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Abstract: Understanding the factors that influence the diversity and distribution of butterfly species
is crucial for prioritizing conservation. The Eastern Ghats of India is an ideal site for such a study,
where butterfly diversity studies have yet to receive much attention. This study emphasized the
butterfly assemblages of three prominent habitats in the region: open forests, riparian forests, and
dense forests. We hypothesized that riparian forests would be the most preferred habitat for the
butterflies, as they provide suitable microclimatic conditions for butterflies. The study collected
samples for 35 grids of 2 × 2 km2 for each habitat during the dry months (December–June). We
considered the relative humidity, temperature, light intensity, elevation, and canopy cover to assess
their influences on butterfly richness and abundance. We also considered the impact of disturbances
on their distribution. We used structural equation modeling and canonical correspondence analysis
to quantify the correlation and causation between the butterflies and their environment. The study
recorded 1614 individual butterflies of 79 species from 57 genera and 6 families. During the study,
we found that temperature was the most significant factor influencing butterfly richness. Relative
humidity was also important and had a positive impact on butterfly richness. Riparian forests,
where daytime temperatures are relatively low, were the most preferred microhabitat for butterflies.
Open forests had greater species diversity, indicating the critical significance of an open canopy
for butterflies. Though riparian forests need greater attention concerning butterfly distribution,
maintaining open and dense forests are crucial for preserving butterfly diversity.

Keywords: diversity; distribution; India; microhabitat; riparian forests

1. Introduction

Understanding the diversity and distribution of a species’ composition is crucial for
prioritizing its conservation. The microclimate, which is defined as the immediate environ-
ment of a species, shapes the distribution and survival of a species. At the community level,
the microclimate constrains the evolution of a species’ life-history strategies and niche seg-
regation, as well as their persistence [1]. The microclimate is closely linked to the vegetation
structure and is a critical factor in controlling a species’ distribution in microhabitats [2].
The forest microclimate is an important component of habitat quality, influencing species’
survival, reproductive success, and behavior [3,4]. A suitable microclimate that influences
the microhabitat, diapause (i.e., larval growth), and food availability is also highly essential
for the survival of butterfly species [5]. However, the significance of the microclimate on
butterfly richness and distribution requires greater emphasis [6,7]. Several studies have
quantified the differences in the vegetation structure among microhabitats [2,6–8] and their
influence on host specificity and the distribution of butterflies [8,9]. Riparian forests act
as ecological conduits for the wildlife and ecotones of different habitat fragments [10].
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Open forests harbor species that are tolerant of habitats that have experienced disturbances
in their conditions, and they show greater species diversity than dense forests with low
understory vegetation [11]. Butterflies are sensitive to habitat conditions and show quick
responses to small changes in their environmental set-ups. In particular, butterflies are
highly prone to changes in temperature, humidity, wind speed, light intensity, and habitat
structure, including disturbances [12–15]. In general, butterflies show a significant positive
association with warm and dry summers [16], and their flights are affected by the cloud
cover and wind velocity [17]. Different disturbance regimes, such as forest fires, graz-
ing, and wood collection, also affect butterfly diversity, ultimately changing their habitat
structure and community composition [18].

There are approximately 18,000 described butterfly species in the world [19], with
about 90% found in the tropics [20], making the tropical region an important area for
butterfly conservation [21]. Butterflies frequently need resources available in healthy
ecosystems, such as flowers for nectar; specific host plants that caterpillars can use as
a food source; and bare, moist soil patches for water and salts [22]. Butterflies help
in pollination and support terrestrial ecosystem processes [23]. Butterflies are highly
valuable indicator organisms. Butterfly population studies have greatly helped in assessing
and restoring ecosystems’ health [24]. Several studies have identified the significance of
indicator species [25–27], where multispecies groups have proved to be good indicators
of biotope quality. This study focused on butterflies of tropical dry forests and their
correlations with microhabitat conditions to assess their ecosystem sustainability.

The Eastern Ghats, a region rich in biodiversity, provide immense opportunities
for understanding butterfly populations in tropical dry forests. The discontinuous hill
ranges of the Eastern Ghats support over 3200 angiosperms [28], 100 species of mammals,
425 species of birds, 199 species of herpetofauna, and 155 species of fish [29]. Over the last
century, the Eastern Ghats have lost 15.83% of its forest cover and 34.45% of its core area [30].
Subsequently, suitable habitats for rare, endangered, and threatened species have been
reduced by 0.08% [30]. The leading causes of this loss in forest cover included the expansion
of agriculture and settlements, shifting cultivation, forest fires, indiscriminate logging,
mining, construction of multipurpose dams, and infrastructure development [30,31]. In this
study, we hypothesized that butterfly diversity is likely to be affected by the microclimate
and anthropogenic disturbances, and we used human-impact signs, grazing signs, fire
signs, and logging signs to evaluate the impact of disturbances on butterfly diversity.
We considered the canopy cover, light intensity, relative humidity, and temperature to
quantify the influence of the microclimate on butterfly richness. We also anticipated that
variations in elevation and microhabitat, such as in open forests, riparian forests, and dense
forests, would have an impact on butterfly diversity on a local scale, and that higher levels
of disturbance together with higher light intensities and temperatures would negatively
impact butterfly richness. Although butterflies may prefer riparian forests with a moderate
daytime climate and availability of food and water, some butterflies showed a greater
preference for open or dense forests. Rarefaction and extrapolation approaches, using
Hill’s numbers, were used to understand the species diversity and sample coverage in the
different microhabitats, and structural equation modeling and canonical correspondence
analysis were employed to quantify the causal effects of the candidate variables on butterfly
diversity. Studying butterfly populations in the tropical dry forests of the Eastern Ghats is
significant for the prudent management and conservation of butterflies.

2. Materials and Methods
2.1. Study Area and Sampling

We conducted this study in the northern parts of the Eastern Ghats hill ranges of
the Koraput District, Odisha (17.4 to 20.7◦ N latitude and 81.24 to 84.2◦ E longitude),
covering an area of 8807 km2. The study area has distinct dry (October to May) and wet
seasons (June to September) (Figure 1). Koraput has an elevation varying between 123 and
1655 m above mean sea level. The climate is sub-tropical with mean maximum and mini-
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mum temperatures of 30.6 and 17.0 ◦C, respectively [32]. The mean annual precipitation is
1540 mm, and heavy downpours take place during the wet season [33]. The study area was
divided into 2 × 2 km2 grids [34,35], and 10% of these grids, i.e., 35 grids, were randomly
selected for sampling [35] (Figure 2). We sampled 8 grids with dense forests (DF; canopy
cover > 35%), 7 grids with riparian forests (RF; canopy cover between 18 and 52%), and
20 grids with open forests (OF; canopy cover < 35%), based on their dominance and avail-
ability (Table S1). We followed Pollard and Yates’s standard butterfly counting protocol [17].
Butterflies were counted from 0900 to 1300 h via a transect walk method, with a constant
space of 60 min for each transect. A transect of 500 m was surveyed in each sampling
site (2 × 2 km2 grids), with an average intervening distance of 12 km between grids, so
that each transect represented an independent sample [36]. We counted butterflies for a
six-month period during the dry season from December 15 to June 5 in the year 2019, as
counting could not be undertaken during the wet season due to the cloudy skies and heavy
downpours. The dry period supported high species richness, along with the possibility of
observing anthropogenic disturbances. We followed taxonomy keys by Kehimkar [37] and
Wynter-Blyth [38] for the identification of butterflies, as well as nomenclature by Varshney
and Smetacek [39].
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Figure 1. Monthly precipitation from August 2010 to July 2020 at Koraput, Odisha, India [40].
Fieldwork was conducted between 15 January and 15 June 2019. Precipitation from August 2018 to
July 2019 is shown in a solid line.

2.2. Vegetation Sampling

Tree density (TD) was recorded in each of the sampling grids within a 5 m radius at
100 m intervals for each of the 500 m transects, within which a 2.5 m radius circular plot
was used to quantify the shrub density (SD). Additionally, 2 circles of 1 m radius were used
to sample the herb density (HD) 1 m away from the center of each segment [41]. The study
considered trees to be above 10 cm diameter at breast height (1.37 m) for the calculation of
TD. We considered plants with soft stems and height < 1 m as herbs and plants < 3 m in
height and woody stems as shrubs [42]. Canopy cover (CC) was recorded in each 100 m
section using GLAMA (Gap Light Analysis Mobile App. Version 3.0, Masaryk University,
Brno, Czech Republic), an application in a smartphone with a 16 megapixel inbuilt camera
held at breast height [43–45].

2.3. Environmental Variable Measurements

The study recorded elevation (ELV), temperature (TMP), relative humidity (RH),
wind speed (WS), and relative light intensity (LI) in each 100 m section of each transect
during the butterfly sampling period (from 0900 to 1300 h) and calculated the average
values. Elevations were recorded using a GPS (GPSMAP 64s, Garmin, Olathe, KS, USA).
Temperature, relative humidity, and wind speed were measured using a digital anemometer
(AVM-06, HTC, Mumbai, India), and relative light intensity was measured using a digital
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light meter (LX-103, Lutron, Gurgaon, India). We recorded logging signs (LS; number of
logged trees), fire signs (FS; number of signs of past fires), livestock grazing signs (GS;
number of livestock observed), and human signs (HS; number of humans observed using
the transect as regular paths) along the 500 × 5 m transects by counting the total number of
signs for each category separately (Table S1).
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in respective color codes.

2.4. Statistical Analysis

We quantified relative abundance as a percentage, representing the abundance of
a species over the total number of individuals of all species. Habitat specialist species
are distinguished by their association with particular habitats. The habitat specificity of a
butterfly species was calculated by using the habitat specificity index (Sm), which represents
the proportion of individuals in a preferred habitat to the total number of individuals [46].
Species with Sm values ≥ 0.9 were designated as habitat specialist species, Sm values < 0.5
were designated as generalist species, and 0.5 ≤ Sm < 0.9 values were designated as species
with habitat preference (SHP) [46,47]. To examine the significance of habitat specialization
for each species in the three forest types, a chi-squared (χ2) test with 1000 Monte Carlo
simulations was performed [48]:

χ2 =
n

∑
i=1

(Oi − Ei)
2

Ei
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where Ei and Oi are the estimated and observed numbers of species in the i-th forest
type, and n is the total number of forest type categories. The value of Ei was obtained by
multiplying the total number of butterflies of a focus species by the proportion of grids
of the i-th forest type in the study area. The observed value was considered statistically
significant (p < 0.05) if it fell within the top 5% of χ2 values produced by Monte Carlo
simulations. In this work, a species with a significant habitat association is referred to as a
“specialist species”, whereas a species with a nonsignificant habitat association is referred
to as either a “generalist species” or “species with habitat preferences” [48,49].

We identified indicator species based on the relationship of a species with one or more
sites (hereafter called “site groups”), based on their environmental similarities, i.e., habitat
types [50]. “Indicator value” indices were estimated as the probability of occurrence of
species in these site groups. Our study used specific niche preferences of indicator species
to detect the direction of changes in natural habitats; a moderate indicator value provides
information about the direction of ecological changes [51,52]. We used the “indicspecies”
package in R to identify the association of each species, or groups of species, to a specific
microhabitat [52].

We used the rarefaction and extrapolation approach to assess the butterfly diversity
in different forest types, based on the reference sample using Hill’s numbers: species
richness (q = 0), Shannon index (q = 1), and inverse Simpson index (q = 2) [53–56]. We
performed extrapolation using the package “iNEXT” in R [56] for a number of survey sites
(sample size n) that were double the size of the reference sample. Further, we obtained
rarefaction/extrapolation biodiversity curves and sample coverage (SC) using the package
“iNEXT” [56]. The structural equation model was applied using the “lavaan” package [57],
and path diagrams were generated using the “SemPlot” package [58]. We compared the
results of the structural equation model by canonical correspondence analysis [59] using the
“vegan” package [60] and the three-dimensional ordiplots using the “vegan3d” package in
R [61,62].

3. Results

In this study, 1614 individual butterflies were recorded in the study site, which in-
cluded 79 species under 57 genera, 18 subfamilies, and 6 families (Table 1). The family
Nymphalidae had the highest species richness (31), followed by Lycaenidae (22), Papil-
ionidae (11), Pieridae (8), Hesperiidae (6), and Riodinidae (1). Open forests represented
the highest number of butterfly species (58), followed by 56 in riparian forests and 46 in
dense forests. Open and dense forests followed a similar family composition in species
richness. The butterfly species of the riparian forests showed a different pattern: Nymphal-
idae > Lycaenidae > Pieridae > Papilionidae > Hesperiidae > Riodinidae. We recorded
twenty-nine species (36.7%) that were common to all three forest types, of which only seven
species were generalists, based on the habitat specificity index (Figure 3). Fourteen species
were recorded exclusively in riparian forests, ten in open forests, and three in dense forests
(Figure 3).

All specialist species were exclusive to the respective forest types except Arhopalini
amantes and Ariadne merione (Table 1). The chi-squared (χ2) test for habitat specificity
showed a nonsignificant result for both “generalist species” and “species with habitat
preferences”. In this study, most of the habitat specialist species were restricted to a
single forest type, except Arhopalini amantes and Ariadne merione, which showed significant
associations with open forests (p < 0.05). However, Catopsilia pyranthe and Papilio demoleus
showed significant associations with a particular forest type (p < 0.01).

The butterfly richness along the elevation gradient showed an increasing pattern,
followed by an undulating pattern, and the maximum species richness was observed at
750 m. The elevation range between 750 and 800 m was species rich, contributing 60.75% of
the total number of recorded species. The study recorded two schedule I species (Castalius
rosimon and Neptis jumbah), four schedule II species (Cepora nerissa, Charaxes bernardus,
Cyrestis thyodamas, and Lampides boeticus), and one schedule IV species (Euploea core), under
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the Indian Wildlife Protection Act of 1972. Butterfly species Euploea core, Eurema hecabe,
Junonia almanac, and Vanessa cardui were included under the Least Concern (LC) Categories
in the IUCN Red List (Table 1).

Table 1. List of butterfly species recorded from the study site (Koraput, Odisha) showing their
habitat specificity index (Sm), measured as a proportion of the number of individuals in the preferred
habitat to the total number of individuals. Sm ≥ 0.9 indicates habitat specialists (RFS: riparian forest
specialist, DFS: dense forest specialist, OFS: open forest specialist), 0.5 ≤ Sm < 0.9 indicates species
with habitat preference (SHP), and Sm < 0.5 indicates generalists [46,47]. Significant associations
of habitat with the respective forest types were tested via a chi-squared (χ2) test (* and ** represent
significance levels at 5 and 1%, respectively).

Scientific Name Common Name
Habitat

Specificity
Index

Habitat
Specificity

Relative Abundance

Open
Forests

Riparian
Forests

Dense
Forests

Family: Hesperiidae

Subfamily: Coeliadinae

Hasora chromus Common Banded Awl 0.806 SHP 0.24 0.99 6.46
Subfamily: Hesperiinae

Iambrix salsala Chestnut Bob 0.80 SHP 0.12 0 1.03
Subfamily: Pyrginae

Sarangesa purendra Spotted Small Flat 1 RFS 0 0.50 0
Sarangesa dasahara Common Small Flat 1 RFS 0 0.25 0
Tagiades japetus Suffused Snow Flat 1 RFS 0 0.25 0
Tagiades litigiosa Water Snow Flat 1 DFS 0 0 0.26
Family: Lycaenidae

Subfamily: Curetinae

Curetis acuta Angled Sunbeam 1 RFS 0 0.25 0
Subfamily: Polyommatinae

Acytolepis puspa Common Hedge Blue 1 OFS 0.12 0 0
Anthene emolus Ciliate Blue 1 RFS 0 0.25 0
Caleta decidia Angled Pierrot 0.417 Generalist 0.61 0.99 0.78
Castalius rosimon Common Pierrot 0.8 SHP 0.12 0.99 0
Catochryspos strabo Forget-Me-Not 1 OFS 0.85 0 0
Chilades pandava Plains Cupid 0.444 Generalist 0.36 0.99 0.52
Freyeria trochylus Grass Jewel 1 OFS 0.49 0 0
Jamides bochus Dark Cerulean 0.768657 SHP 2.67 2.23 26.61
Jamides celeno Common Cerulean 0.534884 SHP 5.58 5.71 4.39
Lampides boeticus Peablue 1 OFS 0.12 0 0
Neopithecops zalmora Quaker 1 RFS 0 0.25 0
Prosotas nora Common Lineblue 1 RFS 0 0.25 0
Pseudozizeeria maha Pale Grass Blue 0.606 SHP 2.43 0.99 2.33
Zizeeria karsandra Dark Grass Blue 0.4 Generalist 0.24 0.25 0.52
Zizula hylax Tiny Grass Blue 0.517 SHP 1.70 3.72 0
Subfamily: Theclinae

Amblypodia anita Purple Leaf Blue 0.857 SHP 0.73 0.25 0
Arhopalini amantes Large Oakblue 0.939 OFS * 5.58 0.74 0
Loxura atymnus Yam Fly 0.5 SHP 0.24 0.74 1.29
Spindasis syama Club Silverline 0.667 SHP 0.49 0 0.52
Spindasis vulcanus Common Silverline 0.75 SHP 0.36 0 0.26
Zeltus amasa Fluffy Tit 1 RFS 0 0.50 0
Family: Nymphalidae

Subfamily: Biblidinae



Climate 2023, 11, 220 7 of 16

Table 1. Cont.

Scientific Name Common Name
Habitat

Specificity
Index

Habitat
Specificity

Relative Abundance

Open
Forests

Riparian
Forests

Dense
Forests

Ariadne ariadne Angled Castor 0.667 SHP 0.49 0.50 0
Ariadne merione Common Castor 0.9 OFS * 1.09 0.25 0
Subfamily: Charaxinae

Charaxes bernardus Tawny Rajah 1 RFS 0 0.25 0
Polyura athamas Common Nawab 1 OFS 0.24 0 0
Subfamily: Cyrestinae

Cyrestis thyodamas Common Map 0.667 SHP 0.24 0 0.26
Subfamily: Danainae

Danaus chrysippus Plain Tiger 0.694 SHP 3.03 2.23 0.52
Danaus genutia Common/Striped Tiger 0.458 Generalist 1.33 1.74 1.55
Euploea core Common Crow 0.398 Generalist 9.22 15.14 13.95
Parantica aglea Glassy Tiger 0.538 SHP 0.36 1.74 0.76
Tirumala limniace Blue Tiger 1 RFS 0 0.50 0
Subfamily: Heliconiinae

Acraea violae Tawny Coster 0.60 SHP 0.24 0 0.78
Phalanta phalantha Common Leopard 0.69 SHP 1.33 0.99 0.26
Vagrans egista Vagrant 0.50 SHP 0.12 0.25 0
Subfamily: Limenitidinae

Athyma perius Common Sergeant 1 RFS 0 0.25 0
Euthalia aconthea Common Baron 1 OFS 0.24 0 0
Euthalia nais Baronet 0.46 Generalist 1.33 2.48 0.78
Neptis hylas Common Sailer 0.55 SHP 1.33 1.49 0.78
Neptis jumbah Chestnut-Streake Sailer 0.75 SHP 0.12 0 0.78
Pantoporia hordonia Common Lascar 0.50 SHP 0.12 0 0.26
Tanaecia lepidea Grey Count 0.50 SHP 0 0.25 0.26
Subfamily: Nymphalinae

Hypolimnus bolina Great Eggfly 0.67 SHP 0 0.50 0.26
Junonia almana Peacock Pansy 0.50 SHP 0.36 0.25 0.52
Junonia atlites Grey Pansy 1 RFS 0 1.24 0
Junonia iphita Chocolate Pansy 0.43 Generalist 3.28 3.47 5.68
Junonia lemonias Lemon Pansy 0.74 SHP 4.49 2.48 0.78
Junonia orithiya Blue Pansy 1 OFS 0.12 0 0
Kallima inachus Orange Oakleaf 0.80 SHP 0 0.99 0.26
Vanessa cardui Painted lady 1 DFS 0 0 0.26
Subfamily: Satyrinae

Melanitis leda Common Evening Brown 0.50 SHP 0.49 0.50 1.55
Mycalesis perseus Common Bushbrown 0.69 SHP 0.24 2.23 0.52
Ypthima huebneri Common Fourring 0.52 SHP 1.82 3.47 0
Family: Papilionidae

Subfamily: Papilioninae

Atrophaneura aristolochiae Common Rose 0.50 SHP 0.12 0.25 0.52
Graphium agamemnon Tailed Jay 0.67 SHP 0.24 0 0.26
Graphium doson Common Jay 1 OFS 0.49 0 0
Graphium nomius Spot Swordtail 0.78 SHP 2.55 0.99 0.52
Papilio clytia Common Mime 0.5 SHP 0.36 0 0.78
Papilio crino Common Banded Peacock 1 OFS 0.24 0 0
Papilio demoleus Lime Butterfly 0.66 SHP ** 14.56 12.6 2.58
Papilio hector Crimson Rose 1 DFS 0 0 0.26
Papilio paris Paris Peacock 1 OFS 0.24 0 0
Papilio polymnestor Blue Mormon 0.89 SHP 0.12 1.99 0
Papilio polytes Common Mormon 0.52 SHP 3.40 2.48 4.13
Family: Pieridae
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Table 1. Cont.

Scientific Name Common Name
Habitat

Specificity
Index

Habitat
Specificity

Relative Abundance

Open
Forests

Riparian
Forests

Dense
Forests

Subfamily: Coliadinae

Catopsilia pomona Common Emigrant 0.51 SHP 3.28 8.44 1.55
Catopsilia pyranthe Mottled Emigrant 0.60 SHP ** 10.19 3.23 11.11
Eurema hecabe Common Grass Yellow 0.69 SHP 4.37 3.72 0.26
Gandaca harina Tree Yellow 0.82 SHP 2.18 0.74 0.26
Subfamily: Pierinae

Cepora nerissa Common Gull 0.50 SHP 0.24 0.25 0.26
Delias hyparete Painted Jezabel 0.88 SHP 2.67 0 0.78
Ixias pyrene Yellow Orange Tip 1 RFS 0 0.25 0
Leptosia nina Psyche 1 RFS 0 0.50 0
Family: Riodinidae

Subfamily: Riodininae

Abisara echerius Plum Judy 0.8 SHP 0 0.25 1.03
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The relative abundance of species was highest for the Nymphalidae family (35.39%),
followed by Lycaenidae (25.28%), Pieridae (19.33%), Papilionidae (18.15%), Hesperiidae
(2.54%), and least for the Riodinidae family (0.31%) (Table 1). The highest abundance per
transect was recorded in riparian forests (57.57), followed by dense forests (48.38), and
lowest in open forests (41.20) (Table S1).
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The highest values of the Shannon index (1d = 45.47) and inverse Simpson index
(2d = 36.39) in the reference sample were found for RF, with 56 taxa, followed by DF
(0d = 46, 1d = 38.23, 2d = 32.38), then OF (0d = 58, 1d = 37.78, 2d = 27.82). When comparing
the different forest types, OF showed the best sample completeness because, after an early
rising period, the 0d curve approached the horizontal. This indicates that the number of
observed species did not rise after the initial period. The RF curve, on the other hand,
showed a steady growth beyond the early period. This indicates that with more survey
locations, new species are likely to be found (Figure 4). The sample coverage also supported
this. OF showed the highest sample completeness, with SC = 92.6%, followed by DF
(SC = 84.5%), then RF (SC = 72.9%) at q = 0.
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50 replications. Habitat types include dense forest (DF), open forest (OF), and riparian forest (RF).

The indicator value analysis showed that none of the species solely acted as an indica-
tor species for a specific forest type. The open and riparian forests showed combinations of
species that served as indicators for their forest types. Although the combination of Junonia
iphita–Eurema hecabe had a moderate “B” value of 0.57 for riparian forests, an indicator
value of “A” equal to “1” was obtained for the following eight groups: Caleta decidia–
Eurema hecabe, Castalius rosimon–Catopsilia pomona, Arhopalini amantes–Mycalesis perseus,
Arhopalini amantes–Parantica aglea, Zizula hylax–Parantica aglea, Mycalesis perseus–Ypthima
huebneri, Phalanta phalantha–Neptis hyla, and Phalanta phalantha–Graphium nomius. Alter-
nately, two groups of species combinations served as indicators in dense forests: Hasora
chromus–Pseudozizeeria maha and Pseudozizeeria maha–Melanitis leda, with “A” values of “1”.
Hasora chromus was shown to have a moderate “B” value of 0.5, indicating the ecology of
dense forests. None of the species groups in the open forests satisfied the criterion for being
an indicator species at p-values of 0.05 or 0.01 (Table 2).

The structural equation model showed that relative humidity had a negative cor-
relation with elevation (37%), temperature (52%), and light intensity (54%). In contrast,
relative humidity showed positive relationships with canopy cover (12%). Canopy cover
was found to have a negative correlation with temperature (16%) and light intensity (14%),
but it exhibited a positive correlation with elevation (11%). Elevation exhibited a negative
correlation with temperature (27%) and showed a weak correlation with light intensity.
Light intensity and temperature were found to have a strong positive correlation (60%).
The model predicted a negative impact of light intensity (14%) on butterfly richness, which,
in contrast, explained the positive influences of relative humidity (22%), elevation (16%),
and temperature (40%) on richness. Canopy cover was found to have no significant relation
to butterfly richness (Figure 5).
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Table 2. Indicator value analysis for species combinations from three different forest types in Koraput.
A = P(S/G) is the probability that the surveyed site belongs to the target site group G, given the fact
that species S has been found, and B = P(S/G) is the probability of finding species S in sites belonging
to the site group G. Statistical significance was tested using a permutation test (Stat), which involved
comparing an observed test statistic with a distribution of the same statistic obtained by randomly
reordering the data [63]. * and ** indicate 5 and 1% levels of significance, respectively.

Species Combinations A B Stat p-Value

Riparian Forests (No. of Species = 18)

Jamides celeno + Eurema hecabe 0.713 0.8571 0.782 0.003 **
Eurema hecabe 0.5268 0.8571 0.672 0.045 *
Euploea core + Eurema hecabe 0.6202 0.7143 0.666 0.023 *
Junonia iphita + Eurema hecabe 0.7004 0.5714 0.633 0.030 *
Phalanta phalantha + Catopsilia pomona 0.8108 0.4286 0.589 0.038 *
Junonia iphita + Mycalesis perseus 0.7921 0.4286 0.583 0.021 *
Mycalesis perseus 0.786 0.4286 0.58 0.049 *
Mycalesis perseus + Euploea core 0.7605 0.4286 0.571 0.029 *
Caleta decidia + Eurema hecabe 1 0.2857 0.535 0.044 *
Castalius rosimon + Catopsilia pomona 1 0.2857 0.535 0.038 *
Arhopalini amantes + Mycalesis perseus 1 0.2857 0.535 0.030 *
Arhopalini amantes + Parantica aglea 1 0.2857 0.535 0.030 *
Zizula hylax + Parantica aglea 1 0.2857 0.535 0.033 *
Mycalesis perseus + Ypthima huebneri 1 0.2857 0.535 0.033 *
Phalanta phalantha + Neptis hylas 1 0.2857 0.535 0.032 *
Phalanta phalantha + Graphium nomius 1 0.2857 0.535 0.033 *
Ypthima huebneri + Parantica aglea 0.9449 0.2857 0.535 0.050 *

Dense Forests (No. of Species = 8)

Hasora chromus + Catopsilia pyranthe 0.9756 0.5 0.698 0.006 **
Hasora chromus 0.8231 0.5 0.642 0.018 *
Hasora chromus + Pseudozizeeria maha 1 0.375 0.612 0.009 **
Pseudozizeeria maha + Melanitis leda 1 0.375 0.612 0.016 *
Melanitis leda + Papilio polytes 0.9259 0.375 0.589 0.04
Pseudozizeeria maha + Papilio polytes 0.6863 0.5 0.586 0.043 *
Parantica aglea + Papilio polytes 0.8824 0.375 0.575 0.041 *
Pseudozizeeria maha + Danaus genutia 0.7143 0.375 0.518 0.035 *
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Figure 5. Path diagrams from the structural equation model representing correlations (dashed lines
with arrows at both ends) and causative effects (single-headed arrows) of (a) the microclimate and
(b) disturbances on butterfly richness (SR), where blue and red lines indicate positive and negative
relationships between variables and butterfly richness, respectively. Abbreviations: light intensity
(LI), relative humidity (RH), canopy cover (CCV), temperature (TMP), fire signs (FSG), logging signs
(LSG), grazing signs (GSG), and human signs (HSG).
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Fire signs and grazing signs were negatively correlated (13%). The correlations be-
tween logging signs and grazing signs, and logging signs and human signs, were non-
significant. Disturbance parameters, primarily controlled by fire, grazing, and logging
signs, showed negative impacts on butterfly richness (14 ± 4%) (Figure 5). Human signs
exhibited nonsignificant effects on butterfly richness. The microclimate model was more
precise (AIC = 224.441) than the disturbance model (AIC = 617.636).

The influences of the microclimate and disturbances on butterfly richness described by
the structural equation model showed an overall agreement with the results of the canon-
ical correspondence analysis (CCA). The first CCA axis, which explained 34% variance,
was greatly associated with temperature, and the second axis was associated with relative
humidity, with an explained variance of 29%. The light intensity was predicted to have
greater significance in the third axis, with 20% explained variance. The disturbance pa-
rameters showed a similar pattern, with fire, grazing, and logging signs making dominant
contributions to butterfly richness and being associated with the first and second axes,
contributing 29 and 18% variance, respectively. Human signs were associated with the
third axis (13% explained variance) and were less significant (Figure S1).

4. Discussion

Out of the 79 butterfly species found in the three different forest types, Jamides celeno,
Euploea core, Papilio demoleus, and Catopsilia pyranthe were most dominant and contributed
to 21.19% of the total records. The chi-squared (χ2) test for habitat specificity showed a
significant association of Papilio demoleus and Catopsilia pyranthe species with particular
forest types, showing habitat preferences. Their association with particular forest types may
be due to the mud puddling behavior of Papilio demoleus and Catopsilia pyranthe, particularly
in the riparian forest [64,65].

The relative humidity, light intensity, and temperature were key parameters influ-
encing butterfly richness. This indicates that the microclimate has significant control over
butterfly richness. The temperature was the most crucial factor, as it affected the activity, dis-
tribution, growth, oviposition, mating behavior, and larval development of butterflies [21].
The positive effects of relative humidity on butterfly richness explained that butterflies
prefer warm and humid conditions, and an optimal humidity of 84–92% facilitated butterfly
breeding [66]. Even though moderate temperature and humidity positively impacted but-
terfly richness, light intensity had a deleterious effect on their richness, suggesting that high
radiation has a deleterious effect on the survival of butterflies [67,68]. The microclimate is
significant for butterfly existence, and its association with vegetation structure makes it
even more significant. The microclimate and vegetation structure greatly influence butterfly
distribution in microhabitats [2]. The presence of vegetation significantly impacts butterfly
distribution, due to being a source of food and shelter. Our results support the earlier
findings of Ghazoul [69], who observed the dominance of butterfly species in a tropical dry
forest in Thailand.

In addition to microclimate, disturbances have a key significance on butterfly distribu-
tion. Anthropogenic disturbance parameters, such as logging, fire, and grazing, negatively
impacted butterfly richness. This indicates that anthropogenic disturbances are likely to
affect the butterfly distribution. A suitable microclimate influences microhabitat, diapause,
or larval growth, and food availability is significant for the survival of butterflies [5,70].
Vegetation structure shapes the microhabitat condition, which ultimately provides food
and shelter to butterflies. Anthropogenic disturbances disrupt the natural ecosystem, and
the availability of host plants and nutrients for butterflies becomes scarce. Our findings
are consistent with earlier reports that showed climate or anthropogenic effects on canopy
cover and vegetation density in tropical dry forests influenced the microclimate [6,7,71],
which ultimately influenced the butterfly richness of a microhabitat [72]. Devries and
Walla [73] also claimed that microclimatic factors and vegetation heterogeneity promote
a more diverse, but patchy distribution of butterflies. The nonsignificant impact of wind
speed on butterfly richness explains that the wind intensity of the study area was suitable
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for their distribution. On the other hand, the availability of butterflies was greatest at
elevations between 750 and 800 m, suggesting a mid-domain effect on species richness
along an elevational gradient [74,75]. Due to similar reasons, the species richness in the
eastern ranges, such as the Laxmipur Pottangi and Deomali Hill ranges, are higher than that
of the western low elevation zone of the Jeypore plateau. Gallou et al. [76] also observed
that butterfly richness increased along an elevational gradient, reaching a maximum at
700 m and then sharply decreasing at 1900 m.

The riparian forests had great species diversity and species uniformity compared with
the open and dense forests. The riparian forests also had the greatest number of groups
with eight indicator species combinations, suggesting prioritization of its conservation.
The greater the number of multispecies groups present, the higher the requirement for
conservation [77]. Dense forests had two groups of indicator species and open forests
had no indicator species groups. This suggests that riparian forests have greater butterfly
diversity than open and dense forests. An and Choi [78] reported that a riparian forest is a
preferred habitat for butterfly diversity. The dominance of butterflies in riparian forests
also explains the significance of the ecotone on greater species diversity. The suitable
microclimate and food and water availability of riparian forests make butterflies prefer
these habitats. Previous studies also support our results, showing that riparian forests have
high butterfly diversity [79]. The open forest is a more preferred habitat than that of the
dense forest, indicating that butterflies prefer a low canopy. Earlier studies also reported
that open forests attract more butterfly species than natural dense forests [80,81]. Although
dense and open forests differ in canopy cover, canopy cover had no direct influence on
butterfly richness. However, canopy cover had an indirect effect on temperature, which
greatly affected butterfly distribution. A moderate microclimate and fewer disturbances
in riparian forests make it a preferred habitat than open and dense forests for butterflies.
The ecological complexities of the riparian forests, which act as an ecological conduit for
the wildlife and ecotones of different habitat fragments [10], are more suitable for butterfly
diversity. In contrast, open forests are prone to disturbances and are mainly associated
with a dominant species, where the generalist species reduce the species diversity of
these degraded ecosystems. Forest types and their vegetation structure influence the
butterfly distribution because of their host-specificity, food availability, and shelter [8]. The
microclimate, water availability, and nearby host plants facilitate butterfly distribution. In
contrast, anthropogenic disturbances reduce butterfly diversity. Our study supports earlier
findings that open forests with disturbed habitat conditions and low understory vegetation
were less diverse than dense forests [11]. Though dense forests support fewer butterfly
species, increases in disturbances are likely to further reduce butterfly endemicity [41,82,83].

5. Conservation Prioritization

The negative effect of light intensity on butterfly richness is likely to increase with
deforestation. Land use and land cover change create tremendous pressure on butterfly
microhabitats. The microclimate and disturbances regulate butterfly distributions, where
vegetation structure and forest type play significant roles. Though large areas of intact
forest would ensure the preservation of tropical biodiversity, in most cases, this is not a
viable option. Therefore, maintaining intact forest areas in a matrix of sympathetically
managed production forests would be a more appropriate management strategy [84]. In
the last five decades, the Eastern Ghats landscape and forests around Koraput have been
anthropogenically altered on a large scale [85], indicating that the existing conservation
strategy requires greater ecosystem monitoring and sustainable management. Sustainably
managed conservation is significant for maintaining species diversity for the region, fo-
cusing exclusively on butterfly species for a specific habitat. Although riparian forests
need greater attention for butterfly conservation, maintaining open and dense forests is
also crucial in preserving each microhabitat’s species diversity and endemicity. For a com-
prehensive understanding of the effects of the microclimate and disturbances on butterfly
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distribution and their assemblages, we highly recommend long-term monitoring of the
different forest types in the Eastern Ghats.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/cli11110220/s1, Figure S1: Three-dimensional ordination diagram
between butterfly richness and (a) microclimatic variables; (b) disturbance parameters, derived using
canonical correspondence analysis. Abbreviations: light intensity (LI), relative humidity (RH), canopy
cover (CCV), temperature (TMP), fire signs (FSG), logging signs (LSG), and grazing signs (GSG). Table
S1: Grid locations, habitat types, and description statistics of the following parameters: elevation
(ELV), canopy cover (CC), temperature (TMP), relative humidity (RH), light intensity (LI), wind
speed (WS), human signs (HS), grazing signs (GS), logging signs (LS), and fire signs (FS).

Author Contributions: Conceptualization, S.K.P. and R.M.P.; methodology, S.K.P., R.M.P. and A.M.;
software, R.M.P. and A.M.; validation, A.M., R.M.P., S.K.P. and P.D.; formal analysis, A.M. and
R.M.P.; investigation, A.M., A.N., A.K.N. and S.K.P.; resources, S.K.P.; data curation, A.M., A.N.,
A.K.N. and R.M.P.; writing—original draft preparation, A.M. and R.M.P.; writing—review and
editing, S.K.P., R.M.P. and P.D.; visualization, R.M.P.; supervision, S.K.P.; project administration,
S.K.P.; funding acquisition, S.K.P. and P.D. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was supported by the University Grant Commission, New Delhi, India, with
award number CUO/ACA/NNFPHD/135.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article in the form of figures and tables. Additional information about the dataset or
accessing the dataset in a different format than what is presented in this article can be obtained from
the corresponding authors upon request.

Acknowledgments: The authors are grateful to the University Grant Commission, New Delhi, India,
for providing financial support for fieldwork. We are also thankful to the Koraput Forest Division,
Koraput, Odisha, India, for the necessary support to carry out this study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. WallisDeVries, M.F.; van Swaay, C.A.M. Global Warming and Excess Nitrogen May Induce Butterfly Decline by Microclimatic

Cooling. Glob. Chang. Biol. 2006, 12, 1620–1626. [CrossRef]
2. Dial, R.J.; Ellwood, M.D.F.; Turner, E.C.; Foster, W.A. Arthropod Abundance, Canopy Structure, and Microclimate in a Bornean

Lowland Tropical Rain Forest. Biotropica 2006, 38, 643–652. [CrossRef]
3. Geiger, R.; Aron, R.H.; Todhunter, P. The Climate near the Ground, 5th ed.; Harvard University Press: Wiesbaden, Germany, 1995;

ISBN 978-3-322-86584-7.
4. Meffe, G.K.; Carroll, C.R. Principles of Conservation Biology; Sinauer Associates, Inc.: Sunderland, MA, USA, 1994.
5. Hellmann, J.J.; Weiss, S.B.; McLaughlin, J.F.; Ehrlich, P.R.; Murphy, D.D.; Launer, A.E. Structure and Dynamics of Euphydryas

Editha Populations. In On the Wings of Checkerspots; Ehrlich, P.R., Hanski, I., Eds.; Oxford University Press: New York, NY, USA,
2004; pp. 34–62.

6. Checa, M.F.; Rodriguez, J.; Willmott, K.R.; Liger, B. Microclimate Variability Significantly Affects the Composition, Abundance and
Phenology of Butterfly Communities in a Highly Threatened Neotropical Dry Forest. Florida Entomol. 2014, 97, 1–13. [CrossRef]

7. Dolia, J.; Devy, M.S.; Aravind, N.A.; Kumar, A. Adult Butterfly Communities in Coffee Plantations around a Protected Area in the
Western Ghats, India. Anim. Conserv. 2008, 11, 26–34. [CrossRef]

8. Honda, K.; Honda, K. Biology of Butterflies; University of Tokyo Press: Tokyo, Japan, 2005.
9. Wang, L.; Wang, H.; Zha, Y.; Wei, H.; Chen, F.; Zeng, J. Forest Quality and Available Hostplant Abundance Limit the Canopy

Butterfly of Teinopalpus Aureus. Insects 2022, 13, 1082. [CrossRef]
10. Metzger, J.P. O Código Florestal Tem Base Científica? Nat. Conserv. 2010, 8, 92–99. [CrossRef]
11. Ohwaki, A.; Maeda, S.; Kitahara, M.; Nakano, T. Associations between Canopy Openness, Butterfly Resources, Butterfly Richness

and Abundance along Forest Trails in Planted and Natural Forests. Eur. J. Entomol. 2017, 114, 533–545. [CrossRef]
12. Clench, H.K. Behavioral Thermoregulation in Butterflies. Ecology 1966, 47, 1021–1034. [CrossRef]
13. Ehrlich, P.R.; Breedlove, D.E.; Brussard, P.F.; Sharp, M.A. Weather and the “Regulation” of Subalpine Populations. Ecology 1972,

53, 243–247. [CrossRef]

https://www.mdpi.com/article/10.3390/cli11110220/s1
https://www.mdpi.com/article/10.3390/cli11110220/s1
https://doi.org/10.1111/j.1365-2486.2006.01202.x
https://doi.org/10.1111/j.1744-7429.2006.00181.x
https://doi.org/10.1653/024.097.0101
https://doi.org/10.1111/j.1469-1795.2007.00143.x
https://doi.org/10.3390/insects13121082
https://doi.org/10.4322/natcon.00801017
https://doi.org/10.14411/eje.2017.068
https://doi.org/10.2307/1935649
https://doi.org/10.2307/1934077


Climate 2023, 11, 220 14 of 16

14. Tsuji, J.S.; Kingsolver, J.G.; Watt, W.B. Thermal Physiological Ecology of Colias Butterflies in Flight. Oecologia 1986, 69, 161–170.
[CrossRef]

15. Murphy, D.D.; Freas, K.E.; Weiss, S.B. An Environment-metapopulation Approach to Population Viability Analysis for a
Threatened Invertebrate. Conserv. Biol. 1990, 4, 41–51. [CrossRef]

16. Pollard, E. Temperature, Rainfall and Butterfly Numbers. J. Appl. Ecol. 1988, 25, 819–828.
17. Pollard, E.; Yates, T. Monitoring Butterflies for Ecology and Conservation; Springer: Dordrecht, The Netherlands, 1993.
18. Gillespie, T.W.; Grijalva, A.; Farris, C.N. Diversity, Composition, and Structure of Tropical Dry Forests in Central America. Plant

Ecol. 2000, 147, 37–47. [CrossRef]
19. Dantas, C.; Zacca, T.; Bravo, F. Checklist of Butterflies (Lepidoptera: Papilionoidea) of an Urban Area of Caatinga-Atlantic Forest

Ecotone in Bahia, Brazil. EntomoBrasilis 2021, 14, e959. [CrossRef]
20. Suwarno, I.; Hanum, Y.; Yasmin, S.; Rasnovi, D. Diversity and Abundance of Butterfly (Lepidoptera Rhopalocera) in the City

Garden of Banda Aceh, Indonesia. Ecol. Environ. Conserv. 2018, 24, 1009–1017.
21. Koneri, R.; Nangoy, M.J.; Maabuat, P.V.; Saroyo, S.; Wakhid. Diversity and Composition of Butterflies in Three Habitats around

Rayow Waterfall, Minahasa District, North Sulawesi, Indonesia. Biodiversitas 2022, 23, 1091–1098. [CrossRef]
22. Nelson, S.M.; Andersen, D.C. Butterfly (Papilionoidea and Hesperioidea) Assemblages Associated with Natural, Exotic, and

Restored Riparian Habitats along the Lower Colorado River, USA. River Res. Appl. 1999, 15, 485–504. [CrossRef]
23. Douglas, W. Tallamy Do Alien Plants Reduce Insect Biomass? Conserv. Biol. 2004, 18, 1689–1692.
24. Legal, L.; Valet, M.; Dorado, O.; de Jesus-Almonte, J.M.; López, K.; Céréghino, R. Lepidoptera Are Relevant Bioindicators of

Passive Regeneration in Tropical Dry Forests. Diversity 2020, 12, 231. [CrossRef]
25. Hilty, J.; Merenlender, A. Faunal Indicator Taxa Selection for Monitoring Ecosystem Health. Biol. Conserv. 2000, 92, 185–197.

[CrossRef]
26. Fleishman, E.; Blair, R.B.; Murphy, D.D. Empirical Validation of a Method for Umbrella Species Selection. Ecol. Appl. 2001, 11,

1489–1501. [CrossRef]
27. Roberge, J.M.; Angelstam, P. Usefulness of the Umbrella Species Concept as a Conservation Tool. Conserv. Biol. 2004, 18, 76–85.

[CrossRef]
28. Rawat, G.S. Conservation Status of Forests and Wildlife in the Eastern Ghats, India. Environ. Conserv. 1997, 24, 307–315. [CrossRef]
29. Rao, K.T.; Reddy, N.S.B.; Reddy, C.U. Eastern Ghats Environment Outlook; Greens’ Alliance for Conservation of Eastern Ghats:

Hyderabad, India, 2019; ISBN 978-81-943739-0-2.
30. Ramachandran, R.M.; Roy, P.S.; Chakravarthi, V.; Sanjay, J.; Joshi, P.K. Long-Term Land Use and Land Cover Changes (1920–2015)

in Eastern Ghats, India: Pattern of Dynamics and Challenges in Plant Species Conservation. Ecol. Indic. 2018, 85, 21–36. [CrossRef]
31. Sudhakar Reddy, C.; Ram Mohan Rao, K.; Pattanaik, C.; Joshi, P.K. Assessment of Large-Scale Deforestation of Nawarangpur

District, Orissa, India: A Remote Sensing Based Study. Environ. Monit. Assess. 2009, 154, 325–335. [CrossRef]
32. Adhikary, P.P.; Madhu, M.; Dash, C.J.; Sahoo, D.C.; Jakhar, P.; Naik, B.S.; Hombe Gowda, H.C.; Naik, G.B.; Dash, B. Prioritization

of Traditional Tribal Field Crops Based on RWUE in Koraput District of Odisha. Indian J. Tradit. Knowl. 2015, 1, 88–95.
33. Adhikary, P.P.; Barman, D.; Madhu, M.; Dash, C.J.; Jakhar, P.; Hombegowda, H.C.; Naik, B.S.; Sahoo, D.C.; Beer, K. Land Use and

Land Cover Dynamics with Special Emphasis on Shifting Cultivation in Eastern Ghats Highlands of India Using Remote Sensing
Data and GIS. Environ. Monit. Assess. 2019, 191, 315. [CrossRef]

34. Sawford, B. The Butterflies of Hertfordshire; Castlemead Publications: Ware, UK, 1987.
35. Videvall, E.; Öckinger, E.; Pettersson, L.B. Butterfly Monitoring Using Systematically Placed Transects in Contrasting Climatic

Regions—Exploring an Established Spatial Design for Sampling. Nat. Conserv. 2016, 14, 41–62. [CrossRef]
36. Zografou, K.; Wilson, R.J.; Halley, J.M.; Tzirkalli, E.; Kati, V. How Are Arthopod Communities Structured and Why Are They

so Diverse? Answers from Mediterranean Mountains Using Hierarchical Additive Partitioning. Biodivers. Conserv. 2017,
26, 1333–1351. [CrossRef]

37. Kehimkar, I. The book of Indian Butterflies, 2nd ed.; BNHS and Oxford University Press: Mumbai, India, 2016.
38. Wynter-Blyth, M.A. Butterflies of the Indian Region; Bombay Nat. Hist. Soc.: Bombay, India, 1957.
39. Varshney, R.K.; Smetacek, P. A Synoptic Catalogue of the Butterflies of India; Butterfly Research Centre, Bhimtal and Indinov

Publishing: New Delhi, India, 2015; ISBN 78-81-929826-4-9.
40. Indian Meteorological Department. Rainfall and Temperature Trends. Available online: http://www.imdpune.gov.in (accessed

on 2 September 2020).
41. Bhardwaj, M.; Uniyal, V.P.; Sanyal, A.K.; Singh, A.P. Butterfly Communities along an Elevational Gradient in the Tons Valley,

Western Himalayas: Implications of Rapid Assessment for Insect Conservation. J. Asia. Pac. Entomol. 2012, 15, 207–217. [CrossRef]
42. Forest Survey of India. The Manual of Instructions for Field Inventory; Ministry of Environment and Forests: Dehradun, India, 2002.
43. Tichý, L. Field Test of Canopy Cover Estimation by Hemispherical Photographs Taken with a Smartphone. J. Veg. Sci. 2016,

27, 427–435. [CrossRef]
44. Bianchi, S.; Cahalan, C.; Hale, S.; Gibbons, J.M. Rapid Assessment of Forest Canopy and Light Regime Using Smartphone

Hemispherical Photography. Ecol. Evol. 2017, 7, 10556–10566. [CrossRef] [PubMed]
45. Mahata, A.; Samal, K.T.; Palita, S.K. Butterfly Diversity in Agroforestry Plantations of Eastern Ghats of Southern Odisha, India.

Agrofor. Syst. 2019, 93, 1423–1438. [CrossRef]

https://doi.org/10.1007/BF00377616
https://doi.org/10.1111/j.1523-1739.1990.tb00266.x
https://doi.org/10.1023/A:1009848525399
https://doi.org/10.12741/ebrasilis.v14.e959
https://doi.org/10.13057/biodiv/d230253
https://doi.org/10.1002/(sici)1099-1646(199911/12)15:6%3C485::aid-rrr550%3E3.0.co;2-z
https://doi.org/10.3390/D12060231
https://doi.org/10.1016/S0006-3207(99)00052-X
https://doi.org/10.1890/1051-0761(2001)011[1489:EVOAMF]2.0.CO;2
https://doi.org/10.1111/j.1523-1739.2004.00450.x
https://doi.org/10.1017/S0376892997000416
https://doi.org/10.1016/j.ecolind.2017.10.012
https://doi.org/10.1007/s10661-008-0400-9
https://doi.org/10.1007/s10661-019-7447-7
https://doi.org/10.3897/natureconservation.14.7497
https://doi.org/10.1007/s10531-017-1303-2
http://www.imdpune.gov.in
https://doi.org/10.1016/j.aspen.2011.12.003
https://doi.org/10.1111/jvs.12350
https://doi.org/10.1002/ece3.3567
https://www.ncbi.nlm.nih.gov/pubmed/29299237
https://doi.org/10.1007/s10457-018-0258-y


Climate 2023, 11, 220 15 of 16

46. Novotny, V.; Miller, S.E.; Leps, J.; Basset, Y.; Bito, D.; Janda, M.; Hulcr, J.; Damas, K.; Weiblen, G.D. No Tree an Island: The
Plant-Caterpillar Food Web of a Secondary Rain Forest in New Guinea. Ecol. Lett. 2004, 7, 1090–1100. [CrossRef]

47. Brito, M.M.; Ribeiro, D.B.; Raniero, M.; Hasui, É.; Ramos, F.N.; Arab, A. Functional Composition and Phenology of Fruit-Feeding
Butterflies in a Fragmented Landscape: Variation of Seasonality between Habitat Specialists. J. Insect Conserv. 2014, 18, 547–560.
[CrossRef]

48. Itoh, A.; Ohkubo, T.; Nanami, S.; Tan, S.; Yamakura, T. Comparison of Statistical Tests for Habitat Associations in Tropical Forests:
A Case Study of Sympatric Dipterocarp Trees in a Bornean Forest. For. Ecol. Manag. 2010, 259, 323–332. [CrossRef]

49. Noguchi, H.; Itoh, A.; Mizuno, T.; Sri-Ngernyuang, K.; Kanzaki, M.; Teejuntuk, S.; Sungpalee, W.; Hara, M.; Ohkubo, T.; Sahunalu,
P.; et al. Habitat Divergence in Sympatric Fagaceae Tree Species of a Tropical Montane Forest in Northern Thailand. J. Trop. Ecol.
2007, 23, 549–558. [CrossRef]

50. Dufrêne, M.; Legendre, P. Species Assemblages and Indicator Species: The Need for a Flexible Asymmetrical Approach. Ecol.
Monogr. 1997, 67, 345–366. [CrossRef]

51. De Cáceres, M.; Legendre, P.; Moretti, M. Improving Indicator Species Analysis by Combining Groups of Sites. Oikos 2010,
119, 1674–1684. [CrossRef]

52. De Cáceres, M.; Legendre, P. Associations between Species and Groups of Sites: Indices and Statistical Inference. Ecology 2009,
90, 3566–3574. [CrossRef]

53. Budka, A.; Łacka, A.; Szoszkiewicz, K. The Use of Rarefaction and Extrapolation as Methods of Estimating the Effects of River
Eutrophication on Macrophyte Diversity. Biodivers. Conserv. 2019, 28, 385–400. [CrossRef]

54. Hill, M.O. Diversity and Evenness: A Unifying Notation and Its Consequences. Ecology 1973, 54, 427–432. [CrossRef]
55. Chao, A.; Gotelli, N.J.; Hsieh, T.C.; Sander, E.L.; Ma, K.H.; Colwell, R.K.; Ellison, A.M. Rarefaction and Extrapolation with Hill

Numbers: A Framework for Sampling and Estimation in Species Diversity Studies. Ecol. Monogr. 2014, 84, 45–67. [CrossRef]
56. Hsieh, T.C.; Ma, K.H.; Chao, A. INEXT: An R Package for Rarefaction and Extrapolation of Species Diversity (Hill Numbers).

Methods Ecol. Evol. 2016, 7, 1451–1456. [CrossRef]
57. Rosseel, Y. Lavaan: An R Package for Structural Equation Modeling. J. Stat. Softw. 2012, 48, 1–36. [CrossRef]
58. Epskamp, S.; Stuber, S.; Nak, J.; Veenman, M.; Jorgensen, T.D. Package ‘SemPlot’: Path Diagrams and Visual Analysis of Various

SEM Packages’ Output, Version 1.1.6; Github Repository. 2022. Available online: https://github.com/SachaEpskamp/semPlot
(accessed on 15 October 2023).

59. Ter Braak, C.J.F. The Analysis of Vegetation-Environment Relationships by Canonical Correspondence Analysis. Vegetatio 1987,
69, 69–77. [CrossRef]

60. Oksanen, R.J.; Simpson, G.L.; Blanchet, F.G.; Solymos, P.; Stevens, M.H.H.; Szoecs, E.; Wagner, H.; Barbour, M.; Bedward, M.;
Bolker, B.; et al. Community Ecology Package. Vegan Community Ecol. Packag. 2022.

61. Oksanen, J.; Kindt, R.; Simpson, G.L.; Murdoch, D. Package ‘Vegan3d’: Static and Dynamic 3D Plots for the “Vegan” Package,
Version 1.2-0; Github Repository. 2022. Available online: https://github.com/vegandevs/vegan3d (accessed on 15 October 2023).

62. R Core Team. R: A Language and Environment for Statistical Computing; R Core Team: Vienna, Austria, 2022.
63. De Cáceres, M.; Legendre, P.; Wiser, S.K.; Brotons, L. Using Species Combinations in Indicator Value Analyses. Methods Ecol. Evol.

2012, 3, 973–982. [CrossRef]
64. Kunte, K. Butterflies of Peninsular India; Universities Press: Hyderabad, India, 2000; ISBN 9788173713545.
65. Guadalquiver, D.M.; Nuneza, O.M.; Dupo, A.L. Species Diversity of Lepidoptera in Mimbilisan Protected Landscape, Misamis

Oriental, Philippines. Entomol. Appl. Sci. Lett. 2019, 6, 33–47.
66. Borror, D.J.; Triplehorn, C.A.; Johnson, N.F. An Introduction to the Study of Insects; Saunders College Publishing: Philadelphia, PA,

USA, 1989; ISBN 0-03-025397-7.
67. Li, X.; Jia, X.; Xiang, H.; Diao, H.; Yan, Y.; Wang, Y.; Ma, R.; Leskey, T. The Effect of Photoperiods and Light Intensity on Mating

Behavior and Reproduction of Grapholita Molesta (Lepidoptera: Tortricidae). Environ. Entomol. 2019, 48, 1035–1041. [CrossRef]
68. Hill, G.M.; Kawahara, A.Y.; Daniels, J.C.; Bateman, C.C.; Scheffers, B.R. Climate Change Effects on Animal Ecology: Butterflies

and Moths as a Case Study. Biol. Rev. 2021, 96, 2113–2126. [CrossRef] [PubMed]
69. Ghazoul, J. Impact of Logging on the Richness and Diversity of Forest Butterflies in a Tropical Dry Forest in Thailand. Biodivers.

Conserv. 2002, 11, 521–541. [CrossRef]
70. Weiss, A.A. Estimating Nonlinear Dynamic Models Using Least Absolute Error Estimation. Econom. Theory 1991, 7, 46–68.

[CrossRef]
71. Barlow, J.; Overal, W.L.; Araujo, I.S.; Gardner, T.A.; Peres, C.A. The Value of Primary, Secondary and Plantation Forests for

Fruit-Feeding Butterflies in the Brazilian Amazon. J. Appl. Ecol. 2007, 44, 1001–1012. [CrossRef]
72. Das, K.S.A.; Radhamany, D.; Molleman, F. Community Structure in an Isolated Tropical Forest Biome: One Year of Fruit-Feeding

Butterfly Trapping in Four Habitats in the Western Ghats, India. Diversity 2023, 15, 36. [CrossRef]
73. Devries, P.J.; Walla, T.R. Species Diversity and Community Structure in Neotropical Fruit-Feeding Butterflies. Biol. J. Linn. Soc.

2001, 74, 1–15. [CrossRef]
74. McCain, C.M. The Mid-Domain Effect Applied to Elevational Gradients: Species Richness of Small Mammals in Costa Rica. J.

Biogeogr. 2004, 31, 19–31. [CrossRef]
75. Ren, J.; Li, S.; He, M.; Zhang, Y. Butterfly Community Diversity in the Qinling Mountains. Diversity 2022, 14, 27. [CrossRef]

https://doi.org/10.1111/j.1461-0248.2004.00666.x
https://doi.org/10.1007/s10841-014-9650-8
https://doi.org/10.1016/j.foreco.2009.10.022
https://doi.org/10.1017/S0266467407004403
https://doi.org/10.2307/2963459
https://doi.org/10.1111/j.1600-0706.2010.18334.x
https://doi.org/10.1890/08-1823.1
https://doi.org/10.1007/s10531-018-1662-3
https://doi.org/10.2307/1934352
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1111/2041-210X.12613
https://doi.org/10.18637/jss.v048.i02
https://github.com/SachaEpskamp/semPlot
https://doi.org/10.1007/BF00038688
https://github.com/vegandevs/vegan3d
https://doi.org/10.1111/j.2041-210X.2012.00246.x
https://doi.org/10.1093/ee/nvz066
https://doi.org/10.1111/brv.12746
https://www.ncbi.nlm.nih.gov/pubmed/34056827
https://doi.org/10.1023/A:1014812701423
https://doi.org/10.1017/S0266466600004230
https://doi.org/10.1111/j.1365-2664.2007.01347.x
https://doi.org/10.3390/d15010036
https://doi.org/10.1111/j.1095-8312.2001.tb01372.x
https://doi.org/10.1046/j.0305-0270.2003.00992.x
https://doi.org/10.3390/d14010027


Climate 2023, 11, 220 16 of 16

76. Gallou, A.; Baillet, Y.; Ficetola, G.F.; Després, L. Elevational Gradient and Human Effects on Butterfly Species Richness in the
French Alps. Ecol. Evol. 2017, 7, 3672–3681. [CrossRef]

77. Maes, D.; Van Dyck, H. Habitat Quality and Biodiversity Indicator Performances of a Threatened Butterfly versus a Multispecies
Group for Wet Heathlands in Belgium. Biol. Conserv. 2005, 123, 177–187. [CrossRef]

78. An, J.-S.; Choi, S.-W. Butterflies as an Indicator Group of Riparian Ecosystem Assessment. J. Asia. Pac. Entomol. 2021, 24, 195–200.
[CrossRef]

79. Brown, K.S., Jr. Insetos Indicadores Da História. In Matas Ciliares: Conservação e Recuperação; Rodrigues, R.R., Leitão-Filho, H.F.,
Eds.; Editora da Universidade da São Paulo: São Paulo, Brzail, 2000; pp. 223–232.

80. Spitzer, K.; Jaros, J.; Havelka, J.; Leps, J. Effect of Small-Scale Disturbance on Butterfly Communities of an Indochinese Montane
Rainforest. Biol. Conserv. 1997, 80, 9–15. [CrossRef]

81. Hill, J.; Hamer, K.; Tangah, J.; Dawood, M. Ecology of Tropical Butterflies in Rainforest Gaps. Oecologia 2001, 128, 294–302.
[CrossRef] [PubMed]

82. Blair, R.B.; Launer, A.E. Butterfly Diversity and Human Land Use: Species Assemblages along an Urban Gradient. Biol. Conserv.
1997, 3207, 113–125. [CrossRef]

83. Van Vu, L.; Vu, C.Q.; Quang Vu, C. Diversity Pattern of Butterfly Communities (Lepidoptera, Papilionoidae) in Different Habitat
Types in a Tropical Rain Forest of Southern Vietnam. ISRN Zool. 2011, 2011, 818545. [CrossRef]

84. Hamer, K.C.; Hill, J.K.; Benedick, S.; Mustaffa, N.; Sherratt, T.N.; Maryati, M.; Chey, V.K. Ecology of Butterflies in Natural
and Selectively Logged Forests of Northern Borneo: The Importance of Habitat Heterogeneity. J. Appl. Ecol. 2003, 40, 150–162.
[CrossRef]

85. Reddy, C.S.; Jha, C.S.; Dadhwal, V.K. Assessment and Monitoring of Long-Term Forest Cover Changes in Odisha, India Using
Remote Sensing and GIS. Environ. Monit. Assess. 2013, 185, 4399–4415. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/ece3.2803
https://doi.org/10.1016/j.biocon.2004.11.005
https://doi.org/10.1016/j.aspen.2020.12.017
https://doi.org/10.1016/S0006-3207(96)00079-1
https://doi.org/10.1007/s004420100651
https://www.ncbi.nlm.nih.gov/pubmed/28547478
https://doi.org/10.1016/S0006-3207(96)00056-0
https://doi.org/10.5402/2011/818545
https://doi.org/10.1046/j.1365-2664.2003.00783.x
https://doi.org/10.1007/s10661-012-2877-5

	Introduction 
	Materials and Methods 
	Study Area and Sampling 
	Vegetation Sampling 
	Environmental Variable Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conservation Prioritization 
	References

