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Abstract.—In May and October 2017, we assessed the distribution and diversity of herpetofauna in the Ghandruk 
region of the Annapurna Conservation Area. Using the Visual Encounter Survey (VES) protocol on 11 randomly 
selected transects, we recorded 662 individuals of 25 herpetofaunal species (12 amphibians and 13 reptiles). Species 
richness and abundance declined with increases in elevation but only the correlation between elevation and abundance 
was significant. Neither amphibians nor reptiles were uniformly distributed among different habitats, and species rich-
ness of both amphibians and reptiles varied significantly among habitat types. The greatest amphibian species richness 
was in wetlands, whereas that of reptiles was highest in forests.
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Patterns of species richness, composition, and distribution 
for birds and mammals are known for Nepal (Hunter and 

Yonzan 1993; Jnawali et al. 2011) but conservation status, 
distributions, and population trends of the Nepalese herpeto-
fauna are not well documented (Bhattarai et al. 2017a, 2018). 
This is likely due to the cryptic nature of many species, behav-
ioral sensitivity to environments (Muñoz et al. 2016), and a 
lack of interest by researchers. Only the Gharial (Gavialis gan-
geticus) and its conservation have received substantial atten-
tion (Acharya et al. 2017; Bhattarai et al. 2018).
 The first substantive study of herpetofaunal distribu-
tions in Nepal was that of Swan and Levinton (1962). 
Subsequently, Dubois (1974, 1984), Fleming and Fleming 
(1974), Kramer (1977), Nanhoe and Ouboter (1987), 
Zug and Mitchell (1995), Das (1998), O’Shea (1998), 
Shrestha (2000), Schleich and Kästle (2002), Tillack et al. 
(2003), Shah and Tiwari (2004), Aryal et al. (2010), Kästle 
et al. (2013), Khatiwada et al. (2015, 2017), Bhattarai et al. 
(2017b), Pandey et al. (2018), and Rawat et al. (2019) con-
tributed new information either by describing new species or 
recording taxa new to the country.
 Species richness, community composition, and distribu-
tions are attributed to historical and climatic factors, envi-
ronmental gradients, and landscape attributes, and these 
can provide crucial information for prioritizing and match-
ing conservation measures with specific sites (Hunter and 

Yonzan 1993; Khatiwada and Haugaasen 2015). Recent 
studies suggest that herpetofaunal communities are most spe-
ciose and widely distributed at mid elevation (Naniwadekar 
and Vasudevan 2007; Chhetri et al. 2010; Khatiwada and 
Haugaasen 2015). However, few studies have addressed dis-
tribution patterns of herpetofauna in the Nepalese Himalayas 
and available information is largely based on checklists (e.g., 
Shah 2001; Schleich and Kästle 2002) and data regard-
ing altitudinal gradients in species richness are insufficient. 
Consequently, we herein present information on herpeto-
faunal distribution patterns and influential factors (especially 
habitat) along altitudinal gradients in the Ghandruk unit of 
the Annapurna Conservation Area in western Nepal.

Methods
Study Area.—The Annapurna Conservation Area (ACA) is 
the largest Protected Area in Nepal with an area of 7,629 km2 
involving five districts of Gandaki Province. Of seven conser-
vation units, Ghandruk, situated in the southern part of the 
ACA in Kaski District, covers 281.1 km2 (Dahal et al. 2014; 
Fig. 1). Ghandruk is a heterogeneous region comprised of 
forests (22.5%), mountainous Himalayas (18.5%), bare land 
and rocky areas (5.6%), infertile land (0.8%), residential areas 
(0.5%), and agricultural lands (52.1%) (Shrestha 2014). The 
topography of the area is steep, with slopes of 3–75° and land 
features ranging from plateaus to cliffs (Giri et al. 2011).
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 The area is famous as a tourist destination for its cultural 
heritage and biodiversity. Included among 1,226 documented 
species of plants are 38 species of orchids and nine species of 
rhododendrons. Dominant vegetation includes Nepalese 

Alder (Alnus nepalensis), Drooping Fig (Ficus semicordata), 
Himalayan Bird Cherry (Prunus cornuta), Tree Rhododendron 
(Rhododendron aroboreum), Silk Trees (Albizia spp.), Giant 
Cane (Arundo donax), Corydalis (Corydalis spp.), and Knotweed 
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Fig. 1. Map showing the location of the Ghandruk Region of the Annapurna Conservation Area, Nepal.
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(Polygonium spp,) (Rajbhandary 2011). Vertebrate species 
include 128 mammals (Baral et al. 2019), 518 birds (Baral 
2018), and 66 reptiles and amphibians (Kästle et al. 2013).
 Field Methods.—We generated 11 random points using 
Arc Map 10.5 to record amphibians and reptiles. From each 
randomly selected point we walked 500 m in any possible 
direction and considered this as one transect. Surveys were 
conducted pre- and post-monsoon in May and October 
2017, respectively, at elevations of 1,000 m and 2,700 m alti-
tude. We spent 10 days searching for animals in each season, 
with both nocturnal (1800–2200 h) and diurnal (1000–1600 
h) surveys along transects employing a Visual Encounter 
Survey (VES) protocol (Heyer et al. 1994). Two observers 
searched probable microhabitats such as under rocks, fallen 
logs, leaf litter and other debris, crevices, water, and vegeta-
tion to locate species along each transect. When animals were 
detected, we captured and measured them and took high-res-
olution photographs to record colors and patterns. We iden-
tified species based on morphological characters using keys 

in Schleich and Kästle (2002), Shah and Tiwari (2004), and 
Kästle et al. (2013).
 Data Analysis.—For statistical tests, we used Microsoft 
Excel 2007 and Minitab (version 16.1.1) and we calculated 
herpetofaunal diversity using the Shannon-Wiener diversity 
index (Shannon and Wiener 1963). We considered elevation 
as an independent variable for both amphibians and reptiles 
and calculated species richness or abundance as a dependent 
variable. We determined species richness and abundance pat-
terns along the elevational gradient using simple linear regres-
sion. We applied a one-way Analysis of Variance (ANOVA) 
to compare the distribution of herpetofauna in different habi-
tat types, using habitat type as the independent variable and 
species richness and abundance as dependent variables.

Results
We recorded 25 species of herpetofauna: 535 individuals of 
12 species of amphibians in four families and seven genera, 
and 127 individuals of 13 species of reptiles in seven families 

Fig. 2. Herpetofaunal species richness and abundance patterns along an elevational gradient in the Ghandruk Region of the Annapurna Conservation Area, Nepal.

Fig. 3. The effect of elevation on herpetofaunal species richness and abundance in the Ghandruk Region of the Annapurna Conservation Area, Nepal.
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and 13 genera. Four species of amphibians and one reptilian 
species are recorded for the first time in the region. Among 
amphibians, the fork-tongued frogs (Dicroglossidae) were 
most abundant, comprising seven of the 12 species recorded 
and 65.98% of the total number of individuals observed. 
Other amphibian families were waterfrogs (Ranidae) with 
two species, true toads (Bufonidae) with two species, and leaf-
litter frogs (Megophryidae) with one species. Among reptiles, 
colubrids (Colubridae) accounted for four of the 13 species 
recorded. Other reptilian families were agamids (Agamidae) 
with three species, natricids (Natricidae) with two species, 
and ground skinks (Sphenomorphidae), pseudoxenodon-
tids (Pseudoxenodontidae), elapids (Elapidae), and vipers 
(Viperidae) with one species each.
 Species richness.—Species richness of amphibians 
increased to an elevation of 1,900 m but declined above that 
elevation, whereas that of reptiles peaked at an elevation of 
about 2,000 m (Fig. 2). Elevation and species richness were 

Fig. 4. A Liebig’s Paa Frog (Nanorana liebigii) from the Ghandruk Region 
of the Annapurna Conservation Area, Nepal.

Fig. 5. Elevational ranges of herpetofaunal species in the Ghandruk Region of the Annapurna Conservation Area, Nepal.
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Table 1. Elevational ranges (m) of herpetofauna of the Ghandruk Region of the Annapurna Conservation Area.

 Present Shah and Kästle et Rai Nanhoe and Thapa  
Species study Tiwari (2004) al. (2013) (2003) Ouboter (1987) (2016)

Amphibians
Himalayan Toad 1,947–2,331 1,300–2,744 1,300–2,700 2,500–4,000 1,300–2,650 —
  Duttaphrynus himalayanus
Common Asian Toad 1,142–2,254 <2,250 <1,800 56–1,000 800–2,250 391–1,448
  Duttaphrynus melanostictus
Skittering Frog 1,060–1,145 <2,000 <2,000 56–1,000 760–1,660 572–1,387
  Euphlyctis cyanophlyctis
Nepal Cricket Frog 1,080–1,912 1,350–1,580 1,350–1,580 56–1,000 1,500 462–1,387
  Minervarya [= Fejarvarya] nepalensis
Syadra Frog 1,064–1,456 <1,980 150–1,980 56–1,000 1,500 —
  Minervarya [= Fejarvarya] syhadrensis
Blanford’s Paa Frog 1,755–2,537 1,800–2,920 1,830–3,000 2,900–4,000 — —
  Nanorana blanfordii
R.C.P.’s Paa Frog 1,700 2,200–2,650 2,200–2,659 2,300 — —
  Nanorana ercepeae
Liebig’s Paa Frog 1,955–2,567 1,525–3,360 1,500–3,360 2,200–2,800 1,560–2,930 —
  Nanorana liebigii
Sikkimese Frog 1,096–1,976 1,210–2,500 1,200–2,500 3,660 1,210–1,770 —
  Ombrana sikimmensis
Burmese Spade-footed Toad 1,060–2,562 970–2,440 970–2,480 1,000–3,000 1,230–2,440 973
  Megophrys [= Xenophrys] parva
Assam Cascade Frog 1,700 1,190–2,896 — 1,000–3,000 1,800–2,650 —
  Amolops formosus
Marbled Cascade Frog 1,100 840–2,896 1,000–1,900 — 1,040–1,840 —
  Amolops marmoratus

Reptiles
Oriental Garden Lizard 2,000–2,100 100–3,200 <2,300 <2,040 880–1,660 462–1,461
  Calotes versicolor
Three-keeled Mountain Lizard 2,200 1,830–2,896 1,650–2,896 — 1,830–2,850 —
  Japalura tricarinata
Kashmir Rock Agama 1,822–2,264 790–3,400 310–3,400 1,000–3,000 790–3,400 —
  Laudakia tuberculata
Sikkim Ground Skink 1,975–2,425 100–3,200 150–3,200 1,000–4,000 1,340–3,200 373–1,269
  Asymblepharus sikimmensis
Common Wolfsnake 1,700 100–2,130 150–2,100 1,000–3,000 914–2,130 389–706
  Lycodon aulicus
Red-bellied Kukri Snake 2,035–2,072 1,525–2,600 1,525–2,000 — — 1,500–2,000
  Oligodon erythrogaster
Hodgson’s Ratsnake 1,900 1,000–3,200 1,000–3,000 1,000–3,000 2,740–3,200 1,172–1,272
  Orthriophis [= Elaphe] hodgsoni
Oriental Ratsnake 1,052–1,155 100–1,750 <3,000 — 800–1,750 385–1,387
  Ptyas mucosa
Checkered Keelback* 1,073–2,670 100–700 <700 56–1,000 960–1,500 392–1,387
  Fowlea [= Xenochrophis] piscator
Himalayan Keelback 1,619–2,600 1,040–3,657 1,500–3,600 1,000–3,000 1,040–3,100 900–1,265
  Herpetoreas platyceps
Large-eyed Bamboo Snake 2,200 1,200–2,360 <1,800 — 2,000–2,360 —
  Pseudoxenodon macrops
King Cobra 1,800 100–3,500 150–1,530 — — 593–663
  Ophiophagus hannah
Oriental Mountain Pitviper 1,900 1,320–2,680 1,320–2,250 1,000–3,000 1,550–1,900 1,800
  Ovophis monticola
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negatively correlated, but the linear relationship was not sig-
nificant (r2 = 0.009018, p = 0.9256); however, we did find 
a significant linear pattern between species abundance and 
elevation (r2 = 0.09321, p < 0.05) (Fig. 3).
 The abundance of herpetofauna was irregularly distrib-
uted along the elevational gradient (Fig. 2). The maximum 
abundance of amphibians was at 1,000 m, dropped to zero 
at 1,200 m and 1,400 m, and showed a secondary peak at 
an elevation of 1,900 m. Reptilian abundance showed dual 
peaks at about 1,900 m and 2,200 m. Among amphibian spe-
cies, Liebig’s Paa Frog (Nanorana liebigii; Fig. 4) was found 
at the highest elevation (2,567 m) and the Skittering Frog 
(Euphlyctis cyanophlyctis) was found at the lowest elevation 

(1,058 m). Among reptilian species, the Oriental Ratsnake 
(Ptyas mucosa) was recorded at the lowest elevation (1,052 
m) and the Checkered Keelback (Fowlea [= Xenochrophis] 
piscator) was recorded at the highest elevation (2,670 m). 
Many species were distributed over a wide elevational range 
(Fig. 5), with the Burmese Spade-footed Toad (Megophrys [= 
Xenophrys] parva) and the Checkered Keelback having the 
greatest elevational ranges among amphibians and reptiles, 
respectively. We recorded five species beyond their previously 
known elevational range (Table 1). We found Blanford’s Paa 
Frog (Nanorana blanfordii), R.C.P.’s Paa Frog (N. ercepeae), 
and the Sikkimese Frog (Ombrana sikimensis; Fig. 6) at eleva-
tions below those previously reported. The Nepal Cricket 

Fig. 6. A Sikkimese Frog (Ombrana sikimensis) from the Ghandruk Region 
of the Annapurna Conservation Area, Nepal.

Fig. 7. Species richness of amphibians and reptiles in different habitat types in the Ghandruk Region of the Annapurna Conservation Area, Nepal.

Fig. 8. An Assam Cascade Frog (Amolops formosus) from the Ghandruk 
Region of the Annapurna Conservation Area, Nepal.
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Frog (Minervarya [= Fejarvarya] nepalensis) and Fowlea pisca-
tor were recorded at elevations higher than their previously 
known elevational ranges.
 Species distribution among habitat types.—The results of 
one-way ANOVAs showed that both amphibians and reptiles 
are not uniformly distributed among habitat types (Fig. 7), 
with both amphibian (F = 6.26, P < 0.001) and reptilian (F = 
2.69, p < 0.05) species richness differing significantly among 
habitat types. The maximum number of amphibian species 
were in wetlands (11 of 12 species) followed by grasslands (6 
species), forest (5), agricultural areas (4), and settlements (3). 
None were in barren habitat. R.C.P.’s Paa Frog (Nanorana 
ercepeae), the Sikkimese Frog (Ombrana sikimensis), and the 
Assam Cascade Frog (Amolops formosus; Fig. 8) were recorded 

from single habitat types and Liebig’s Paa Frog (Nanorana 
liebigii) and the Syadra Frog (Minervarya [= Fejarvarya] 
syhadrensis) were recorded from two habitat types. The 
Nepal Cricket Frog (Minervarya [= Fejarvarya] nepalensis), 
Blanford’s Paa Frog (Nanorana blanfordii), and the Marbled 
Cascade Frog (Amolops marmoratus; Fig. 9) were recorded 
from three habitat types; the Himalayan Toad (Duttaphrynus 
himalayanus) and the Common Asian Toad (Duttaphrynus 
melanostictus; Fig. 10) from four habitat types; and the 

Fig. 9. A Marbled Cascade Frog (Amolops marmoratus) from the Ghandruk 
Region of the Annapurna Conservation Area, Nepal.

Fig. 10. A Common Asian Toad (Duttaphrynus melanostictus) from the 
Ghandruk Region of the Annapurna Conservation Area, Nepal.

Fig. 11. Abundance of amphibians and reptiles in different habitat types in the Ghandruk Region of the Annapurna Conservation Area, Nepal.
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Table 2. Records of herpetofauna in the Ghandruk Region of the Annapurna Conservation Area. Habitats: A = Agricultural land, B = Barren 
land, F = Forest, G = Grassland, S = Settlement, W = Wetland.

Species Family Habitats Abundance

Amphibians
Himalayan Toad  Bufonidae A, F, G, S, W 14.02%
  Duttaphrynus himalayanus (Günther 1864)
Common Asian Toad  Bufonidae A, F, G, S, W 13.27%
  Duttaphrynus melanostictus (Schneider 1799)
Skittering Frog  Dicroglossidae F, W 27.48%
  Euphlyctis cyanophlyctis (Schneider 1799)
Nepal Cricket Frog  Dicroglossidae A, F, W 24.49%
  Minervarya [= Fejarvarya] nepalensis (Dubois 1975)
Syadra Frog  Dicroglossidae F, W 2.99%
  Minervarya [= Fejarvarya] syhadrensis (Annandale 1919)
Blanford’s Paa Frog  Dicroglossidae F, W 1.87%
  Nanorana blanfordii (Boulenger 1882)
R.C.P.’s Paa Frog  Dicroglossidae W 0.93%
  Nanorana ercepeae (Dubois 1974)
Liebig’s Paa Frog  Dicroglossidae W 4.86%
  Nanorana liebigii (Günther 1860)
Sikkimese Frog  Dicroglossidae G, W 3.36%
  Ombrana sikimensis (Jerdon 1870)
Burmese Spade-footed Toad  Megophryidae A, F, G, W 4.49%
  Megophrys [= Xenophrys] parva (Boulenger 1893)
Assam Cascade Frog  Ranidae W 1.68%
  Amolops formosus (Günther 1876)
Marbled Cascade Frog  Ranidae W 0.56%
  Amolops marmoratus (Blyth 1855)

Reptiles
Oriental Garden Lizard  Agamidae G 2.36%
  Calotes versicolor (Daudin 1802)
Three-keeled Mountain Lizard  Agamidae F 2.36%
  Japalura tricarinata (Blyth 1853)
Kashmir Rock Agama  Agamidae B, F, G 33.07%
  Laudakia tuberculata (Gray 1827)
Sikkim Ground Skink  Sphenomorphidae F, G, S, W 40.94%
  Asymblepharus sikimmensis (Blyth 1854)
Common Wolfsnake  Colubridae A 0.79%
  Lycodon aulicus (Linnaeus 1758)
Red-bellied Kukri Snake  Colubridae F 1.57%
  Oligodon erythrogaster Boulenger 1907
Hodgson’s Ratsnake  Colubridae S 0.79%
  Orthriophis [= Elaphe] hodgsoni (Günther 1860)
Oriental Ratsnake  Colubridae G, S 2.36%
  Ptyas mucosa (Linnaeus,1758)
Checkered Keelback  Natricidae S, W 2.36%
  Fowlea [= Xenochrophis] piscator (Schneider 1799)
Himalayan Keelback  Natricidae A, B, F, G, S, W 7.87%
  Herpetoreas platyceps (Blyth 1854)
Large-eyed Bamboo Snake  Pseudoxenodontidae F 0.79%
  Pseudoxenodon macrops (Blyth 1854)
King Cobra  Elapidae S 0.79%
  Ophiophagus hannah (Cantor 1836)
Oriental Mountain Pitviper  Viperidae A, F, G 3.94%
  Ovophis monticola (Günther 1864)
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Burmese Spade-footed Toad (Megophrys [= Xenophrys] parva) 
from five habitat types. The maximum number of reptilian 
species were in forested habitats (8 of 13 species), followed by 
grasslands (6), settlements (4), agricultural lands (3), barren 
habitats (2), and wetlands (1).
 Species abundance among habitat types.—Although the 
abundance of reptiles and amphibians varied in different habi-
tat types, only the abundance of amphibians differed signifi-
cantly (Table 2). The greatest number of reptiles was found in 
the forest (44 of 127 individuals), followed by barren land (36), 
grasslands (31), settlements (8), agricultural land (5), and wet-
lands (1) (Fig. 11). Among reptiles, the Common Wolfsnake 
(Lycodon aulicus), Oriental Ratsnake (Ptyas mucosa), Red-bellied 

Kukri Snake (Oligodon erythrogaster), King Cobra (Ophiophagus 
hannah), Large-eyed Bamboo Snake (Pseudoxenodon macrops), 
Hodgson’s Ratsnake (Orthriophis [= Elaphe] hodgsoni), Oriental 
Garden Lizard (Calotes versicolor), and Three-keeled Mountain 
Lizard (Japalura tricarinata; Fig. 12) were recorded from a single 
habitat type; the Checkered Keelback (Fowlea [= Xenochrophis] 
piscator) and Oriental Mountain Pitviper (Ovophis monticola; 
Fig. 13) were recorded from two habitat types; the Kashmir 
Rock Agama (Laudakia tuberculata) and Sikkim Ground Skink 
(Asymblepharus sikimmensis) from three habitat types; and the 
Himalayan Keelback (Herpetoreas platyceps) was found in all six 
habitat types surveyed.

Discussion
Previous studies by Nanhoe and Ouboter (1987), Shah 
(2001), Shah and Tiwari (2004), Giri (2013), and Kästle et 
al. (2013) recorded a total of 66 species of amphibians and 
reptiles from the entire Annapurna Conservation Area. In this 
study, we recorded 25 species from the Ghandruk Region of 
the ACA. Amphibians were more abundant and had a higher 
diversity index than reptiles. Skittering Frogs and Kashmir 
Rock Agamas were the most abundant amphibians and rep-
tiles, respectively. R.C.P.’s Paa Frog (Nanorana ercepeae) is an 
endemic Nepalese species described by Dubois (1974) from 
Bajhang, Nepal. We recorded this species for the first time 
from Annapurna Conservation Area, ca. 300 km (aerial dis-
tance) east of its type locality. Khambu (2011) recorded this 
species from Ilam District, ca. 420 km east of our location. 
These records suggest that N. ercepeae has a wider distribution 
in Nepal than previously believed.
 Naniwadekar and Vasudevan (2007) noted an increase 
in anuran species richness in the southern Western Ghats 
of India, with a peak at 1,200 m (the highest elevation they 
sampled), and Chettri et al. (2010) found a consistent decline 

Fig. 12. A Three-keeled Mountain Lizard (Japalura tricarinata) from the 
Ghandruk Region of the Annapurna Conservation Area, Nepal.

Fig. 13. An Oriental Mountain Pitviper (Ovophis monticola) from the Ghandruk Region of the Annapurna Conservation Area, Nepal.
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in reptilian species richness along an elevational gradient of 
300–4,800 m in Sikkim Himalaya. That species richness in 
the Ghandruk Region peaked at 1,900–2,000 m suggests that 
the trend noted by Naniwadekar and Vasudevan (2007) for 
amphibians might only be relevant at lower elevations than 
those sampled in our study. The peak we recorded for reptiles 
might reflect peculiar features of habitat or the reptilian com-
munity in the Ghandruk Region.
 The peaks in amphibian abundance at 1,000 m and 
1,900 m probably reflect the abundance of Skittering Frogs 
(Euphlyctis cyanophlyctis), the most abundant species encoun-
tered and all at the lowest elevations we sampled, and the cor-
responding peak in species richness, respectively. The dual 
peaks in reptilian abundance at about 1,900 m and 2,200 
m almost certainly reflect the abundance of Kashmir Rock 
Agamas (Laudakia tuberculata), the most frequently encoun-
tered reptiles, which have a relatively narrow elevational range 
that corresponds to the peaks in abundance.
 Many of the species in the Ghandruk Region (and most 
of those for which sample sizes were relatively large) exhibited 
a wide elevational range. Although some reptiles and amphib-
ians are specialized for a particular microhabitat, have narrow 
tolerance to climatic variations, and might be confined to nar-
row elevational zones (Chettri et al. 2010), many taxa inhab-
iting higher elevations have comparatively large climatic tol-
erances (Stevens 1992; Hu et al. 2011) and thus have greater 
elevational ranges.
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