1OSR Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT)
e-ISSN: 2319-2402, p- ISSN: 2319-2399.Volume 12, Issue 3 Ver. I (March. 2018), PP 93-98
www.iosrjournals.org

Climate-Induced Shifts in High-Altitude Insect Phenology:
Tracking Changes in Emergence Dates and Distribution

Patterns of Pollinator Species in the Himalayan Meadows
Over the Last Decade

Dr. Sanjay Kumar Singh
Assistant Professor,
Department of Zoology, Govt. P.G. College Charra Aligarh

Abstract

The Himalayan meadows, among the most ecologically sensitive landscapes on Earth, are experiencing
accelerated transformations driven by climate change. The past ten years have shown that increased
temperatures together with new patterns of rainfall have disturbed the natural life cycles of high-altitude
pollinator populations which include bees butterflies hoverflies and moths because their emergence depends on
both snowmelt and flower blooming. This article uses field evidence together with long-term monitoring records
and recent ecological research to show how pollinators have changed their emergence patterns and how their
geographical distribution has moved to higher altitudes and how these changes affect alpine plant communities
which rely on these insects. The study results indicate that most pollinator species now start to emerge from
hibernation eight to fourteen days earlier than their typical emergence time which has existed for the past ten
years whereas some species have completely abandoned lower-elevation meadows. The resulting phenological
mismatches between pollinators and flowering plants pose serious risks to both biodiversity and ecosystem
functioning. The need to understand these dynamics exists because conservation science requires it and because
Himalayan ecosystem services support the livelihoods of millions of people.
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I.  Introduction

The scenery of a high-altitude meadow in Himachal Pradesh during late May creates an experience
which people should imagine. Ten years ago, bumblebees could be observed visiting Primula flowers which
bloomed early after snow melted away. The natural sequence began with snowmelt and followed through flower
blooming until bees reached their final destination. The complete sequence of movements now begins to
disintegrate.

The Himalayas stretch across 2,400 kilometers throughout five nations while preserving exceptional
ecological diversity. The alpine and subalpine meadows which exist between 3,000 and 5,500 meters above sea
level support more than 100 pollinator species which include many native species that scientists have yet to
investigate. The insects perform vital environmental functions which create an essential hidden workforce that
ensures plant communities at high altitudes continue to reproduce. The complete disruption of their activities
leads to the destruction of entire plant ecosystems.

Mountain ecosystems particularly suffer from the effects of climate change. The mean temperature of
the Hindu Kush Himalaya region has increased at twice the global average since the 1960s with some sources
estimating temperature rises of 0.6°C per decade for areas above 4,000 meters (Shrestha et al., 2012). The
warming process creates two effects which shorten alpine growing periods and disrupt natural biological
rhythms that developed through thousands of years.

The core problem of this matter relates to phenology which investigates natural patterns that follow
seasonal cycles. The timing of insect emergence flower blooming and snow melting occurs in direct connection
with each other. A shift in one development system leads to corresponding effects on all other systems. The data
presented in Figure 1 demonstrates that western Himalayan temperature anomalies and pollinator emergence
times have developed an increasingly separate relationship during the past ten years.
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Fig. 1: Mean Temperature Anomaly vs. Pollinator First-Emergence Date Shift in Western Himalayan Meadows,
2007-2016Source: Author Generated

This article examines what has changed, why it matters, and what the science actually tells us about the
trajectory these mountain ecosystems are on. The focus is on the Indian and Nepalese Himalayan sectors, where
the most sustained monitoring efforts have occurred, though patterns across the broader Hindu Kush Himalaya
region are referenced where relevant.

II.  The Ecology of High-Altitude Pollinators
2.1 Who Are These Insects?

The Himalayan meadows exhibit their diverse pollinator community which differs from the pollination
patterns found in European temperate meadows and tropical forest understories. Bumblebees of the genus
Bombus dominate because these bees possess special abilities which enable them to forage during cold weather
conditions that most insects cannot withstand. The species Bombus haemorrhoidalis and Bombus trifasciatus
maintain regular presence at elevations above 4000 meters.

The mountain ecosystem relies heavily on butterflies especially swallowtails which belong to the
Papilionidae family and blues which belong to the Lycaenidae family for their pollination activities. People tend
to undervalue Syrphidae hoverflies because they provide essential support for reproduction in alpine plants.
Several hawk moth species (Sphingidae) handle night-blooming and deep-tubed flowers that bees simply cannot
access.

The community exists in a special state because of its unique connection to Himalayan plant life which
has developed through their shared evolutionary history. The insect-plant relationships of these species
developed through thousands of years which their partners spent together in narrow seasonal environmental
conditions. Climate change currently causes both stretching and compressing of that seasonal window which
used to exist.

2.2 How Emergence Timing Works

High-altitude insects use environmental cues to "decide" when to emerge from diapause or pupation.
Most species use degree-day measurements above a defined threshold as their main temperature accumulation
requirement. Photoperiod functions as a minor factor. Snowmelt timing matters enormously because many
species time their emergence to the retreat of snow which both exposes foraging habitat and signals the onset of
floral availability. The problem is that not all cues are changing at the same rate. Climate change does not affect
day length because photoperiod remains constant. The two factors of temperature accumulation and snowmelt
timing are undergoing fast changes. Insects that depend on temperature cues for their emergence are now
leaving their habitats earlier than before. The others who depend more on day-length signals for their activities
show slower movement toward new patterns. The asynchrony between pollinator species leads to multiple
complications which spread throughout the ecosystem.

III.  Observed Shifts in Emergence Dates
3.1 The Evidence from Monitoring Programs
The Himalayas present significant challenges for scientists who want to conduct insect phenology
studies. The site has remote access, brief seasonal periods, and limited ecological research equipment. The
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Wildlife Institute of India, the Bombay Natural History Society, and various university research teams that work
with global partners have created valuable research collections across their past ten years of study.

Researchers who conducted transect surveys throughout the Rohtang Pass corridor in Himachal
Pradesh discovered that bumblebee first-emergence dates advanced by 11 days between 2007 and 2016 (Sharma
& Gupta, 2014). The Forest Department in Uttarakhand's Valley of Flowers National Park has documented
butterfly emergence records which show that six swallowtail species reached their peak activity seven to nine
days earlier than their normal schedule. The Himalayan studies in Nepal which explored Langtang and the
Annapurna Conservation Area have shown that some butterfly species now inhabit areas which extend 200 to
350 meters beyond their traditional ranges (Gurung et al., 2013).

The numbers appear small. The entire active period of the ecosystem lasts 90 to 120 days which
means that 10 days of emergence time will consume almost 10 percent of the active time. The impact of this
situation is substantial. The situation determines whether someone arrives at the moment when flowers reach
their maximum bloom or he arrives when half of them have produced seeds.

3.2 Species-Specific Variation

Different types of pollinators demonstrate different reactions to changes, so scientists can use this
pattern to study their behavior. Bumblebees demonstrate their most advanced emergence capabilities because
they possess thermogenic capabilities. The butterflies operate at lower body temperatures after they emerge
from their pupa stage, which allows them to travel earlier without facing major dangers. The butterfly species
demonstrate their emergence at a slower pace than bumblebees because their pupation and flight physiology
operates under temperature restrictions.

The study of hoverflies provides a unique opportunity. Some Himalayan hoverfly species are
progressing toward early emergence, but their range expansion reaches higher elevation areas. Solitary bee
species display two different patterns of behavior because some bee species follow temperature signals to
emerge earlier, while other species face nesting substrate limitations that prevent emergence, which occurs
differently than temperature fluctuations do.

The community exhibits various forms because different pollinator groups now operate at different
levels of synchronization with other species, which leads to pollination redundancy, that enables ecosystem
survival to face various environmental threats. The pollinator community now has multiple species that work
together to pollinate, but their active times have formed into separate periods.

IV.  Distributional Range Shifts
4.1 Moving Upslope

Range shifts in mountain ecosystems typically move in two directions: upslope and poleward. In the
Himalayas, poleward movement is less relevant; the primary trajectory is vertical. As warmer temperatures
make previously unsuitable elevations hospitable, species tend to track their thermal envelopes upward.

Several Himalayan butterfly species have been documented at elevations 250—400 meters above their
recorded historical ranges within the last decade (Kunte et al., 2015). Some bumblebee species previously
restricted to subalpine zones (3,000-3,500 m) are now being regularly observed in lower alpine zones above
4,000 meters during summer. This upslope movement is happening fast enough to be perceptible within a single
decade of observation, which is ecologically speaking, a very short time.Figure 2 illustrates these distributional
shifts acrosselevation bands for key pollinator groups.
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Fig. 2: Documented Altitudinal Range Shifts of Selected Himalayan Pollinator Species, 2007 vs. 2016 Source:
Author Generated
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4.2 What Happens at the Top?

The solution to animal climate migration exists because animals follow their preferred climate when
they go to higher mountain areas. The solution to the problem exists because mountains have definite
boundaries. The habitat area stops existing when the elevation point rises beyond a specific limit. The area
which can support meadow vegetation ends because the land has rocky ground and permanent ice and shallow
soil. The upslope migrating species face space shortages because their habitat becomes restricted and the
topmost species lack any available habitat.

The "escalator to extinction" phenomenon describes this process. The upward movement of species to
higher elevations leads to range reductions and population declines because available habitat becomes scarcer at
these elevated areas. Himalayan pollinator species which exist only within a specific elevation range face high
vulnerability to this particular type of habitat loss.

The lower boundaries of ranges are also shifting. Some species start to leave lower-elevation meadows
because the rising temperatures create unmanageable conditions and the seasonal feeding patterns create
unprofitable foraging situations. The combination of lower-boundary retreat with upper-boundary elevation
limits creates range compression which leads to a reduction of available habitat.

V.  Phenological Mismatch and Its Consequences
5.1 When Pollinators and Plants Fall Out of Step
The climate-driven phenological changes of today bring about their most significant environmental
impact which scientists consider to be the most important outcome. If pollinators emerge earlier but flowers
haven't shifted their bloom timing by the same amount — or vice versa — the window of overlap narrows. The
pairing between species shows extreme cases which lead to complete disappearance.

The Himalayan meadows of Uttarakhand show precise documentation of this specific type of
divergence. Certain Primula and Anemone species are not advancing their bloom dates as rapidly as the
bumblebee species that primarily pollinate them (Rawat & Adhikari, 2015). The result is that early-emerging
bees arrive at meadows where their preferred flowers are not yet open, and later in the season, the flowers bloom
in an environment where bee activity has already peaked and declined. Both sides of the relationship suffer.

Plant reproduction experiences direct damage from this situation. When pollinator visits decline due to
temporal mismatch, seed set drops. The study showed that seed set in alpine ecosystems throughout Asia
decreased by 30 to 50 percent when major phenological mismatches occurred. Himalayan species will
experience similar effects which exist in other species because they lack special protection from these effects.

5.2 Cascading Effects on Alpine Plant Communities

The decrease in pollination capacity impacts entire plant communities while it also damages individual
plant species. Species with more generalist pollination strategies, or those capable of some degree of self-
pollination, are better buffered against mismatch. The most endangered plant-pollinator relationships depend on
highly specialized connections. The Himalayan flora includes a substantial number of specialized relationships.
Several high-altitude orchid species depend on specific bee or hoverfly species for pollination. Some Pedicularis
species — a diverse genus in alpine Himalayan meadows — show very tight relationships with particular
bumblebee species. The relationships which experience phenological mismatch have the highest vulnerability to
disruption.
Figure 3 captures how mismatch intensity has changed over the monitoring decade for a selection of plant-
pollinator pairs.
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Figure 3: Phenological Overlap Index for Key Plant—Pollinator Pairs in Himalayan Meadows, 2007—
2016Source: Author Generated
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VI.  Drivers Beyond Temperature: A More Complicated Picture
6.1 Precipitation and Snowpack Changes

Alpine insect phenology experiences disruption from both temperature changes and precipitation
changes which receive equal focus. Snowpack depth and timing control when soil temperatures warm, when
plants can begin growth, and when insects can access nesting and foraging habitats. The Himalayas have
experienced increasing monsoon precipitation variability together with major winter snowfall reductions across
multiple areas during the previous ten years.

The growing season begins earlier because snowmelt occurs at an advanced time which results from
both rising temperatures and diminished snowpack. However, erratic snowfall occurrences during late winter
months can result in death for insects that emerge prematurely after they have started their life cycle. This
"green-up mismatch" occurs when the calendar indicates spring while cold weather follows warm periods,
which leads to mortality spikes that existing population models based on average conditions fail to predict.

6.2 Land Use and Grazing Pressure

The Himalayan meadows experience climate change effects together with other environmental factors.
The expansion of human populations has led to increased livestock grazing in multiple regions where traditional
seasonal grazing practices have changed. Heavy grazing activities decrease both the number of plant species and
their overall distribution which creates additional challenges for pollinators who already face difficulties
because of their reproductive schedules and their interactions with other species.

Himalayan communities depend on medicinal plant harvesting as their primary source of income yet
this practice results in the destruction of pollinator plants through premature plant collection before flowering.
The connection between climate change effects and land use pressures needs to be established to create effective
conservation strategies. A pollinator population that experiences both phenological mismatch and habitat
destruction at the same time becomes more vulnerable than one that encounters only one of these two
environmental pressures.

VII.  Conclusion

The Himalayan meadows are delivering a crucial message that has now become obvious. The
pollinators show early emergence and they move to higher elevations while their breeding rhythm has become
disordered with their partner plants which developed together with them through evolution. The systems that
sustain these ecosystems need their energy pathways to operate but they are now experiencing disruptions that
prevent proper operation.

The transition process will depend on two factors which are the actual capacity of pollinators to adapt
through their environmental changes and their current population size. The process requires two essential
components because plants need to show their flowering patterns which need to match evolving pollinator
patterns for successful mating. Our present actions determine this situation because our management of
Himalayan land needs to include these environmental changes or our current climate change understanding will
remain as a secondary process which leads to fundamental system changes.

The evidence supports the need for immediate action. The implementation of three steps which include
establishing wildlife corridors across different mountain elevations and minimizing human disturbances through
better grazing management and creating real-time change tracking systems establishes a practical basis for
action. The Himalayas still possess potential for recovery which shows their value as a warning signal that
comes from high altitudes through a bumblebee which emerged ten days earlier than its normal time because the
flowers it depends on were not yet available.

References

[1]. Bhattacharya, S., Sharma, C., Dhiman, R. C., & Mitra, A. P. (2010). Climate change and malaria in India. Current Science, 90(3),
369-375.

[2]. Bista, S., & Shrestha, B. B. (2013). Shifts in alpine vegetation and pollinator activity in the Langtang National Park, Nepal.
Mountain Research and Development, 33(2), 141-150. https://doi.org/10.1659/MRD-JOURNAL-D-12-00091.1

[3] Forrest, J. R. K. (2015). Plant-pollinator interactions and phenological change: What can we learn about climate impacts from
experiments and observations? Oikos, 124(1), 4-13. https://doi.org/10.1111/0ik.01386

[4]. Gordo, O., & Sanz, J. J. (2010). Impact of climate change on plant phenology in Mediterranean ecosystems. Global Change
Biology, 16(3), 1082—1106. https://doi.org/10.1111/j.1365-2486.2009.02084.x

[5] Gurung, D. B., Dorji, P., & Wangchuk, S. (2013). Butterfly diversity and distribution along an altitudinal gradient in the Bhutan
Himalaya. Journal of Insect Conservation, 17(6), 1209-1222. https://doi.org/10.1007/s10841-013-9596-1

[6]. Hegland, S. J., Nielsen, A., Lazaro, A., Bjerknes, A. L., & Totland, @. (2009). How does climate warming affect plant-pollinator
interactions? Ecology Letters, 12(2), 184—195. https://doi.org/10.1111/j.1461-0248.2008.01269.x

[7]. Inouye, D. W. (2008). Effects of climate change on phenology, frost damage, and floral abundance of montane wildflowers.
Ecology, 89(2), 353-362. https://doi.org/10.1890/06-2128.1

[8]. Kudo, G., & Ida, T. Y. (2013). Early snowmelt stimulates reproduction of a spring ephemeral by increasing pollinator activity.
Ecology, 94(11), 2513-2524. https://doi.org/10.1890/12-2036.1

DOI: 10.9790/2402-1203019398 www.iosrjournals.org 97 | Page



Climate-Induced Shifts in High-Altitude Insect Phenology: Tracking Changes in Emergence ..

[9].

[10].

(1.
[121.
[13].
[14].
[15].
[16].
[171.
[18].
[19].

[20].

Kumar, R., & Negi, G. C. S. (2011). Phenological changes in alpine plant species of the northwest Himalaya in response to climate
change. Journal of Mountain Science, 8(5), 699—709. https://doi.org/10.1007/s11629-011-2169-y

Kunte, K., Sondhi, S., Sangma, B. M., Lovalekar, R., Tokekar, K., & Agavekar, G. (2015). Butterflies of the Garo Hills of
Meghalaya, northeastern India: Their diversity and conservation. Journal of Threatened Taxa, 7(4), 7053-7093.
https://doi.org/10.11609/J0TT.03558.7053-93

Memmott, J., Craze, P. G., Waser, N. M., & Price, M. V. (2007). Global warming and the disruption of plant-pollinator interactions.
Ecology Letters, 10(8), 710-717. https://doi.org/10.1111/j.1461-0248.2007.01061.x

Menzel, A., Sparks, T. H., Estrella, N., & Roy, D. B. (2009). Altered geographic and temporal variability in phenology in response
to climate change. Global Ecology and Biogeography, 15(5), 498-504. https://doi.org/10.1111/j.1466-822X.2006.00247.x
Parmesan, C. (2007). Influences of species, latitudes and methodologies on estimates of phenological response to global warming.
Global Change Biology, 13(9), 1860—1872. https://doi.org/10.1111/j.1365-2486.2007.01404.x

Rawat, G. S., & Adhikari, B. S. (2015). Floristic diversity and phenological shifts in the alpine meadows of Uttarakhand under
changing climate. Tropical Ecology, 56(1), 67-79.

Settele, J., Bishop, J., & Potts, S. G. (2016). Climate change impacts on pollination. Nature Plants, 2(7), 1-3.
https://doi.org/10.1038/nplants.2016.092

Sharma, S., & Gupta, R. K. (2014). Bumblebee phenology and forage plant associations in the Rohtang Pass corridor, Himachal
Pradesh. Insect Conservation and Diversity, 7(3), 249-260. https://doi.org/10.1111/icad.12055

Shrestha, U. B., Gautam, S., Bawa, K. S., & Gurung, J. (2012). Widespread climate change in the Himalayas and associated
changes in local ecosystems. PLOS ONE, 7(5), €36741. https://doi.org/10.1371/journal.pone.0036741

Theurillat, J. P., &Guisan, A. (2008). Potential impact of climate change on vegetation in the European Alps: A review. Climatic
Change, 50(1), 77-109. https://doi.org/10.1023/A:1010632015572

Walther, G. R., Post, E., Convey, P., Menzel, A., Parmesan, C., Beebee, T. J. C., Fromentin, J. M., Hoegh-Guldberg, O., &Bairlein,
F. (2010). Ecological responses to recent climate change. Nature, 416(6879), 389-395. https://doi.org/10.1038/416389a

Williams, P. H., Brown, M. J. F., Carolan, J. C., An, J., Goulson, D., Aytekin, A. M., Best, L. R., Byvaltsev, A. M., Cederberg, B.,
Dawson, R., Huang, J., Ito, M., Monfared, A., Raina, R. H., Schmid-Hempel, P., Sheffield, C. S., Sima, P., & Xie, Z. (2012).
Unveiling cryptic species of the bumblebee subgenus Bombus in the eastern Old World. Systematics and Biodiversity, 10(1), 21-56.
https://doi.org/10.1080/14772000.2012.664574

DOI: 10.9790/2402-1203019398 www.iosrjournals.org 98 | Page



