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Abstract

The Australian skyhopper genus Kosciuscola Sjöstedt consists of brachypterous species that inhabit the Australian alpine 
and subalpine region. The genus used to include 5 species and 1 subspecies, but according to a recent phylogenomic 
study, there could be as many as 14 species in the genus, that are genetically and geographically isolated from each other. 
This study represents the first step in describing and documenting the diversity of this interesting genus. In this study, we 
redefine the type species K. tristis, and elevate its subspecies K. tristis restrictus as a valid species on the basis of distinct 
morphological traits, geographical isolation, and phylogenomic evidence. 

Key word: grasshopper, taxonomy, Australian alpine, conservation

Introduction

Kosciuscola Sjöstedt, 1934 is a genus of brachypterous grasshoppers belonging to the endemic Australian Praxibu-
lini tribe of the Oxyinae (Acrididae) (Rehn, 1957). Kosciuscola species are most commonly found at high elevations 
up to the peak of Mt. Kosciuszko (Rehn, 1957). The genus is rarely found below 700 m, except in Tasmania, where 
cooler conditions allow it to reach lower elevations. As such, Kosciuscola’s distribution comprises the coldest areas 
of mainland Australia and Tasmania, and it is the only grasshopper genus to have all its members restricted to the 
Australian mountain regions. There are currently five described species and one subspecies in the genus, but a recent 
phylogenomic study based on single nucleotide polymorphism (SNP) data strongly suggested that there could be 
up to 14 species that are geographically isolated from each other, confined to different mountain ranges (Umbers 
et al., 2021). Because of their mountain distribution, their endemicity, and their uncertain conservation status, Um-
bers et al. (2021) recently suggested the use of the common name ‘skyhoppers’ to refer to the genus, which we will 
continue adopt here. 

Of all known lineages within Kosciuscola, the type species of the genus, K. tristis Sjöstedt is the most well-
studied and among the most charismatic insects in the Australian mountains. This species displays a peculiar trait 
among insects: reversible color change driven by temperature (Key & Day, 1954a, b; Filshie et al., 1975; Umbers, 
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2011; Tatarnic et al., 2013; Umbers et al., 2013a, b). The change is most conspicuous in the male, which changes 
from bright turquoise when body temperature exceeds 25°C (Umbers, 2011; Umbers et al., 2013b) to almost black 
when temperatures dip below 15 °C (Key & Day, 1954a, b, b; Umbers, 2011; Tatarnic et al., 2013; Umbers et al., 
2013a, b). This ability to change color has given the insect its common name, the chameleon grasshopper or the 
chameleon skyhopper. 

Currently, two subspecies of K. tristis are recognized: K. t. tristis and K. t. restrictus. In his revision, Rehn 
(1957) commented that K. t. tristis typically inhabits the Kosciuszko Massif, and K. t. restrictus is found only on 
the isolated Mt. Buffalo Plateau in Victoria. The distance between the two mountain ranges is only about 130 km, 
but currently separated by complex topography and valleys. Moreover, Mt. Buffalo is further isolated by a small 
stretch of lowland at 300–500 m elevation to the summit’s east and south (Umbers et al., 2021). These two subspe-
cies differ in morphology in terms of overall body form, head shape, tegmina length, and femur shape. Rehn (1957) 
examined specimens collected from the Victorian alps, including those from Mt. Hotham and Mt. Feathertop, and 
considered these as intermediate between the two, because he thought that they had morphological features that 
were somewhere along the spectrum between the two. Despite the fact that Rehn (1957) was able to morphologi-
cally distinguish the individuals from Mt. Kosciuszko and Mt. Buffalo, he refrained from recognizing them as two 
distinct species because he believed that they were connected by the intermediate forms. 

Over the past 65 years since Rehn’s (1957) revision of the genus, hundreds of specimens that identified as K. 
tristis have been collected throughout the mountain regions of NSW and Victoria. Tatarnic et al. (2013) conducted 
the first phylogenetic analysis of Kosciuscola using two mitochondrial markers (COI and COII) and found little 
genetic structure within K. tristis, which was congruent with the Rehn’s (1957) species concept. A recent phyloge-
nomic study (Umbers et al., 2021) based on 54,533 SNPs, which represented a dataset that is orders of magnitude 
larger than the previous study, included individuals of K. tristis collected from across the species’ entire known 
range from the NSW and Victorian alps. This study was able to finely resolve the relationships within the genus 
and recovered four geographically distinct monophyletic groups within K. tristis. One of these four groups included 
individuals from Mt. Kosciuszko and adjacent alps in NSW (referred to as the NSW clade in Umbers et al., 2021), 
which corresponds to the nominal subspecies. Umbers et al. (2021) also recovered a strong monophyletic group that 
consisted solely of the individuals collected from Mt. Buffalo (Buffalo Clade), which corresponds to K. t. restrictus. 
Interestingly, what Rehn (1957) considered as intermediate forms between the two subspecies actually formed two 
separate clades, one consisting of those found in the Bogong High Plains (Bogong Clade), and another consisting 
of those found in Mt. Hotham and South Victorian Alps (Hotham & Sth Vic Clade). This finding suggests that there 
are two additional cryptic species that are geographically confined, and that we need to revisit the taxonomy of K. 
tristis to reflect the phylogeny. 

In this short taxonomic note, we focus on redescribing K. tristis, and elevating K. t. restrictus as a valid species 
to reflect our current understanding of the phylogeny and to highlight the diversity of Australia’s mountain grass-
hoppers, especially in light of unprecedented climate change. Description of the other two species as well as other 
new species will be treated in a forthcoming study. 

Materials and methods

Material. We carried out a major field expedition in February 2013 to cover as much of the geographic range of 
Kosciuscola as possible from the Brindabella ranges in the north, to the alpine region of Victoria in the south, and 
into Bombala in the eastern ranges. Specimens were dispatched with potassium cyanide and dried in the field, and 
properly pinned back in the lab. We also borrowed museum specimens from the Academy of Natural Sciences of 
Drexel University, Philadelphia, PA, USA (ANSP) and the Australian National Insect Collection (ANIC) of the 
Commonwealth Scientific and Industrial Research Organization (CSIRO), Canberra, ACT, Australia. We also vis-
ited ANIC to examine and photograph type specimens. Representative paratypes and additional specimens of the 
previously described species were deposited at ANIC and the Texas A&M University Insect Collection, College 
Station, Tx, USA (TAMUIC). 
 Specimen preparation. Museum specimens were relaxed by dipping the tip of abdomen in a boiling water to 
extract genitalia. Male genitalia were extracted via the methods described by Hubbell (1932), in which a probe was 
inserted beneath the epiproct and removed fully from the body by using dissecting scissors to sever the tissue attach-
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ments. For females, entire ovipositors and the egg guide were extracted by slitting the abdominal membranes and 
gently pulling out the structures. The extracted genitalia were then cleared of all non-sclerotized portions by placing 
them into a 10% KOH solution combined with a warm water bath for about 20 minutes and preserved in glycerin in 
genital vials pinned beneath the respective specimen. Anatomical measurements were made using Mitutoyo ABSO-
LUTE Digimatic digital calipers. Measurements were made in millimeters, and the body length was measured from 
the anterior apex of the fastigium to the posterior apex of the hind femur.
 Digital imaging. Photographs of all preserved specimens and associated genital characters were taken using a 
Visionary Digital BK Plus Imaging System in combination with a Canon EOS 7D camera (and either a 65mm or 
100mm lens) to take multiple images at different focal lengths. Following this, Adobe Lightroom 3 (v.3.2) was used 
to import the photos and transform them from RAW files to TIFF’s and then Zerene Stacker (v.1.02) was employed 
to stack the image slices into a single focused photo, Adobe Photoshop CS5 Extended was utilized, when necessary, 
to adjust light levels, background coloration, sharpness, and to add an accurate scale bar. 
 Terminology. We followed the terminology used in Rehn (1957) and Key (1989) in describing morphological 
structures. 

Results

Description

Subfamily Oxyinae Brunner von Wattenwyl, 1893

Tribe Praxibulini Rehn, 1957

Kosciuscola Sjöstedt, 1934

Kosciuscola Sjöstedt, 1934. Arkiv för Zoologi A 26(9):6 
Kosciuscola Sjöstedt, 1936[1935]. Kongliga Svenska Vetenskaps-Akademiens Handlingar 3 15(2):79 
Kosciuscola Rehn, 1957. Grasshoppers and Locusts (Acridoidea) of Australia. Family Acrididae: Subfamily Cyrtacanthacridi-

nae, CSIRO, Melbourne 202
Kosciuscola Key, 1986. CSIRO Division of Entomology Technical Paper 24:9 
Kosciuscola Key, 1992. Invertebrate Taxonomy 6(3):549 
Kosciuscola Otte, 1995. Orthoptera Species File 4:125 
Kosciuscola Yin, Shi & Yin, 1996. Synonymic Catalogue of Grasshoppers and their Allies of the World (Orthoptera: Caelifera), 

China Forestry Publishing House, Beijing 355 
Kosciuscola Tatarnic, Umbers & Song, 2013. Invertebrate Systematics 27(3):307-316 
Kosciuscola Slatyer, Nash & Hoffmann, 2016. Ecography 39(6):572-582
Kosciuscola Umbers, Slatyer, Tatarnic, Muschett, Wang & Song, 2021. Pacific Conservation Biology https://doi.org/10.1071/

PC21015 

Kosciuscola tristis Sjöstedt, 1934 stat. rev.
(Figs. 1A, 1B, 2, 3, 4)

Kosciuscola tristis Sjöstedt (Sjöstedt, 1934, 26(9):6)
Kosciuscola tristis Sjöstedt (Sjöstedt, 1935, 15(2):79)
Kosciuscola tristis Sjöstedt (Key & Day, 1954a, 2(3):309-339)
Kosciuscola tristis tristis Sjöstedt (Rehn, 1957: 209)
Kosciuscola tristis Sjöstedt (Filshie et al., 1975, 21(11): 1763-1770)
Kosciuscola tristis Sjöstedt (Key, 1986, 24:9)
Kosciuscola tristis Sjöstedt (Rentz, 1996, 178-179)
Kosciuscola tristis Sjöstedt (Rentz et al., 2003: 75)
Kosciuscola tristis Sjöstedt (Umbers, 2011, 57:1198-1204)
Kosciuscola tristis Sjöstedt (Umbers et al., 2013a, 67:439-447)
Kosciuscola tristis Sjöstedt (Umbers et al., 2013b, 59:81-90)
Kosciuscola tristis tristis Sjöstedt (Tatarnic et al., 2013, 27:307-316)
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Kosciuscola tristis tristis Sjöstedt (Slatyer et al., 2014, 14:204)
Kosciuscola tristis Sjöstedt (Umbers et al., 2021)

Diagnosis. This species can be easily distinguished from other species of Kosciuscola by its turquoise blue color-
ation in males (in live specimens and body temperature over 25°C), swollen head in males, and triangular prosternal 
process in both sexes. It can be distinguished from K. restrictus by having a more robust body form, larger and more 
inflated head, especially across the genae, and more robust and somewhat swollen femora. This species shows tem-
perature-dependent color change in males and is only found in the NSW alps.

FIguRe 1. A. Kosciuscola tristis male; B. K. tristis female; C. K. restrictus male; D. K. restrictus female (Photo credit: Hojun 
Song)

 Redescription. Coloration: Male head turquoise blue (when alive and body temperature over 25°C). Eye dark 
brown/black. Antennae tan. Male pronotum uniformly turquoise blue (when alive and body temperature over 25°C) 
without any distinct pattern (Figs. 1A, 2A, 2B, 2D, and 2E). Male tegmina light yellow dorsally, blackish green 
laterally. Legs brownish yellow, with slightly reddish knee in hind femur (Figs. 1A, 2A, 2B). Female head variable, 
ranging from mostly brown with black marking dorsally, to pink and green or uniform green. Female pronotum 
green/brown dorsally (Fig. 1B), lateral carina cream color, lateral portion of prozona black with patches (Fig. 2I). 
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Female tegmina creamy white dorsally, black laterally. Female abdomen light yellow dorsally, laterally black (Fig. 
2J). 

Head: Median carinula of fastigium faintly present (Fig. 2E). Fastigial furrow obvious and softly indented and 
slightly tapering anteriorly (Fig. 2E). Anterior apex of fastigium from dorsal view broad. Frontal ridge raised past 
frontal suture, nearing clypeus (Fig. 2C). Median portion of frontal ridge slightly depressed below ocellus (Fig. 2C). 
Preocular ridge distinct and reaching clypeus. Subocular ridge deeply grooved. Frontal integument slightly rugose. 
Gena in male distinctly bulging and appearing swollen (Fig. 2D). 

FIguRe 2. Kosciuscola tristis (typical specimens). A. lateral view of the whole body (male); B. dorsal view of the whole body 
(male); C. frontal view of the head (male); D. lateral view of the head and thorax (male); E. dorsal view of the head and thorax 
(male); F. lateral view of male terminalia; G. dorsal view of male terminalia; H. prosternal process; I. lateral view of the whole 
body (female); J. dorsal view of the whole body (female).

Thorax: Pronotum (Fig. 2D, 2E): Shape of anterior margin of pronotum slightly convex toward head. Anterior 
margin of prozona somewhat constricted to form a distinct ridge along the margin. Lateral carina constricted as 
distinct ridges. Dorsal profile of lateral carina clearly widening toward posterior end. Lateral lobes from dorsal 
angle not bulging out. Texture of dorsal surface slightly matted. Anterior sulcus of prozona faint. Anterior sulcus of 
prozona not touching median carina. Anterior sulcus extending to lateral lobe ending before touching lateral carina. 
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Posterior sulcus of prozona not touching median carina. Posterior sulcus extending to lateral lobe extending down 
to lateral lobe. Posterior margin of metazona slightly incurved. Texture of dorsal surface of metazona lightly rugose. 
Texture of lateral lobe of prozona slightly rugose. Prosternal process (Fig. 2H): Triangular and narrowing toward 
apex. Tegmina (Fig. 2D): Dorsal profile formed by the area above subcosta wide. Lateral profile dorso-ventrally 
wide. Posterior apex from lateral view dorsally projecting more than ventrally. 

Abdomen: Dorsal surface of first and second abdominal segment lateral ridges absent. Male cerci (Fig. 2F, 
2G): Lateral view of male cercus simple and triangular, tapering toward apex. Length of male cercus shorter than 
epiproct. Dorsal view of male cercus simple, conical. Male furcula (Fig. 2G): Dorsal view of furcula round and 
distinct. Space between furcula lobes as wide as a single lobe. Male epiproct (Fig. 2G): Ridge along lateral margin 
of epiproct thickened and curved inwardly in the middle. Lateral plates of epiproct no concavity. Posterior apex 
of epiproct broadly projecting forward. Male subgenital plate (Fig. 2G): Apex of male subgenital plate simple and 
round. Female subgenital plate: Postvaginal sclerite absent.

FIguRe 3. Male genitalia of Kosciuscola tristis. A. dorsal view of the phallic complex; B. frontal view of the phallic complex; 
C. dorsal view of cingulum and endophallus; D. frontal view of cingulum and endophallus; E. lateral view of cingulum and 
endophallus; F. frontal view ectophallic sclerite; G. frontal view of epiphallus; H. dorsal view of epiphallus. (scale = 1 mm).

 Male genitalia: Epiphallus (Fig. 3G, 3H): Shape of ancorae short and broadly tapering toward apex inwardly. 
Anterior projection not bulbous. Lophi in dorsal profile distinctly bilobed, with lateral lobe projecting more than 
mesal lobe. Inner side of lateral plates not projecting. Shape of lateral lobe of lophi quadrate. Shape of mesal lobe 
of lophi quadrate. Space between mesal and lateral lobe of lophi narrow. Width of a single lophus distinctly nar-
rower than half plate. Base of lophi distinctly angular to bridge. Height of lateral plate inner margin much narrower 
than outer margin. Shape of lateroventral plate not expanding. Outer side of lateroventral plate straight. Ectophallic 
sclerite (Fig. 3F): Two halves simply meeting in the middle. Membrane connecting epiphallus and cingulum mem-
branous (Fig. 3A, 3B). Cingulum: Shape of rami not projecting (Fig. 3C, 3D). Dorsal aedeagal sclerite of endophal-
lus elongate and tapering toward apex, with inner side straight and outside curved (Fig. 3C, 3E). Ventral aedeagal 
sclerite of endophallus simple rod-shape and shorter than dorsal aedeagal sclerite. Apodemes of cingulum broad and 
curve outward, and not reaching the end of endophallus.
 Female genitalia: Dorsal sclerite of the bursa absent. Spermatheca apical arm much shorter than apical divercu-
lum.
 Measurements (in mm). Body length to end of hind femur: 17.77  1.33 (male, n = 10), 26.44  2.24 (female, n 
= 10); hind femur length: 11.43  0.5 (male, n = 10), 16.14  1.02 (female, n = 10).
 Type. Lectotype female (ANIC, Fig. 4A, 4B, 4C). / Kosciusko Feb 1918 M. Fuller / Kosciuscola tristis Sjst 
n. gen. et. n. sp. ♀ Yngve Sjstedt det. / Typus / Measured specimen Rehn 1954 / Kosciuscola tristis tristis Sjst. ♀ 
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Det. J.A.G. Rehn, 1955 / Lectotype ANIC 8762 Kosciuscola tristis Sjst., 1934 ♀ designated by J.A.G. Rehn, 1957 
/ ANIC Database No. 14 008606 /

FIguRe 4. Lectotype of Kosciuscola tristis (ANIC). A. lateral view; B. dorsal view; C. labels.

 Additional material examined. ANIC. 1 male: 4 mls S.W. of Hotel Kosciusko, N.S.W. 5360-5508 ft K.H.L. 
Key 6-3-46; 1 male: Dead Horse Gap, 3 mi. WSW of Thredbo, N.S.W. 5190 ft. 25.iii.1967 K.H.L. Key; 1 male and 
2 females: N.S.W. Mt. Kosciusko, 7300 ft. (Summit) 18-4-37. K.H.L. Key; 1 male and 1 female: Mt. Kosciusko. N S 
W 7328-6850 ft. 5-3-46 K.H.L. Key; 1 female: 36.22S 148.29E Dainers Gap, Kosciusko Nat. Park, N.S.W. 1650m. 
14.ii.1978 J. Balderson; 1 male: 36.32S 148.15E Dead Horse Gap, Kosciusko Nat. Park, N.S.W. 1560m 19-ii-78 J. 
Balderson; 1 male: 36.17S 148.22E Schlink Pass, Kosciusko Nat. Park, N.S.W. 1800m. 20.iii.1979 D.C.F. Rentz, 
R.C. Lewis & E.C. Zimmerman Stop 13. ANSP. 3 males and 4 females: N.S.W. Mt. Kosciusko, 7300 ft. (Sum-
mit) 18-4-37. K.H.L. Key; 1 male: Mt. Kosciusko. N S W 7328-6850 ft. 5-3-46 K.H.L. Key; 1 male: 4 mls S.W. 
of Hotel Kosciusko N.S.W. 5360-5508 ft. K.H.L. Key 6-3-46; 1 female: Charlotte Pass Kosciusko Massif, N.S.W. 
6036 ft. 5.3.46, K.H.L. Key. TAMuIC. 12 males and 8 females: Australia: NSW Thredbo Along Merrit's Nature 
Track S3629.595' E14817.383' 11ft. Elev. 6104 ft. 5-ii-2013. Coll. H. Song, K. Umbers, N. Tatarnic, G. Muschett; 
12 males and 4 females: Australia: NSW Thredbo Near lift off to Merrit's Trail S3629.669' E14817.293' 9ft. Elev. 
6305 ft. 5-ii-2013. Coll. H. Song, K. Umbers, N. Tatarnic, G. Muschett; 4 males and 5 females: Australia: NSW 
Thredbo. Top of Deadhorse Gap. elev 6181ft. S3850.148' E14827.283' 10-ii-2013 Coll. R Slatyer; 1 male: Australia: 
NSW, Jindabyne Rainbow Lake Walk, elev. 5238ft. S 3622'11.8 E14828'27.8 17-ii-2013. Coll. H. Song, K. Umbers, 
N. Tatarnic, G. Muschett; 1 male and 1 female: Australia: NSW, Kosciusko NP Along Cascade Trail elev. 5326ft. 
S3631.738' E14816.160' 9-ii-2013 Coll. H. Song, K. Umbers, N. Tatarnic, G. Muschett; 1 female: Australia: NSW, 
Kosciusko NP Beginning of Cascade Trail elev. 5180ft. S3631.569' E14815.931' 14ft. 9-ii-2013 Coll. H. Song, K. 
Umbers, N. Tatarnic, G. Muschett Dissected genitalia; 7 males and 4 females: Australia: NSW, Kosciusko NP Char-
lotte Pass Caf elev. 5925ft. S3624'56.6 E14823'30.4 17-ii-2013 Coll. H. Song, K. Umbers, N. Tatarnic, G. Muschett; 
30 males and 16 females: Australia: NSW, Kosciusko NP Mt. Tate, from Guthega Trail S3622.388' E14821.940' 9ft 
elev. 5396ft. 15-ii-2013 Coll. H. Song, K. Umbers, N. Tatarnic, G. Muschett; 3 males: Australia: NSW, Thredbo 
Along Merrit's Nature Track S3629.719' E14817.703' 9ft. Elev. 5517 ft. 5-ii-2013. Coll. H. Song, K. Umbers, N. 
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Tatarnic, G. Muschett; 2 males and 3 females: Australia: NSW, Thredbo Along Merrit's Nature Track S3629.965' 
E14817.877' 9ft. Elev. 5147 ft. 5-ii-2013. Coll. H. Song, K. Umbers, N. Tatarnic, G. Muschett; 19 males and 5 fe-
males: Australia: NSW, Thredbo Along Thredbo Trail elev. 5469ft. S3631.118' E14815.824' 9ft. 4-ii-2013 Coll. H. 
Song, K. Umbers, N. Tatarnic, G. Muschett; 9 males and 1 female: Australia: NSW, Thredbo Along Thredbo Trail 
elev. 5762ft. S3630.744' E14816.019' 9ft. 4-ii-2013 Coll. H. Song, K. Umbers, N. Tatarnic, G. Muschett; 23 males 
and 5 females: Australia: NSW, Thredbo Raven's Haunt, elev. 6389ft. S3630'05.6" E14816'22.4" 4-ii-2013 Coll. H. 
Song, K. Umbers, N. Tatarnic, G. Muschett.
 Biology and ecology. This species can be found in the grassy understory in the subalpine and alpine regions. 
Its diet includes a wide variety of alpine grasses, including several species of Poa spp., Deschampsia spp. and 
Carex spp. (Umbers et al., 2013). This species is univoltine – adults do not overwinter but lay eggs in summer and 
autumn, which may hatch the following spring or may partially develop in the first summer and emerge in their 
second spring. The hatchlings typically emerge in late October, and after going through several molts, adults emerge 
in January. The mating season lasts through April and females can be seen ovipositing from March to May (Dearn, 
1977; Tatarnic et al., 2013; Umbers et al., 2013). This species does not appear to have any pre-copulatory courtship 
behavior, but males engage in fierce combat over ovipositing females, and they will frequently grapple, bite and 
kick their opponent and perform ritualized mandible flaring (Umbers et al., 2012). 
 Distribution. Kosciuscola tristis inhabits the highest elevations in the Kosciuszko Massif and is rarely found 
below 1500 m. Specifically, it is commonly found in the NSW alps, including Mt. Kosciuszko, Mt. Townsend, Mt. 
Tate, and Mt. Jagungal. 

Kosciuscola restrictus Rehn, 1957 stat. nov.
(Figs. 1C, 1D, 5, 6, 7)

Kosciuscola tristis restrictus (Rehn, 1957: 225)
Kosciuscola tristis restrictus Rehn (Tatarnic et al., 2013, 27:307-316)

Diagnosis. Kosciuscola restrictus can be differentiated from K. tristis based on its endemicity in Mt. Buffalo, 
smaller size, much greener head color with two yellow stripes that extend to pronotum (especially in males), shaper 
prosternal process especially at the apex, as well as more elongated apodemes of cingulum in male genitalia. In Mt. 
Buffalo, one can potentially collect two species of Kosciuscola: K. restrictus and an undescribed species close to K. 
cuneatus (Sth Vic & Buffalo Clade in Umbers et al., 2021). K. restrictus can be distinguished from K. cuneatus by 
having bright green coloration, especially in males (K. cuneatus is brown), and a triangular prosternal process (K. 
cuneatus has a distinctly bilobed prosternal process). 
 Redescription. Coloration: Male head bright green, often with yellow markings on gena below eyes (especially 
when alive). Eye brown. Antennae tan. Male pronotum uniformly green or green/brown dorsally, lateral carina 
cream color, lateral portion of prozona dorsally black and ventrally with green patches (Figs. 1C, 5A, 5B, 5D, and 
5E). Male tegmina creamy white dorsally, black laterally. Legs brownish yellow, with dorsal portion of hind femur 
green, brownish tan knee (Figs. 1C, 1D, 5B). Male abdomen more or less uniformly green with some dark markings 
laterally. Female head more or less uniformly green with brown/black marking near dorsal ocelli. Female pronotum 
green/brown dorsally (Fig. 1D), lateral carina cream color, lateral portion of prozona dorsally black and ventrally 
with green patches. Female tegmina creamy white dorsally, upper half of the lateral part black, lower half brown. 
Female abdomen bright green to tan brown with a broad dorsal stripe running anterior-posteriorly, laterally dark 
brown (Fig. 5J).

Head: Median carinula of fastigium faintly present and extending to vertex (Fig. 5E). Fastigial furrow faintly 
present and boundary disappearing posteriorly (Fig. 5E). Anterior apex of fastigium from dorsal view narrowing 
apically. Frontal ridge raised past frontal suture, nearing clypeus. Median portion of frontal ridge slightly depressed 
below ocellus (Fig. 5C). Preocular ridge distinct and reaching clypeus. Subocular ridge deeply grooved. Frontal 
integument smooth with faint punctures (Fig. 5C). Gena in male normal and never bulging (Fig. 5D). 

Thorax: Pronotum (Fig. 5D, 5E): Shape of anterior margin of pronotum slightly concave toward pronotum. An-
terior margin of prozona somewhat constricted to form a distinct ridge along the margin. Lateral carina constricted 
as distinct ridges. Dorsal profile of lateral carina only slightly widening toward posterior end without much con-
striction near anterior sulcus of prozona. Lateral lobes from dorsal angle not bulging out. Texture of dorsal surface 
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slightly matted. Anterior sulcus of prozona faint. Anterior sulcus of prozona not touching median carina. Anterior 
sulcus extending to lateral lobe ending before touching lateral carina. Posterior sulcus of prozona not touching me-
dian carina. Posterior sulcus extending down to lateral lobe. Posterior margin of metazona slightly incurved. Texture 
of dorsal surface of metazona lightly rugose. Texture of lateral lobe of prozona smooth and shiny. Prosternal process 
(Fig. 5H): Triangular and narrowing toward apex to form pointed end. Tegmina (Fig. 5D): Dorsal profile formed 
by the area above subcosta wide. Lateral profile dorso-ventrally wide. Posterior apex from lateral view dorsally 
projecting more than ventrally. 

Abdomen: Dorsal surface of first and second abdominal segment lateral ridges absent. Male cerci (Fig. 5F, 5G): 
Lateral view of male cercus simple and triangular, tapering toward apex. Length of male cercus as long as epiproct. 
Dorsal view of male cercus simple, conical. Male furcula (Fig. 5G): Dorsal view of furcula round and distinct. Space 
between furcula lobes as wide as a single lobe. Male epiproct (Fig. 5G): Ridge along lateral margin of epiproct thin. 
Lateral plates of epiproct slightly concave. Posterior apex of epiproct broadly projecting forward. Male subgenital 
plate (Fig. 5G): Apex of male subgenital plate slightly quadrate and narrowing towards apex. Female subgenital 
plate: Postvaginal sclerite absent.

FIguRe 5. Kosciuscola restrictus (typical specimens). A. lateral view of the whole body (male); B. dorsal view of the whole 
body (male); C. frontal view of the head (male); D. lateral view of the head and thorax (male); E. dorsal view of the head and 
thorax (male); F. lateral view of male terminalia; G. dorsal view of male terminalia; H. prosternal process; I. lateral view of the 
whole body (female); J. dorsal view of the whole body (female).
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FIguRe 6. Male genitalia of Kosciuscola restrictus. A. dorsal view of the phallic complex; B. frontal view of the phallic com-
plex; C. dorsal view of cingulum and endophallus; D. frontal view of cingulum and endophallus; E. lateral view of cingulum and 
endophallus; F. frontal view ectophallic sclerite; G. frontal view of epiphallus; H. dorsal view of epiphallus. (scale = 1 mm).

 Male genitalia: Epiphallus (Fig. 6G, 6H): Shape of ancorae short and broadly tapering toward apex inwardly. 
Anterior projection not bulbous. Lophi in dorsal profile distinctly bilobed with lateral lobe projecting more than 
mesal lobe. Inner side of lateral plates moderately projecting upward. Shape of lateral lobe of lophi broadly pro-
jecting as round projection, not as quadrate as in tristis. Shape of mesal lobe of lophi somewhat round quadrate. 
Space between mesal and lateral lobe of lophi narrow. Width of a single lophus distinctly narrower than half plate. 
Base of lophi distinctly angular to bridge. Height of lateral plate inner margin much narrower than outer margin. 
Shape of lateroventral plate not expanding. Outer side of lateroventral plate straight. Ectophallic sclerite (Fig. 6F): 
Two halves simply meeting in the middle. Membrane connecting epiphallus and cingulum membranous. Cinglum: 
Shape of rami not projecting. Dorsal aedeagal sclerite of endophallus elongate and tapering toward apex, with inner 
side straight and outside curved. Ventral aedeagal sclerite of endophallus simple rod-shape and shorter than dorsal 
aedeagal sclerite. Apodemes of cingulum narrow and elongate all the way to the end of endophallus.
 Female genitalia: Dorsal sclerite of the bursa absent. Spermatheca apical arm much shorter than apical divercu-
lum.
 Measurements (in mm). Body length to end of hind femur: 15.79  1.28 (male, n = 10), 23.69  2.76 (female, n 
= 10); hind femur length: 10.47  0.54 (male, n = 10), 14.39  0.89 (female, n = 10).
 Type. Holotype male (ANIC, Fig. 7A, 7B, 7C). / Mt Buffalo Vic. Ca 5600ft 21-2-47 Key Carne Rothery / 16681 
24.34-25.45 / FIGURED Rehn 1955 / K.H.L. KEY Mite slide M687 / Kosciuscola tristis restrictus Rehn TYPE / 
HOLOTYPE ANIC 8957 Kosciuscola tristis restrictus Rehn, 1957 ♂ / 3279 / ANIC Database No. 14 008608 /
 Additional material examined. ANIC. 1 male and 1 female: Lake Catani, Mt. Buffalo, Vic. 12 March 1985 G. 
vonSchill; 1 male and 2 females: Mt. Buffalo 3 April 1984 M. King & G. vonSchill. ANSP. 6 males and 4 females: 
Mt Buffalo Vic. Ca 5600ft 21-2-47 Key Carne Rothery. TAMuIC. 27 males, 9 females, and 1 female nymph: 
Australia: Vic, Mt. Buffalo Top of the Horn Track. Elev. 5410ft. S3646.578' E14645.867' 10ft. 13-ii-2013. Coll. H. 
Song, K. Umbers, N. Tatarnic, G. Muschett.
 Biology and ecology. Not much is known about the biology and ecology of K. restrictus. Unlike K. tristis, it 
does not show dramatic temperature-dependent color change and whether this species engages in male-male combat 
has not been documented. The feeding ecology is also unknown.
 Distribution. Kosciuscola restrictus is only known from Mt. Buffalo in Victoria. Because of this narrow ende-
micity, we propose the ‘Mount Buffalo skyhopper’ as its common name.
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FIguRe 7. Holotype of Kosciuscola restrictus (ANIC). A. lateral view; B. dorsal view; C. labels.

Discussion

As climate change progresses, the seasonal winter snowpack in the Australian alpine region is shrinking and the 
snow line is receding (Hennessy et al., 2007). As a result, species that are adapted to alpine habitats are facing a dire 
situation in the near future. One of the motivations for this taxonomic note is to recognize K. restrictus as a fully dis-
tinct and valid species, not only because it is morphologically and phylogenetically distinct from K. tristis (Umbers 
et al., 2021), but also because it represents the only orthopteran species endemic to Mt. Buffalo to our knowledge, 
and is likely to be of elevated conservation concern. Recognizing it as a valid species will be helpful in terms of 
formulating meaningful conservation strategies for the region. In fact, Mt. Buffalo appears to be an important place 
to conserve and protect not only because of its relative isolation and its striking rocky and granite formation, but 
also because it harbors a number of endemic organisms. These include the Mt. Buffalo Glowworm Arachnocampa 
buffaloensis (Baker et al., 2008), a subspecies of the Small Alpine xenica butterfly, oreixenica latialis theddora 
(Dunn, 2019), the Mt. Buffalo Sallee, Eucalyptus mitchelliana (Lawler et al., 1998), the Buffalo Grevillea, Grevil-
lea alpivaga (Department of Sustainability and Environment, 2012), and the Buffalo Sallow Wattle, Acacia phlebo-
phylla. The recognition of K. restrictus as yet another species endemic to Mt. Buffalo provides further evidence of 
the biological significance of this locality, which will hopefully prompt renewed efforts to conserve the Australian 
mountain biota.
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