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Abstract
Ghost moths in the genus Thitarodes Viette, 1968, are hosts of the economically important caterpillar fungus, 
which is harvested in high mountain meadows across the Hengduan mountains and the Himalayas. In 
northwestern India, although caterpillar fungus has been collected in the state of Uttarakhand, no adults of 
Thitarodes species have been recorded. We report the sighting of a female pupa of Thitarodes sp. and its 
last-instar molt at Munsiyari, Uttarakhand, India, on 5 July 2019 and estimate that the adult emergence time 
in this habitat should be late July or early August. Although the habitats of caterpillar fungus in Uttarakhand 
are geographically closer to those in Nepal, they are climatically more similar to habitats of caterpillar fungus 
in Qinghai province in China. Among records at the same elevation, climatic variables are highly predictive of 
the emergence date of Thitarodes adults (adjusted-R2: 0.7925, F�=�6.27, P�=�0.03). Our result highlights the role 
of the Himalayan mountains as both a north�south climatic barrier and an east�west climatic gradient. We en-
courage local stakeholders and scientists in Uttarakhand to survey adult emergences of Thitarodes from July 
to mid-August.
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Ghost moths in the genus Thitarodes Viette, 1968, are hosts of the 
entomophagous fungus, Ophiocordyceps sinensis (Berk.) Sung et�al.  
(2007) (see Wang and Yao 2011 for review on known host distribu-
tion; Wang et�al. 2019 for review on current phylogenetic status of 
the group). The fungal sclerotium encased in the exoskeleton of an 
infected Thitarodes larva is known as �caterpillar fungus�. It is avidly 
collected in high mountain meadows across the Hengduan mountains 
and the Himalayas for their reputed medicinal bene�ts. Caterpillar 
fungus collection accounts for as much as 40% of the rural cash 
income in the Tibet Autonomous Region of China (Winkler 2008, 
2010; Sulek 2019), whereas in the western Himalayas, the collec-
tion contributes to over 70% of many households� local cash in-
come (Shrestha and Bawa 2014, Laha et� al. 2018, Shrestha et� al. 
2019, Yadav et� al. 2019). Known ranges where communities rely 
on caterpillar fungus collection stretch from the Hengduan moun-
tains, Qianghai-Tibetan plateau to the Himalayan ranges of Bhutan, 
Nepal, and India (Hopping et�al. 2018).

Caterpillar fungus trade in the Indian Himalayas was �rst dis-
cussed by Sharma (2004). In the Indian state of Uttarakhand, cater-
pillar fungus collection has become an integral part of the economic 
activities of some local communities (Laha et�al. 2018, Yadav et�al. 
2019), while the risk of overexploiting this pro�table natural re-
source remains high (Negi et� al. 2016). The state of Uttarakhand 
borders Darchula District of Nepal, where local con�icts related to 
caterpillar fungus collection (Pant et�al. 2017) and illicit cross-border 
trades (Wallrapp et�al. 2019) are known to occur. Despite ongoing 
investigation in the social economics of caterpillar fungus collection, 
no Thitarodes moth�the obligate host of caterpillar fungus�has 
been recorded in India. In reviewing the ghost moths of India, Grehan 
and Ismavel (2017) pointed out that Thitarodes �has not been docu-
mented from within India although its presence is almost certain 
because it is known from adjacent Bhutan, China, and Nepal�.

Identifying the emergence time of Thitarodes adults in the state 
of Uttarakhand is crucial to developing local captive cultivation 
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projects that could maintain the sustainable harvest of caterpillar 
fungus. Since Thitarodes larvae live under the soil, they are dif�cult 
to collect without signi�cantly damaging alpine meadow vegetation. 
Any project that aims at sustainably rearing Thitarodes moths would 
need to start by collecting them during the short time period of their 
emergence (and mating) in natural habitat. Moreover, in captive 
breeding, it is often necessary to replenish and hybrid multiple stocks 
of Thitarodes to avoid inbred pressure, which requires the breeder 
to know the emergence time of several species of Thitarodes to ob-
tain the adults (Zhou et�al. 2014; Li et�al. 2016, 2019). The emer-
gence time of Thitarodes is also an important parameter to control 
in captive breeding: by adjusting the environmental temperature spe-
cies with different emergence dates in the wild can be brought to 
emerge within the same week (Tao et�al. 2015).

Here we report our observations of a Thitarodes sp. pupa in 
Munsiyari, Uttarakhand, India, and from this, we estimate the adult 
emergence time in this habitat. We compare our estimated emergence 
time of Thitarodes sp. in Uttarakhand with that of other known 
Thitarodes moths at the same elevation to show that delay in emer-
gence date of Thitarodes sp. in Uttarakhand is likely driven by the 
colder climate in the western Himalayas.

Materials and�Methods
On 5 July 2019, we visited a caterpillar fungus habitat south 
of Panchchuli basecamp, north of Munsiyari hill station 
(30°8�54.14�N, 80°18�074�E, 3,801 m, Fig.�1A). The Munsiyari 

region has an average elevation of 2.200 m, with several peaks 
above 7.000 m.�At the habitat, annual mean temperature is around 
3°C, annual precipitation is around 1.600�mm, concentrated in 
July, August, and September. The alpine �ora in this habitat con-
sists predominantly of Anemone, Primula, Potentilla, Polygonum, 
Corydalis, Caltha, Rhododendron, and Tricholepidium, among 
which the stroma of caterpillar fungus could still be found 
above ground (Fig.� 1F). Upon our accidental encounter of the 
Thitarodes pupa, we remained at the habitat for two evenings 
to look for emerging adults and search for pupal molts to check 
whether any adults have emerged before our arrival in early July. 
In accordance with local regulations, no sample were taken and 
no further excavation were conducted to investigate Thitarodes 
pupae in the�soil.

To compare our estimated emergence date of Thitarodes sp. in 
Uttarakhand with the emergence date of other Thitarodes moths 
(that are O.� sinensis hosts) at the same elevation, we searched 
through relevant literature with both recorded emergence dates and 
recorded elevation in the 3,800- to 3,900-m range (Wang and Yao 
2011, Ueda 2000). When obtaining climatic data of the selected 
regions, rather than obtaining direct point climate estimates from 
WorldClim database (Hijmans et�al. 2005), we obtained temperature 
estimates for these habitats by applying a moist adiabatic lapse rate 
of 6°C/km to each habitat�s average bioclimatic variable obtained in 
Hopping et�al. (2018) to avoid variance caused by inaccurate spatial 
measurements. The moist adiabatic lapse rate refers to the rate at 
which saturated air warms or cools at different altitudes (Jacobson 

Fig. 1. (A) The habitat of caterpillar fungus in Munsiyari, Uttarakhand, India, 5 June 2019. (B) Map showing emergence date of �ve species of Thitarodes, at the 
same elevation, along the Himalayas and Hengduan mountains. (C) Caterpillar fungus collected by local stakeholders in Uttarakhand habitat. (D) Thitarodes 
moth pupa in Uttarakhand habitat. (E) Molt of last-instar Thitarodes larva in Uttarakhand habitat. (F) Stroma of caterpillar fungus appearing above the soil in 
Uttarakhand habitat (photograph: Darong Yang).
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