	Biomarkers
	Parameter
	Parasitized Fish
	Non-parasitized Fish

	Oxidative Stress & Antioxidants
	MDA
	↑ in autumn, winter, and spring vs. summer (p < 0.05); higher in parasitized fish vs. non-parasitized in these seasons
	No significant differences

	
	NO
	↑ in autumn, winter, and spring vs. summer (p < 0.05)
	No significant differences

	
	GSH
	Slight ↑ in autumn & winter (ns); significant ↑ in spring (p < 0.05)
	No significant differences

	
	GSSG
	Highest in autumn vs. other seasons (except spring) (p < 0.05)
	No significant differences

	Gene Expression
	il-1β
	Upregulated in autumn (p < 0.01) and winter (p < 0.05) vs. summer & spring
	No significant differences

	
	mhc-iα
	↑ in summer vs. non-parasitized (p < 0.05)
	No significant differences

	
	tcr-β
	↑ in winter vs. summer (p < 0.05); higher than non-parasitized in autumn, winter, spring
	No significant differences

	Innate Immune Parameters
	IgM
	↑ in winter (p < 0.001) and spring (p < 0.05) vs. summer & autumn
	No significant differences

	
	Lysozyme
	↑ in winter and spring vs. summer (p < 0.001)
	No significant differences

	Growth Indices
	K-factor
	Significant change in autumn vs. other seasons (p < 0.05)
	Autumn is significantly different from summer (p < 0.01) and winter (p < 0.05)

	
	HSI
	↑ in winter vs. summer (p < 0.05)
	No significant differences


Supplementary Table 1. Summary of seasonal trends across biomarkers parameters in parasitized and non-parasitized fish
