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Fig. 1 Effects of indirect stress of different snails on the measurable traits of Daphnia magna at 6th instar
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Fig. 2 Effects of indirect stress of different snails on the measurable traits of Daphnia magna at 10th instar
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Fig.3 Effects of indirect stress of different snails on the life cycle of Daphnia magna population
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Fig. 4 Effects of indirect stress of different snails on antioxidant enzyme activities of Daphnia magna
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24 NEBRFEHREPENKERFEMEY  ZHMEAEES, Hh Cudl 5 PC4 MY ACE 45

A %0 . Chaol 8 %% . Simpson 8 £{ ¥4 & % & T LBPC
B TN i R SIER NN 4.7 ZH (P <0.05,% 1), 1fii Ctr ZH 1) Shannon & %% & &
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Tab.1 a diversity index of intestinal microbes of Daphnia magna under three treatments
PG ACEREACEMe  Guil S S Covnse
Ctr 1507.45+12.78° 1 504.89+12.15* 0.98+0° 8.05+0.04" 0.999 7
LBPC 834.98+59.14° 831.48+60.38" 0.83+0.01° 4.70+0.09° 0.999 5
PC 1413.17+128.73* 1412.42+128.18" 0.97+0.00° 7.89+0.10° 0.999 7

I FAT A NG R RoR B P22 57 (P <0.05)

Notes: Different lowercase letters in the same row indicate significant differences(P <0.05).

0.3
. o Ctr
LBPC
0.2+ e PC
I 01
S
¥
-0.1
7Y ¥
-0.4 -0.2 0 0.2 0.4 0.6
PCo01(69.08%)
El5s AEEREEME TAEENEEMED S
T PCoA

Fig.5 PCoA of f diversity in the intestinal microbes of
Daphnia magna under indirect stress of different snails
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Fig. 6 Effects of indirect stress of different snails on intestinal microbial composition of Daphnia magna
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Fig. 7 Effects of indirect stress of different snails on the prediction of intestinal microbial

functional genes in Daphnia magna
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Impact of indirect stress from invasive Pomacea canaliculata on the growth,
reproduction and gut microbiota of Daphnia magna

LIU Mingyuan', SUI Changrun', ZHAO Wenyu'?, QIU Zhujun"?, FAN Chonghui'*, ZHANG Yao'~’,
WANG Yugqing'?, ZHANG Qian', LIU Ying'*

(1. Key Laboratory of Environment Controlled Aquaculture, Ministry of Education, Dalian Ocean University, Dalian
116023, Liaoning, China; 2. College of Marine Science and Environment, Dalian Ocean University, Dalian 116023,
Liaoning, China; 3. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058,
Zhejiang , China)

Abstract: The invasion of Pomacea canaliculata poses a significant threat to the survival of native species
and disrupts the functioning of native ecosystems. Daphnia magna, known for its rapid reproduction,
malleable body shape, and ease of observation, is frequently used as a model organism in environmental
risk assessment studies. This study aimed to explore the effects of the invasion of P. canaliculata on the life
history, morphology, antioxidant performance, and gut microbiota of D. magna by establishing four
experimental groups: no-snail control group (Ctr), native snail Cipangopaludina chinensis group (CC) ,
limited-bacterial P. canaliculata group (LBPC) and P. canaliculata group (PC). The results showed that
the invasion of P. canaliculata promoted the growth, and reproduction of D. magna, and affected its life
cycle. D. magna in the PC group had significantly reduced body length and tail spine length (P<0.05) ,
while the population size and reproductive rate were significantly increased (P<0.05). Additionally, the
activity of antioxidant enzymes was significantly enhanced (P<0.05). Additionally, the f -diversity of
intestinal microbiota in D. magna was significantly altered in the PC group (P<0.05) , with predicted
microbial pathways shifting toward anti-inflammatory functions and enhanced metabolic capacity.
However, inhibiting pathogenic bacteria in the intestinal tract of P. canaliculata alleviated its indirect stress
effects on the growth, reproduction, and intestinal microbiota composition of D. magna. These findings
indicate that P. canaliculata exerts significant indirect pressure through non-predatory interactions,
affecting the physiological characteristics and gut microbial community of D. magna, potentially posing a
risk to native freshwater ecosystems, which may be partly attributed to changes in its gut microbiota. This
study enriches the understanding of the interspecific interaction mechanisms between P. canaliculata and
native zooplankton, providing important insights into the life history strategies of P. canaliculata.

Key words: Pomacea canaliculata; Daphnia magna; non-predatory indirect stress; antioxidant

performance; gut microbiota; ecological impact
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