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Geometer Moths (Lepidoptera: Geometroidea) Species diversity from Gangau Wildlife Sanctuary, Madhya Pradesh


Abstract 
	The current study is the first to provide information on the Geometridae moth species of Gangau Wildlife Sanctuary of Madhya Pradesh. Thus, our goal was xxxxxxxxxxxxxxxxThe survey was conducted in order to explore the species diversity of Geometer moths during two surveys in September and December 2022. Moths were collected by light traps, light sheets, and insect nets in different forest ranges of the sanctuary. A total of 29 species, belonging to 21 genera across 3 subfamilies of Geometridae moths, were recorded. The subfamily Ennominae (13 and 19) had the highest number of genera and species, followed by Geometrinae (5 and 5), Sterrhinae (3 and 5), and had the lowest. As such, we bring new knowledge about xxxxxxx This observation provides a confirmed record of the species diversity across the different forest ranges of Gangau Wildlife Sanctuary, contributing to regional faunal documentation of the wildlife sanctuaries and other conservation areas of Madhya Pradesh.	Comment by Revisor : Implications/Conclusion
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1.Introduction
Moths are a significant component of terrestrial ecosystems as herbivores and pollinators, as phytophagous pests, and as players in nutrient cycling (Barlow, 1982; Kendrick, 2002; Lee and Zilie, 2019). Gangau Wildlife Sanctuary ((240 .699751’ N, 800. 0967927’ E) is a protected area situated on the banks of the Ken River in Chhatarpur District of Madhya Pradesh, India. A large area of Gangau WLS has been included in the Panna Biosphere Reserve, covering only 78.539 km2. This area is scattered and adjoins Panna National Park and Ken-Gharial WLS is about 30 km from the Panna Biosphere Reserve and includes the river and forests, with one-half km on either side. The predominant forest type in Gangau Wildlife Sanctuary is tropical dry deciduous forest. These forests shed their leaves during certain seasons, and the trees here have adapted to the region's dry, arid climate. Teak and Sal (Tectona grandis and Shorea robusta) are prominent tree species. Mahua (Madhuca longifolia) and Bamboo (Bambusa arundinacea) are other common tree species found in the area. They produce edible flowers and seeds that are essential food sources for several wildlife species.  This Sanctuary has grasslands that provide crucial feeding and breeding grounds for various herbivores and supports the park's ecosystem. The sanctuary's water bodies and riverbanks host diverse riparian vegetation, including aquatic plants and shrubs that thrive in wetter areas. The Sanctuary is home to a diverse range of fauna and other wildlife. 	Comment by Revisor : I recommend that authors use this sentence as the opening sentence of their introduction.	Comment by Revisor : This paragraph has some clear problems: it abruptly mixes a conceptual introduction with a geographical description, there are spelling errors (especially in the coordinates), and the connection between sentences is not fluid.

I suggest rewriting it.


In this context, protected areas such as Gangau Wildlife Sanctuary (24.699751° N, 80.0967927° E), located along the Ken River in the Chhatarpur District of Madhya Pradesh, India, provide important habitats for moth diversity. The sanctuary, covering approximately 78.539 km², is partially included within the Panna Biosphere Reserve and is contiguous with Panna National Park. Additionally, the nearby Ken-Gharial Wildlife Sanctuary, situated about 30 km away, encompasses riverine and forest ecosystems extending roughly 0.5 km on either side of the river.	Comment by Revisor : The predominant vegetation in Gangau Wildlife Sanctuary is tropical dry deciduous forest, characterized by seasonal leaf shedding and plant adaptations to prolonged dry conditions. Dominant tree species include teak (Tectona grandis) and sal (Shorea robusta), along with other common species such as mahua (Madhuca longifolia) and bamboo (Bambusa arundinacea), which provide essential food resources through their edible flowers and seeds for a variety of wildlife species. In addition to forested areas, the sanctuary comprises grasslands that serve as important feeding and breeding grounds for herbivores, thereby supporting overall ecosystem functioning. Riparian zones associated with water bodies and riverbanks harbor diverse vegetation, including aquatic plants and moisture-adapted shrubs. Collectively, these habitats sustain a rich and diverse assemblage of fauna. 
Moths are a significant component of terrestrial ecosystems as herbivores and pollinators, as phytophagous pests, and as players in nutrient cycling (Barlow, 1982; Kendrick, 2002; Lee and Zilie, 2019). Geometridae moths belong to the superfamily Geometroidea, with approximately 23,002 described species (Nieukerken et al., 2011), and are the second-most-diverse family of Lepidoptera, occurring worldwide except in the Polar Regions (Heppner, 1991; Enkhtur et al., 2020). Geometridae is a moth family; its species are nocturnal and tend to be more specific to certain habitats, particularly at high altitudes (Axmacher and Fiedler, 2008; Sanyal et al., 2017; Lotani and Negi, 2026). 	Comment by Revisor : I recommend that authors use this sentence as the opening sentence of their introduction.
The geometer moths have slender abdomens and broad wings. The hindwings are visible, as the forewings are usually held flat, giving the appearance of a butterfly. Most of the moths are moderate in size, with a wingspan of 3 cm. A distinctive pair of tympanal organs at the base of the abdomen is possessed by these moths; they are lacking in flightless females (Cook and Scoble, 1992; Scoble,1999; Hepner, 2008). Geometrid moths (Inchworms or loppers) are mostly the forest pests of woody plants, agricultural crops, fruit-berry crops, and feed mainly on the leaves of a wide range of plants, particularly trees and shrubs (Walia 2005; Sharma, 2011; Paunikar et al., 2023, 2026). Geometrids are abundant and diverse components of most forest ecosystems. This, along with their weak flight ability and low propensity to migrate (Brehm et al., 2003; DeWaard et al., 2011), makes them excellent indicators of environmental quality (Kitching et al., 2000). 
There are 2043 species of geometrid moths reported from India (Sondhi et al., 2020; Dey et al., 2021), and the family comprises nine subfamilies, out of which seven subfamilies, i.e., Ennominae, Geometrinae, Sterrhinae, Larentiinae, Desmobathrinae, Oenochrominae, and Orthostixinae, represent the Indian fauna of Geometridae. The subfamilies Ennominae has maximum species number of 858, followed by Larentiinae with 565 species, Geometrinae with 294 species, Sterrhinae with 282 species, Desmobathrinae with 29 species, Oenochrominae with nine species, and Orthostixinae with four species (Kirti et al., 2019).
However, their extensive study has not been carried out in different regions of India as it is diverse country in terms of climatic conditions.  Some Geometrid moths have been reported from other parts of India (CITATION). Mathew and Rahamathulla (1995) listed 77 species from Silent Valley National Park, Kerala. Walia (2005) published a list of 184 species of the family Geometridae from Chandigarh and Himachal Pradesh, and out of these, 86 species are under subfamily Ennominae, 46 species under subfamily Sterrhinae, 38 species under subfamily Geometrinae, 13 species belonging to 11 genera of subfamily Larentiinae, and a single species under subfamily Desmobathrinae. Elenchezhian et al. (2014) reported 28 species from Maruthamalai hills, Thakur and Kumar (2015) studied the biodiversity of geometrid moths and reported 35 species belonging to 26 genera from the conifer forest of Himachal Pradesh. Sondhi et al. (2018) recorded 47 species from Shendurney and Ponmudi in Agastyamalai Biosphere Reserve, Kerala. Kumar et al. (2018), who conducted the study on biodiversity and recorded 27 genera and three subfamilies, Ennominae, Geometrinae, and Sterrhinae, found that the subfamily Ennominae was represented with the maximum species, followed by the subfamily Geometrinae and the subfamily Sterrhinae. geometrid moths in Himachal Pradesh, India. Iyer et al. (2021) reported 98 genera and 108 species from the Kalakad- Mundanthurai Tiger Reserve, Tamil Nadu, in India. Amin and Khan (2022) studied moth diversity and recorded 39 species across 29 genera, 17 tribes, and 4 subfamilies in the Kashmir Valley, India.
In Madhya Pradesh and Chhattisgarh, Central India, Chandra and Nema (2007) listed 313 moth species, including 34 in the family Geometridae. Chandra and Sambath (2016) recorded 8 species of Geometridae from Veerangana Durgawati Wildlife Sanctuary.
After that, several species of Geometridae moths have been reported from various wildlife sanctuaries of Madhya Pradesh (Paunikar et al., 2025ab), except the Gangau Wildlife Sanctuary. Hence, work on the species diversity of the Geometridae moth was initiated.	Comment by Revisor : Authors need to make clear what the scientific gap is (what has not yet been studied).

	Comment by Revisor : I recommend that the authors clearly state the objective of the study.


Despite the considerable diversity of Geometridae moths reported across different regions of India, studies remain geographically uneven, with several protected areas still lacking baseline inventories (e.g., Konal et al., 2021; Paunikar et al., 2025ab), . In Central India, particularly in Madhya Pradesh, available records are limited and fragmented, and no comprehensive assessment has been conducted in Gangau Wildlife Sanctuary. Given the ecological importance of geometrid moths as herbivores and bioindicators, documenting their diversity in understudied regions is essential. Therefore, the present study aims to assess the species diversity and composition of Geometridae moths in Gangau Wildlife Sanctuary and to provide baseline data to support future ecological and conservation studies in the region.
2. Materials and Methods
2.1 Study area
The study was conducted in Gangau Wildlife Sanctuary (24.699751° N, 80.0967927° E), a protected area located along the Ken River in the Chhatarpur District of Madhya Pradesh, India (Figure 1).

2.2 Collection and identification of moths
To collect Geometrid moths across the sanctuary's different forest ranges, intensive and extensive tours were conducted in 2022. Adult geometrid moths were trapped using light traps installed at different locations during the night. A light trap was set during the 7-10 pm time period using a mercury vapor lamp over a 3×3m (square) white cloth sheet, which was hung between two vertical poles. Sometimes, moths were naturally attracted to the light bulb on the wall, sitting around it for whole nights, so observation became easy without any artificial traps. Sometimes, moths were attracted naturally towards the light bulb located on the walls, sitting around it for whole nights, so observation became easy without any artificial traps. Some diurnal flying adult moths, or those found in the morning, were photographed in a sitting position, or an insect net was used to catch them. Some diurnal flying adult moths or those found in the morning, were photographed in sitting positions, or sometimes an insect net was used to catch them. After collection, the samples were preserved in the collection boxes of the Central Zone Regional Center of the Zoological Survey of India, Jabalpur, Madhya Pradesh, India. Moths were photographed using cell phones and Nikon DSLR camera.DSLR Nikon Camera. Moths were identified using available literature and a standard field guide to Indian moths. The identification of moths was confirmed using various literature sources, including the fauna of British India (Hampson, 1895), the moths of Borneo (Holloway, 1993-97), Kirti et al. (2019), Shubhalaxmi (2018), and other publications. Web resources dedicated to lepidopteran diversity were also used to confirm or verify species names (Scoble and Hausmann 2007). 	Comment by Revisor : I recommend that authors include the coordinates of the collection areas and a map.
3. Result and Discussion
Studies on Geometridae moth diversity were carried out in September and December 2023. The study on the Geometer moth from different forest ranges of the Gangau Wildlife Sanctuary has been conducted. A total of 29 species of Geometridae, belonging to 21 genera and 3 subfamilies, were recorded (Table 1 and Appendix 1).During the current investigation, Geometridae, comprising 21 genera and 29 species across 3 subfamilies, were recorded and presented in Table 1. Geometer moth represented 3 subfamilies: Geometrinae (5 genera, 5 species), Ennominae (13 genera, 19 species), and Sterrhinae (3 genera, 5 species). The Ennominae subfamily is the highest contributor in species and genera (61% and 65%), followed by Geometrinae (17% and 23.80%), and the lowest in Sterrhinae (14% and 17.24%), respectively.  The present investigation showed the highest species richness in the subfamily Ennominae. Similarly, Walia (2005) and Kumar et al. (2018) also reported the dominance of this subfamily in Himachal Pradesh. 
Chiasmia species was most dominant, with 5 species, Chiasmia emersaria, Chiasmia fidoniata, Chiasmia nora, Chiasmia eleonora, and Chiasmia hebestata in the subfamily Ennominae, followed by Scopula species Scopula emissaria, Scopula pulchellata and Scopula minorata in the subfamily Sterrhinae.  Some species of Geometer moths, Pelagodes falsaria, Thalasodes quadraria, Ascotis selenaria Biston suppressaria, Cloera injectaria, Chiasmia fidoniata, Hyperythra lutea, Hyposidra talaca and Scopula pulchellata were abundantly found in the different forest ranges of the study area.
In recent years, a variety of Geometridae moth species have been reported from different wildlife sanctuaries in Madhya Pradesh. Paunikar et al. (2024) recorded 16 genera and 19 species across 3 subfamilies of Geometridae moths from Ratapani Wildlife Sanctuary in Raisen and Sehore districts of Madhya Pradesh. Paunikar and Nair (2025a) reported 23 species and 17 genera across 3 subfamilies in the Gandhi Sagar Wildlife Sanctuary. Further, Paunikar and Nair (2025b) reported 13 species and 12 genera from three subfamilies of Geometridae moths in the Ken-Gharial Wildlife Sanctuary, Madhya Pradesh.	Comment by Revisor : Beyond protected areas, broader inventories have also been conducted in highly urbanized regions; for example, Komal et al. (2021) compiled a comprehensive checklist of 338 moth species from Delhi based on long-term sampling and museum collections, highlighting the importance of systematic documentation even in human-dominated landscapes.
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In the present investigation, it was only a preliminary study, and the species collected were from only two surveys. Given the area under a variety of forest tree cover in the sanctuary, the sampling period and sites appeared insufficient. A detailed, exhaustive survey with higher sampling intensity and different collection methods may yield sufficient data to prepare a checklist of moths in the Gangau Wildlife Sanctuary of Panna district, Madhya Pradesh.




Table 1: List of species of Geometridae Moths in Gangau Wildlife Sanctuary, Madhya Pradesh

	Sr. No.
	Superfamily/
Family
	Subfamilies
	Species

	1
	Geometroidea /Geometridae Leach, 1815
	Geometrinae Leach, 1815
	Aporandria specularia (Guenee, 1858)

	2
	
	
	Comibaena cassidara Guenee, (1858)

	3
	
	
	Maxates goniaria ssp. acutissima Walker, 1861

	4
	
	
	Pelagodes falsaria Prout,1912

	5
	
	
	Thalassodes quadraria Guenée, [1858]

	6
	
	Ennominae Duponchel, 1845
	Ascotis selenaria (Denis & Schiffermuller, 1775)

	7
	
	
	Astygisa albopunctata (Swinhoe, 1891)

	8
	
	
	Biston suppressaria (Guenee, 1858)

	9
	
	
	Chiasmia emersaria Walker, 1861

	10
	
	
	Chiasmia fidoniata Walker, (1863)

	11
	
	
	Chiasma cf. nora Walker, 1861

	12
	
	
	Chiasmia eleonora (Cramer,1780)

	13
	
	
	Chiasmia hebesata Walker, 1861

	14
	
	
	Cleora acaciaria Boisduval, 1833

	15
	
	
	Cloera injectaria (Walker, 1860)

	16
	
	
	Ectropidia shoreae Prout, 1934

	17
	
	
	Heterostegane tritocampsis Prout, 1934

	18
	
	
	Hyperythra lutea Stoll, 1781

	19
	
	
	Hyposidra talaca Walker, 1860

	20
	
	
	Hypomecis infixaria Walker, 1860

	21
	
	
	Hypomecis transcissa (Walker, 1860)

	22
	
	
	Isturgia disputaria Guenee, (1858)

	23
	
	
	Petalia medardaria Herrich-Schaffer, (1856)

	24
	
	
	Zamarada excisa Hampson, 1891

	25
	
	Sterrhinae Meyrick, 1892
	Antitrygodes cuneilinea (Walker, 1862)

	26
	
	
	Scopula emissaria Walker, 1861

	27
	
	
	Scopula pulchellata Fabricius, 1794

	28
	
	
	Scopula minorata (Boisduval, 1833)

	29
	
	
	Timandra mundissima (Walker, 1861)



Add a paragraph…..
Add a paragraph ;   
In the present investigation, it was only a preliminary study, and the species collected were from only two surveys. Given the area under a variety of forest tree cover in the sanctuary, the sampling period and sites appeared insufficient. A detailed, exhaustive survey with higher sampling intensity and different collection methods may yield sufficient data to prepare a checklist of moths in the Gangau Wildlife Sanctuary of Panna district, Madhya Pradesh.


4. Conclusion 
This study represents the first comprehensive inventory of Geometer moths from the Gangau Wildlife Sanctuary in Panna district, Madhya Pradesh, documenting 21 genera and 29 species belonging to the subfamilies Ennominae, Geometrinae, and Sterrhinae. The assemblage is dominated by the Ennominae (13 genera and 19 species), Geometrinae (5 genera and 5 species), and Sterrhinae (3 genera and 5 species). The forest habitats of the sanctuary, where host‑plant diversity and microclimatic conditions favor different species of Geometridae moths.
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Plate Appendix  1 :Geometer Moth Diversity of Gangau Wildlife Sanctuary, Madhya Pradesh.
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