Table 1 Conceptual microbial indicators and corresponding management responses. These signals are intended for farm-specific

calibration; they are not universal diagnostic thresholds

Indicator domain ~ Routine/healthy pattern Alert or high-risk signal Management interpretation and action
Target pathogens  Stable low background orRepeated increase; virulence markerRe-sample; confirm with qPCR/dPCR or
non-detection confirmed culture; strengthen  diagnostics  and
biosecurity
Community structure Expected Abrupt or persistent deviation fromlncrease monitoring; examine recent
seasonal/developmental baseline husbandry and environmental changes
varlation
Diversity/stability =~ Farm-specific normal range Sudden loss of stability or resilience Treat as supporting evidence, not diagnosis
by itself
Health-associated  Persistent baseline pattern  Repeated decline or disappearance  Examine concurrent stressors; avoid
taxa assuming causality without validation
Functional genes Stable functional profile Enrichment of wvirulence, stress, orConfirm target 1dentity/activity; review
resistance functions antimicrobial and biosecurity history
Water quality Expected operational range Warming, hypoxia, nitrogen stress,Correct manageable environmental stress
organic loading and assess interaction with microbial signal
Host condition Normal feeding, behavior andReduced feeding, lesions, abnormalEscalate clinical/pathogen diagnostics and

survival behavior, increased mortality targeted intervention
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