 Kl 43
PrfE(HRZE D <1.0%HNIER; <50%NF; <
10.0% A 35 [5 5 >10.0% Ay i [5 ) R ES Bk J2 52 88 5 31 Kl 43
PRUECERZEE =0.6 mm HEEE; =0.5mm HE; =
0.4 mm IH; =03 mm NH; <0.3 mm RHk)x}
RAKA BRI TP o

13 SHitoih

T A B 12 LT 4 (B 45 1 22 (Mean=SD) % /i .
K H] SPSS 24.0 Geit A AT 2 Bk SO 5 B 2R A ER
A AR Z 8] Pearson AHIC M A A 1M (7K 22 2
%, 2013; Chen et al, 2021; 5KFH A%, 2022), P<0.05
FREFRIKEBE; P<0.01 F£on2EFKEN B,
UEAh, fifi e REOR M 78 6 PR AR 40
PEMR AP B . D R B R ) 2 R R AL
(d) B33 50 5 M (Chen et al, 2021; 3K #7145,
2022):
d; =P’ 3)
dijZZHjXEX}} (4)
Kb, PoHARR | EIEER, r, WHAER i 1A
A Z M RMI R, PO H AR R AR .

2 HE

21 BHEREER

AN B BRI ANE AT B BRI 7 BRI 2,
Xif 7 B BLER SRAE AL BB 50%~100%, Hirf, RERR
o T0%HY R B (43.33%), T RERFR A 50%
100% 1 5 H 5 1K (3.33%) , F ¥ A 3K 3% 4 (70.00+
10.82)%. BERK/NAZEIEH N 4.72~9.19 mm, F
¥ 4(6.91£0.67) mm (5% 2). B ERIE K2 LIEE A
0~45.60%, V318 (6.74+7.78)% (35 2). %M K(H
OB ERRIE R R e br e, =SB B IR IE AR
7 LA DA B A AR R (BRI BE L G [R]  IE [ R
B (& 3), BIRZRERZEERHR 0.01~4.48 mm,
144 (2.20+0.67) mm(F 2). B H KB IR ER)Z
JERE SR A, SNEREA B BRI R Z 0
b 1.43%, HFFJE 5 LE 98.57%, 1k B G i B MR 1 AR
SRR, H, BEMBESRZEREENZ SR

B (3% 2).

22 BLRRESHEHREMRZBEERKZEHEX
S

M= 3 iR, PEREACBSRRE 525 &2k
R R T A B R I A A L (P>0.05) . BER KNS
BRZIEE, BIREEMFCTE . 1 AR 55 T i
FAIR(P<0.01); 5F BRI TR MRS
FHK(P<0.05), BIRZIEE S EHREMFETE . TH AR
TR B A T A 56 (P<0.01); 5 B BREE S & A
A2 A 6 (P<0.05), FHEAR R, M
AIMTAG IR A S 2 AN B RIR 22 1) ) SE AR B, 7R L
A LA BRI AE W) B A OERT, & HBE S
RERFR, MG A A8 85 PR AR B A4 DR N
BN RN PRI, S itE— 25 B 4% B A8 s 00 MR X
PSRN I R o o 3 3 v 1 o T

23 BREESEREMHKZHEERZ EHER
S

X ER TR MR S E R . BRE B ()
RTINS 2R )2 R B ATl AR o0 i o LA ER
H/NHAR () IR 2 R () W RZ B, B BRI 152
K (er) s FETECe) 58 Ors) « T AT R () o 78 S0 ()
R LT 1 () A R IO e K BLAR (xr) - BR B /N L
P (xs) BRIZIBIFE (xo) oy A 7225, HEATIE 0 B 34T

y1 =3.464 + 0.078x, — 0.055x, (R* = 0.75; P<0.01)

y2=—-1.243 + 0.077x, — 0.055x, (R* = 0.75; P<0.01)

2 ANEHE T FRIITE 0.01 K-8 2%, a7 iy n]
W BAR, e AP EREAZIRKERNEET .

FH 2% 4 AT, B BRIESC TEXT BBk R/ N LR
WK, N 0.69; BRAZE X BER KN HIZEAE- R
—0.23 . B BRI 7 v 8 o BRAZ R B 2 2R K /N [] 422
1E H1(0.05) B i K T ¥k % B B2 X 52 58 19 8] 3224
(-0.02), BLAlh, B BRIEESETEXT B ER 2 R 1Y B
(0.69) 78 K T BR#% 18 JEXF B2 2k 2 )2 m9 L 34
(—0.23), B BREFST VI8 o BRAX 5] B2 X B2 2K 2 )2 B Ay ]
2 AE H (0.05) K T 2k #% 8 B2 X 52 v /Y (8] #2 47E
(-0.02),

24 RERELSW

H1%& 5 Al DL, B ERIESE SE X2 BRI AR R E
FA(0.50) W 2 o T BRAZ B B2 X B2 BRI LR DR E
FH(0.08) A K 75 BR M 5 T30 Ao BRAZ (54 JBE X B2 BRIy
8] 12 2R E A AL(-0.03) 0 7 BREEFE T8 M BRAZ [ B2 X
PIRIRIERE R A A R AR B 2 B A (R A
(SR8
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R2 ZRANEFMERBRBRREMLR(=210)

Tab.2 Quantitative traits of nucleated pearls from the mantle of H. cumingii (n=210)

R PR BROREAZ FoNEAR (21)}°3 BYREE
Pearl-bearing mussel Pearl number Maximum diameter/mm Minimum diameter/mm Roundness/% Nacre thickness/mm
HC1 6.00 7.68+0.45 7.28+0.46 5.40+£3.97 2.57+0.46
HC2 9.00 7.68+0.82 7.02+0.38 8.60+9.08 2.31+0.38
HC3 7.00 7.7240.35 7.34+0.32 5.10+3.31 2.63+0.32
HC4 6.00 7.52+0.76 6.68+0.20 11.42+8.48 1.97+0.20
HCS 6.00 7.35+0.44 6.96+0.41 5.44+2.55 2.25+0.41
HC6 7.00 7.41£0.22 7.29+0.15 1.59+1.36 2.58+0.15
HC7 10.00 7.04+0.48 6.47+0.20 8.39+6.98 1.76+0.20
HCS8 5.00 7.08+0.42 6.97+0.51 1.73+1.78 2.26+0.51
HC9 6.00 7.76+0.32 7.54+0.42 2.85+2.40 2.83+0.42
HCI10 8.00 6.69+0.31 6.40+0.14 4.30+3.50 1.69+0.14
HC11 6.00 6.66+0.62 6.29+0.75 5.90+6.72 1.58+0.75
HC12 6.00 6.69+0.29 6.30+0.20 6.09+6.07 1.59+0.20
HC13 7.00 7.62+0.58 6.94+0.35 9.25+9.97 2.23£0.35
HC14 7.00 7.09+0.44 6.67+0.28 6.02+5.70 1.96+0.28
HC15 7.00 6.86+0.64 6.20+0.28 9.87+7.84 1.49+0.28
HC16 7.00 7.40+0.45 7.21+0.33 2.51+2.97 2.50+0.33
HC17 6.00 6.82+0.60 6.38+0.08 6.31£8.68 1.67+0.08
HC18 7.00 6.47+0.45 6.32+0.36 2.3743.03 1.61£0.36
HC19 7.00 8.31+1.22 7.16%+0.65 14.19+20.23 2.45+0.65
HC20 7.00 7.93+0.21 7.30+0.17 8.36+3.93 2.59+0.17
HC21 6.00 6.42+0.23 6.20+0.10 3.47+2.81 1.49+0.10
HC22 8.00 7.07+0.25 6.59+0.13 6.93+4.09 1.88+0.13
HC23 6.00 7.24+0.29 6.92+0.31 4.48+2.08 2.21£0.31
HC24 9.00 7.88+0.49 7.53+0.54 4.56+3.44 2.82+0.54
HC25 7.00 7.35+1.12 7.06£1.05 3.84+4.21 2.35£1.05
HC26 7.00 8.46+0.75 7.38+0.38 13.37+£7.47 2.67+0.38
HC27 7.00 7.95+0.63 7.02+0.45 12.30£10.58 2.31+0.45
HC28 8.00 7.98+1.02 7.79+1.00 2.32+1.22 3.08+1.00
HC29 7.00 8.07+0.77 7.59+1.01 6.58+6.11 2.88+1.01
HC30 8.00 7.39+0.88 6.40+1.12 15.15+15.84 1.69+1.12
SR 7.00+1.08 7.40+0.78 6.91+0.67 6.74+7.78 2.20+0.67
Mean+SD
R 15.47 10.57 9.72 115.42 30.50
Coefficient of variation/%
3 itig

Fig.3 The number and ratio of pearls with different shapes

57 (27.14%)
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|8 Near round
= H4[E Ellipse

31 =AMEMERBEZREBIRMNEREE

DL=meE h & ke, WME A2 EINE
A 2. WIEHA 25N R BBk 2 5 F
TR B AT | BRAZ FIRS IR A 50 A TR R A %
(BIEAT4E, 2015; FRABIAEE, 2016), MRARIFSE(2016)BF5Y
R, MW ERGZBRER T, 2 #®
(85.0%) A1 3 #4(80.0%) & BRI AY ALER K i 35 5 T 4 I
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x4 BREBNRZNBHRREMRNERREZER
Tab.4 Direct and indirect effects of mussels and nuclei on quanlity traits of pearls
s EE3T, X R HY AR [ 45411 Indirect effect
Dependent variable Independent variable Related coefficient Direct effect X Xo
Vi X 0.69 0.71 0.05
X9 -0.23 -0.29 -0.02
» X 0.69 0.71 0.05
X9 -0.23 -0.29 -0.02

E: v NBREUINEAR; py WEBRIZIREE; xp N5E0; xo WERZBIE . T A .

Note: y, refers pearl minimum diameter; y, refers nacre thickness; x, refers shell width; xo refers nucleus roundness. The

same below.

x5 BHREMKEMNBEHRREERNRAERY
Tab.5 Determinant coefficients of mussels and nuclei on
quanlity traits of pearls

P2 At o
Dependent variable Independent variable

Y1 X 0.50 -0.03

X9 0.08

Y2 X 0.50 —0.03

Xo 0.08

(70.0%) B ERIE; MAFAE N 5 mm (94.0%)F1 6 mm
(91.0%) Bk AZ 1 Bl 2R R 1 25 = AL A BLAS 9 7 mm
(80.2%)F1 8 mm (69.7%)EkAZ% ; HH A 10 i (88.0%) k%
B R R W = T 14 (77.0%)F1 18 i (64.0%)
TRAZ . BEAN, BEREEMAEES | BRAZ RS R A B 55
R 2R A 2352 i B2 3K (B B (MR AR 4, 2016).2 #3(26.0%)
F1 3 1#%(23.5%) =AML B SMERRA 2 2R 1E R 2R
BERT 4 #016.0%)FEKE; HAMMKE A S mm
(38.0%)F1 6 mm (32.5%)ERA% MY 1E R 2k s Bk % 1 35 55
TFALABAE A 7 mm (25.0%)F1 8 mm (20.6%)Ek % ; A
A 10 i (27.0%) kA% 1) 1E B Bk B ER % 0 3% = THEA
14 Fi(19.5%) 1 18 Fi(15.0%)EkH% . ASWFFTAE SEMAR I
ZEQ016) I ELE S, BEFH 2 W& = fa Ll A B BRbE | Bk
MRiA% l 5 mm ., HLA 10 BiERE, 52 M, ARHF5E
14 72 BR BN B B R IE [ B SR BTG . 3 T BB A2 i
TARAE A 2E(2016) 7 FH A = A WL EE7E B BRATE 280 Bk
VEEBEPRE N AR TE . 52 Fiesi k. HA &
B | IR 2 ) 2 oK AR A RDE , 5%
WK Z RN , PR . SN ERLE),
T ARG AT = A WL R A7 2 B p ), 2 Wl ot
0 F BRI 1 A KRR B RS 4 TH AN AT B2 BRI K
BRR AN B

1E4, AR B = A WL ANE R B R KN K
BRZEENRIE . RV, AREHRINGHE
RZ L IE A (L et al, 2017), B T H 2 BRI A 6]

BE RO EREAEZZER . NIEFEZEIRIA)
N A —Fp i B 7 SR ABRAZ B S AT R A — 3,
I, Jok HEHR S B IR KK WA IR 2R B SR,
BERZ R K R R IE B TR AN EE R,
ARIFFEH, SNERA IS BRI BR 2 5 1) 3 K
HRA AR 1.39 mm, B & T = A WL A AT
BERIAEAE 0.71~0.77 mm A2 ER 2 5 FE 16 K R (Li
et al, 2017) . M5 8 [E1 2 Bk il 57 %5 28 P B A i 2
BR4r4% ) (GB/T 18781-2008), TEW/K(HZ)EERY,
BERZIEE KT 0.60 mm BB E SCR “HFE”, I,
K8 =AW SN E A A% S B nT KR 46 J 5 5 R
NIIE =23 S -1

32 ZAMEMERERBHRAREAKRA

IR0 7 BB LR 3 B I TS R IR A
HEAEBVIRLR, REWM, AREGRER, =M
I SNE A 2 BRI - SR S 2 Bk | B Bk SR
Fr A FCEHR A OC . $oR, TPERERT RE R A 5 %2
B E BREHE T 0 ROV 2 . BFSEEREH, IRk
= MR B R K (AN B R ER BE DL Pinctada fucata
martensii . SIHERLE D Pinctada fucata martensii) & B
U 47 25 A A PR ERAZ 7= A HE 57 ) 0 (Fukushima et al,
2014; Huang et al, 2019; Jiao et al, 2019), M\ FH
BREERY “nbAZ” B CnEERT kA, BRAZIR B REMEAE —
FEFERE LB ERIA R . SR, A28, =M
I AME R A R IR S R A R B 22 1) TG I 25 AH G
P, A, SEHREMESAREMERZ EEEE B
FAHME . ZEVETEHFQOIST A, —MAWLEE™ T
B2 B S TR A KRB ZEIEMHC, =
R AR ORI TR 5 AN E A L BRI 3 A 5
AR Tit—2 5.

HAREENE, ZAMNEINERA ZE R KN
HERZEEREIEMC, BBHR K/ NNEK)ZEE
PISE R FETE . IWWARTRE  SEUR . 5T AR
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2o e W 0 I A DG o 3 AR N R R Ay T —
HARTR , B BRI A9 5E T8 DL S IRAZ 1) IR B SR D = fR L
BESNE B R BRI R/ S S 2R 2 I8 B 1 OB R
Lore Z5(2016)5% A B, Bk Ul (Pinctada margaritifera)
)78 Ta & R W BT = B ER B IR 2 B B i OB &, —
A TEAROG, X ARG R —3 . 4R,
Li ZQ01NIFFE s, VL= fWLiE N & BRiE 5 & T
WA, BB K/NHNERZEE 5SFHRIEFM K
FE BT i S IR 3 B ARG, 5 SEIEAME G $
AR NS R A% 2 R P SRR S I A %
BYRAA RS TR E = AN SN ERA 2 R
SEPRAE e G e ST Y B R, I R R
W R, DOZRERS BB RN LB R R R,
NIE =237 i

4 it

DAL=y m R, ST O 19 AN A s E
AL ERES T (RS A 5 mm, A A 10 PiEkAZ),
SRR E R 70.00%, BEE T A/NHK 6.91 mm, B
BRIZSEHA R R 2.20 mm, 1EBR K 21.90%., =FH
EANE A IR R /N BIR 2R 5 F R 9
SR AR RTE Y S N D B3 E NN 1B 37 9IS
BE R E B | AR g e RECYH B K TR ERZE
JE o TEEE AN E R 2 R R SRR
i I B T B ER A G e TE AR A B A B R S B R
KANFIES TR 2 B 45 i T
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Abstract

pearl-bearing mussel in China. Nucleated pearls from the mantle of H. cumingii are emerging pearl

The triangle-sail mussel (Hyriopsis cumingii) is the most important freshwater

cultivation products. Compared to traditional non-nucleated and nucleated pearls from visceral mass,
nucleated pearls from the mantle show significant cultivation advantages, such as high pearl quality and
short nurturing cycles. These nucleated pearls are widely known as “freshwater Akoya” in the pearl
market because they resemble Japanese saltwater Akoya pearls. However, techniques for cultivating
nucleated pearls from the mantle of H. cumingii are still immature and lack a targeted quality evaluation
system. Therefore, this study was conducted to identify growth traits related to the quality of nucleated
pearls from the mantle of H. cumingii. Two-year-old H. cumingii were implanted with 10 nuclei, 5 mm
each in size per mussel. These host mussels were cultured for 19 months to form commercial pearls.
Correlation and path analyses of the key quality traits of pearls (pearl number/pearl formation percentage,
maximum diameter, minimum diameter, roundness, nacre thickness) and the growth traits of host mussels
(shell length, shell width, shell height, body weight, shell weight, soft tissue weight) and nuclei
(maximum diameter, minimum diameter, roundness) were performed. The results showed that the pearl
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formation rate varied from 50% to 100%, with 43.33% of mussels exhibiting a pearl formation rate of
70% and only 3.33% of mussels exhibiting a pearl formation rate of 50% or 100%. The average pearl
formation rate was (70.00+10.82)%. The variation in pearl size (minimum diameter) was 4.72-9.19 mm
with an average of (6.91+0.67) mm. The variation in pearl roundness (diameter variation) was 0—45.60%
with an average of (6.74+7.78)%. The highest percentage of pearls were round, followed by near-round
pearls, and then by positive round pearls at 21.90%. The nacre thickness was thin in 1.43% of pearls and
extra thick in 98.57%. Pearl quantity and roundness were not correlated with all quantitative traits of
pearls, host mussels, or nuclei (P>0.05). Pearl size and nacre thickness were highly significantly and
positively correlated with shell width, body weight, and shell weight (P<0.01) and were significantly and
positively correlated with shell height and soft tissue weight of the host mussels (P<0.05). Among pearl
quantitative traits, path analysis of pearl size and nacre thickness showed (highly) significant correlations
with host mussels and nuclei. Stepwise regression analysis was performed with the pearl minimum
diameter (y;) and nacre thickness (3») as dependent variables and the shell length (x;), shell width (x,),
shell height (x3), body weight (x4), shell weight (xs), and soft tissue weight (x¢) of host mussels, along with
the maximum diameter (x7), minimum diameter (xg), and roundness (xy) of the nuclei, as independent
variables. The regression equations were y; = 3.464 + 0.078x; — 0.055x, (R2 = 0.75; P<0.01) and y, =
~1.243 + 0.077x, — 0.055x9 (R* = 0.75; P<0.01). The direct effect of shell width on pearl size was the
highest (0.69). The direct effect of nucleus roundness on pearl size was —0.23. The indirect effect of shell
width on pearl size through nucleus roundness (0.05) was significantly greater than that of nucleus
roundness on shell width (—0.02). The direct and indirect effects of shell width and nucleus roundness on
nacre thickness were similar to those on pearl size. The direct determinant coefficient of shell width on
pearl size (0.50) was significantly higher than that of nucleus roundness (0.08) and that of shell width via
nucleus roundness (—0.03). The direct and indirect determinant coefficients of nucleus thickness by shell
width and nucleus roundness in pearl-bearing mussels showed the same trend. These findings suggest that
the shell width of host mussels is a key trait for controlling pearl size and pearl nacre thickness in
nucleated pearls from the mantle of H. cumingii. These results will contribute to the development of
China’s pearl industry.
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