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Abstract 

Gazalina is a genus of processionary moths found in Nepal and other Asian countries 

which remains understudied in terms of ecology, life stages and host plant 

interactions. This study aimed to explore species distribution, potential host and 

ecological characteristics. It used a mixed approach including museum collections, 

Global Biodiversity Information Facility, opportunistic field survey in different 

location of Nepal to document adult records, larvae and host plant associations. 

Gazalina chrysolopha has the highest prevalence, showing significant variations of 

moth emergence time, with peaks in May, July and September. It showed higher 

occurrence above 2000 metre of elevation. These patterns show apparent 

phenological adaptations across months influenced by elevation, host and climate. 

Their absence in colder months and low occurrence in regions lower than 2000 metre 

indicate climatic and environmental limitations. Additionally, spatial geographic 

overlap between Gazalina occurrence with the one of an emerging human eye 

disease called Seasonal Hyperacute Panuveitis (SHAPU) underscores that the 

evidenced species contributed to disease cases followed after peak months of 

emergence. 

These findings shed light on the ecological and public health concerns associated 

with genus Gazalina and underscore the immediate implication of prioritizing 

control and management strategies in mitigating human exposure to SHAPU risks. 

This study further recommends to in-depth research on taxonomy of Gazalina, 

elevation specific ecology, continuous life history and effective SHAPU 

management at a local level. These findings shed light on the ecological and public  

 

Keywords -   white moth, processionary, chrysolopha, apsara, transversa, 

intermixta, Himalaya, SHAPU
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CHAPTER ONE ï INTRODUCTION 

1.1. Background 

Insects are an important component of ecosystems, provide multiple services to 

balance ecosystem and human livelihoods. Lepidoptera is one of the largest and most 

diverse insect order (Tujuba et al., 2019), and a subject of intense scientific research 

interest focusing on their ecology, genomics and conservation (Han et al., 2024). 

Under the family Notodontidae, processionary moths are one subfamily 

(Thaumetopoeinae) causing problems to plants as well as to humans and 

domesticated animals (Battisti et al., 2011). Taxonomically close to the group of 

processionary moths, species of the genus Gazalina are known from Asia mainly 

from museum moth collections, while they are largely underexplored as larval 

processions and interaction with host plants are considered (Basso et al., 2017). 

These moths are commonly monitored and documented through light trap surveys 

as they are attracted towards the light. 

In South-Asia, processionary moths are widely distributed across tropical and 

subtropical regions. The genus Gazalina is primarily observed in the forest 

landscape where caterpillars are processioning, living in clusters, nocturnal and 

defoliating tree leaves. Under the genus Gazalina three species, Gazalina 

chrysolopha, Gazalina apsara and Gazalina transversa have been reported from 

different countries, specifically, Nepal, Pakistan and India ыuőċŰċũШѼШÉőƖĲƚƣőċЯШ
ΞΜΞΞбШÅċőůċŰШѼШ9őċƨĬőƖǃЯШΝΦΦΝь. Their distribution is influenced by the climatic 

factors like temperature, elevation, humidity and availability of host which 

determine their reproductive success and expansion of geographic range (Battisti et 

al., 2005). Nepal provides a diverse mixture of 118 ecosystems extended over five 

physiographic regions that potentially allow distinct suitable habitats for Gazalina 

distribution and sustain life cycle. Despite their abundance, little is known about 

their distribution, life history and ecological roles where key aspects such as larval 

stages, host plant association and interaction with ecosystems remain largely 

unexplored. 

From the point of ecology, Gazalina species are assumed as the indicators of healthy 

ecosystem and to understand environmental dynamics. Basically, processionary 

moths are herbivorous on specific host species during their larval stage. For instance, 

the pine processionary moth (Thaumetopoea pityocampa) is a defoliator of Pinus 
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and Cedrus in southern Europe (Faria et al., 2021) while no studies have reported 

about Gazalina host plants in Nepal. Gazalina chrysolopha has been reported to 

cause serious defoliation in oak forest (Quercus dilatata) of Azad Jammu and 

Kashmir region of Pakistan ыÅċőůċŰШѼШ9őċƨĬőƖǃЯШΝΦΦΞь. This research gap limits 

understanding their impact in forest health, ecosystem dynamics and defoliation. 

Additionally, the behaviors, and life cycle specifically about procession, feeding, 

mating and emergence patterns are not studied. Better understanding of relevant 

ecological factors and their life history is critical to biodiversity conservation, pest 

management and impact to environment during outbreaks. 

In Nepal, of total about 45% of land is shared by forest cover that provides unique 

and diverse climatic zones, extending from low land Terai to high Himalayas (DFRS, 

2015). These taxa Gazalina remain unexplored because no continuous and 

systematic survey has been conducted to understand their population distribution, 

abundance, richness, diversity and life history. Additionally, exploration of Gazalina 

species ecology, larval stage, feeding behavior and host species is required ыuőċŰċũШ
ѼШÉőƖĲƚƣőċЯШΞΜΞΞь. Gazalina species are blamed to cause serious health problems 

related to human eyes called Seasonal Hyperacute Panuveitis (SHAPU) probably 

due to urticating hairs (setae) found in female anal tuft (Upadhyay et al., 2019). 

SHAPU is a disease reported from Nepal causing blindness in hundreds of people 

since 1975, while suspected to be associated with Gazalina moths (Manandhar et 

al., 2018). Huge knowledge gap limits to predict Gazalina species impact on human 

and the environment. This needs systematic examination about Gazalina that are 

suspected for SHAPU in human eyes so as to answer the dilemma associated with 

them. 

 

1.2. Research Problem and Objectives 

The general objectives are to understand and explore the distribution, ecological 

characteristics and life history of genus Gazalina species in Nepal, with special focus 

towards the relationship between insect, host and SHAPU disease. 

Specific objectives are: 

¶ To document the spatial distribution of genus Gazalina species and potential 

host plant in Nepal, 
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¶ To explore as much as possible the ecological characteristics, including life 

history of Gazalina species 

¶ To examine the cross-match of Gazalina occurrence, host plant and SHAPU 

1.3. Hypotheses 

The geographical distribution of Gazalina moths is associated with reported 

cases of SHAPU due to overlapping of the seasonal emergence, activity patterns 

and environmental conditions that contribute to human exposure to moths, 

specifically in the region where moths and hosts are abundant. 

1.4. Significance of Study 

This research is the first study that installed paramount importance because of aim 

to explain interrelationship between processionary moth Gazalina and human health 

problem caused by SHAPU disease. SHAPU is a blinding condition of eye having 

inflammation, redness and rapid loss of eye vision upon exposure to white moths 

ыÖƓċĬőǃċǃШѼШÉőƖĲƚƣőċЯШΞΜΝΤь, which remains further exploration for whether it is 

infective or immunological insult. Research has reported that urticating in human 

and animals are originated from the allergic hairs (setae) released by processionary 

moths (Battisti et al., 2017). 

Through investigation life history and ecological characteristics of Gazalina species, 

this study will shed insights on potential association with SHAPU disease. Along 

with the identification of host plants, behaviors and environmental factors that could 

influence the emergence of moths, it will help to understand their allergic potential 

of the dispersing setae in the prevailing environment. The findings obviously inform 

the audiences concerning about safe health strategies by minimizing exposure to 

such harmful insects. By implementing habitat management interventions, insect 

population control, and public health awareness campaigns, a novel approach that 

could help to develop solutions for mitigating SHAPU risks could be developed. 

Furthermore, this study provides broader significance in the aspect of health and 

ecology. Escalating scientific study on Gazalina moths definitely contribute to 

biodiversity conservation but also to healthy forest management and public health 

dimensions. This study will install a bridge to understand the critical gap between 

forest insects and SHAPU disease while suggesting about the new approach to 

reduce the risk of exposure to SHAPU. 
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CHAPTER TWO ï MATERIALS & METHODS 

2.1. Study Site 

This section primarily focuses on the study of whole area of Nepal, focusing on the 

ecoregions, climate and socio-economic aspects. 

2.1.1. Physiography and Ecoregions 

 

Figure 1. Map showing five physiographic regions of Nepal. 

Nepal is well known for its diverse ecological zones ranges based on the altitudinal 

variations, escalating from low region (63 m) to high Himal (8848.86 m). It includes 

118 ecosystems, which provide environment for a diverse flora and fauna (BPP, 

1995; DFRS, 2015). Based on geology and geomorphology, five regions were 

identified. 
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Terai ï Of the total area of Nepal, it occupies about 13.7%. It includes gentle slopes 

with alluvial deposits forming piedmont plain in the south of the Himalayas, 

elevation ranging from 63 to 330 m. Overall, it includes 12 ecosystems. 

Siwalik ï It occupies 12.8%, with a young and fragile mountain range extending in 

the Himalayan foothills. It is also known as Chure Hills, elevation ranges from 93 

to 1955 m. Overall, it includes 14 ecosystems. 

Middle Mountain ï The region occupies about 29.2%, extended within 55 districts 

of Nepal. It is located in the northern part of Chure extending along the southern 

flans of the Himalayas. Its elevation ranges from 110 to 3300 m. Overall, it includes 

53 ecosystems. 

High Mountain ï The region covers about 20.4%, extended within the 40 districts. 

It occupies the rugged terrain landscape and very steep slopes. The elevation ranges 

from 543 to 4951 m. Overall, it includes 38 ecosystems and one other. 

High Himalaya ï The region covers 23.9%, extended within the 25 districts. It 

occupies the highest peak in the world, with elevation range from 1960  to 8848.86 

m. Of total, it includes 38 ecosystems and one other. 

Globally, Nepal covers about 0.1% area, harboring about 3% of world known flora. 

The number of species known till now are: angiosperms (6073), gymnosperms (26), 

pteridophytes (534), bryophytes (1150), lichens (365), fungi (1822) and algae (1001) 

(GoN, 2014). Nepal includes 12 eco-regions listed as follows. 

Nepal vegetation extends over two bioregions named ñHimalayan Mixed Forests 

and Grasslandsò with seven ecoregions and ñHimalayan-Pamir Alpine Shrub 

and Meadowsò  with two ecoregions. Altogether, nine ecoregions are covering the 

majestic landscape with diverse flora and fauna.  

Table 1 Characteristic of Ecoregions in Nepal 

Ecoregion Elevation Flora and Fauna 

Himalayan Mixed Forests and Meadows 

Terai-Duar 

Savanna and 

Grasslands 

Below 

500 m 

Tall grasslands, savannas, evergreen and deciduous 

broadleaf forest. Great one horned rhino, tiger, Asian 

elephant, deer (sambar, chital, swamp, barking), wild 

boar, Bengal florican, gharial and many more 
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Western 

Himalayan 

Subalpine 

Conifer 

Forests 

3000 ï 

3500 m 

Conifer forests (fir, blue pine, spruce, cedar), 

rhododendron, oak and birch. Musk deer, red panda, 

brown bear, Himalayan wolf, snow leopard, 

Himalayan tahr, Himalayan serow, pheasants, 

Himalayan griffon and many more 

Eastern 

Himalayan 

Subalpine 

Conifer 

Forests 

3000 ï 

4000 m 

Conifer forest (fir, larch, hemlock, juniper, yew), 

rhododendron. Red panda, musk deer, serow, 

pheasants and many others 

Western 

Himalayan 

Broadleaf 

Forests 

1500 ï 

2600 m 

Evergreen and deciduous broadleaf forest (oak, 

walnut, horse chestnut, alder, maple, poplar, elm, 

hazel), conifer forests (fir, spruce, pine). Asiatic 

black bear, common leopard, Himalayan tahr, 

pheasants and many others. 

Eastern 

Himalayan 

Broadleaf 

Forests 

2000 ï 

3000 m 

Broadleaf forests (Oak, rhododendron, magnolia, 

maple, walnut, alder, birch). Clouded leopard, red 

panda, takin serow, wild dog, tiger, pheasants, rufous 

throated wren babbler 

Himalayan 

Subtropical 

pine forests 

1000 ï 

2000 m 

Chirpine, bayberry, Bengal currant, barberry, 

blackberry, Himalayan raspberry, wild strawberry. 

Ghoral, barking deer, yellow throated marten, 

various bird and many more. 

Himalayan 

Subtropical 

Broadleaf 

Forests 

500 ï 

1000 m 

Sal, Terminalia Bahunia, Schima Castanopsis, 

various climbers and several epiphytes. Indian 

elephant gaur, tiger clouded leopard, wild dog, 

serrow, golden langur, several bird species including 

hornbills and migratory birds. 

Himalayan-Pamir Alpine Shrub and Meadows 

West 

Himalayan 

Alpine Shrub 

and Meadows 

3000 ï 

5000 m 

Rhododendron, Anaphalirs, Aster, Cynanthus, 

Jurinea, Morina, Potentilla, Gentiana, Delphinium, 

Delphinium, Meconopsis, Anemone, Primula, 

Willow. Snow leopard, tibetal wolf, Ghoral, serrow, 

Himalayan tahr, Argeli, Blue sheep, various bird 

species including blood pheasant, Himalayan monal, 

lammergeier, golden eagle Himalayan griffon and 

many others. 

East 

Himalayan 

Above 

4000 m 

Rhododendron, Primula, Impatiens, Draba, 

Anemone, Gentiana, meconopsis, Viola. Snow 
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Alpine Shrub 

and 

leopard, Himalayan wolf, Ghoral, Serrow, 

Himalayan tahr, Argeli, Blue sheep, Himalayan 

griffon, Black eagle and many others. 

 

2.1.2. Climate 

The climate of Nepal is highly diverse, changing within short distance of travel from 

both North ï South and East ï West direction, due to rapid altitudinal shift. 

 

Figure 2. Map showing the average annual rainfall pattern in Nepal between 1980 ï 2000 (Paudel et al., 2021). 



 

Page | 8  

 

 

Figure 3. Map showing the climate classification of Nepal (Karki et al., 2016) 

Terai region is located in sub-tropical climatic zone characterized by hot and humid 

summers, intense monsoon rain, and dry winters. The annual rainfall decreases 

gradually from the Eastern to the Western Terai. The annual total rainfall in this 

region varies from 1,138 mm to 2,680 mm, and the mean monthly precipitation 

ranges from 8 mm to 535 mm. 

The climate of Siwalik region (Chure range) from sub-tropical to warm-temperate 

and is characterized by hot and sub-humid summers, intense monsoon rain, and cold 

dry winters. The precipitation pattern in Siwalik is variable, with the highest annual 

rainfall in the Eastern and Central Development Regions. The total annual rainfall 

varies from a minimum of 1,138 mm to the maximum of 2,671 mm. 
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Figure 4 Decade wise precipitation trends along different bioclimatic zone in Chitwan Annapurna Landscape (CHAL) region, 

Nepal (Source; Luitel, 2020): Lower tropical bioclimatic zone (< 500 m, LTBZ), Upper tropical bioclimatic zone (500 - 1000), 

Lower subtropical bioclimatic zone (1000 - 1500), Upper subtropical bioclimatic zone (1500 - 2000), Temperate bioclimatic zone 

(TBZ), Lower sub alpine bioclimatic zone (3000 - 3500), and Upper Sub alpine bioclimatic zone (>3500 ) (Luitel et al., 2020) 

In Middle Mountains, the climate ranges from sub-tropical, sub-humid in river 

valleys to warm-temperate in valleys to cool-temperate in the high hills. Annual 

precipitation varies from east to west with the highest in the Western Development 

Region (1,898 mm). 

The climate in High Mountains and High Himalaya regions ranges from warm-

temperate in the valleys to cool-temperate in the higher elevations and arctic in the 

upper most elevations. Precipitation in the region varies from east to west with the 

highest in the Central Development Region with a total annual precipitation of 2,185 

mm (Figure 2). Trans-Himalayan areas receive very little precipitation, and are also 

known as cold desert. 

2.1.3. Society and Economy  

Majority of people in Nepal are dependent agriculture and abroad jobs. Nepalôs 

socio-economic landscape is intricately linked to its geography and natural 

resources. Having five distinct different physiographic zones, each zone has their 

unique type of societal setting and economy. The society and economy of the study 

area are shaped by varying levels of development, access to available resources and 

cultural practices. 
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Terai ï It represents the lowland areas of Nepal, densely populated while diverse 

ethnic groups living within this region including communities from Tharu, Madhesi, 

and migrant population from the hills. Agriculture dominates the livelihood of the 

Terai communities because of having fertile soil, where rice, wheat, and sugarcane 

are the major crops. In addition to farming, the region benefits with higher literacy 

rates and established from cross-border trade with India and tourism related to 

wildlife and national parks. 

Siwalik (Chure Range) ï The Siwalik range itself a fragile zone where sparsely 

populated with settlements often located in challenging terrains. Indigenous 

communities such as Chepang and Tharu livelihoods are residing with their 

traditional lifestyles. Subsistence agriculture and livestock rearing dominate the 

economy, though the fragile ecosystem limits large scale farming. Sandy-gravel 

mining also contribute to the local economy but pose environmental risks and highly 

vulnerable from the aspect of climate change, floods and landslides. 

Middle Mountain ï Middle hills are the primary home to diverse ethnic groups 

including Brahmins, Chhetris, Gurungs, Magars and Newars. Mixture of diverse 

groups inhabits diverse culture and customs which are unique and point of attraction 

to the international tourists. Animal husbandry, agriculture are important profession 

where cereal and cash crops are grown. Specifically, paddy, wheat, millet, maize and 

large cardamom, fruits like oranges. Additionally, tourism, remittances from abroad 

jobs and army and small scale industries such as weaving and handicrafts are 

important component for maintaining their livelihoods and economy. 

High Mountain ï High mountain communities are dominated by different ethnic 

groups like Tamangs, Sherpas, Rais, and Limbus which highly covers the remote 

areas having less connection to the national Highway. Those groups inhabits unique 

and different cultures and traditions and communal livelihoods. The mid-hills are 

primarily agrarian, with terraced farming being the dominant form of agriculture. 

Communities grow crops like maize, millet, and vegetables, while also engaging in 

livestock rearing. Eco-tourism plays an important role in the economy, especially in 

areas with trekking routes and cultural heritage sites. 

High Himalaya: In the high Himalaya regions, dominant communities from Sherpa, 

Bhotias and others inhabited where households are scattered in different hamlets. 

Their livelihoods are largely based on livestock herding and subsistence farming 
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their culture are also unique and exchanged with the Tibetan communities in China. 

Additionally, tourism, especially trekking and mountaineering, provides income for 

many communities. However, remoteness, harsh environmental conditions, and 

limited infrastructure pose significant climatic and economic impact. 

2.2. Insect Data 

2.2.1. Museum Collection 

We collect individual specimen details from two museum collections. Firstly, from 

the Zoological State Collection Munich (ZSM), Germany and the British Natural 

History Museum (BNHM), London, visited during 2023. Each of the pinned 

specimens from display box are unpinned and put over the white paper, capture a 

clear image for each of them, including the labels reporting the collection report. 

Those, images were later characterized based on the provide morphological 

classification and image from the book published entitled ñMoths of Nepal, Part 2ò 

(Sugi, 1993) 

 
Figure 5. Gazalina chrysolopha in the stored in the ZSM 

Museum. 

 
Figure 6. Characterization of Gazalina species extracted 

from the Museum Collection. 

 

2.2.2. Global Biodiversity Information Facility 

Genus Gazalina specimen occurrences were extracted from the open portal Global 

Biodiversity Information Facility (GBIF) accessed on 26th of October, 2024 (GBIF, 

2024). We use the word Genus ñGazalinaò to check the species details and found 

Gazalina chrysolopha, Gazalina apsara, Gazalina transversa, Gazalina purificata 

and Gazalina intermixta.  Additionally, species synonyms were also used so that 

none of them left, for instance, Oligoclona chrysolopha. Each of the specimens were 

cross checked with the morphological explanation mentioned in the ñMoths of 
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Nepal, Part 2ò (Sugi, 1993). Whole data were transformed into the MS-Excel sheet, 

information about the date, time and location GPS coordinates were accessed and 

made necessary correction for the further use. Finally, we extracted information 

focusing on the target to Nepal only. 

2.2.3. Direct Observations 

Data from the direct field observation, was assessed through opportunistic approach 

in different parts of the Nepal from August, 2023 to October, 2024. In addition, a 

complete database was constructed using all data available from Nepal. During the 

observation, spatial information, date of the photographed evidence was recorded 

for further phenological study. 

2.2.4. Rearing and Life Cycle 

On March 6, 2024, caterpillars from Kulekhani Dam area (27.610216Á Latitude and 

85.160143Á Longitude) were collected and then reared in the lab of Faculty of 

Forestry, Agriculture and Forestry University, Hetauda, Nepal in close observation. 

They were continuously fed with fresh leaves of Alnus nepalensis, Utis; after the end 

of the March they started to molt into cocoon while many were observed to die. 

 
Figure 7. Caterpillars descending to the ground from the 

canopy of Alnus nepalensis, observed on the morning hours (5 

March, 2024; on the way Kathmandu ï Hetauda). 

 
Figure 8. Caterpillars ascending towards canopy from the 

ground base of Alnus nepalensis, observed on the evening 

hours (7 March, 2024; Ghyachowk, Gorkha). 
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Figure 9. Procession of caterpillars on the ground observed on 

the ground at the base of Alnus nepalensis (7, March, 2024; 

Dhansira, Gorkha) 

 
Figure 10. Feeding of caterpillars on leaf of Alnus nepalensis, 

observed late night (28 January, 2024; Dhansira, Gorkha).  

 

 

 

 
Figure 11. Complete defoliation of Alnus nepalensis tree and no 

presence of  any alternatives host plants. (7 March, 2024). 

  
Figure 12. After complete defoliation of Alnus nepalensis, 

observed mortality of caterpillars. (4 March, 2024; 

Tribhuvan University, Kathmandu, Nepal). 
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Figure 13. Rearing of Caterpillars and the feeding host species 

Alnus nepalensis (13 March, 2024: Kulekhani, Makawanpur). 

 
Figure 14. Molted caterpillar in the lab (April 21, 2024; 

Faculty of Forestry, Agriculture and Forestry University, 

Hetauda). 

 

 
Figure 15. Observed group of Gazalina chrysolopha 

surrounding laid eggs. (8 October, 2023; Solukhumbu, 

Namche). 

 
Figure 16. Observed Bird (Himalayan Cuckoo) in the Alnus 

nepalensis at Gorkha, Ghyachowk region (7 March, 2024; 

Ghyachowk, Gorkha). 
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Figure 17. Workshop participation to discuss about the impact 

of Gazalina chrysolopha in human livelihoods. 

 
Figure 18. Discussion with local stakeholder about 

information about the Gazalina species and their impacts. 

 

 

 
Figure 19. Procession of caterpillars in one cluster observed 

on Rhododendron arboreum during field visit Gorkha (4 

March, 2016; Chaurikharka Community Forest, Ghyachowk, 

Gorkha). 

 
Figure 20. Defoliation of Rhododendron arboreum (27, 

August, 2023; Chaurikharka Cummunity Forest, Ghyachowk, 

Gorkha). 
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Figure 21. Handling caterpillars cocoon from the rearing box 

(22 April, 2024; Faculty of Forestry, Agriculture and Forestry 

University, Hetauda). 

 
Figure 22. Extracted cocoon and stored. (FoF, AFU, Hetauda) 

 

2.3. Host Plant Data 

2.3.1. Forest Inventory 

To explore the occurrence of the potential host plants of Gazalina species, based on 

the observation conducted in the field, we obtained the permission to use the national 

level forest inventory carried out by the Forest Research Training and Center 

(FRTC), while this is not publicly available. The spatial and descriptive occurrence 

of Alnus nepalensis and Rhododendron arboreum species was collected from field 

visits during national level forest resource assessment (FRA) by Forest Research and 

Training Data (FRTC). The inventory was conducted using two phase stratified 

systematic cluster sampling. Firstly, a 4 x 4 km grid was layout over the Nepal, at 

each grid node, a sample cluster of 4 ï 6 concentric circular plots were established. 

The first plot of the cluster established at the grid node. Numbering was done by 

columns from west to east (300 m apart) and rows from south to north (150 m apart). 
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Secondly, 1987 sample plots were permanently established for the resource 

inventory. Of these plots, Alnus nepalensis, Alnus nitida and Rhododendron 

arboreum were found in 167, 7 and 249 plots respectively. The occurrence points 

are taken from the sample plots having four concentric circular sample plots (CCSP) 

of different radii (FRTC, 2019). 

 

Figure 23. Plot Layout of Concentric Circular Sample Plot (CCSP). 

2.3.2. Agroforestry (Cardamom and Alnus cultivation) 

Agroforestry is a traditional mixed cultivation practice in Nepal; different ethnic 

communities are scattered households in different physiographic zones following 

different types of agroforestry practices considering their land profile and feasibility 

and other local factors. Like, silvopastoral, agro-silvi-pastoral, agro-horti-

silviculture, apiculture and other different agroforestry practices common extending 

from lower belt to higher belt of Nepal. Frequently observed in the middle hills 

region of Nepal.  
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Figure 24. Agroforestry practices in Nepal with mixing Alnus nepalensis and Amomum subulatum. Note heavy defoliation of Alnus 

due to high population density of Gazalina larvae (7 March 2024, Gorkha). 

Large Black cardamom (Amomum subulatum) is the major cash crop in the eastern 

Himalayan region of Nepal, India and Bhutan. Nepal contributes to about 60% of 

global market, specifically grown in the Taplejung, Ilam, Panchthar, Solukhumbu 

districts. It generates good income in local livelihoods i.e., USD 28 per kg in 2014, 

which was drastically dropped to USD 10 per kg in 2017. Then with the aim 

sustainable production, diversification of crops with horticulture and livestock could 

generate multiple benefits (ICIMOD, 2024). Additionally, large cardamom could be 

benefited in mixed with Alnus nepalensis which has a higher ability of nitrogen 

fixation. Ultimately, it generates multiple benefits of timber and cash crops while 

maintaining of their sustainability. Agroforestry practices with mixing large 

cardamom and Alnus nepalensis together as it mutually beneficial because of 

nitrogen fixation (Gudade et al., 2013). 
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2.4. Medical Impact - Seasonal Hyperacute Panuveitis (SHAPU) 

In 1975, some cases rapidly leading to human eye blindness were reported from 

Nepal. On the following year 1977, there was a similar outbreak of blindness disease 

affecting especially children, and one of the parents revealed that this happened due 

to contact of eyes with the white moth found around the human-dominated landscape 

(Upadhyay et al., 1984). Since then, such medical disease outbreaks occurred in 

every autumn of alternate (odd) years, starting from early September to the end of 

December. Regarding their seasonal occurrence, the disease was named ñSeasonal 

Hyperacute Panuveitisò (SHAPU) (Upadhyay et al., 2019). It causes blindness 

within hours or days upon physical contact on eyes (Kharel et al., 2020; Manandhar, 

2011). Recently, the association between moths and SHAPU disease has also been 

reported in the Nature paper (Bolakhe, 2023). 

 

Figure 25 Human eye affected by Seasonal Hyperacute Panuveitis (SHAPU) linked to contact with white moths. 
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Today, we are in the year of 2024, hundreds of people have lost their vision due to 

SHAPU. There was no proper database to explore historical series of the patients 

impacted by SHAPU. However, medical doctors who are working specifically in 

ophthalmology could be the key sources to get such data. We contacted the group 

led by Professor Madan Prasad Upadhya (Father of SHAPU), then we found a proper 

database since the last 2017. 

2.5. Data Analysis 

Firstly, we entered all the collected raw data in the systematic format using MS-

Excel that are collected from the museum, individual observations and GBIF. We 

use Sugi (1993), morphological description and images to characterize all the 

collected data. Characterized data were transformed into the new excel sheet and 

processed for further analysis with pictorial, diagrams, trends, frequency, mean. 

Statistical tests like Chi-square, and Cramerôs V were used in R studio. 
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CHAPTER FOUR ï RESULTS 

This study investigated specially focusing on the distribution, ecology, host and 

potential association between Gazalina moths and Seasonal Hyperacute Panuveitis 

(SHAPU). All the results are discussed below. 

3.1. Insect Occurrence 

 

Figure 26. Species of the genus Gazalina occurrences and their frequency in South Asia. 

The total number of Gazalina specimens and observations between 1955 and 2024 

accounted to 2019 for the South Asia and 1906 for Nepal. The analysis of their 

distribution among countries produced a significant chi-square value  (X2 = 851.82, 

df = 24, p < 0.01), indicating there was an association between species occurrences 

and countries. In addition, Cramerôs V was calculated as 0.325, informing there was 

moderate association between the occurrences of Gazalina species and the different 

countries. Figure 26 illustrates the total percentage of the genus Gazalina and their 

five species, namely Gazalina apsara, Gazalina chrysolopha, Gazalina intermixta, 

Gazalina purificata and Gazalina transversa across seven countries from the South 

Asia. 

China ï Gazalina chrysolopha dominates with 60% of occurrence followed by the 

purificata and transversa. 

India ï Gazalina chrysolopha possess the highest occurrence with about 50%, 

followed by apsara, intermixta, purificata and transversa. 
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Myanmar ï Gazalina apsara dominates with about 55% of occurrence followed by 

the chrysolopha. 

Nepal ï Gazalina chrysolopha have the highest prevalence of the species about 90%, 

followed by the apsara, transversa and intermixta. 

Pakistan - Gazalina chrysolopha only have prevalence in the Pakistan 

Thailand - Gazalina chrysolopha only have prevalence with about 55% followed by 

transversa. 

Vietnam ï Gazalina chrysolopha and the apsara both have the prevalence of 50%. 

 

Figure 27. Species of the genus Gazalina occurrences in Nepal. 

In Nepal, figure 27 revealed that there is a statistically significant difference in the 

occurrence of Gazalina species i.e., apsara, chrysolopha, intermixta, and transversa 

(X2 = 4188.8, df = 3, p < 0.01), with Gazalina chrysolopha showing the highest 

prevalence. This is pointing out potential ecological or environmental factors 

influencing their abundances. 
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Figure 28. Gazalina chrysolopha (Male) captured from 

Ghasa, Nepal in 1955 at the elevation 1958 m (collection 

ZSM). 

 
Figure 29. Gazalina chrysolopha (Female) captured from 

Ghasa, Nepal in 1955 at the elevation 1958 m (collection 

ZSM). 

3.1.1. Distribution of Gazalina chrysolopha  in Nepal 

 

Figure 30. Spatial distribution map of Gazalina chrysolopha in Nepal based on a total of xxx samples and observations. 
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Gazalina chrysolopha species abundance has been observed from five provinces of 

Nepal out of seven. Majority of occurrences are from the Gandaki, Bagmati and 

Koshi followed by the Karnali and Lumbini provinces. There was no presence 

information from two provinces named Madhesh and Sudur Paschim provinces. 

 

3.1.2. Distribution of Gazalina chrysolpha based on altitudinal zones 

 

 

Figure 31. Occurrence of Gazalina chrysolopha according to elevation belt in Nepal. 

We found that the abundance of the Gazalina chrysolopha species across the 

altitudinal range (0 to 4000 m) is not uniform (X2 = 1439.9, df = 3, p < 0.01), 

indicating that the species is more concentrated at certain altitudinal belts reflecting 

either a specific habitat preferences or possible ecological factors across occurrences 

range of elevation. The highest abundance was observed at the altitude from 2000 ï 

3000 m. 

The peak in this range could be related to some specific conditions that are 

responsible for their survival, mortality and reproduction, like temperature, rainfall, 

availability of host species and other factors. Significant concentration of 

chrysolopha in that belt provides important information for its ecological 

preferences and management. 
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3.1.3. Emergence of Gazalina chrysolopha in the months of the year 

 

Figure 32. Gazalina chrysolopha moth occurrences according to month. 

From the figure 32, Gazalina chrysolopha monthly abundance differed significantly  

across months (X2 = 707.71, df = 7, p < 0.01). We can infer that certain months have 

particular conditions that support their emergence. From figure 32, months May, July 

and September have high abundances, meaning that there are potential for seasonal 

preferences or ecological factors responsible. On the opposite, there was no evidence 

of moth emergence in the colder months like January, February, November and 

December. 

3.1.4. Emergence of Gazalina chrysolopha in the months of odd and even years in 

Nepal 
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Figure 33. Number of Gazalina chrysolopha moth occurrences according to months of odd and even years. 

From the figure 33, the chi-square test revealed the differences in the Gazalina 

abundance between the odd and even years across the observed months (X2 = 886.76, 

df = 7, p < 0.01) is significant.  

Gazalina chrysolopha occurrence from the year 1955 to 2024 shows a distinct 

pattern of abundance during the odd and even years. In the odd years, the emergence 

occurs from April to October, with a gradual increasing and peaks in the month of 

July and September. In contrast, during the even years, their emergence occurs from 

March to August, with a gradual increasing and a peak in the month of May followed 

by a steadily declining towards the end of the August. This distinct variation in their 

emergence during the alternate years clearly draw a message that cyclic 

environmental factors related between alternate years.  
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3.1.5. Emergence of Gazalina chrysolopha in relation to the threshold 2000 m 

altitude 

 

 

Figure 34. Emergence of Gazalina chrysolopha below and above 2000 m in Nepal. 

From the figure 34, upon analyzing the chi-square test, the difference in Gazalina 

abundance between below 2000 m and above 2000 m across the observed months 

(X2 = 449.51, df = 7, p < 0.01) is significant. 

Gazalina chrysolopha occurrence from the year 1955 to 2024 shows a distinct 

pattern of distribution across two distinct altitude ranges. Below 2000 m, moth 

observation starts from April to October. We observe steady growth from March that 

reaches peaks only in September before sharp decline in October. Above 2000 m, 

moth observation begins earlier in  March and continues to October, with a period 

of higher frequency between May and July.  

This pattern suggests that chrysolopha potentially has different cyclic patterns 

depending on the altitude. Below 2000 m, the steady growth and single peak in 

September could be due to environmental conditions. Contrastingly, there is a 

complex pattern of emergence above 2000 m, with multiple peaks that remain to be 

interpreted. 
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3.1.6. Emergence of Gazalina chrysolopha according to elevation in Odd and Even 

years 

 

 

Figure 35. Emergence of Gazalina chrysolopha according to elevation in odd years. 

In relation to the emergence below and above the threshold of 2000 m altitude in 

odd years:  

Region below 2000 m emergence from April to October with a peak in September 

while above 2000 m from May to October with a distinct peak in July. 

 

Figure 36. Emergence of Gazalina chrysolopha according to elevation in even years. 

0

50

100

150

200

250

300

350

<2000m >2000m

0

50

100

150

200

250

300

350

<2000m >2000m



 

Page | 29  

 

Below 2000 m, emergence from April to August with no distinct peaks, although 

there were few observations while above 2000 m, emergence from March to August 

with a distinct peak in May. 

 

3.1.7. Occurrence of Gazalina chrysolopha across years and elevation 

 

Figure 37. Observations of Gazalina chrysolopha in Nepal between 1955 and 2024.  

From figure 37, the specimen collection observed from the year 1955 to till date 

which was not continuous because data results from expedition by the German 

entomologists were not organized in a systematic way. 

 

Figure 38. Observations of Gazalina chrysolopha in Nepal between 1955 and 2024 with different altitudinal range below and 

above (2000 m). 

From figure 38, the highest prevalence in the above 2000 m altitude range over the 

different years. Initially, there was highest emergence and then after eight years 
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observed highest prevalence in the year 1962. The maximum prevalence was 

observed in the year 1995 after 40 years, in the above 2000 m altitudinal range. 

3.2. Host Plants 

Table 2. Presence of verified and potential host plants of Gazalina chrysolopha in Nepal, based on the National Forest Inventory. 

Species name and records 

Elevation 

Alnus 

nepalensis 

Alnus nitida Rhododendron 

arboreum 

0-1000 m 57 0 5 

1001-2000 m 634 30 244 

2001-3000 m 259 0 2118 

3001-4000 m 0 0 465 

Above 4000 m 0 0 0 

Total 950 30 2832 

 

 

Figure 39. Occurrences of genus Alnus (nepalensis and nitida) in Nepal. 
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From figure 39, it appears that the genus Alnus occurs throughout Nepal, and it is 

dominated by Alnus nepalensis. The distribution concentrates in the mid-hill to the 

high Himalaya physiographic zone, while there was no presence in the lower belt 

and the higher belt of Nepal. 

 

 

Figure 40. Occurrences of  Rhododendron arboreum in Nepal. 

From the figure 40, it appears that Rhododendron (mainly arboreum) occurs 

throughout Nepal. The distribution concentrates in the mid-hill to high-Himalaya 

physiographic zone, while there is no presence in the lower belt of Nepal. 
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3.3. Medical Impact 

 

Figure 41. Records of SHAPU cases in Nepal from 2017 to 2024. 

The SHAPU occurrence map (figure 41) reveals that the disease was reported only 

from the central towards eastern part of Nepal. Specifically, majorly observed from 

the three provinces having high population density of Nepal, i.e., Gandaki, Bagmati 

and Koshi. Gandaki province has the highest concentration of SHAPU cases 

specifically from Kaski district and neighboring districts like Baglung, Syangja, 

Parbat, Lamjung and Tanahun. 
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Figure 42. Occurrence of SHAPU cases reported from Nepal by year. 

A chi square test was conducted to test if there is significant difference in the 

distribution of SHAPU cases across five years (2017, 2019, 2020, 2021, 2023). 

Results showed that there was significant difference in the distribution of SHAPU 

cases (X2 = 145.63, df = 4, p < 0.01).  

 

Figure 43. Occurrences of SHAPU cases reported from Nepal over different months of the years. 
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Figure 44. Overall SHAPU cases reported with respect to months of the year. 

 

From figure 43 and figure 44, we observed that in all years with SHAPU cases, the 

frequency was increasing from August to November. A chi-square was conducted in 

order to test if the SHAPU cases over months are distribute equally. The observed 

number of cases varied significantly by month, which concentrated in the month 

September and October. The SHAPU cases was not uniformly distributed (X2 = 

782.94, df = 11, p < 0.01). 
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CHAPTER FIVE ï DISCUSSION 

Overall, this study explores specifically the processionary moths from the genus 

Gazalina found in the South-Asia. These insects are known exclusively from the 

adult stage as they are the object of entomological collections made with light traps 

in the past 100 years, although some of the species were described as early as 1844 

(G. chrysolopha). So far, their larvae remained unknown as well as the host plants. 

Processionary moths are insects that cause urticating upon contact with human and 

animal skin due to their setae produced by larvae and moths (Battisti et al., 2017; 

Olivieri et al., 2023) and the implication of Gazalina species in human diseases has 

been hypothesized (Manandhar, 2011; Upadhyay et al., 2019). Taxonomically it is a 

complex genus having five species known so far, all poorly studied in their ecology, 

distribution, and phenology. We explored the genus Gazalina mostly from the 

museum collection, GBIF, and from opportunistic surveys that helped to infer 

general idea about their distribution, ecology, behavior, and other biological aspects. 

Despite the literature limitation, this study contributed to understand their ecological 

role, specifically in scanty research areas like Nepal.  

Of the four species found in Nepal, G. chrysolopha resulted to be the most frequently 

observed followed by apsara, transversa and intermixta. These findings align with 

the previous study by Khanal et al. (2022) who noted that G. chrysolopha was the 

most common species found in Godawari, central Nepal, together with G. apsara. 

In addition, they mentioned G. transversa from literature data and indicated other 

locations for G. chrysolopha and G. apsara also from literature data. The higher 

abundance of G. chrysolopha in Nepal may be attributed to the availability of host 

species and their preferable environments to sustain the life cycle. Understanding 

their emergence pattern within the specific region of Nepal could highlight their 

association with some environmental factors and open the way to understand where 

they could become problematic in the future. However, some further research is 

needed to explore their occurrence with continuous dataset, in order to understand 

their habitat, ecology and impacts in human and environments, especially for the less 

abundant species. 

The most important result of this study is represented by the documentation of the 

larval stages of G. chrysolopha and the identification of the host plant in Nepal. For 

insects, understanding the larval host plant relationship is crucial to know about their 
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habitat space as well as it provides insights in species specific ecological 

requirements and potential vulnerabilities ыÑőŸůШѼШ?ċŰŔĲũƚЯШΞΜΝΤь. We found that 

the larval instars of G. chrysolopha do feed gregariously at night time on the host 

species called Utis (Alnus nepalensis), a tree widespread in agricultural and forest 

landscapes of Nepal because of its multiple benefits ыsŸƚőŔШѼШ]ċƖťŸƣŔЯШΞΜΞΟь. The 

identification of host plants for the insect larval stage reveals the complex 

relationship between species and their habitat, which are important for the ecosystem 

balance. Additionally, it could help for the management and conservation measures, 

especially for the host plants threatened by the habitat loss, deforestation, and 

climate change.  However, the elevation range of G. chrysolopha does match but not 

perfectly the one of A. nepalensis, in particular it goes well beyond the upper limit 

of the tree. In this respect, we collected evidence that another typical species of 

Nepal mountains, Rhododendron arboreum, can be a host plant of some Gazalina 

species. The observations need to be confirmed and expanded with further research, 

although it appears that R. arboreum is a good candidate as its distribution matches 

perfectly with the upper range of G. chrysolopha in Nepal. 

Distribution of insects and plants are shaped by several factors and one of them is 

elevation. This study revealed that the G. chrysolopha abundance varied over 

elevation; regions less than 2000 m altitude has lower abundance in compare to the 

regions higher than 2000 m altitude. This study supports the one conducted by Zhao 

et al. (2023), which stated that insect community structure is significantly influenced 

by the different environmental factors along an altitudinal gradient. Similarly, insect 

associated host species distribution are influenced by the different factors and crucial 

to understand their distribution patterns. This study identified that G. chrysolopha 

larvae feed on Alnus nepalensis and the latter was considered as the unique host plant 

for the insect in Nepal so far, at least in the lower altitudinal range of insect 

occurrence. This finding aligns with ecological theories that the elevation gradients 

influence species diversity and distribution due to variations in temperature, 

humidity and host plant species (Kºrner, 2007). Herbivore insect abundance may 

experience varying levels along the elevation gradients, influenced by both biotic 

and abiotic component (Garibaldi et al., 2011). Temperature is one of the significant 

factors as defoliation from herbivorous insects tends to increase in the cooler 

conditions of higher elevations (Abdala-Roberts et al., 2016). In Nepal, elevation 

patterns highlight the importance of considering altitude for further research on G. 
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chrysolopha and other species and their potential host plants for better understanding 

their ecological dynamics. 

This study revealed that G. chrysolopha life history shows an apparent association 

with some favorable climatic conditions, host availability and elevation. The 

concentration of moth emergence in warmer months, specifically May, July, and 

September could indicate a phenological response to temperature. These are crucial 

factors which provides preferable environment with temperature ranging from 

moderate to high for their life cycle for egg laying, feeding, and mating. This is 

consistent with Lepidoptera, where temperature thresholds trigger adult emergence 

and reproductive behavior ы[ŸƖƖĲƚƣШѼШ~ŔũũĲƖрÅƨƚőŔŰŊЯШΞΜΝΜь. While absence of moth 

activity during winter and monsoon months reflects unfavorable environment for 

their survival. 

The distribution of G. chrysolopha across elevation may further contributes to define 

phenological patterns. Elevation variation obviously exhibits different 

microclimates which easily influence the timing of the moth emergence and host 

availability. This study identifies that emergence starts from April to October, with 

a peak in September at lower elevation, while at higher elevation the emergence 

spans from March to October, with peaks in May, July, and September. The 

emergence of the Gazalina seems to parllel with the outbreak of SHAPU cases in 

Nepal. The insect displays peaks of abundance that differ according to the elevation 

and could be dependent on different ecological conditions. This adaptation of insects 

directly related to resources availability and their life cycle are common and crucial 

(Ill§n et al., 2012). It could be due that a suitable habitat for host species (Alnus 

nepalensis) may affect the phenology of the insect, for example based on the best 

period of leaf flushing. This and other hypotheses need to be carefully tested under 

natural conditions. Reproductive success is influenced by the synchronization 

between the moth emergence and host plant suitability in the region (Kºrner, 2007). 

Likewise, absence during the colder months highlights the critical role of 

environmental in regulating G. chrysolopha phenology, something that is not 

observed in the communities of tropical insects having continuous emergence in 

stable climates. These apparent adaptation of G. chrysolopha to seasonal conditions 

reflects a dynamic interaction between climate, elevation and host plants. Seasonal 
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emergence in G. chrysolopha highlights that they have a unique adaptation in Nepal, 

although much remains to be discovered in relation to this and other factors. 

In addition, this study observed biennial patterns of emergence in G. chrysolopha. It 

suggests that there is complex interplay between odd and even years and the life 

cycle and possibly environmental factors. In odd years, the emergence was observed 

from March to October with peaks in July and September, which suggests favorable 

period for reproduction. In contrast, in even years the emergence peaked on May and 

was followed by a continuous decline. The pattern cannot be explained based on the 

current knowledge and it could result from complex interactions of different factors 

like early monsoons, fluctuations in temperature and humidity, availability of 

resources, and possibly insect population genetic structure. In other processionary 

moths such as the pine processionary moth (Thaumetopoea pityocampa) and the 

northern pine processionary moth (Thaumetopoea pinivora), there are several 

examples of phenological shifts both within and across years, likely driven by 

climatic conditions (Battisti et al., 2005). Besides, climatic factors that puzzle G. 

chrysolopha emergence patterns could be associated with the predator-prey 

dynamics, resource availability, genetic factors and many other factors. Such unique 

patterns are typically rare, and they have been documented in other Lepidoptera to 

be linked with resource availability, predator avoidance or climatic factors (Wiklund, 

1977). 

The phenological shift in odd and even years offers the possibility of the matching 

with the SHAPU (Seasonal Hyperacute Panuveitis) case studies. There is a deep 

association between insect emergence and SHAPU occurrence in Nepalese context, 

emphasizing seasonal and ecological factors. SHAPU is a severe ocular disease 

prevalent in Nepal with outbreaks commonly reported in the odd years, specifically 

during the monsoon and post monsoon seasons. The SHAPU cases generally follow 

the peak emergence observed for G. chrysolopha. It seems thus likely the SHAPU 

is linked with female moths releasing urticating setae which either carry microbes 

or bear toxins that lead to the hyperacute ocular inflammations upon contact with 

human (Battisti et al., 2011; Kharel et al., 2020). The significant match between the 

moth active period and SHAPU reported cases from Nepal evidences that G. 

chrysolopha appears to be a major contributor to SHAPU disease. However, further 

investigation is required about its association with SHAPU. Such intricate 

interactions between insects, hosts, human health are influenced by the elevation and 



 

Page | 39  

 

human seasonal behavior in different types of habitats. The prevalence of G. 

chrysolopha in the elevation region during the monsoon and post-monsoon season 

highlights their ecological niche shaped by the climatic and vegetation factors. 

Because during this period rural communities are highly engaged in forestry and 

agriculture, they reside in close proximity to insect habitats, which enhance the 

exposure to the setae released by the insects. Other factors such as the spread of the 

host plant A. nepalensis for agroforestry or the attraction of the moths to the electric 

lights may have increased the risk of exposure to the setae in human populations. All 

these factors need a thorough understanding based on collection of experimental 

evidence. 
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CHAPTER SIX ï CONCLUSION AND RECOMMENDATION 

Overall, this research offers some significant insights into the ecology of Gazalina 

species, and especially G. chrysolopha, and human vulnerability towards the risk of 

SHAPU in Nepal. During the post monsoon season of the odd years, the seasonal 

emergence of Gazalina matched with the SHAPU reported incidence. This overlap 

suggests that G. chrysolopha could be one of the contributing agents for SHAPU. 

The phenological adaptation to elevation, climate and host availability as well as 

unique seasonal patterns during odd and even years emphasizes its ecological 

significance and the need of further research. The potential match between the G. 

chrysolopha emergence and SHAPU occurrence, together with the availability of the 

host plant, have profound ecological and public health implications. This highlights 

the urgency of a proper multidisciplinary approach to manage the risk of SHAPU 

related to G. chrysolopha. 

In depth investigation is required to identify the host plants and alternative host at 

higher elevation, in order to understand their role in the life history of G. 

chrysolopha. A comprehensive study is required on the life cycle, including larval 

adaptation to elevation, climate and host species. Study at genetic population level 

would determine whether G. chrysolopha is represented by one or more strains that 

could be differently responsible for SHAPU. Public awareness about the G. 

chrysolopha and SHAPU-associated risk control should be developed at the 

community level, especially for promoting best practices to reduce the risk of human 

exposure to insect setae causing SHAPU in rural and urban areas. Further, 

collaborative research is required between ecologists, medical researchers, and 

policy makers to develop evidence-based strategies for SHAPU prevention and 

control. 
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