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Climate Change Impacts on Community Livelihoods and Vegetation Dynamics Across Elevational Gradients in the Central Himalaya, India

Abstract
This study examines the impacts of climate change on local communities and alpine vegetation across Himalayan elevation gradients using household surveys (n = 175) and a 21-year NDVI (2004–2024) analysis. Community perceptions revealed rising temperatures (91%), altered seasonal timing (89%), reduced snowfall (91%), shorter winters (82%), and shifts in agriculture, horticulture, and species phenology. Reported impacts included early flowering, reduced medicinal plant productivity, crop infestations, and increased wildlife–human interactions. NDVI trends showed stable high values at low elevations (max 0.7 in 2024), moderate but fluctuating peaks at mid elevations, and gradual greening at high elevations (peaks of 0.5 in 2022–23). Early NDVI peaks indicated advancing phenology linked to warmer springs and early snowmelt. Together, perception and remote sensing evidence reveal significant climatic alterations affecting seasonal cycles, agro-pastoral practices, and vegetation productivity, highlighting the need for sustainable adaptation strategies in Himalayan ecosystems.
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Introduction
Climate change refers to long-term alterations in temperature, precipitation patterns, and other climate variables driven primarily by anthropogenic greenhouse gas emissions. Since the industrial revolution, global mean surface temperature has risen by approximately 1.1 °C above pre-industrial levels, with the past decade being the warmest on record (IPCC, 2021). This warming is causing widespread impacts, including glacier retreat, sea-level rise, shifts in precipitation regimes, and increased frequency of extreme events such as heatwaves, droughts, and intense storms (NASA, 2023). Beyond physical systems, climate change affects biodiversity, ecosystem functioning and human livelihoods particularly in climate-sensitive regions like alpine and polar ecosystems (Parmesan & Yohe, 2003). Projections suggest that without substantial mitigation, global temperatures may rise by 2 to 4 °C by the end of the century, driving profound ecological, social, and economic consequences (IPCC, 2021). 
Climate change is profoundly influencing vegetation patterns and dynamics worldwide, driving shifts in species composition, productivity, and biome distributions. Rising global temperatures, altered precipitation regimes, and increased frequency of extreme events are changing plant phenology, advancing flowering and leaf-out times, and lengthening growing seasons in many temperate and boreal regions (Piao et al., 2019). These shifts are causing poleward and upward migration of plant species, with evidence of biome-scale transformations, such as shrub encroachment into tundra and tree line advancement in alpine ecosystems (Peñuelas & Filella, 2009; Gottfried et al., 2012). At the same time, drought stress and heat extremes are increasing vegetation mortality and causing forest diebacks, particularly in semi-arid regions and tropical rainforests (Phillips et al., 2009; Allen et al., 2010). Moreover, elevated CO₂ concentrations are enhancing photosynthetic activity and biomass in some ecosystems, yet these gains are often offset by water and nutrient limitations (Zhu et al., 2016). Collectively, these patterns indicate that climate change is reshaping global vegetation structure and function, with implications for biodiversity, carbon cycling, and ecosystem services. Remote sensing is reliable source to intercept biodiversity loss and real time monitoring at global because of close correlation with normalised difference vegetation index (NDVI) values (-1 to 1), high NDVI more than 0.6 for dense, green vegetation and Low NDVI 0.1-0.5 for sparse vegetation cover included grasslands, which is derived from reflectance of Red and NIR spectral band.
Alpine meadows are among the most climate-sensitive ecosystems due to their reliance on narrow temperature and moisture ranges. Rising temperatures accelerate soil carbon loss by enhancing microbial decomposition and thawing permafrost, potentially converting alpine meadows from carbon sinks to carbon sources (Schmidt et al., 2021; Wang et al., 2021). On the Tibetan Plateau, warming has driven long-term increases in carbon sequestration under warmer and wetter conditions, although some sites have shifted towards weak carbon sources when ecosystem respiration exceeded primary productivity (Zhou et al., 2023; Xu et al., 2023). Nutrient dynamics are similarly affected; warming reduces soil organic matter, nitrogen, phosphorus, and moisture content, resulting in altered plant productivity and soil stability (Liu et al., 2024). Plant communities also exhibit thermophilization, with cold-adapted species declining and warm-adapted shrubs and bryophytes expanding in alpine meadows across Europe and the Himalaya (Gottfried et al., 2012; Bjorkman et al., 2018). Reduced snowpack duration, earlier snowmelt, and changes in hydrology further disrupt plant phenology and habitat conditions, threatening biodiversity and ecosystem functioning (Hülber et al., 2016; NPS, 2023). Collectively, these shifts highlight how climate change is reshaping alpine meadows through intertwined impacts on carbon cycling, nutrient availability, and species composition, putting their ecological stability at risk. 
Alpine meadows of the Indian Himalayas, locally known as bugyals, are highly sensitive ecosystems experiencing significant alterations due to climate change. Rising temperatures and shifting precipitation patterns have led to treeline advancement by 300 - 600 meters, shrinking alpine meadow habitats and altering vegetation composition (Negi et al., 2020; Rawal et al., 2024). 
The Himalayan region is severely data-deficient in terms of observations of climate change impacts on ecosystem and biodiversity (IPCC 2007). There is a serious lack of systematic studies and empirical observations about species-level impacts of climate change in the Himalayas (Gautam et al. 2013). A recent study reports a decline in apple yields in some parts of Himachal Pradesh because of the chilling requirements during flowering and fruiting (Raina 2009). Alpine grasslands, mainly distributed at high altitude regions, are particularly sensitive to the effects of global change. Climate change effects on community structure and composition are dependent on species identity, the number of functional groups and community types, and geographical distributions (Sheldon et al., 2011; Yang et al., 2011; Frenette-Dussault et al., 2013). Thus, the aim of present study was to analyse the change in vegetation dynamics and community livelihood at high altitude area of central Himalaya. 
Material and Methods 
Study area
[bookmark: _Hlk186199251]The Study was conducted in High-Altitude Alpine Meadows of the Byans valley and is located between 30°10´ and 30°20´ N latitude and 80° 20´and 80°50´ E longitude between 3200-3500m elevation in Central Himalaya, India. The Byans valley is the last valley of the Indian Himalayan region before the bordering with Tibet. It runs along a North West to South East axis, formed by the Kuti yankti river, which is one of the headwaters of the Kali River that forms the boundary between India and Nepal (Fig.1). The study area was selected considering various geographical attributes along with environmental coordinates such as latitude, longitude, altitude, and slope using a global positioning system (Garmin model 2000).
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Fig. 1 Sketch map of the Study area

Climate 
[bookmark: _Hlk186200690][bookmark: _Hlk185789369]The area covered with snow during early winter season to late spring (November-April). The climatic data were collected from tehsil Dharchula, nearest climatic station, the mean maximum temperature was 13.9°C and mean minimum temperature was -2.3°C. The rainy season (summer monsoon) extends from mid-June to September, and maximum rainfall (about one third of the annual) occurs during this period (1520mm) (Fig. 2). The snowfall, begins from November and continue until the first week of April. Snow melt begins around mid-April which provide sufficient moisture to the growth of herbaceous vegetation. Geologically the study area situated in greater Himalayan region. The alpine region has a wide range of edaphic conditions due to the diversity of geological formations and highly undulating topography (Valdiya 1980). The weathering of the bed rocks of the Greater Himalaya, particularly at higher elevations, produces a vast amount of loose material in the form of scree, which creates talus slopes that result in coarse and muddy soil. The soils of the area have diverse nature and showed close relationship with vegetation pattern. Texture of soil is sandy loam and clay loam varies in depth across the altitudinal gradients and slightly reddish in colour (Rawat 2012). 

Fig. 2 Monthly variation in rainfall (mm) and temperature (°C) in the study area

The area is situated at high elevation where climatic conditions do not favour the growth of tree vegetation and shows the presence of small-structured woody vegetation, grasses, and herbs. The plant communities exhibit a diverse distribution, because of their extremely modest spatial extents, many of these communities can be seen in small patches (<1 to 2 m2) at a single place (Ram et al. 1988). The dominant plant species are Danthonia cachemyriana, Potentilla argyrophylla, Primula macrophylla, etc (Ram et al, 1989; Rawat 2012). 
Methodology
For assessing the impact of climate change in alpine meadows, a socio-economic study was conducted to understand local perspectives regarding the phenomenon. Participatory Rural Appraisal (PRA) tools such as seasonal calendars, group discussions, and historical information were used for impact assessment. The collected data, both quantitative and qualitative, was analysed using Excel 2019, and SPSS version 16.0.
The Normalized Difference Vegetation Index (NDVI) was used to analyse the impact of climate change through decadal variation across the study site. The study area was divided into three elevation zones using Shuttle Radar Topography Mission (SRTM) 30 m DEM data. In this study, MODIS MOD13Q1 V6.1 NDVI data (250 m, 16-day composites) from January 2004 to December 2024 were used to analyse long-term vegetation trends (Rao et al., 2015). The annual NDVI cycle was characterized using a double logistic function to improve estimates in high-altitude environments affected by snow cover, short growing seasons, and low radiation. All spatial and statistical analyses, including time series evaluation for each elevation zone, were conducted in Google Earth Engine (GEE) (Kumari et al., 2022). All the information on impacts was further utilized for developing mitigation measures and conservation strategies for biodiversity in high-altitude alpine meadows (Ram et al 1988; Ram, 2005; Nagi et al., 2017). Field visit will be done in the growing season (May-August). NDVI threshold value ( -1 to 1) are capable to identify the health of vegetation (Fig. 3). NDVI Calculated using the formula:
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Fig. 03 Flow chart for NDVI data 

Data analysis: The collected data, both quantitative, was analysed using Excel 2019, and SPSS version 16.0. 
Results
Across the 21-year period in low elevation, vegetation consistently showed a peak NDVI between May and August (Day of Year 129–241), aligning with the summer growing season in alpine ecosystems. Among all the years, 2024 recorded the highest NDVI value of 0.7 on DOY 225, indicating exceptionally lush and dense vegetation cover, possibly due to favourable climatic conditions like adequate precipitation or warmer temperatures. In contrast, the earlier peak NDVI occurred in 2009, 2010, 2020 with a value of 0.6 reached as early as DOY 177 (around late June), suggesting an early onset of the growing season. This early peak may reflect an early snowmelt or unusually warm spring temperatures, which are common indicators of climate variability in this region. Over the years, the data shows noticeable interannual variation in vegetation health and productivity. In early decade (2004–2010), the NDVI values generally show strong seasonal peaks with relatively stable maximum values, indicating a consistent and healthy growing season. However, in the mid-decade period (2011–2016), there is some fluctuation and a few years (e.g., 2013, 2015) show dips in mid-season NDVI values, potentially reflecting environmental stress such as drought, temperature extremes, or land-use changes. A notable decline is observed in 2015 where the NDVI remained lower across many time steps. In recent years (2017–2024), the data indicates a trend of gradual recovery and even enhancement in peak NDVI values. For instance, 2023 and 2024 show a strong increase in mid-season vegetation greenness. This may suggest improved vegetation health due to shifting climatic conditions such as increased summer rainfall or warming temperatures enhancing plant growth at higher elevations. The extension or early onset of the growing season observed in some years (e.g., 2009, 2020) further suggests that alpine vegetation is responding to climate change through phenological shifts (Fig. 4 and 5).
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Fig. 4 NDVI time series analysis at low elevation
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Fig. 5 Heat map low elevation 

In mid elevation the NDVI values was low during the early (DOY 1–81) and late parts (DOY 321–353) of the growing season, reflecting snow cover or winter dormancy, and its rise in values from around DOY 97 onwards as the vegetation begins to grow. The peak growing season consistently falls between DOY 161 and 241, where NDVI values reach their highest levels (0.7), indicating maximum plant productivity and greenness. Notably, certain years exhibited early NDVI peaks, suggesting a shift in vegetation phenology likely influenced by climatic changes. Among these, 2010 stands out earliest peak, where a high NDVI of 0.5 was recorded at DOY 161, indicating vegetation reached its peak growth. Similarly, in 2009, the NDVI peaked to 0.5 at DOY 177, reinforcing the trend of early season green-up during this period. In terms of overall productivity, year 2022 recorded the highest NDVI (0.6 at DOY 193), followed by 2024, which reached NDVI 0.6 at DOY 225. Overall, the data suggests a clear ecological response of vegetation to climate variability, with a shift toward earlier and more productive growing seasons in recent years, which could have profound implications for species composition, plant phenology, and ecosystem functioning in high-altitude landscapes (Fig. 6 and 7).
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Fig. 6 NDVI time series analysis at mid elevation
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Fig. 7 Heat map mid elevation 
In high elevation over the two-decade period, a noticeable fluctuation in NDVI values was observed. Earlier years (2004–2010) show moderate to low NDVI values during peak season compared to recent years, which may be attributed to less favourable climatic conditions, delayed snowmelt, or shorter growing periods. From 2011 onwards, a gradual increase in NDVI values was observed during both early and late growing season, suggesting improvements in vegetation health and growing conditions. This trend may be linked to climatic warming, leading to longer growing seasons and increased photosynthetic activity in alpine environments. However, certain years such as 2015 and 2020 exhibit dips in early season NDVI but high values later in the season, indicating delayed greening or possibly altered precipitation patterns. Additionally, years like 2009 and 2011 show very low NDVI values in the early season, reflecting late snow cover melt or colder early spring temperatures. Notably, in years like 2006, 2010, 2016, and 2022, NDVI values around day 129 were significantly high (e.g., 0.1 in 2006, 0.2 in 2010, 0.2 in 2016, and 0.2 in 2022), indicating early onset of vegetative activity and possibly an early peak season in these years. The year 2022 recorded the highest NDVI value at day 193 (0.5), which reflects the peak of vegetation productivity and biomass accumulation, suggesting favourable climatic and environmental conditions that year. Close to this, other years like 2015 (0.4) and 2023 (0.5) also showed high peak values, indicating years of vigorous vegetation growth. These peak values usually occur around days 193 to 241 (mid to late July and August), which aligns with the known peak growing season in high-altitude alpine regions (Fig. 8,9).
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Fig. 8 NDVI time series analysis at high elevation
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Fig. 9 Heat map high elevation 
The temporal analysis of NDVI across low, mid, and high elevation gradients reveals distinct patterns of vegetation dynamics shaped by altitude. At the low elevation, NDVI values showed noticeable interannual variability, with a moderate peak occurring in 2016, and the highest NDVI observed in 2024. Notably, early peak values appeared in 2004, suggesting an earlier onset of vegetation growth in some years. Despite fluctuations, vegetation activity remained relatively stable over the years, indicating resilience at lower altitudes, possibly due to favourable growing conditions like warmer temperature and longer growing season. In contrast, mid-elevation displayed slightly lower NDVI values compared to low elevation, reflecting a shift in vegetation composition or delayed green-up due to declined temperatures. The highest NDVI year at mid elevation was 2022, indicating improved vegetation conditions in recent years, while 2004 again marks an early peak, possibly influenced by climatic anomalies. The high elevation exhibited the lowest NDVI values, as expected due to harsher environmental conditions and shorter growing seasons. Vegetation activity remained suppressed across many years, with negative or near-zero NDVI values dominating the early and late parts of the growing season. Interestingly, the highest NDVI year was also 2024, indicating a possible response to recent warming trends or reduced snow cover allowing longer growing periods. 
The community perceptions indicated that 91% of the respondents agreed a rise in temperature and a noticeable change in the seasonal patterns of summer and winter. Previously, people used to migrate to the valley between the last week of April and the first week of May but in recent years, this migration has shifted to the first week of March and returned from last week of September and the first week of October. These shifts in migration patterns reflect broader climatic changes. Moreover, the cultivation patterns of both agricultural and horticultural crops have also changed. Crops that were once limited to lower elevations, such as rajma (kidney beans) and aaloo (potatoes), mattor (pea) now cultivated at higher altitudes, indicating a significant shift in agro-climatic conditions. 89% of the respondents agreed that there have been noticeable changes in the timing of seasons, fluctuations in rainfall patterns, delayed snowfall, prolonged summers, and shorter winters. These climatic changes have significantly influenced vegetation growth in the region and have adversely impacted agricultural production. 86% of the respondents agreed that there has been a decline in the productivity of certain medicinal plant species in the wild, as well as in cultivated areas. Additionally, some native species have been replaced by other species typically found at lower elevations. 91% of the respondents agreed that snowfall has decreased compared to previous years. 82% of respondents agreed that shorter winters as compare to previous years. 80 percent of the respondents observed changes in the population and behaviour of wild animals and others in the forest around their villages. It is also reported that the wild animals have lately shed their natural fear of humans and started to come very close to the habitations and agricultural fields. 74 percent of the respondents agreed that the timing of flowering and fruiting of plants has changed. Early flowering in almost all agricultural, horticultural, and wild species is reported to be a common observation, particularly so in Rubus sp., apples (Malus domestica) and rhododendron (Rhododendron arboreum). This change is attributed to increase in temperature, shortened and less harsh winters and early onset of summer in lower elevation villages of the valley. 57% of the respondents agreed that the increased crop infestations in recent days as compare to previous days. 51% of the respondents agreed that agricultural land is being left barren due to a decline in cultivation activities, as some farmers have ceased farming while others have permanently migrated in search of income and livelihood opportunities. 86% of the respondents agreed that there has been a change in agricultural patterns in recent years, with lower-elevation crops now growing more easily in higher-elevation villages. 49% of the respondents agreed that the increased vulnerability to hazards in recent few years. 74% of the respondents agreed that the decrease in fuel, fodder, medicinal plants, and other forest resources in recent few years. 66% of the respondents agreed that the irregularity in rainfall as compare to previous year. 69% of the respondents agreed that the fluctuations in water availability in recent few years (Table.1).
Table.1 Community perception about climate change 
	Community’s perception of climate change
	Yes
	No
	Do not know

	Rise in temperature 
	160 (91%)
	10 (6%)
	5 (3%)

	Change in timing of seasons 
	155 (89%) 
	15 (9%)
	4 (2%)

	Decreased in productivity 
	150 (86%)
	19 (11%)
	6 (3%)

	Less Snowfall 
	160 (91%)
	11 (6%)
	4 (2%)

	Shorter Winters
	144 (82%)
	18 (10%)
	12 (7%)

	Changes in the population and behaviour of wild animal
	140 (80%)
	15 (9%)
	20 (11%)

	Changes in flowering ad fruiting time
	130 (74%)
	25 (14%)
	20 (11%)

	Increased crop infestations
	100 (57%)
	25 (14%)
	50 (29%)

	Agricultural land being left barren
	90 (51%)
	50 (29%)
	35 (20%)

	Change in Agriculture pattern 
	150 (86%)
	15 (9%)
	10 (6%)

	Increased vulnerability to hazards
	85 (49%)
	50 (29%)
	40 (23%)

	Decrease in fuel, fodder, medicinal plants, and other forest resources
	130 (74%)
	20 (11%)
	25 (14%)

	Irregular rainfall patterns
	115 (66%)
	20 (11%)
	40 (23%)

	Fluctuations in water availability
	120 (69%)
	45 (26%)
	10 (6%)



Discussion
Climate change has significant and far-reaching impacts on alpine meadows, which are among the most sensitive ecosystems due to their high elevation and specialized plant communities. Rising temperatures have led to noticeable shifts in species composition, with thermophilic (warm-adapted) species migrating upward and outcompeting native cold-adapted flora. This encroachment poses a threat to endemic alpine species, many of which have limited dispersal ability and narrow ecological niches (Pauli et al., 2012). Additionally, climate change alters phenological patterns such as flowering time and leaf emergence. Early snowmelt and warmer spring temperatures can trigger earlier growth, which may lead to mismatches between plants and their pollinators, ultimately reducing reproductive success (Wipf et al., 2009). Biodiversity in alpine meadows is also declining, as habitat fragmentation and the loss of specialist species reduce ecological resilience (Gottfried et al., 2012). While some areas may experience a temporary increase in biomass due to longer growing seasons and elevated CO₂ levels, this benefit is often counterbalanced by increased drought stress and extreme weather events that hinder plant growth and survival (Klein et al., 2014). Furthermore, changes in plant communities affect key ecosystem processes such as nutrient cycling, soil microbial activity, and carbon storage, leading to broader consequences for ecosystem functioning and climate feedbacks (Díaz et al., 2023). Overall, climate change is transforming alpine meadows in ways that challenge their ecological integrity and long-term sustainability (Körner, 2007). Phenological changes, such as earlier flowering and leaf budding by several weeks, have been observed in high-altitude sites like Gaumukh, Uttarakhand, with cascading effects on plant–pollinator interactions (Kumar et al., 2020). Vegetation monitoring in the northwestern Himalaya shows increasing species richness at lower elevations, while cold-adapted species are declining at higher elevations, indicating thermophilization trends (Bhat et al., 2024). Additionally, glacier retreat and earlier snowmelt are altering soil moisture regimes and lengthening the growing season, further affecting alpine ecosystem dynamics (ICIMOD, 2019; Wester et al., 2019). These changes threaten endemic biodiversity, ecosystem services, and traditional pastoral livelihoods that depend on meadow productivity, underscoring the urgent need for adaptive conservation strategies (Kala, 2017; Sharma et al., 2022). 
Search of food is perceived to drive wild animals towards habitations. Climate change is put forth as one of the reasons for random movement of Himalayan black bear towards habitations. Acorns and nuts of the previous year are the main food of this species and when availability of these decreases due to unusual weather events they are reported to wander around for other food items. Many other animals might also be victim of such phenomenon. It is also reported that wild animals have lately shed fear of human presence. This is qualified by increased instances of wild animals being sighted close to habitations and agriculture fields. Incidences of bear and leopard killing animals even in cattle sheds are reportedly rising. The cold climate in these areas is responsible for soil temperature, soil moisture and soil properties which directly regulate plant growth (Hudson et al., 2022).
Overall, NDVI trends suggest that vegetation productivity is highest at low elevations and lowest at high elevations, consistent with altitudinal gradients in temperature, soil depth, and growing season length. The shared pattern of peak NDVI in 2024 across all elevations could reflect a regional climatic influence such as increased summer warmth or favourable precipitation, enhancing alpine vegetation growth. However, the earlier NDVI peaks in 2004 across all elevations may point to unusually early growing seasons possibly driven by anomalous climatic conditions that year. Over the 21-year period, vegetation at higher elevations shows signs of gradual increase, potentially hinting at alpine greening due to climate change, while lower elevations appear more stable but still responsive to interannual variation. Over the two-decade period, the data reveals significant changes in vegetation growth patterns, reflecting both natural variability and long-term environmental shifts. From 2004 to around 2010, NDVI values followed a stable seasonal rhythm, with moderate peaks and gradual transitions. However, from 2010 onwards, several years began to show earlier and stronger NDVI peaks, suggesting the influence of rising temperatures and shifting precipitation patterns. The period from 2015 to 2024 reveals a trend of higher mid-season NDVI values, with multiple years showing strong vegetation growth, extended peak periods, and in some cases, earlier green-up. This indicates a possible lengthening of the growing season and improved vegetation productivity in response to changing climatic conditions such as early snowmelt, warmer springs, and favourable moisture availability. At the same time, some fluctuations, such as in 2005 and 2006, show reduced NDVI levels, possibly due to climatic stress or localized environmental disturbances.
In low elevation relationship between NDVI and temperature showed positive relation (Fig. 10).

Fig. 10 Relationship between NDVI and temperature °C

In low elevation relationship between NDVI and precipitation showed negative relation (Fig. 11). In mid elevation relationship between NDVI and precipitation showed negative relation (Fig. 12). Relationship between NDVI and temperature showed negative relation (Fig.13). In high elevation relationship between NDVI and temperature showed negative relation (Fig.14). In high elevation relationship between NDVI and precipitation showed negative relation (Fig. 15).

Fig. 11 Relationship between NDVI and precipitation


Fig.12 Relationship between NDVI and precipitation 


Fig.13 Relationship between NDVI and temperature °C


Fig.14 Relationship between NDVI and temperature °C


Fig.15 Relationship between NDVI and precipitation 
Conclusion
This study provides integrated evidence of climate change impacts on Himalayan ecosystems by combining long-term remote sensing analysis with local community perceptions across elevation gradients. The convergence of household survey responses and 21-year NDVI trends clearly demonstrates that rising temperatures, altered seasonal timing, and declining snowfall are reshaping both ecological processes and livelihood systems in alpine regions. Community-reported observations of earlier flowering, reduced medicinal plant productivity, increased pest outbreaks, and changing agricultural practices are strongly supported by NDVI-derived vegetation dynamics. Stable greenness at lower elevations suggests relative resilience under current climatic conditions, whereas increased variability at mid elevations reflects heightened sensitivity to climatic fluctuations. In contrast, gradual greening at higher elevations, along with earlier NDVI peaks, indicates advancing phenology likely driven by warmer springs and earlier snowmelt. While this greening may initially suggest enhanced productivity, it may also signal long-term ecological shifts with potential consequences for species composition, forage availability, and ecosystem stability.
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