


Cloudbursts and Floods in Nepal: Ecological Pathways, Evidence Gaps, and Consequences for Aquatic Fauna and Freshwater Ecosystems
Abstract
This review assesses how cloudburst-associated flash floods, monsoon floods, and sediment-laden cascading floods impact aquatic fauna and freshwater ecosystems in Nepal. A synthesis of original research was conducted to connect hydroclimatic and geomorphic data to field observations of benthic macroinvertebrates, macrophytes, fishes, crocodilians, and river dolphins. Predic2 monsoon flooding does not automatically equate to ecological degradation. For example, Nepalese stream invertebrates are capable of exhibiting population level flexibility and flood pulses are known to maintain channel-floodplain connectivity. However, the potential for degradation increases when rainfall, landslide sediment, and bank failure are combined with anthropogenic flooding. Buried fauna and flora experience both habitat homogenization and disconnection during recovery. The strongest Nepal-specific evidence is for macroinvertebrate seasonality and habitat controls; direct indicators of the effects of cloudbursts on aquatic ecosystems are largely lacking. Post-flood surveys conducted in Koshi Tappu document the displacement and alteration of habitats of fauna, but do not support either mortality or biodiversity loss on a national scale. Fish and river dolphin studies have shown the importance of habitat depth, discharge, water quality, habitat connectivity, and dry season refuges on the fauna of aquatic ecosystems. The State of Nepal should be guided by hydrometeorology and sediment budgets to conduct before-after-control-impact studies of the effects of hazard mitigation practices. The conservation goal should be to protect aquatic ecosystems from fragmentation caused by emergency flood protection systems.
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Introduction
Nepal is one of the steepest climatic and elevational gradients on earth for the rivers to descend, coupled with summer monsoon rainfall, snow and ice melt, groundwater, landslides and high sediment yield. However, rainfall varies spatially because of the control of topography on moisture delivery and rain shadow formation, and the largest one-day precipitation totals do not necessarily occur at the same elevation as the largest annual totals (Kansakar et al., 2004; Talchabhadel et al., 2018). Most recorded precipitation extremes are observed during summer months of the monsoon, but long-term trends vary among regions and stations rather than forming a uniform national signal (Bohlinger & Sorteberg, 2018; Karki et al., 2017).
A cloudburst is a localized occurrence of torrential precipitation; a flash flood occurs when heavy rain or a combination of factors, such as dam failure, landslide blockage and breach, glacial-lake release and a sequence of events, triggers a very rapid hydrological response. This distinction is ecologically significant as this does not depend on the intensity of the rainfall alone for causing biological damage. Organismal exposure is defined by the combination of peak discharge, rate of rise, duration, sediment concentration and calibre, bed mobility, channel confinement, antecedent conditions, season, and access to refuges. The Melamchi disaster in 2021 was a multi-monsoon season sediment cascade process of rainfall, disturbed hillslope, channel erosion, and sediment storage (Adhikari et al., 2023; Baniya et al., 2023; Chen et al., 2025).
Flooding also has a dual ecological role. High flows provide new or reconnected habitats, add organic matter and nutrients, induce movement and sustain floodplain wetlands during the seasons. Rare or unusually sediment-rich floods may scour or bury benthos, displace fishes, strand large aquatic vertebrates, simplify channel units and transport contaminants, however. Comparing a natural flood pulse with ecological impairment requires a comparison not only with the historical flow regime, but also with recovery, as well.
The review aims to answer the following questions: (1) what are the physical and chemical pathways through which cloudburst associated and other floods impact aquatic fauna in Nepal ? (2) What has been observed in Nepalese rivers and wetlands? and (3) What is warranted by the evidence in terms of monitoring and management? It is argued that some life stages and reaches may experience acute impacts that are quite strong, but no generalized faunal collapse is yet supported by direct measurements throughout Nepal. Assessment of resistance, displacement, mortality, recolonization and longer-term habitat change must be made defensible.
Review scope and evidence approach
This is a critical narrative review of original, published research articles. Targeted web-based scholarly searches were completed in September 2026 using combinations of Nepal, Himalaya, cloudburst, flash flood, monsoon flood, sediment, fish, macroinvertebrate, macrophyte, wetland, crocodile, and river dolphin. Reference lists and publisher records were then used to locate additional original field and experimental studies. To keep the evidence stable and fully published, the synthesis was limited to journal articles published through December 2025; preprints, theses, reports, book chapters, news items, and review papers were excluded from the evidentiary reference list.
Studies were retained when they provided at least one of the following: measurements of Nepalese precipitation, floods, sediment or channel change; observations of Nepalese freshwater biota in relation to season, flow, habitat or water quality; direct post-flood observations in Nepal; or empirical tests of flood mechanisms and recovery in other river systems. The latter studies were used only to explain mechanisms where Nepal-specific event data were missing, not to assign effect sizes to Nepal. Because search platforms, terminology, sampling seasons, and response variables differed, and because only a small subset used before-after designs, no meta-analysis was attempted. Table 1 identifies the inferential role and main limitation of the most relevant Nepal-specific studies.
Hydroclimatic and geomorphic context
Annual rainfall and timing of extremes are dominated by the monsoon, with significant spatial structure. The station data have shown that there is strong gradient in the Middle Hills, Himalayan front and trans-Himalayan rain shadow (Kansakar et al., 2004; Talchabhadel et al., 2018). Karki et al. (2017) reported increases in several precipitation-extreme indices at parts of the country, while Bohlinger & Sorteberg (2018) did not observe increases in precipitation amount or event counts in 98 stations on a national scale. These results warn against making sweeping statements on all recent floods in Nepal being attributed to one trend across the country, and exposure must be assessed at basin and event levels.
A common ecological risk in steep basins is a water-sediment cascade, not a clear-water flood. The previous earthquakes and landslides have left deposits on the slopes of the Melamchi river basin; the erosion and deposition during the Melamchi flood in 2021 were documented through remote sensing and hydrological analyses and have been found to be extensive (Adhikari et al., 2023; Baniya et al., 2023; Chen et al., 2025). Baniya et al. (2024) also correlated the event with contribution from precipitation, temperature and regional runoff. The channel disturbance which can occur following peak flow may persist following the flow event due to reworking of stored sediment, and biological exposure may continue for seasons following the triggering rainfall.
Cascades can alter channel features, such as infilling pools, aggrading or migrating riffles, bank erosion, opening or closing side channels, and infiltration of fine sediment into coarse substrates. Ecological impacts are related to the presence or absence of a mosaic of hydraulic habitats in the post-flood landscape. A short pulse can become a long term constraint in recovery due to engineering that separates the tributary, backwaters, floodplain ponds, vegetated margins and hyporheic spaces from the river.
Mechanisms affecting aquatic fauna
Hydraulic stress, drift, displacement, and stranding
Rapidly rising discharge increases shear stress and near-bed velocity. Benthic animals may enter the drift actively or be dislodged; fishes may move into margins and tributaries, be transported downstream, or be isolated when waters recede. Natural and experimental disturbances have produced habitat-specific benthic responses, while experimental floods in a regulated Alpine river reduced benthic density by 14-92% depending on flood magnitude and habitat and transported tens to hundreds of millions of invertebrates (Matthaei et al., 1997; Robinson et al., 2004). Flow refugia within coarse margins and sheltered patches can reduce losses (Rempel et al., 1999).
Fish responses are likewise heterogeneous. An extreme Mediterranean flash flood caused little change in overall richness or rank abundance but reduced small cyprinids (Pires et al., 2008). Sequential floods in a prairie stream reduced abundance by about half after the first event, with effects differing among pools and schooling taxa (Wesner, 2011). In tropical island streams, native fish assemblages recovered rapidly through recruitment and recolonization (Smith & Kwak, 2015). These studies show why a flood footprint cannot be equated automatically with population mortality: displacement, local mortality, and rapid return may produce similar single-date observations.
Scour, burial, turbidity, and food-web disruption
Bed mobilization can crush or export invertebrates, remove periphyton, and disturb eggs and larvae in gravel. Fine sediment deposited during the falling limb can fill interstices, reduce oxygen exchange, and cover feeding and spawning surfaces. Suspended-sediment releases in an Alpine stream changed fish and macroinvertebrate communities, providing an empirical analogue for the biological stress caused by sediment-rich natural floods (Crosa et al., 2010). Catastrophic flood and debris-flow effects on Appalachian stream macroinvertebrates persisted beyond the immediate event and varied with geomorphic damage (Snyder & Johnson, 2006).
Primary producers and detrital resources can be reset at the same time as consumers. In Sycamore Creek, a flash flood removed nearly all invertebrate standing crop and algae, but physical conditions returned within days and biota recovered within weeks (Fisher et al., 1982). A temperate lowland-river study likewise documented taxon-specific benthic responses to a summer flood (Chattopadhyay et al., 2021). Recovery can be fast when sources of colonists and favorable post-flood conditions remain. By contrast, repeated fine-sediment delivery, sewage, pesticides, or channelization can prevent the system from following this trajectory. A Nepalese assessment should therefore measure both acute removal and the condition of the post-flood habitat template.
Water-quality pulses and delayed stress
Floodwater contains material from hillslopes, settlements, farms, roads, waste sites and damaged infrastructure. Flushes can increase the levels of suspended solids, nutrients, pathogens, hydrocarbons and pesticides; and dilute some solutes temporarily. As the organic matter deposits, it can decompose further increasing oxygen demand. The dissolved oxygen, conductivity and nutrients in the water are significantly correlated with Nepalese fish assemblage (Edds, 1993; Pokharel et al. 2018; Limbu et al. 2020). Therefore, post-flood deterioration in water quality is a plausible stressor but needs event-specific sampling to confirm that it is the cause of mortality.
Connectivity: ecological benefit and pathway of risk
Seasonal inundation links main channels, tributaries and floodplain wetlands; increases feeding habitat; and allows movement. Floods can therefore enhance habitat availability in the same manner that they impact specific patches. The composition of macrophytes was found to be related to hydrological alteration in Koshi Tappu wetlands, indicating that the community of the floodplain follows water-level regimes instead of the presence or absence of floodplain inundation (Regmi et al., 2021). Deep channels, confluences and uninterrupted flow are critical for Ganges River dolphins, and irrigation withdrawal and fishing pressure are complementary, with a reduction in these critical habitat components during low water (Paudel et al., 2015; Khanal et al., 2016). Conservation is therefore not about flood control, but keeping safe and connected refuges during both high and low-flow conditions.
Evidence from Nepalese aquatic communities
Benthic macroinvertebrates
Brewin et al. (2000) is a direct Nepalese example of the effects of the monsoon floods. 16 streams, ranging from 600 to 3800 m elevation, were sampled from season to season and in various land uses. In low-altitude agricultural areas, benthic density decreased by 77% from winter to pre-monsoon and by a further 14% during monsoon, whereas benthic richness decreased by 20% from winter to pre-monsoon and by 5% during monsoon. The decrease in benthic density was not statistically significant during the monsoon season, as the numbers were already low, but the absolute loss in density was high. The authors found no evidence that predictable monsoon floods acted as a singular major disturbance and interpreted the pattern as seasonal adjustment, while emphasizing that land use destabilized communities.
This is not a generalization for cloud burst triggered debris floods. The study looked at seasonal monsoon dynamics, rather than an extreme event with event-scale sediment measurements. It does give a baseline, however, that a low post-monsoon catchment is not catastrophic damage unless pre-event seasonality and catchment condition is considered. Previous surveys indicated that altitude, land use, and habitat and water chemistry are structuring the stream communities of Nepal (Rundle et al., 1993; Suren, 1994). Seasonal variability and long-term change have also been observed during recent resample of streams in the Himalayas, which further emphasize the importance of multi-temporal reference sampling (Jacobsen et al., 2024).
The spatial baseline is extended with contemporary studies. Tributary and main-stem reaches of the Karnali basin had distinct macroinvertebrate assemblage patterns, related to stream order and environmental gradients (Tachamo Shah et al., 2020b). Bheri and Babai surveys found 56 families, and there were significant differences between the basin and the seasons (Khatri et al., 2022). The study of Kamala River also showed a difference in richness and community composition throughout the seasons (Tachamo Shah et al., 2024). These datasets can be used for post event comparison but none of them can isolate a cloudburst effect.
There is evidence from other rivers that recovery can take from a few weeks to 1 year or more due to severity and habitat condition. A recovery to pre-flood metric conditions occurred within approximately 1 year after extreme floods in a Catskill Mountain river (Smith et al., 2019) and event- and site-specific responses were found for Vermont streams (Stamp et al., 2020). However, in a New Zealand gravel-bed river, flood and low-flow effects were different for different habitats and taxa (Suren & Jowett, 2006). Therefore, abundance, richness, trait composition and habitat-specific density should be continued to be monitored in Nepal instead of a single biotic index.
Fishes
Nepalese fish assemblages track geography, hydraulics and water quality. Across 81 Gandaki sites, Edds (1993) found geography, water quality and stream hydraulics to be principal correlates, with monsoon-associated variables exerting a secondary influence. In the Seti Gandaki basin, 30 species were recorded and assemblage structure covaried with conductivity, pH, dissolved oxygen, nutrients, depth, width and discharge (Pokharel et al., 2018). Andhi Khola sampler recorded temporal variation and relationships with dissolved oxygen, carbon dioxide and hardness (Limbu et al., 2020).
These studies categorize vulnerability paths but do not measure mortality triggered by a particular flood. High velocity and mobile sediment can eliminate small-bodied fishes and interrupt spawning substrates, whereas adults of rheophilic taxa may exploit velocity refuges. Pools, tributary mouths and low-velocity margins are particularly significant during peaks and for recolonization. Claims that a flood eliminated fish populations should therefore be supported by standardized pre- and post-event catch per unit effort, detection-corrected occupancy or environmental DNA, plus surveys of accessible refuge reaches.
Floods may also provide benefits. Expanded inundation increases access to floodplain food resources and nursery habitat, and seasonal flow cues movement. The ecological question is whether an event falls within the regime to which taxa are adapted or crosses geomorphic and physiological thresholds. The contrasting outcomes reported by Pires et al. (2008), Wesner (2011), and Smith & Kwak (2015) show that assemblage resistance depends on body size, behavior, network connectivity and the availability of undamaged source populations.
Floodplain biota and large aquatic vertebrates
The Koshi embankment break in 2008 is the most well documented post-flood event in Nepal that occurred in the presence of several faunal groups. In 2009, benthic macro-invertebrates and Ganges River dolphin, mugger crocodile, wild water buffalo and swamp francolin and vulture counts were carried out in Koshi Tappu Wildlife Reserve. Changes in habitat, wildlife displacement, and dolphin rescues from stranded animals due to the altered river course were documented (Khatri et al., 2010). Another survey was also conducted at a later stage to assess the conditions of major fauna post-disaster (Limbu & Subba, 2013).
These papers are very helpful observations, but not "Replication of pre- and post-tests with impact" studies; historical data varied in methods and coverage. They find that channel avulsions can result in the trapping or displacement of aquatic megafauna and the reorganization of wetlands, but they do not provide a general mortality coefficient for Nepali floods. Their best management tip is to quickly survey all the cutoff channels, borrow pits, irrigation canals and isolated pools after events to look for stranded dolphins, crocodilians, turtles and fishes; and to monitor the water quality prior to rescue or release.
Longer-term dolphin research shows how flood-season access and dry-season contraction interact. Nepal-wide surveys located a very small population concentrated in the Karnali, Sapta Koshi and Narayani systems and associated occurrence with suitable depth and hydraulic habitat (Paudel et al., 2015). In the Karnali, irrigation demand compressed habitat and increased overlap with fishing activity (Khanal et al., 2016). A flood can temporarily extend range, but avulsion, embankment repair, water withdrawal, and nets can turn movement into entrapment. Recovery planning must therefore span the full hydrograph.
Resistance, resilience, and the boundary between pulse and regime shift
Resistance is the degree to which abundance, composition or function changes during a flood; resilience is the rate and completeness of return. Both are scale-dependent. A reach may lose most benthic organisms while the basin retains colonists; a local fish assemblage may appear stable even though vulnerable cohorts are removed. Physical recovery may precede biological recovery, or habitat creation may permit rapid recruitment. Experimental and field studies demonstrate responses ranging from near-total short-term removal with recovery in weeks to compositional effects lasting a year or more (Fisher et al., 1982; Snyder & Johnson, 2006; Smith et al., 2019).
Predictability can promote resistance strategies. Nepalese aquatic insects can harmonize life histories with the monsoon, use aerial stages, or recolonize quickly; this is consistent with the seasonal adjustment reported by Brewin et al. (2000). Yet adaptation to a seasonal high-flow period does not guarantee tolerance of an unusually fast-rising debris flood, consecutive events, or floods coinciding with eggs and larvae. Magnitude, rate of rise and sediment calibre should therefore be reported alongside discharge recurrence intervals.
A pulse becomes a regime shift when the post-event system loses the processes that enable recovery. Persistent channel incision or aggradation, hard-bank reconstruction, blocked tributaries, damaged wastewater systems, repeated sediment supply and invasive-species establishment can create a new habitat template. Water diversion already alters aquatic diversity in monsoon-dominated western Himalayan rivers (Tachamo Shah et al., 2020a). Flood reconstruction that further modifies environmental flows may compound rather than repair ecological damage.
Compounding pressures
Catchment land use modifies runoff, sediment delivery and recovery. In Nepalese Himalayan streams, agricultural and grassland catchments displayed greater community turnover than semi-natural forest (Brewin et al., 2000), while broader surveys linked macroinvertebrate composition to land use and altitude (Rundle et al., 1993; Suren, 1994). Roads, quarrying, sand extraction, forest loss and poorly managed spoil can increase sediment available to the next storm. Flood impact is therefore partly a property of the antecedent landscape.
Hydropower, diversion structures, embankments and emergency bank protection change connectivity. They may reduce flood exposure locally but eliminate lateral habitats or prevent recolonization. In western Nepal, water diversion was associated with changes in aquatic biodiversity and provided empirical support for environmental-flow protection (Tachamo Shah et al., 2020a). River-dolphin investigations shows that low-flow abstraction and fishing risk interact (Khanal et al., 2016). These pressures can be more persistent than the flood itself.
Pollution can also mask or prolong flood effects. The Bagmati macroinvertebrate assemblage echoes strong urban disturbance and water-quality gradients (Shah & Shah, 2013). After a flood, dilution may temporarily improve some chemical measurements even while deposited waste, pathogen loading and oxygen demand worsen biological conditions. Paired chemical and biological monitoring is needed to avoid contradictory interpretations.
Research priorities for Nepal
The central evidence gap is not a lack of species lists; it is the scarcity of event-linked designs. Nepal needs permanent sentinel reaches in major basins, with standardized pre-monsoon, monsoon and post-monsoon surveys and automatic hydrometeorological records. When an extreme event occurs, an event-triggered (Table 2) protocol should sample impacted reaches and matched controls within days, weeks, months and at least one year. 
Ideally a before-after-control-impact design would be used, however in the absence of pre-event data, archived environmental DNA or historical photos can complement inference using upstream-downstream comparisons. Parameters that should be included are stage and discharge, rate of rise, flood duration, suspended-sediment concentration, grain-size distribution, bed mobility, cross sections, mapped erosion and deposition, and connectivity of tributaries and floodplain waters. Biological sampling should combine benthic density and benthic traits, catch per unit effort and size structure, environmental DNA, periphyton biomass, macrophyte cover and targeted searches for stranded megafauna. Samples collected for water quality should include dissolved oxygen, temperature, conductivity, turbidity, nutrients, microbial indicators, and locally relevant toxicants.
Reference data must be seasonally matched. The strong pre-monsoon decline reported by Brewin et al. (2000) shows that comparing a post-flood sample only with winter can exaggerate impact. Detection probability must also be considered because turbid, deep or newly braided channels change sampling efficiency. Reporting raw effort, habitat area sampled, gear selectivity, taxonomic resolution, and inaccessible sites will make results comparable.
Open data would allow basin-wide learning. Hydrometeorological series, event footprints, channel-change products, biological observations and rescue records should share stable site identifiers and timestamps. Nepalese baselines already exist for the Gandaki, Karnali, Bheri, Babai, Kamala, Bagmati and Koshi systems (Edds, 1993; Shah & Shah, 2013; Pokharel et al., 2018; Tachamo Shah et al., 2020b; Regmi et al., 2021; Khatri et al., 2022; Tachamo Shah et al., 2024). Repeating these sites after floods would be more informative than initiating unrelated one-time inventories.
Management and conservation implications
The first attempt must be to ensure the protection of a network of refuges and not trying to stabilize all reaches. Survival and recolonization occurs with tributaries, side channels, deep pools, vegetated margins, floodplain wetlands and hyporheic gravels. Passage should be left between these features at road crossings and temporary works and at post-flood embankments. If the public safety permits it, the channel morphology should be maintained as heterogeneous. Second, include ecological triage as a component of disaster response. Teams should conduct aquatic vertebrate mapping, fish kills, blocked tributaries and isolated pools of aquatic vertebrates within 24-72 h. Handling and veterinary care of the species must be followed when attempting to rescue.
Field observations should record exact coordinates, effort, water quality and fate after release so that rescue data become usable evidence. Third, manage sediment at its sources and along the recovery corridor. Stabilizing road spoil, regulating extraction, restoring riparian vegetation and avoiding disposal into channels can reduce the mobile sediment available to later storms. Dredging or channel clearing should be justified reach by reach because removing bars and wood can eliminate refuges and nursery habitat. Sediment-rich cascades such as Melamchi demonstrate that recovery must address stored material across the basin, not only the damaged town reach (Baniya et al., 2023; Chen et al., 2025).
Fourth, protect environmental flows and connectivity during reconstruction. Temporary diversions should include fish passage and safe return paths; water abstraction should not dewater refuge pools. In dolphin rivers, maintaining depth at confluences and limiting nets during habitat contraction are priorities supported by Nepalese field studies (Paudel et al., 2015; Khanal et al., 2016).
Finally, communicate uncertainty. Authorities and researchers should distinguish confirmed kills, observed displacement, habitat loss, and modeled risk. The evidence supports concern about acute local impacts and delayed sediment effects, but it does not support unqualified national counts of aquatic-fauna loss. Transparent uncertainty will improve both scientific credibility and allocation of restoration resources.
Conclusion
Cloudbursts and floods affect Nepalese freshwater ecosystems through interacting hydraulic, geomorphic, chemical and connectivity pathways. Predictable monsoon floods can be accommodated by life histories and can sustain floodplain functions, whereas abrupt, sediment-rich cascades may remove organisms, bury habitat, strand large vertebrates and reset channel structure. The effect is determined by event characteristics, life stage, habitat mosaic, antecedent land use and access to recolonization sources.
Published Nepalese evidence is strongest for seasonal macroinvertebrate dynamics, environmental controls on fish assemblages, floodplain hydrology, and post-flood observations from Koshi Tappu. Direct, controlled measurements of cloudburst impacts on aquatic animals remain rare. The responsible scientific conclusion is therefore conditional rather than catastrophic: severe local impacts are plausible and sometimes observed, but magnitude and duration must be measured. Sentinel monitoring, event-triggered sampling, refuge protection, environmental flows, sediment management and ecologically informed reconstruction offer the clearest route from disaster response to freshwater resilience.
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Table 1 Nepal-specific original studies most directly informing the review and their inferential boundaries
	Study
	System / evidence
	Main contribution
	Boundary of inference

	Edds (1993)
	Gandaki fish, 81 sites
	Hydraulics, geography, water quality and monsoon variables structure assemblages.
	Observational gradients; not an event-impact design.

	Rundle et al. (1993); Suren (1994)
	Himalayan stream macroinvertebrates
	Altitude, land use and habitat explain community differences.
	Low-flow spatial surveys; useful baseline only.

	Brewin et al. (2000)
	16 streams, seasonal benthos
	Low-elevation seasonal declines; predictable monsoon not isolated as major disturbance.
	Seasonal monsoon study, not a cloudburst or debris-flood study.

	Khatri et al. (2010); Limbu & Subba (2013)
	Koshi Tappu after 2008 breach
	Documented habitat alteration, displacement, stranded dolphins and post-flood fauna.
	Post-event surveys with limited standardized pre-flood comparison.

	Paudel et al. (2015); Khanal et al. (2016)
	Ganges River dolphins
	Depth, connectivity, low-flow habitat and fishing interaction determine risk.
	Not designed to estimate flood-caused mortality.

	Pokharel et al. (2018); Limbu et al. (2020)
	Seti Gandaki and Andhi Khola fishes
	Assemblages covary with discharge, dimensions, oxygen and chemistry.
	Associations identify pathways, not causation by a particular flood.

	Tachamo Shah et al. (2020a, b)
	Western Himalayan rivers
	Water diversion alters biodiversity; tributaries and main stem support distinct benthos.
	Compounding-pressure and baseline evidence.

	Regmi et al. (2021)
	Koshi Tappu macrophytes
	Water-level alteration changes floodplain plant composition.
	Macrophytes indicate habitat response; fauna not directly measured.

	Khatri et al. (2022)
	Bheri and Babai benthos
	56 families; basin and seasonal differences provide baseline.
	No extreme-event before-after comparison.

	Adhikari et al. (2023); Baniya et al. (2023, 2024); Chen et al. (2025)
	2021 Melamchi flood
	Quantified hydrology, erosion, deposition and cascading sediment processes.
	Strong physical evidence; aquatic fauna were not sampled.

	Jacobsen et al. (2024); Tachamo Shah et al. (2024)
	Long-term/seasonal stream macrofauna
	Shows value of repeated, seasonally matched biological records.
	Cannot attribute observed change uniquely to floods.


This table is an original synthesis by the authors; no previously published table has been reproduced.
Table 2 Minimum event-triggered monitoring framework for flood impacts on aquatic fauna
	Phase
	Timing
	Core measurements
	Primary inference

	Baseline
	Seasonally repeated, annually
	Discharge; sediment; channel units; benthos; fish CPUE/eDNA; macrophytes; megafauna; water quality
	Natural seasonal range and site trends

	Acute response
	0-72 h when safe
	Event hydrograph; turbidity; erosion/deposition; kills and strandings; contaminant releases
	Exposure footprint and immediate mortality/displacement

	Early recovery
	1-4 weeks
	Habitat mosaic; sediment infiltration; benthos; fish size structure; isolated pools; oxygen
	Recolonization, recruitment and delayed stress

	Seasonal recovery
	3-6 months
	Repeat baseline methods at impact and control reaches
	Resistance versus recovery, seasonally matched

	Long-term recovery
	12-24 months
	Community composition and traits; geomorphic persistence; connectivity; repeated events
	Return, alternative state, or compounding pressure


CPUE, catch per unit effort; eDNA, environmental DNA. This table presents an original monitoring synthesis.
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