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Fig. 1 Schematic diagram of acute handling stress
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Fig. 2 Effects of acute handling stress on serum biochemical indices of Seriola aureovittata
a. Cortisol; b. Glucose. CO: control group; HO: 0 h after handling stress; H3: 3 h after handling stress; H6: 6 h after handling
stress; H12: 12 h after handling stress; H24: 24 h after handling stress. For each panel, different lowercase letters
above the columns indicate significant difference between groups (P<0.05).
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Fig. 3  Effects of acute handling stress on serum transaminase activity of Seriola aureovittata
a. Glutamic oxalacetic transaminase; b. Glutamic pyruvic transaminase. C0: control group; HO: 0 h after handling stress;
H3: 3 h after handling stress; H6: 6 h after handling stress; H12: 12 h after handling stress; H24: 24 h after handling stress.
For each panel, different lowercase letters above the columns indicate significant difference between groups (P<0.05).
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Fig. 4 Effects of handling stress on serum antioxidant index of Seriola aureovittata
a. Superoxide dismutase; b. Glutathione peroxidase; c. Catalase; d. Malondialdehyde. CO: control group; HO: 0 h after handling stress;
H3: 3 h after handling stress; H6: 6 h after handling stress; H12: 12 h after handling stress; H24: 24 h after handling stress. For each
panel, different lowercase letters above the columns indicate significant difference between groups (P<0.05).
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Fig. 5 Effects of acute handling stress on gill histologic morphometry of Seriola aureovittata

a. Schematic diagram of gill histologic parameters; b. Control group; c. 0 h after handling stress;
d. 3 h after handling stress; e. 24 h after handling stress.
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Fig. 6 Effects of acute handling stress on gill histologic parameters of Seriola aureovittata
a. gill lamella interval; b. gill lamella length. CO: control group; HO: 0 h after handling stress; H3: 3 h after handling stress; H24: 24 h
after handling stress. Different lowercase letters above the columns indicate significant difference between groups (P<0.05).
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Fig. 7 Effects of acute handling stress on enzymes related to ion transport in the gills of Seriola aureovittata
a. Na'/K'-ATP enzyme; b. Ca®>"/Mg*"-ATP enzyme. CO: control group; HO: 0 h after handling stress; H3: 3 h after handling stress;
H6: 6 h after handling stress; H12: 12 h after handling stress; H24: 24 h after handling stress. For each panel, different lowercase
letters above the columns indicate significant difference between groups (P<0.05).
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Fig. 8 Effects of acute handling stress on a-diversity of the slime microbial community on Seriola aureovittata body surface
a. Chaol index; b. Ace index; c¢. Shannon index. CO: control group; HO: 0 h after handling stress; H6: 6 h after handling stress;
H24: 24 h after handling stress. For each panel, different lowercase letters above the columns indicate
significant difference between groups (P<0.05).
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Fig. 9 Effects of acute handling stress on S-diversity of the slime microbial community on Seriola aureovittata body surface
a. Principal coordinates analysis on genus level; b. Principal coordinates analysis on species level. CO: control group; HO: 0 h after

handling stress; H6: 6 h after handling stress; H24: 24 h after handling stress.
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Fig. 11 Microbial dysbiosis index analysis of slime microbiota on the body surface of Seriola aureovittata

a. Phylum level; b. Genus level; c. Species level. CO: control group; HO: 0 h after handling stress;
H6: 6 h after handling stress; H24: 24 h after handling stress.
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Fig. 12 Slime microbiota profile on the body surface of Seriola aureovittata (on phylum level)
CO0: control group; HO: 0 h after handling stress; H6: 6 h after handling stress; H24: 24 h after handling stress.
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Fig. 13 Differences analysis for the slime microbiota profile on the body surface of Seriola aureovittata

a. Analysis between CO and HO; b. Analysis between CO and H6; c. Analysis between CO and H24. CO: control group;
HO: 0 h after handling stress; H6: 6 h after handling stress; H24: 24 h after handling stress.
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Fig. 14 LEfSe (linear discriminant analysis effect size) analysis for slime microbiota profile from the
body surface of Seriola aureovittata
CO0: control group; HO: 0 h after handling stress; H6: 6 h after handling stress; H24: 24 h after handling stress.
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Effects of acute handling stress on serum biochemical parameters,
antioxidant capacity, gill morphology, and surface-slime microbial
community of Seriola aureovittat
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Abstract: In this study, we investigated the effects of acute handling stress on serum biochemical indicators,
antioxidant capacity, gill morphology, and surface slime microbial community of Seriola aureovittata. The
experiment was conducted using S. aureovittata individuals (body weight: 463.86 + 63.86 g). During the
experiment, crowding-air exposure was repeated 10 times. Samples were collected before acute handling stress
(CO, control group) and at 0, 3, 6, 12, and 24 h after stress. The results showed that acute handling stress
significantly increased serum cortisol levels (P < 0.05). With the extended recovery time, cortisol levels initially
increased and subsequently decreased, peaking at 3 h and returning to baseline at 12 h. Superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GSH-Px) activities and malondialdehyde (MDA) content followed
a similar trend to that of cortisol; however, they peaked at 6 h after handling stress. After 24 h of recovery, only
CAT activity and MDA content returned to their initial levels. In addition, acute handling stress caused bending
and swelling of gill lamellae, cell vacuolation, and disordered epithelial arrangement. After 24 h of recovery, gill
filament morphology had not fully returned to its original state. Moreover, acute handling stress exacerbated slime
microbiota dysbiosis on the body surface, significantly increasing pathogenic bacteria abundance, including Vibrio
splendidus, Tenacibaculum soleae, and Tenacibaculum dicentraci (P<0.05). In conclusion, S. aureovittata requires
more than 24 h to fully recover from acute handling stress. The optimal window for stress-alleviating interventions
occurs within the first 6 h post-handling stress. Regulating slime microbiota balance on the body surface may
represent a promising strategy for mitigating acute handling stress.

Key words: Seriola aureovittata; acute handling stress; antioxidant capacity; slime microbiota; serum biochemical
parameter
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