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cm; Xy MBS R K oms e MIRZETN, Bi~B: N4 AL w11
MVEES ¢S
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R 530 S B R B AR BT BRI e A 48 %o 4 B
i 2 [A] [ A5 5 &, FH Python H1 9 semopy 44 2 45
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Ry < AN [ (9 R J5T it 22 S5 32 S g H S 52 e, B KE
JOT i A2 A BT 5 W, 248 X6 A B i 37 Sk i o R A4
AL F R, B W AR AL HE 5 45 21 (compara-
tive fit index, CFI) \$AA& L & 48 54 (goodness of fit in-
dex, GFI) T {13175 # 1% 2% (root mean square error
of approximation, RMSEA) % , DL b5 #E fk % 12 52 %L
(estimate ) PPAf S 5t [A] 1) L% 52 R RAO0 o

2 FHR5HMH

21 S3MEEFEIFENLEE

IR [A], bR pH A1, 3435 Hb 3% 78 3R 855 (1 7K T
SR UASIRER 7 BT AR B 3 O
(R D, EREFARIHA pH (7.3040.20) FMAME
SIFP AR AY pH (7.3040.10) B T H E A 3%
PERIEHLAY pH (6.93420.12) (P<C0.05) , e A 5
HNIRS | R R AR ] ) 25 AN 1 3
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Table I Comparison of rearing environments for the three populations

TN 7K/ C HAR/(mg/L)  WAHfREE/ (mg/L) WA/ (mg/L) B/ (mg/L)  #hBEE/%,
Population Temperature Ammonia Nitrite Dissolved oxygen Sulfide Salinity
HEEREA

. . . 10.8346.06a  0.21720.006a  0.004 040.001 0a  7.30=£0.20a 5.33%0.06a 0.040£0.010a  1.8720.06a
Selectively bred population
SRR R . 10.36£5.69a  0.220£0.010a  0.004 32=0.000 6a  7.30=4=0.10a 5.30=%0.10a 0.047£0.006a  1.8720.15a
Introduced population
ki 10.504=5.90a  0.2102=0.010a  0.003 740.000 6a  7.132=0.12b 5.53720.06a 0.047£0.006a  1.872£0.06a

Self-reared population

T - R FAN ) g 2 s A B ) 22 S5 1K ) 2 35 /K (P<<0.05) , T [4]

es among treatments (P<<0.05), the same as below.
22 3NMEBERRKEEMNEEMERNES
L5501, e H BRI RN 94.7% (n=75, 1
BRI 71, e T AME S R AR A N 71.7 %
(n=60, #0943 F& ) FIl F B A S BEAAR 936 51 4% 52 %%
(n=100, #1590 52 J& ) (P<C0.05) , {H AN 5| Tl B 4 F11
A% H BRI A 22 58 B2 . R REAN T8 b
B A 25 S (3R 2) R, 16 B BE A %) 46 X Jt0 B
[ (621.354173.43) K/ ] FIAH X5 461 BP £ [ (15.53+
2.57) i/ gl VA K B S B i [ (4.3141.53) g3 ik 2%
B TANE S BVEEA (374.35485.75) ki/FE, (13.15+

- Note: Different letters in the same column indicate significant differenc-

2.42) ki/g, (3.36+0.82 ) gl Ml [ % H 3 B &
[(190.54+79.08) ki/FE, (12.30+3.11)ki/g, (1.44+
0.67) g](P<C0.05) o &M 5| Fh 1A 1Y 268 XoF 40 B9 5 1
KL BT T H %A SRR (P<<0.05) , {HAH
XL ON 25 S RN W . A, T B A Y T FC
IRMA T R (40.0749.48) g, 38 = TANES | R EE (A
[ (28.58+4.47) g, P<<0.05] Fl [ % H 3 B &
[(15.624:5.93) g, P<<0.05], /MR 5| Pt 1A X &5 &
T A% A SRR (P<<0.05).
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Table 2 Reproductive performance of the three experimental populations of Procambarus clarkii
LS T /g Y XN/ OhL/ ) AR IR/ CRL/ ) Bk ST i/ g
Population Weight Absolute fecundity Relative fecundity Egg weight

-

. ERE . 40.0749.48a 621.35+173.43a 15.53+2.57a 4.31+1.53a

Selectively bred population
SRR R . 28.5844.47b 374.35+85.75b 13.15+2.42b 3.36+0.82b
Introduced population
ki 15.62+5.93¢ 190.54479.08¢ 12.30£3.11b 1.4440.67¢

Self-reared population

2.3 EHEMRESRESMEMEXES T

DA 5 R AVFEAE A Mo B . I 1]
UL, 246 %5t 0 B g R 45 10 3 AR ARRAE 24 558 T AR 56 , T A X
JOR RN 2 B A OG . a0 IR S R AR A
O F 5 21 55 43 500 A R T A (0.79) (T 58 (0.72) |
S B 5 (0.71) E T (0.64) Sk i R (0.63) L3k

Y X1 —— -
Absolute fecundity [UNES 0.73

0.51

0.59

X R it

Relative fecundity -0.17 - -0.15 031 -0.21

w £ X K

Jig K- (0.59) # R AK (0.52) MK (0.51) , T 5 1815
KA RN FAR AU K 0.20, MHELZ T, MXHE IR 5
FEAVFEAF B S F 3 2 55RO 2 K (—0.39) .
g7 (—0.36) 3k Mg K (—0.31) L 3k g
(—0.25) SkFH 58 (—0.21) MG (—0.17) MK
(—0.15) JEH9E(—0.14) JEH = (—0.13),

0.6
0.63 B
0.4
-0.2
-0.0
-025 -036 -0.14 -0.13 | -0.39
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X, X X X X
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Fig. 1 Heatmap of correlation between fecundity and morphological traits in Procambarus clarkii
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Y % 40 B & [ (821.362128.82) ki/fE ] .31 4 &
[ (450.43+33.94) 1~/ RN Ak 32 (54.84 %0 ) f i o
30~40 g 2H i 45 %41 P [ (650.874114.23) K/ ]
B AL R AR (44.71%) o MHLZ T ,<<30 g 41
B 48 %oF 3 BT Ry (405.42-542.60) K/, 4= K
(222.30482.66) 1~/ , WAk %y 54.83%0;40~50 ¢
ZH I 28 X R Ry (677.50+111.01) ki/ R, 04l &
h(369.734+47.55) 4~/ ALl 54.57 %
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g 400F 40 &
200} {0 3
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K Bit/g Weight

A FRFIRAS AL AE 0.05 K A BV R (P<<0.05), &
A E] 7R R OR 22 AN B3 . Different letters indicate signifi-
cant difference at the 0.05 level, while the same letters show no sig-
nificant difference.

B2 ARERER KEETHEREEEES
Fig.2 Differences with reproductive performance
of Procambarus clarkii of different weight sizes

2.4 REVFHEXTEIAMERER B IZ RN
SEM 73 M &5 AN ZE 3 s, 3k i 5 060 1A Jo o



% 33

AR A AN[AE PP A v 5B A B AR P RE A4 5

151

24 % 0 O 1 A o AL I AR FR B0 B Dk 0.838 FI
0.542, ¥ HA W i 3 04 1E [m] ELEERZ M (P<<0.001) 5 {4
JoT F % BRI i AR AL B4R RECH 0.721, A )
B2 A FEAE D (P<C0.001) 5 BR R J5i 2 44 S 2 %oF
ot % 4 O 5 04 AR AR B AR FR B0 i R 0.387 il
0.451, t g B H rp 8558 B (14 1E 17 &40 (P<<0.001) 53k
ey B T BT J AR v AL AR ROk 0.149, fF2 7

—ETEE R HHER I (P=0.047) o IR KM HY 58 AN
AR T ek 28y T B 2 o 2 X 4 B (LR AR AR B0
AN A BR AR RN, B 7 Sk i B B 3 e e fle
PR B () 3 B T IR B i, 32 20 8 5 e [ i 2%
R BFEPERE (1 3) . RIS BE #8435 R, CFIMH
0.918, GFUE K 0.917 ,RMSEA {E 4 0.056 , % B A5
RIS RAF , BB 0 G AA N B AR BT

®3 KMPE KRE PHRE ANENENTERIRERY

Table 3 Structural equation path coefficients for carapace width, weight, egg weight, and absolute fecundity

4% Path 4% 250 Estimate rifiie SE Z18 Z-value PAE P-value
3 i B 5 - (A i i Carapace width-weight 0.838 1.552 19.806 <0.001
MR- BRI Weight-egg weight 0.721 0.010 9.626 <0.001
Sk it FR e - BRRE BT 1 Carapace width-egg weight 0.149 0.362 1.991 0.047
G -4 X B Egg weight-absolute fecundity 0.387 14.031 4.409 <0.001
AT -4 S B Weight-absolute fecundity 0.451 2.225 4.266 <0.001
Sk M Y 56 - s XL B e Carapace width-absolute fecundity 0.542 1.154 5.013 <0.001

TE: ZEJI TR R R EOUR A WA 0, ZEL A (OB, AU B4R AR B0 35, A% 50 FOBT 5 5 PHEOR KT, P<0.05 R
25 HAG 5 X . Note: The Z-value tests whether the path coefficient significantly differs from zero, a larger absolute value of the Z-val-

ue indicates greater significance of the path coefficient and higher credibility of the path relationship ; the P-value represents the significance lev-

el, with P<C0.05 considered statistically significant.

kN H 5E
Cephalothorax
width

ARG F, SRR PN P, RN AR i, 20 (5542 R 3% (P<<0.001) , SR A 42 2R 1 2% (P<<0.05) . Blue indi-

cates driving factors, green indicates mediating factors, and brown indicates response variables, red lines represent highly significant paths

(P<<0.001), and black lines represent significant paths(P<<0.05).

3 RREZENRRESHNEMEN T ERBERE
Fig.3 Path diagram of phenotype and absolute fecundity in Procambarus clarkii based on structural equation modeling
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£ 15f
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ok, P<70.001.

B4 3G EREENRLMAZEESR
Fig. 4 Carapace width differences of Procambarus
clarkiiamong three populations
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Effects of different breeding strategies on reproductive
performance of Procambarus clarkii
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Abstract To screen effective breeding strategies for Procambarus clarkii and address the shortage of
high-quality seedlings, this study compared the reproductive performance of germplasm populations formed
through self-rearing, external introduction, and selective breeding. Additionally, and using regression analy-
sis and structural equation modeling (SEM) were employed to elucidate the key phenotypic traits and their
pathways influencing reproductive performance. The results showed that P. clarkii from the selectively bred
population exhibited significantly higher absolute fecundity [ (621.354-173.43) eggs/female | , relative fe-
cundity [ (15.53=2.57) eggs/g], total egg mass [ (4.314-1.53) g ], and egg-carrying rate (94.7% ) com-
pared to individuals from the introduced population [ (374.35+85.75) eggs/female, (13.15+2.42) eggs/
g, (3.3640.82) g, 71.7%; P<C0.05] and the self-reared population [ (190.54479.08) eggs/female,
(12.3043.11) eggs/g, (1.44+0.67) g,52% ; P<<0.01].The absolute fecundity of the introduced popula-
tion was significantly higher than that of the self-reared population (P<Z0.05) , but there was no significant
difference in their relative fecundity. SEM analysis revealed that the standardized path coefficient from cara-
pace width to absolute fecundity (0.542) was higher than those from body weight (0.451) and total egg
mass (0.387) , indicating that carapace width is the most critical phenotypic trait influencing absolute fecun-
dity. Carapace width indirectly enhanced absolute fecundity by influencing both body weight and total egg
mass, with the model showing a good fit (CFI=0.918, GF1=0.917, RMSEA=0.056 ) . Furthermore , the
carapace width of the selectively bred population [ (2.52£0.19) ¢cm ] was significantly greater than that of
the introduced population [ (2.394+0.13) c¢m, P<<0.001 ] and the self-reared population [ (1.9140.31) cm,
P<C0.001 ].These results indicate that selective breeding is an effective strategy for enhancing the reproduc-
tive performance of P. clarkii, with carapace width being the key phenotypic trait responsible for this im-
provement.

Keywords Procambarus clarkii; selective breeding; carapace width; reproductive performance;

structural equation modeling
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