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DO R AR S VR A BR A 7] #£ 1lumina Miseq V- &
E5ERR, TN A A PE250.
1.3 HIEAIE

BT A 303 295K AR 4.4.080 43047 04 o {8
“car”fl H [f] Shapiro.testidt 17 1E 25 14 £ 5%, Levene.
testh 6 77 Z2 7P o A HHE A Il A2 LEZS o A AT
Ze55 1, WAS B R 2575 %2 79 H1(One-way ANOVA),
HA% I Tukey HSD A 562547 5 J5 2 5 LA 5 st
FI Kruskal-Wallisif 17 {F 2 % ke 6 IF 18 H “FSA™
BEATDunn test® H EUEL. BT Bds 25 DL Hbr
R (mean=SE)#R 7R, P<0.05Hf YL R EHHZER .

2 R
21 ARNRKLE

EPI R I A 4514, TaRHA R R B BEE /K
TR T 1 11 42 35 T 5 (P<0.05); 75 AH [R5 644 R,
AR Sk 2R 6 2 I 1) B K T (8 1)

F1 FEIREMRBNEZG TARRIARER (FHEHTEIR)

Tab. 1 Feed dissolution rate under different temperature and

soaking time conditions (mean£SE, n=4)

] 5% Temperature (C)
Time (h) 15 20 25 30

9 18.46:0.06" 19.14x0.11° 19.69+0.10° 20.08+0.04"

15 19.81£0.05° 20.35£0.09" 20.74+0.12° 21.20+0.14°

& A AT BUE R A R 9 B R R A R 2 1A
T REESR (P<0.05); FH

Note: Different letters in the same row indicate significant
differences (P<0.05); the same applies below

2.2 BRYFHE

o [ T 1 H AR & A H R R R
Thimm R (& 1), 30°CA R H S
H 35 fr R 45 8 2% 5 T 15°CH20°C 4b 3 41 (P<0.05),
HsCHEHABR LR EEZR, BEAEEYSTE
Ho RTRESHERRIRR, —BE T4

025 r DI=-0.079+0.0075T, R*=0.447, P<0.001
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P E AR (& 2):

H 4% fr & DI= -0.079+0.00757, R°=0.447, P<
0.001

H 4% f5 % : FR= -1.694+0.179T, R°=0.517, P<
0.001
2.3 S AKHFE

o QR B AR R AR IR RS 26 T AR PR 2%
KAeK, WHERER, REFFEEKE, 2K
K O 7 R A7 A 3 M 2 R/ (P<0.05; K 2).
FLHR, 15°C Ab P ZH (1 3 B S5 R A4k B AR 35 K 56 38 I
FK T H A =4 (P<0.05), 1M1 25°C kb #4159 N #i%
He 30CHBALEKFFEMKRES, RE& T
15°C F120°C 4b ¥ 4H.(P<0.05), {H 525°C hb #2406 &
FEER . 25CRM AR KR E KR IN T E &
T15°C AL #L2H (P<0.05), 1H 520°C 4b 3 20 T i 3% 2=
Fto 30°C AL BEAH (5T R 2 m T ISC AR LA
(P<0.05), 520°C. 25 CAbHIZHE R AR E. 15C,
20°C. 25CAbPRAH W F BARTE ST 2% LB 3%
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Fig. 1 Daily feeding intake and daily feeding rate of P. clarkii
under different temperature conditions
B ch s A AN (R 9 9 ST 7 B 2RO Ab B 2 1A AF AE B 3 2 R
(P<0.05); ~ A
Different English letters marked in the figure indicate significant
differences (P<0.05); the same applies below

71 FR=-1.694+0.179T, R*=0.517, P<0.001

W
o@e 00 0 0

°
°
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[}
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(3]
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Fig.2 Temperature-based model of daily feeding and daily feeding rate of P. clarkii
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PEZ S, (H BRI T R Ik sh . 25°C A H 411
KE R S KT 15°C 40 B 41 (P<0.05), {H 520°C |
30CHBRH LR EER
24 BEEM

B iR T e, o QIR BRI B T . ek B
FUG 7 B s Ve 3 BRI T S R BB S, HRLE
25°CHIAFIEME(E 3). 25 CABRH M E AR, I
WBEE M f , B T 15°C 530 CAFRAH(P<0.05),
BE20CHEMAZERARE . IRUTEEES LA

®2 TRIBEFH T = REBTAE KR
Tab. 2 Growth performance of P. clarkii under different tempera-
ture conditions

[B)JC 535 72 5, {H25°C Ab B 2H 35 P 75 (P>0.05) -

P VA 1 TR il (A CP) I 114 ik 2 T (A KCP) v 1
FHREWA 2L LT E FTRABEAE 4.
25°CAbFRZ ACP F1 AKP WE e, BB #H e T 1
fih AL B2 (P<0.05).

PR AL BE 71 (T-AOC). #8484k ¥ 15 1k iy
(SOD) % it 8 Ak S Bl (CAT) I 1t e i3 S T o8 A A
LA i B a s, HINTE25°C ik 25 m (B S).
25°CALFEZH ) T-AOC. SOD 1 CAT 1% 135 5 3% =
F15°C. 20°C A130°C AbFZH (P<0.05).

2.5 PpiEEEE
Alpha Z V31T 7R (R 3), 20°C A FH2H 7 K

15 € Temperature (C)

R ¢ ey ¢
on
23t 53¢t
2 b b S b b
=9 Ay
2t %ot &
e a2 =
(=i (=i
= -
- 8L
= ]
gé&(lo 1 1 1 1 _@go 1 1 1 1
15 20 25 30 15 20 25 30

{6 & Temperature (C) {6 & Temperature (C)

Bl 4 R RREE A AT v DR B U 1 R 1 0l R i (A CP) et 1k
PRIR B (AKP)IF 1k

Fig. 4 ACP and AKP activities of P. clarkii under different
temperature conditions

SHRInd
Hibrindex 15 20 25 30
WIAAKIL (cm) 5488+ 5484+ 5597+ 5472+
0.048" 0.047" 0.069" 0.086"
ZRAEKFI(em)  5.644& 5708+ 5976+ 5938+
0.035" 0.056" 0.062° 0.093"
WIBAEIW (g)  3.885+  3.721+  3.829+  3.767+
0.117" 0.097" 0.104° 0.079"
ZORMREFW (g)  4.023+  4206= 4903 4777+
0.104" 0.126" 0.199 0.158
WHERWGR (%)  3.90+ 1347+ 27.82&  27.09+
1.24° 2.80 3.40 3.63
RERFEHKE 046+ 151 2.984 2.89+
SGRy (%, /d) 0.14° 0.30 0.35 0.37
ARKFFEHKE 036+ 0.50< 0.82% 1.02+
SGR; (%, /d) 0.10° 0.09" 0.10" 0.15°
1575 % Molting 0.15+ 0.35% 0.502 0.70+
rate (%) 0.08" 0.11" 0.11" 0.11
1Ak ZEFCR 3.87+ 2.87% 1.53+ 2.89+
0.52 047" 0.39" 0.67"
b b
2150 =30
2 A
& o
2 100 | 220 | ab
2 ab g a a
L a ab %
250t 20t
e P
I R
g oL L L Lo I I I I
15 20 25 30 15 20 25 30
{4 JE Temperature (C) {4 J&E Temperature (C)
25 ¢
b

3]
[=]

—_
w

W
T

Jlg 5 ELipase (U/g prot)
=

[=]

a
a
|—L‘ H |
15 20 25 30

{4 & Temperature ('C)

K3 SRR AT o BRSOV AL RS 1
Fig. 3 Digestive enzyme activity of P. clarkii under different
temperature conditions

220 510
E . £ b
215} 2 8
1 o
: 8o
~ 1.0 F a
= a a = 4 -
R > ab ab
205 ¢ "o, L a
5 2] ]
g 0 1 1 1 1 E 0 1 1 1 1
it 15 20 25 30 =) 15 20 25 30
{4 Temperature (C) {5 B Temperature (C)
LS 2
1.0
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[ILILIL
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Fig. 5 T-AOC, SOD, and CAT activities of P. clarkii under diffe-
rent temperature conditions
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JER BT i T B R UL M EL . Chaol 5% Ace
BRI B E S T15°C. 25 CHI30°CALFELL(P<0.05),
0% 2L 5] =3 AR 45 H0 W3 22 7(P >0.05).

B TOTUZ: Il BB W, P FE 3L ™= A4
158240TU, HHOTUIL30 (i 1.90%), 2 B I FEE
X o T8 B R B 25 . 15°C L 20°C L 25°C AN
30°C b B Rr A OTURL S 7 N 154, 467, 2957
254 4, 20 CRbF AR A OTURE i £, K W]
H il R ik o 2R (B 6)o

FET 15 8K L, o TR T iy 1 T 32 22 !
AF T B '] (Proteobacteria) J& B 1] | ] (Firmicutes)+
Hi B 4 B | ] (Patescibacteria) it 2% B [ ] (Actinobac-
teriota). FLAT I [ ](Bacteroidota). ¥ %5 B | J(Planc-
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different temperature conditions
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Fig. 6 Venn analysis of gut microbiota of P. clarkii under diffe-
rent temperature conditions

TEJB 7 FKF b, e IR 2T i 18 R 22
Bk JE (Candidatus bacilloplasma)~ # L I &
(Shewanella)~ ¥t 2 R 2F 4 & J& (Lysinibacillus)-
W& % JE W —HE AT B & (Hafnia-Obesumbacterium)
i 5l 1 & (Pseudomonas) i ¥ 4 .l 16 )&
(Pseudoxanthomonas)F ZOR00064H il (Kl 8). 5
3 R A FRZH AR B, 25°C IR IR ZF F AT 18 B
BERE, CHER. ALKERE. REREE.
B 2 B B i I 2 PR AIR(P<0.05) 0 75 b B A [H] Py
K Je e BEAT B JE I ZOR0006F 5 J6 i 2 1 22 5+
(P<0.05).

BE FEPELE ] T 2 T Curtis#E B8 5092 19 1 A b
77 M7 (Principal coordinate analysis, PCoA)fl % T
Bray i 55 5 7% (1 9F B & 2 4 RE 4 #T (Nonmetric
Multidimensional scaling, NMDS; ] 9). PCoA 411
25 R &R, PCIATPC2(1 5T #ik 2 73 il 79 33.40%A1
23.80%, St TR 2 N 57.20%, R U4 S REE

Proteobacteria | rg
Firmicutes = S g
g Patescibacteria { * 8
E* Actinobacteriota | = ¢
~ be NS
— i {m B
‘= Bacteroidota &g} Temperature
t15C
Planctomycetota |+ ¢ @/20C
o . 25C
Bdellovibrionota [» & = 30°C
0 20 40 60 80

AH%F=F FERelative abundance (%)

7 AN[RNREE S AR TR I 5B 3 B R AE 17K L ARG
FRE

Fig. 7 Relative abundance of gut microbiota at the phylum level
of P. clarkii under different temperature conditions
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P. clarkii under different temperature conditions
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Fig. 9 PCoA and NMDS of P. clarkii under different tempera-
ture conditions
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TEMPERATURE ON FEEDING, GROWTH, ENZYME ACTIVITY, AND
INTESTINAL MICROBIOTA OF PROCAMBARUS CLARKII

GUO Kai-Ying"’, WANG Yu-Chi”’, XU Deng-Ge™*, RONG Kuan™’, GUO Rui"’, GUO Chao’,
LIU Jia-Shou”’, ZHANG Tang-Lin>" and LI Wei>’

(1. Dalian Ocean University, Dalian 116023, China; 2. State Key Laboratory of Breeding Biotechnology and Sustainable Aquacul-
ture, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 3. University of Chinese
Academy of Sciences, Beijing 100049, China; 4. National Fisheries Technology Extension Center
China Society of Fisheries, Beijing 100125, China)

Abstract: To investigate the effects of temperature on the feeding, growth, enzyme activity, and intestinal microbiota of
the red swamp crayfish (Procambarus clarkii), juveniles with an average weight of (3.80+0.05) g were selected and
subjected to four temperature treatments (15°C, 20°C, 25°C, and 30°C). The results indicated that both daily feed intake
and daily feeding rate increased with rising temperature, with the 30°C group exhibiting a significantly higher feeding
rate compared to the 15°C and 20°C groups. In terms of growth, the 25°C group achieved the highest weight gain and
specific growth rate, significantly surpassing the 15°C group, while the 30°C group displayed the highest molting rate
and was also significantly higher than the 15°C group. Enzyme activity analysis revealed that the 25°C group showed
significantly higher activities of digestive enzymes (protease and amylase) than the other temperature groups. Additio-
nally, this group demonstrated significantly elevated levels of antioxidant (total antioxidant capacity, superoxide dismu-
tase, catalase) and nonspecific immune enzymes (acid phosphatase, alkaline phosphatase) compared to the other groups,
indicating enhanced stress resistance and immune capacity at 25°C. Intestinal microbiota analysis indicated that the
20°C group had the highest microbial community richness (Observed OTUs, Chaol, Ace indices). However, at 25°C,
significant alterations in community structure were observed at the phylum and genus levels: the relative abundances of
Patescibacteria, Planctomycetota, and Bdellovibrionota decreased significantly. At the genus level, the beneficial
Lysinibacillus increased significantly, while potential pathogens such as Candidatus Bacilloplasma, Shewanella, Pseu-
domonas, and Pseudoxanthomonas decreased significantly. These findings suggest that 25°C is conducive to the growth
of P. clarkii, enhancing its digestive enzyme activity, immune function, disease resistance, and significantly improving
the intestinal microbiota structure.
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