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Moths form a unique group within the order Lepidoptera, playing a crucial role in maintain-
ing ecological balance. Due to their sensitivity to environmental changes, they act as reliable 
bioindicators, helping ecologists detect even minor ecological disruptions. Guwahati, the larg-
est city in North East India, has undergone substantial urbanization and environmental chang-
es during the recent years. This study aims to assess the potential effects of urbanization on 
the diversity and species richness of moths within the urban areas of the city. During the 
course of the study, 168 individual moths were found in the study area. The Shannon-Weiner 
diversity index values for moth diversity were 2.47 for Hatigaon, 2.133 for Noonmati, and 
1.89 for Lokhra, while the Simpson diversity index values 0.093 for Hatigaon, 0.134 for 
Noonmati, and 0.153 for Lokhra. The Margalef index was highest in Hatigaon (3.040), fol-
lowed by Noonmati (2.378), and finally Lokhra (1.518). The Pielou Index values were 1 for 
Hatigaon, 0.96 for Noonmati, and 0.85 for Lokhra. Given the stark contrast between the city's 
environment and the surrounding natural habitats, understanding the moth fauna in Guwahati 
can provide valuable insights into the impact of urbanization on local biodiversity. 
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Introduction 

Moths are small but vital components of 
the environment. They belong to the order 
Lepidoptera, and are important pollinators in 
agricultural ecosystems (Hahn and Bruhl, 
2016) while they play a crucial role in the 
biodiversity of a particular area (Wagner et 
al., 2021). Due to their narrow range of envi-
ronmental tolerance, even slight changes in 
their natural habitat may have severe impact 
on their populations. A classic example is 
Darwin’s moths, where intense environmen-
tal pollution led to the evolution of a distinct-
ly new phenotype (Cook & Saccheri, 2013). 
Because of this ecological sensitivity, moths 
are often used as key indicators of ecosystem 
health (Parikh et al., 2021). Morphologically, 

moths are identified by their antennae and 
wing folding patterns. Moths have feathery, 
saw-shaped or tapering type of antennae and 
keep their wings flat while at rest. They are 
found in nature in diverse colors, shapes and 
sizes (Kristensen, 2012). While most moths 
are nocturnal, diurnal species are also ob-
served in certain habitats (Kelber et al., 
2003). Globally, around 160,000 moth spe-
cies have been described, though many more 
remain undocumented. 

Guwahati is the largest city in North East 
India. Named as the ‘Gateway to Northeast-
ern India’, the city has undergone rapid ex-
pansion during the recent times, with a con-
sequent increase in habitant population. Gu-
wahati is located approximately along 26°
10’N and 92°49’E (GMDA 2007). The city 



is situated on a undulating plain with vary-
ing altitudes of 49.5m to 55.5m above mean 
sea level (MSL). The central part of the city 
is interspersed with small hillocks like Sara-
nia Hill (193m), Nabagraha Hill (217m), 
Nilachal Hill (193m) and Chunsali Hill 
(293m). Structurally, this region is situated 
on a 50m thick alluvium plane of the middle 
Brahmaputra valley. The city is a part of 
Indo-Burma Biodiversity Hotspot and 
boasts of eight Reserve Forests (South Kala-
pahar RF, Fatasil RF, Jalukbari RF, Gotana-
gar RF, Hengrabari RF, Sarania Hill RF, 
Garbhanga RF, Rani RF) and two Wildlife 
Sanctuaries (Deeporbeel WLS and Amsing 
WLS) along with an internationally ac-
claimed wetland and Ramsar site, the 
Deeporbeel, within the city boundary. The 
city climate is homogenous, with a cold and 
foggy winter (December-February), a mod-
erately cool spring (March-May), a fairly 
hot and humid summer (June-August) and a 
pleasant autumn (September-November). 
However, there are no rigid boundaries be-
tween seasons. Summer temperatures range 
from 22oC to 38oC, while winter tempera-
tures from 10oC to 25oC. The average annu-
al rainfall is 180cm and mainly accumulates 
during the period from May to September. 

Urbanization is one of the primary threats 
to forest ecosystem health (McKinney, 
2002) and it has far-reaching impacts on 
species diversity and abundance. Over the 
last three decades, Guwahati has witnessed 
significant land use and land cover changes. 
Urban and built-up areas have expanded by 
103%, accompanied by a marked decline in 
vegetation, agricultural lands, and wetlands 
(Nath et al., 2021). Such rapid urbanization 
poses serious threats to biodiversity, partic-
ularly in tropical countries where urban ex-
pansion leads to degrade in natural habitats. 
In these regions, moth assemblages are not 
only drastically reduced in number, but the 
remaining species also differ significantly 
from those found in natural ecosystems 
(Gaona et al., 2021). 

As cities like Guwahati continue to 
evolve spatially, socially, economically and, 
culturally at a rapid pace, it becomes in-
creasingly difficult for the urban flora and 
fauna to adapt to such abrupt changes 
(Parnell et al., 2013). Therefore, this study 
seeks to investigate the diversity and species 
richness of moths in the urban areas of Gu-
wahati with the scope to understand the im-
pacts of urbanization on this ecologically 
significant group of insects.  
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FIG. 1: Map of Guwahati city indicating the study areas viz.  Hatigoan, Noonmati and 
Lokhra. 
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Materials and Methods 

Study area: The present study was con-
ducted by selecting three areas within the 
city namely, Hatigaon, Noonmati and 
Lokhra (Fig. 1). The Hatigaon area is a lo-
cality in southern part of Guwahati city 
(26.1279°N and 91.7855°E) at the mean sea 
level of 55.64 m. Noonmati is located at 
26.18°N and 91.80°E and Lokhra 26.1116° 
N, 91.7496° E, is located in southern part of 
the city. 

Sampling: In the present experiment noc-
turnal moths were collected by using light 
trap (40 W - UV Lamp). The study was 
conducted over the 6-month period, from 
January to June, 2022. The samples were 
collected in the evening from 7:00 P.M. to 
12:00 A.M. midnight, then photographed 
and released back in nature. 

Identification: The species recorded were 
identified using available literature such as 
Moore (1880-1884), Hampson (1891-1896) 
Holloway (1983-2011) and Kirti and Singh 

(2015- 2016). The classification system 
forwarded by Van Nieukerken et al. (2011) 
was used. 

Measurement of Diversity: For analysis of 
the acquired data different diversity indices 
were calculated including Species richness 
(the total number of species) and abundance 
(total number of individuals) for all sam-
pling sites. The statistical analysis was done 
by Shannon-Weiner diversity index. Simp-
son’s index, Margalef richness index and 
Pielou’s evenness index. 

 

Results 

The study was conducted in three selected 
urban spaces within the Guwahati city. All 
the observed moth species were photo-
graphed and identified using available liter-
ature (Fig. 2). The observations were tabu-
lated (Table 1). During the study period, a 
total of 14 species were identified from 
Hatigaon area, 10  from Noonmati and 7 
from Lokhra. Among the species identified 

14                                                                   ENTOMOLOGIA HELLENICA 35 (2026): 12-20 

FIG. 2:  Graph indicating the comparative analysis of species diversity and richness values 
of all the study areas within the city.  



Table 1. List of all observed moth species in the study area. 

www.entsoc.gr                                                           © 2026 Hellenic Entomological Society  

Sl. No. Family Species Individuals 

Hatigaon Area 

1 Pterophoridae Sphenarches anisodactylus Walker (1864) 5 

2 Sphingidae Manduca rustica Fabricius (1775) 7 

3 Geometridae Synchlora aerate Fabricius (1798) 3 

4 
Erebidae 

Sphrageidus similis Fuessly (1775) 10 

5 Euproctis chrysorrhoea Linnaeus (1758) 8 

6 Tineidae Tineola bisselliella Hummel (1823) 7 

7 

Crambidae 

Udea Rubigalis Guenée (1854) 7 

8 Elophila gyralis Hulst (1886) 5 

9 Elophila obliteralis Walker (1859) 8 

10 

Geometridae 

Hemithea graminea Hampson (1891) 1 

11 Pelagodes antiquadraria Inoue (1976) 2 

12 Hypodoxa muscosaria Guenée (1857) 2 

13 Tanaorhinus dimissa Walker (1861) 1 

14 Pyralidae Pyralis farinalis Linnaeus (1758) 6 

Noonmati Area 

1 Sphingidae Manduca rustica Fabricius (1775) 7 

2 Geometridae Synchlora aerate Fabricius (1798) 3 

3 Pelagodes antiquadraria Inoue (1976) 2 

4 Erebidae Sphrageidus similis Fuessly (1775) 10 

5 Tineidae Tineola bisselliella Hummel (1823) 6 

6 

Arctiidae 

Eugoa basipuncta Hampson (1891) 6 

7 Acronicta rumicis Linnaeus (1758) 2 

8 Halysidota tessellaris Smith (1797) 3 

9 Platyptilia carduidactyla (Riley, 1869) 2 

10 

Crambidae 

Pygospila tyres Cramer (1780) 3 

  Elophila sp.   

Lokhra Area 

1 
Geometridae 

Dysphania militaris Linnaeus (1758) 9 

2 Agathia lycaenaria Kollar (1848) 4 

3 Crambidae Ostrinia nubilalis Hübner (1796) 7 

4 

Erebidae 

Syntomoides imaon Cramer (1780) 11 

5 Amata phegea Linnaeus (1758) 6 

6 Olepa ocellifera Walker (1855) 8 

7 Noctuoidae Alypia octomaculata Fabricius (1775) 7 
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from  Hatigaon area, 5 belonged to the fam-
ily Geometridae, 3 to Crambidae, 2 to Eribi-
dae, 1 to Pterophoridae, 1 to Pyralidae, 1 to 
Sphingidae and 1 to Tineidae. Among the 
moths identified from Noonmati area, 4 
belonged to the family Arctiidae, 2 to Ge-
ometridae, 1 to Sphingidae, 1 to Tineidae, 1 
to Eribidae and 1 to Crambidae. Of the total 
7 species identified from Lokhra area, 3 
belonged to Eribidae, 2 to Geometridae, 1 to 
Noctuoidae and 1 to Crambidae.  

The diversity and species richness indi-
ces calculated were Shannon Weiner diver-
sity index, Simpson’s index, Margalef rich-
ness index and Pielou’s evenness index 
(Table 2). The Shannon Weiner diversity 
index were found to be 2.47, 2.133 and 1.89 
in Hatigaon, Noonmati and Lokhra areas, 
respectively. The Simpson diversity index, 
which represents species diversity within a 
community, was calculated at 0.092, 0.134 
and 0.153 in Hatigaon, Noonmati and 
Lokhra, respectively. The Margalef index 
was highest for Hatigaon (3.0397), followed 
by Noonmati (2.37) and Lokhra (1.518). 
Pielou Index was 1.0, 0.96 and 0.85 in 
Hatigaon, Noonmati and Lokhra, respec-
tively. All calculated values show signifi-
cant differences within the study areas and a 
comparative analysis was performed for 
better appraisal of the data (Fig. 3). 

 

Discussion 

The study was conducted in three urban 
areas within the Guwahati City. Among all 
moth species identified, the highest diversi-
ty in terms of percentage was found in 
Noonmati area, which may be attributed to 
the presence of the Amsing reserve forest 
within a 4 km radius. Furthermore, in 
Lokhra the diversity index was 1.89, which 

may be attributed to the nearest Garbhanga 
Reserve Forest. On the other hand, the cen-
tral Hatigaon area, even though delivered 14 
species, presented a lower diversity index, 
which may be attributed to the loss of moth 
habitat due to human settlements. The 
Simpson diversity index that represents spe-
cies diversity within a community, was 
highest in Hatigaon area, despite the uni-
form species diversity in the habitat. The 
Margalef index of species diversity divides 
diversity into two components: species rich-
ness (the number of species present) and 
species evenness or dominance (how indi-
viduals are distributed among species within 
a community). This index was also found 
highest in Hatigaon, at 3.0397, followed by 
Noonmati area, at 2.37 and Lokhora at 
1.518. The species of the family Geometri-
dae, with relatively abundance of 28.12%, 
may be considered as potent indicator spe-
cies and can be studied long-term as indica-
tive of environmental changes. The study 
anticipates to establish moth assemblage as 
a surrogate for the entire insect community 
and moths may be used as indicator taxa in 
rapid habitat-quality assessment programs 
for conservation and management of biolog-
ical systems. Moths tend to ‘bridge the gap’ 
in practical conservation considerations, as 
they allow a constructive focus ranging 
from single target species to assemblage 
diversity and its patterns in relation to land 
use and disturbance (Uniyal et al., 2016). In 
times when there is urgent need for re-
sources and time for biodiversity conserva-
tion, rapid methods of assessing biogeo-
graphic details are gaining momentum. The 
use of biological indicators for species rich-
ness, is a method which assumes that the 
species richness of well-known and lesser-
known groups is correlated (Hughes et al. 
2010). Monitoring invertebrates has also 
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Shannon-Wiener 

Index  
(H՛ =-Σ Pi ln Pi) 

Simpson’s Index 
(D = Σ (Pi)2) 

Margalef index 
(D = S-1/ ln(N)) 

Pielou Index 
(E= H ln (S)) 

Sl No. City Area Value Value Value Value 

1 Hatigaon 2.470 0.093 3.040 1 

2 Noonmati 2.133 0.134 2.378 0.96 

3 Lokhra 1.899 0.153 1.518 0.85 

Table 2. Species diversity and richness indices of all the study areas within the city. 
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FIG. 3: Moth species recorded during the study. 1. Alypia octomaculata 2. Udea rubigalis 3. Eugoa 
basipuncta 4. Elophila gyralis 5. Pygospila tyres 6. El. obliteralis 7. Euproctis chrysorrhoea 8. Synto-
moides imaon 9. Acronicta rumicis 10. Pyralis farinalis 11. Halysidota tessellaris 12. Olepa ocellifera 
13. Elophila sp. 14. Tineola bisselliella 15. Agathia lycaenaria 16. Pelagodes antiquadraria 17. Ta-
naorhinus dimissa 18. Dysphania militaris 19. Hemithea graminea 20. Sphrageidus similis 21. Hypo-
doxa muscosaria 22. Platyptilia carduidactyla 23. Amata phegea 24. Sphenarches anisodactylus 25. 
Ostrinia nubilalis 26. Manduca rustica 27. Synchlora aerate. 



become a worldwide priority because of 
their ecosystem services (Rohr et al. 2015). 
Despite the gradual transitions and short 
distances between the various habitat types 
studied, each habitat provided sufficient 
resources to support its own characteristic 
moth populations. The observed changes in 
diversity and species-richness patterns can 
therefore be attributed to extensive urbani-
zation, anthropogenic interventions, and 
habitat destruction in and around Guwahati 
over the past few decades.  

 

Conclusion 

This study examines the impact of urbani-
zation on moth diversity and species rich-
ness in Guwahati, the largest city in North-
east India, focusing on three urban areas: 
Hatigaon, Noonmati, and Lokhra. Moths, 
belonging to the order Lepidoptera, are val-
uable bioindicators due to their sensitivity 
to environmental changes, making them 
useful for detecting ecological disturbances. 
During the survey, a total of 168 moths 
were recorded across the selected sites. Di-
versity was assessed using multiple indices. 
The Shannon–Wiener index, which 
measures species diversity, was highest in 
Hatigaon, followed by Noonmati and 
Lokhra. The Simpson diversity index 
showed values of 0.092 for Hatigaon, 0.134 
for Noonmati, and 0.153 for Lokhra, re-
flecting differences in community composi-
tion. Margalef’s index of species richness 

was also highest in Hatigaon, suggesting 
greater species diversity, followed by 
Noonmati and Lokhra. Among the nine 
families recorded, Geometridae was rela-
tively abundant and is highlighted as a 
strong indicator for long-term environmen-
tal monitoring. The study underscores the 
relationship between species richness in 
both well-known and lesser-known groups, 
emphasizing the local and global signifi-
cance of monitoring invertebrates for sus-
taining ecosystem services.  

 

Author Contributions 

DJH: Conceptualization; Supervision; Data 
curation; Formal analysis. 
IH: Supervision; Validation; Review & 
editing.  
ND: Investigation; Data curation; Formal 
analysis; original draft. 
LB: Data curation; Formal analysis; Review 
& editing.  
 

Acknowledgements 

The authors acknowledge the financial as-
sistance from the Department of Science 
and Technology (DST), Govt. of India, un-
der DST-CURIE (WISE KIRAN Division) 
scheme for women P.G. Colleges (Ref. No. 
DST/CURIE-PG/2022/88(G)) and the De-
partment of Zoology, Handique Girls’ Col-
lege, Guwahati. Assam, India, for the labor-
atory facilities. 

 

References 

Cook, L. M., and Saccheri, I. J. 2013. The 
peppered moth and industrial mela-
nism: evolution of a natural selection 
case study. Heredity, 110(3), 207–
212. https://doi.org/10.1038/
hdy.2012.92 

Gaona, F. P., Iñiguez-Armijos, C., Brehm, 
G., Fiedler, K., & Espinosa, C. I. 
2021. Drastic loss of insects 
(Lepidoptera: Geometridae) in urban 
landscapes in a tropical biodiversity 
hotspot. Journal of Insect Conserva-
tion, 25(3), 395-405. https://
doi.org/10.1007/s10841-021-00308-
9 

 

Hahn, M., Bruhl, C.A. 2016. The secret 
pollinators: an overview of moth 
pollination with a focus on Europe 
and North America. Arthropod-Plant 
Interactions 10, 21–28 https://
doi.org/10.1007/s11829-016-9414-3 

Hampson G F. 1891. Illustrations of typical 
specimens of Lepidoptera Heterocera 
in the collection of the British Muse-
um. Part VIII-The Lepidoptera Het-
erocera of the Nilgiri District. Taylor 
& Francis, London. 144 pp. https://
doi.org/10.5962/bhl.title.53701 

 

www.entsoc.gr                                                           © 2026 Hellenic Entomological Society  

18                                                                   ENTOMOLOGIA HELLENICA 35 (2026): 12-20 



www.entsoc.gr                                                           © 2026 Hellenic Entomological Society  

Hampson G F. 1892. The Fauna of British 
India including Ceylon and Burma. 
Moths, Vol. 1, Saturniidae to Hypsi-
dae. Taylor & Francis, London. 627 
pp.  

Hampson G F. 1894. The Fauna of British 
India including Ceylon and Burma. 
Moths, Vol. 2, Arctiidae, Agras-
tidae, Noctuidae. Taylor & Francis, 
London. 609 pp.  

Hampson G F. 1895. The Fauna of British 
India including Ceylon and Burma. 
Moths, Vol. 3, Noctuidae (cont.) to 
Geometridae. Taylor & Francis, 
London. 546 pp.  

Hampson G F. 1896. The Fauna of British 
India including Ceylon and Burma. 
Moths, Vol.4. Pyralidae. Taylor & 
Francis, London. 594 pp.  

Holloway J D. 1983. The moths of Borneo 
(part 4) Family Notodontidae. Ma-
layan Nature Journal 37: 1–107.  

Holloway J D. 1985. The moths of Borneo 
(part 14) Family Noctuidae: sub-
families Euteliinae, Stictopterinae, 
Plusiinae, Pantheinae. Malayan Na-
ture Journal 38: 157–317.  

Holloway J D. 1986. The moths of Borneo. 
(part 1). Key to families; Families 
Cossidae, Metarbelidae, Ratardidae, 
Dudgeoneidae, Epipyropidae, and 
Limacodidae. Malayan Nature 
Journal 40: 1–165.  

Holloway J D. 1987. The Moths of Borneo 
(part 3); Families Lasiocampidae, 
Eupterotidae, Bombycidae, Brah-
maeidae, Saturniidae, Sphingidae. 
Malayan Nature Journal. 199 pp.  

Holloway J D. 1988. The Moths of Borneo 
(part 6); Family Arctiidae: Subfami-
lies Arctiinae, Syntominae, 
Aganainae (to Noctuidae). Malayan 
Nature Journal. 101 pp.  

Holloway J D. 1989. The moths of Borneo 
(part 12); Family Noctuidae: Sub-
families Noctuinae, Heliothinae, 
Hadeninae, Acronictinae, Am-
phipyrinae, Agaristinae. Malayan 
Nature Journal 43: 57–226.  

Holloway J D. 1993. The moths of Borneo 
(part 11); Family Geometridae: Sub-
families Ennominae. Malayan Na-
ture Journal 47: 1–309.  

Holloway J D. 1996. The moths of Borneo 
(part 9); Family Geometridae: Sub-
families Oenochrominae, Desmo-
bathrinae, Geometrinae. Malayan 
Nature Journal 49: 147–326.  

Holloway J D. 1997. The moths of Borneo 
(part 10); Family Geometridae: Sub-
families Sterrhinae, Larentiinae, 
Addenda to other subfamilies. Ma-
layan Nature Journal 51: 1–242.  

Holloway J D. 1998. The moths of Borneo, 
part 8: Castniidae, Callidulidae, 
Drepanidae, Uraniidae. Malayan 
Nature Journal 52: 1–155.  

Holloway J D. 1999. The moths of Borneo 
(part 5); Family Lymantriidae. Ma-
layan Nature Journal 53: 1–188.  

Holloway J D. 2003. The Moths of Borneo 
(Part 18): Family Nolidae. Malayan 
Nature Journal 79 pp.  

Holloway J D. 2011. The moths of Borneo 
(part 2); Families Phaudidae, 
Himantopteridae and Zygaenidae; 
revised and annotated checklist. 
Malayan Nature Journal 63: 1–548. 

Hughes, S. J., Santos, J., Ferreira, T., & 
Mendes, A. 2010. Evaluating the 
response of biological assemblages 
as potential indicators for restora-
tion measures in an intermittent 
Mediterranean river. Environmental 
management, 46, 285-301. https://
doi.org/10.1007/s00267-010-9521-3 

Kelber A., M. Vorobyev, and D. Osorio. 
2003. Animal Colour vision-
behavioural tests and physiological 
concepts. Biological Reviews,7881-
118.    https://doi.org/10.1017/
s1464793102005985 

Kirti JS, Singh N. 2015. Arctiid moths of 
India. Nature Books (Volume 1). 
New Delhi, India. 

Kristensen NP. 2012. Lepidoptera, moths 
and butterflies: Volume 2: Morphol-
ogy, physiology, and development. 

Haloi et al: Diversity and species richness of moths in Guwahati, Assam, India                      19  



www.entsoc.gr                                                           © 2026 Hellenic Entomological Society  

20                                                                   ENTOMOLOGIA HELLENICA 35 (2026): 12-20 

http://
dx.doi.org/10.1515/9783110893724 

McKinney M.L. 2002. Urbanization, Biodi-
versity, and Conservation: The im-
pacts of urbanization on native spe-
cies are poorly studied, but educat-
ing a highly urbanized human popu-
lation about these impacts can great-
ly improve species conservation in 
all ecosystems, BioScience, 52 
(10):883–890, https://
doi.org/10.1641/0006-3568 

Moore F. 1880. The Lepidoptera of Ceylon, 
Vol 1. L. Reeve & Co, London 

Moore F. 1882. The Lepidoptera of Ceylon, 
Vol. 2. Reeve & Co, London 

Moore F. 1884. The Lepidoptera of Ceylon, 
Vol 3. Reeve & Co, London 

Nath B, Ni-Meister W., Choudhury R. 
2021. Impact of urbanization on land 
use and land cover change in Gu-
wahati city, India and its implication 
on declining groundwater level. 
Groundwater for Sustainable Devel-
opment, 12: 100500, https://
doi.org/10.1016/j.gsd.2020.100500. 

Parikh, G., Rawtani, D., & Khatri, N. 2021. 
Insects as an indicator for environ-
mental pollution. Environmental 
Claims Journal, 33(2), 161-181. 
http://
dx.doi.org/10.1080/10406026.2020.
1780698    

Parnell, S., Schewenius, M., Sendstad, M., 
Seto, K. C., & Wilkinson, C. 2013. 
Urbanization, biodiversity and eco-
system services: challenges and op-
portunities. 10.1007/978-94-007-
7087-4 

Paul, M. 2021. Impact of urbanization on 
moth (Insecta: Lepidoptera: Heter-
ocera) diversity across different ur-
ban landscapes of Delhi, India. Acta 
Ecologica Sinica, 41(3), 204-209. 

Rohr, J. R., Farag, A. M., Cadotte, M. W., 
Clements, W. H., Smith, J. R., Ul-
rich, C. P., & Woods, R. 2015. 
Transforming ecosystems: When, 
where, and how to restore contami-
nated sites. Integrated environmental 
assessment and management, 12(2), 
273-283. https://doi.org/10.1002/
ieam.1668 

Uniyal, V. P., Dey, P., & Sanyal, A. K. 
2016. Diversity of moths Lepidop-
tera: Heterocera) and their potential 
role as a conservation tool in differ-
ent protected areas of Uttarakhand. 
Wildlife Institute of India, Dehradun 
(DST Project Completion Report), 
117. 

Vähätalo, A. V., Pulli, A., Kulmala, T., 
Marin, R., & Haimi, J. 2024. Urbani-
zation related changes in lepidopter-
an community. Urban Ecosys-
tems, 27(2), 377-386. https://
doi.org/10.1007/s11252-023-01456-
3 

Van Nieukerken EJ, Kaila L, Kitching IJ, 
Kristensen NP, Lees D.C. Minet J. et 
al. Order Lepidoptera Linnaeus, 
1758. In: Zhang, Z.-Q. (ed.), Animal 
biodiversity: an outline of higher-
level classification and survey of 
taxonomic richness. Zootaxa. 
2011;3148:212-221. http://
dx.doi.org/10.11646/
zootaxa.3148.1.41 

Wagner, D. L., Fox, R., Salcido, D. M., & 
Dyer, L. A. 2021. A window to the 
world of global insect declines: 
Moth biodiversity trends are com-
plex and heterogeneous. Proceed-
ings of the National Academy of Sci-
ences, 118(2), e2002549117. https://
doi.org/10.1073/pnas.2002549117  

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

