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Abstract

Clinotettix Bey-Bienko, 1933 is the small genus similar to 7etrix Latreille, 1802 but easy recognizable from the latter in
the shape of a head. Two species of Clinotettex are distributed in the Russian Far East, North-East China, and Korean
Peninsula. The type species of this genus is Clinotettix ussuriensis Bey-Bienko, 1933, not Acrydium sibiricum ussurianum
Bey-Bienko, 1929 as erroneously considered by some researches. We also confirm that Clinotettix chanbaishanensis
Wang, Wang et Ren, 2004 is a junior objective synonym of Clinotettix ussuriensis. The data on distribution of C.
ussuriensis are summarized. It is the endemic of the temperate deciduous and mixed forest life subzones of the Far East. Its
populations are widely distributed, but look like insular. The species abundance is usually low. Hence, C. ussuriensis can
be qualified as an endangered species. In any case, a few populations of C. ussuriensies are protected in several Russian
nature reserves (zapovedniks), namely Kedrovaya Pad, Ussuriisky, and Sikhote-Alinsky. The species distribution models
based on two different approaches (maximum entropy and multidimensional ellipsoid) generated for the contemporary
climatic conditions fit well the distribution of the species known localities, but show there are some areas suitable for the
species outside its modern range. The models generated for the future climatic conditions demonstrate possible increase
of condition suitability over the whole modern species range. Besides, almost all favorable areas outside the actual species
range may remain beneficial for the species as well.

Key words: pygmy grasshoppers, Clinotettix, taxonomy, distribution, modelling, forecast, Russian Far East, North-East
China, Korean Peninsula

Introduction

The monotypic genus Clinotettix Bey-Bienko, 1933 was established for C. ussuriensis Bey-Bienko, 1933 from the
Russian Far East (Bey-Bienko, 1933). The second species was described from North-East China based only on
females (Zheng & Ren, 1996); the description of males of C. jilinensis Zheng et Ren, 1996 was given later (Wang
& Ren, 2007). The third species, C. chanbaishanensis Wang, Wang et Ren, 2004, was described from North-East
China as well (Wang et al., 2004) but later was synonymized under C. ussuriensis (Storozhenko & Paik, 2010).
Unfortunately, taxonomy of this genus and its species is confused and some references are also given incorrectly
(Otte, 1997; Cigliano et al., 2024). Here, we clarify such taxonomic problems, summarize the data on distribution
of C. ussuriensis, and try to use two approaches to species distribution modelling to estimate possible changes of its
range relative to actual and future climate changes.
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Material and methods

This paper is based on the collections of the Zoological Institute of the Russian Academy of Sciences (St. Petersburg,
Russia) and the Federal Scientific Center of the East Asia Terrestrial Biodiversity, Far Eastern Branch of the Russian
Academy of Sciences (Vladivostok, Russia), as well as on our own observations in 1976-2020 and critical analysis
of published data. 21 localities with the known geographic coordinates were used for an analysis and modelling.

Nomenclature is given according to rules of the International Code of the Zoological Nomenclature (ICZN,
1999). The morphological terminology and measurements follow those of Tumbrinck (2014). Photographs were
taken with an Olympus SZX16 stereomicroscope and an Olympus DP74 digital camera, and then stacked using
Helicon Focus software. The final illustrations were post-processed for contrast and brightness using Adobe®
Photoshop® software.

QGIS 3.18.3 and a Lambert conformal conic projection were used to produce all maps. Two different approaches
to species distribution modelling, namely the maximum entropy algorithm (Maxent 3.4.4) and the ecological niche
mapping, were utilized to shape the potential species range shifts in the modern and future constraints. The first one
is based on the machine learning technique (Phillips ez al., 2017) and is widely used to model the distribution of rare,
invasive or pest forms from different taxa. The latter is associated with generation of multidimensional ellipsoid
models of ecological niches (Cobos et al., 2023). Some limitations of both approaches are well described in several
publications (Phillips et al., 2017; Morales et al., 2017; Cobos et al., 2023). The full collection of bioclimatic
variables (the so-called “Historical climate data” and “Future climate data” for 2021-20140 and 2041-2060 at the
30 arcsecond spatial resolution (Fick & Hijmans, 2017)) was used for the maximum entropy modelling, and the
selected variables were used to produce ellipsoid models. In the both cases, 21 replicates were counted. The main
parameters of these approaches applied to different orthopteran species were described earlier (Dey et al., 2021;
Popova et al., 2022; Storozhenko et al., 2023; Baturina et al., 2024b).

Taxonomy
Family Tetrigidae Rambur, 1838
Subfamily Tetriginae Rambur, 1838

Genus Clinotettix Bey-Bienko, 1933

Clinotettix Bey-Bienko, 1933: 327; Bey-Bienko, 1951: 101; Steinmann, 1964: 457, 465; Steinmann, 1971: 331; Podgornaja,
1976: 8; Podgornaja, 1983: 67; Storozhenko, 1986: 274; Blackith, 1992: 24; Yin ef al., 1996: 858; Liang & Zheng, 1998:
180, 248, 257; Kim & Kim, 2004: 263; Storozhenko & Paik, 2007: 128; Storozhenko & Paik, 2010: 39; Storozhenko et
al.,2015: 173.

Tetrix: Rehn & Grant, 1961: 43 (partim); Otte, 1997: 124 (partim).

Type species: Clinotettix ussuriensis Bey-Bienko, 1933, by original designation.

Redescription. Body medium size for subfamily. Head with frons strongly slanted; frontal ridges weakly emarginated
between the eyes and roundly protruding between the antennal sockets. Antennae filiform, 14—16-segmented; anten-
nal sockets situated at the lower margins of eyes. Eyes not protruding above vertex in lateral view. Fastigium in
dorsal view apically angulated, much wider than width of an eye, its median carina distinct but not merging with
frontal costa; in lateral view fastigium considerably produced in front of eyes. Dorsal side of pronotum flat, with
almost straight or indistinctly triangular anterior margin; median carina developed as well as the lateral carinae;
in lateral view median carina straight or weakly arched near the transverse furrows, but always low and almost
disappear near anterior margin of promotum; the oblique carinae not reaching the humeral angles; posterior process
of pronotum long, but relatively broad at apex. Lateral lobes of pronotum with hind margin bisinuate, the upper
(tegminal) sinus almost as deep as lower one. Tegmina ovate; hind wings with scalloped inner margin, almost
reaching or slightly surpassing the apex of posterior process of the pronotum. Lower side of fore and mid femora
indistinctly sinuate or almost straight; upper and lower sides of hind femur finely serrated. First tarsal segment of
hind legs longer than 3rd one, with rather pointed ventral pads. Male subgenital plate triangular with apex shallowly
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notched. Female subgenital plate with triangular posterior margin; dorsal valves of ovipositor thick, at about 3 times
as long as wide; ventral valves narrower, 4.5 times as long as wide.

Remarks. Taxonomy of the genus is confused till now. Rehn & Grant (1961) compared the original description
of Clinotettix ussuriensis with Nearctic Tetrix brunnerii (Bolivar, 1887) and considered the genus Clinotettix as a
synonym of Tetrix Latreille, 1802. Later Podgornaja (1976) resurrected Clinotettix as the distinct genus. Otte (1997)
again placed Clinotettix under the synonym of 7etrix and erroneously mentioned Acrydium sibiricum ussurianum
Bey-Bienko, 1929 as the type species of Clinotettix. The taxon described as the subspecies of 4. sibiricum 1. Bolivar,
1887 from the Russian Far East (Bey-Bienko, 1929) is not conspecific with Clinotetttix ussuriensis. Moreover A.
sibiricum ussurianum was synonymized with Tetrix japonica (1. Bolivar, 1887) by Bey-Bienko (1951). Unfortunately,
till now such incorrect data are present in the Orthoptera Species File database (Cigliano ef al., 2024).

The genus Clinotetttix is most similar to Tetrix Latreille, 1802 but differs from the latter in the strongly slanted
frons and the fastigium considerably produced in front of eyes (in 7etrix, the frons more or less vertical and fastigium
rather short and roundly truncated).

Composition. This genus consists of Clinotettix jilinensis Zheng et Ren, 1996 from Jilin Province of China and
the type species. A key to species is given below.

Key to species of Clinotettix

1(2) Hind femora slender, 3.0-3.75 times as long as wide. Fastigium only 2.2-2.6 times as wide as an eye from above..........
......................................................................................... C. ussuriensis
2(1)  Hind femora broad, 2.7 times as long as wide. Fastigium 3.0-3.3 times as wide as an eye from above. .......... C. jilinensis

Clinotettix ussuriensis Bey-Bienko, 1933
Figs 1-13

Clinotettix ussuriensis Bey-Bienko, 1933: 329, figs. 9, 10 (holotype—female, Russia: “Tigrivaya, Suchan district, Ussuri region”
(=Tigrovoi, Partizanskii district, Primorskiy krai), 9.VI 1927, A.A. Stackelberg”; deposited in ZIN); Bey-Bienko, 1951:
101, fig. 59; Steinmann, 1964: 465, fig. 9; Steinmann, 1971: 331; Pravdin & Cherniakhovsky, 1975: 369; Podgornaja,
1976: 9; Podgornaja, 1983: 68, figs. 3, 92, 93; Storozhenko, 1986: 274, fig. 132, 3; Sergeev, 1986: 189; Zheng, 1989: 67;
Blackith, 1992: 24; Kostia, 1995: 264, figs. 9-10; Yin et al., 1996: 858; Liang & Zheng, 1998: 180, 257, fig. 128; Wang et
al.,2004: 730, 732; Kim & Kim, 2004: 264, fig. 6; Storozhenko, 2006: 96; Storozhenko & Paik, 2007: 129, figs. 361, 362;
Storozhenko, 2009: 48; Storozhenko & Paik, 2010: 40: 128, figs. 1-7; Kim, 2013: 260; Storozhenko et al., 2015: 173, figs.
425, 426, 452-454.

Tetrix ussuriensis: Rehn & Grant, 1961: 43.

Tetrix ussuriensis (nec Bey-Bienko, 1933): Otte, 1997: 134.

Clinotettix chanbaishanensis Wang et al., 2004: 730, 731, figs. 1, 2 (holotype—male, China: “Jilin Province, Hengshan Station
south hillside of Mt. Changbai, 2.VIII.1983, B.-Zh. Ren”; deposited in the School of Life Science, Northeast Normal
University, Changchun, China); synonymized by Storozhenko & Paik (2010).

Type material examined. Holotype—female, Tigrivaya, Suchan district, Ussuri region, 9.V1.1927, leg. A.A.
Stackelberg (ZIN).

Other material examined. Russia: Primorsky Krai: Kedrovaya Pad Nature Reserve, 43.13°N, 131.56°E,
07.VIL.1975, 1&, 19 (V. Makarkin, A. Ryabukhin); middle course of Krounovka River, 43.66°N, 131.57°E,
04.V1.1986, 2, 29 (S. Storozhenko); the same locality, 05-09.VIL.1993, 1 (S. Storozhenko); Nezhinka River,
Koreiskiy brook, 43.50°N, 131.56°E, 07-09.V1.1986, 73, 7%, 4 nymphs (S. Storozhenko); Malaya Ananevka River,
Kabarginskiy brook, 43.41°N, 131.58°E, 10.VI.1986, 19 (S. Storozhenko); vicinity of Komissarovo, 44.97°N,
131.77°E, 12.VIL.1980, 63, 109 (S. Storozhenko); Ussuriisky Nature Reserve, 43.65°N, 132.50°E, 29.V.1969, 15
(M. Chernyakhovsky); Partizanskaya River, 42.87°N, 133.01°E, 06.V1.1986, 13, 59 (A. Plutenko); Partizansky
Ridge, Povorotnaya River, 43.41°N, 133.52°E, 06.VIII.1986, 14, 19 (S. Storozhenko); Slinkino, 43.59°N,
133.38°E, 22-23.VI.1981, 13, 59 (A. Plutenko); Anuchinsky district, Vinogradovka, 43.76°N, 132.96°E, 29 (ZIN);
Chuguevsky district, Chuguevka, Berezoviy brook, 44.20°N, 133.87°E, 8, 99 (ZIN); Sikhote-Alinsky Nature
Reserve, Zabolochenaya River, 45.31°N, 136.48°E, 01.V1.2020, 19 (M.E. Sergeev). Khabarovsky Krai: Konin
River, 1J (ZIN); Verhnebureinsky district, Chegdomyn, 51.13°N, 132.96°E, 10.VI1.2000, 29 (A. Blummer).
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FIGURES 1-7. Clinotettix ussuriensis, male. 1, 3. Body, lateral view; 2, 4. Same, dorsal view; 5. Head and anterior part of
pronotum, dorsal view; 6. Head, frontal view; 6. Anterior part of body, lateral view.

Literature data. China: Jilin Province: Hengshon station, Mt. Changbai, 43.75°N, 126.62°E, 02.VIII.1983,
19 (Wang et. al., 2004); Liaoning Province: Shenyang, 41.73°N, 123.33°E; Qianshan, 41.06°N, 123.95°E (Liang
& Jang, 1998). Democratic People’s Republic of Korea: Jamo-ri near Sunchon, 39.69°N, 126.03°E, 27.V.1965,
53, 69; Sokam-Chosudji, 39.60°N, 126.07°E, 21.V.1965, 19; the same locality, 02.X1.1970, 13 (Kostia, 1995).
Republic of Korea: Gyeonggi-do: Munsan, 37.89°N, 126.79°E, 09.X.1972, 1J; Gangwon-do: Jangneung
Yeongweol, 37.72°N, 128.82°E, 17.1V.2004, 19 (Kim & Kim, 2004).

Redescription. Fastigium in male 1.7-2.2 times, in female 2.2-2.6 times wider than width of an eye from
above. Lateral ocelli situated slightly below the lower one-third of eyes. Frontal ridge near the base of the antennae
distinctly narrower than 1st antennal segment (scapus). Length of antennae 1.4—1.7 times more than length of the
fore femur; mid segments of antennae 1.3-2.1 times as long as wide. Prozona of pronotum transverse, 1.2—1.4 times
as wide as long. Width of visible part of the tegmen almost equal to width of mid femur. Hind femur 3.0-3.75 times
as long as wide; both upper and lower sides of femora without lappets. First tarsal segment of hind legs 1.3—1.5
times longer than the combined length of 2nd and 3rd segments.
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FIGURES 8-13. Clinotettix ussuriensis, female. 8. Body, lateral view; 9. Head, frontal view; 10. Head and anterior part of
pronotum, dorsal view; 11. Same, lateral view; 12. Apex of abdomen, ventral view; 13. Same, lateral view.

Body blackish brown, dorsally without dark spots. Antennae yellow with black apex. Fore and hind femora
with few light marks, mid femora blackish. Fore and mid tibia blackish brown with light brown rings; hind tibia
brown with light brown ring near the base. Abdomen dorsally brown, laterally and ventrally black. Ovipositor light
brown.

Measurements (in mm). Length of body (from anterior margin of fastigium of vertex to the apex of the posterior
process of pronotum) male 9.8—14.5, female 14.0—19.0; pronotum male 10.3—12.6, female 12.5-16.3; fore femur
male 2.0-2.4, female 2.4-2.9; mid femur male 2.1-2.6, female 2.5-3.3; hind femur male 5.8-6.6, female 7.0-8.4;
ovipositor 1.6-2.0.

Habitat. According to our observations in Russia, Clinotettix ussuriensis is a stenobiont species and is strictly
confined to the banks of rivers and lower reaches of streams in the mountain regions at an altitude of 200-500 m
above sea level, where it occurs exclusively in the sunlit places. It prefers to settle on pebbly areas overgrown with
sparse vegetation, poorly turf meadows or on fallen trees. This species does not depend much on the slope exposure
and is found in the subzones of broadleaf and coniferous-broadleaf forests.
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Distribution. Russia (Primorsky Krai, southern part of Khabarovsky Krai), Democratic People's Republic of
Korea (Hamgyeongbuk-do and Hamgyeongnam-do) and Republic of Korea (northern parts of Gangweon-do and
Gyeonggi-do near the demarcation line), NE China (Jilin and Liaoning provinces) (Fig. 14). The northernmost
known locality of the species is in the central part of the Khabarovsky Krai between 54 and 54°N: the Konin
River, the left (northern) tributary of the Tugur River. The southernmost ones are in the central parts of Korean
Peninsula.

Notes. According to Storozhenko & Paik (2010) Clinotettix chanbaishanensis was synonymized with
C. ussuriensis, while, in the Orthoptera Species File, the former is listed as a distinct species (Cigliano et al.,
2024). Here we confirm that both taxa are conspecific, because are represented by two forms, brachypronotal or
brachypterous (Figs 1, 2) and macropronotal or macropterous (Figs 3, 4), often occurring coincidently. We also
examined the images of Clinotettix from Gangwon-do (Cheorwon, Hoengseong, and Yeongwol) in South Korea
from internet recourses (iNaturalist; https://www.inaturalist.org/taxa/761810-Clinotettix-ussuriensis) and find that
these specimens have broad hind femora and wide fastigium. Therefore, the records of C. ussuriensis from these
localities seem to belong to C. jilinensis.

Ecologo-geographic modelling

The models generated for the contemporary climatic conditions (Figs 15, 16) fit well the distribution of the species
known localities with defined geographic coordinates (21) (Fig. 14). The optimal region for C. ussuriensis is in
the deciduous (broadleaf) and mixed forest life subzones of the temperate and continental parts of the Far East.
The MaxEnt model is well supported (Fig. 17) with AUC = 0.965. The main factors explaining these patterns are
precipitations of the wettest quarter (37.9 % contribution), precipitations of the warmest quarter (12.8), and annual
mean temperatures (10.8). The Jackknife test shows quite similar roles of the variables, but permits to add two other
factors, namely annual precipitations and precipitations of the wettest month as well. Therefore, the distribution of
C. ussuriensis depends mainly on the levels of precipitations during summer seasons.
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FIGURE 14. The known localities of Clinotettix ussuriensis. A. Type locality of C. ussuriensis; B. Type locality of C.
chanbaishanensis; C. Other known localities.
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FIGURE 15. Predicted probabilities of suitable conditions for Clinotettix ussuriensis (MaxEnt model, all bioclimatic variables
for 1970-2000; point-wise means for 21 replicates with cross-validation).
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FIGURE 16. Predicted probabilities of suitable conditions for Clinotettix ussuriensis (multidimensional ellipsoid model,
bioclimatic variables for 1970-2000: annual mean temperature, maximal temperature of warmest month, minimal temperature
of coldest month, annual precipitation, precipitation of warmest quarter, precipitation of coldest quarter; point-wise means for

21 replicates).
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FIGURE 17. Reliability test for the Clinotettix ussuriensis distribution model (all bioclimatic variables for 1970-2000; 21
replicates with cross-validation).
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FIGURE 18. Predicted probabilities of suitable conditions for Clinotettix ussuriensis (forecasts of all bioclimatic variables for
2021-2040 according the global climate model CNRM-ESM2-1 (Séférian, 2018) and the 3—7.0 Shared Socioeconomic Pathway
(Meinshausen ef al., 2020); point-wise mean for 21 replicates).
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Interestingly, the areas relatively suitable for the species are not only in the continental part of the temperate
Far East, but also in the subtropical mountains of the Shandong (Juaodong) Peninsula (E China), the southern
parts of the Korean Peninsula, and Kyushu (S Japan). Moreover, the models predicts also favorable conditions for
faraway territories inside temperate Asia (Fig. 15), such as the mountains near the southern parts of Baikal Lake, the
central part of the Sayan Mts, and the northern parts of the Altai Mts. All these areas are characterized by relatively
high levels of precipitations and occurrence of some species associated mainly with the deciduous and mixed
forest regions of the Far East, e.g. Ognevia longipennis (Shiraki), Megaulacobothrus aethalinus (Zubovsky), and
Schmidtiacris schmidti (Ikonnikov) (Sergeev et al., 2019).

The models generated for the future climatic conditions predicted on the basis of the so-called global climate
model CNRM-ESM2-1 (Séférian, 2018) and the 3—7.0 Shared Socioeconomic Pathway based on high greenhouse
gas emissions (Meinshausen et al., 2020) (Figs 18, 19) show possible increase of condition suitability over the
whole modern species range, especially in the local mountains and particularly in the second half of the 21st century.
Besides, almost all favorable areas outside the actual species range including some coastal areas of the Sea of
Okhotsk may remain beneficial for the species as well.
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FIGURE 19. Predicted probabilities of suitable conditions for Clinotettix ussuriensis (forecasts of all bioclimatic variables for
2041-2060 according the global climate model CNRM-ESM2-1 (Séférian, 2018) and the 3—7.0 Shared Socioeconomic Pathway
(Meinshausen et al., 2020); point-wise mean for 21 replicates).

Discussion

Clinotettix ussuriensis is the endemic of the temperate deciduous and mixed forest life subzones of the Far East.
Its populations are widely distributed inside this region, but they commonly look like insular, because the species
occurs in the limited types of habitats only, such as river/stream banks, at elevations between 200 and 500 m. The
species abundance is usually low. However, its typical habitats may be completely destroyed by human activities.

This means C. ussuriensis can be qualified as an endangered species. The possible issues concerning this
species partly resemble the deals with another orthopteran species, namely Bryodemella tuberculata (Fabricius),
in Western Europe (Dey et al., 2021), where its local populations often have been formerly limited by stony flood-
plains of mountain streams, those have been later destroyed or modified over and over during the 20th century. In
any case, a few populations of C. ussuriensies are protected in several Russian nature reserves, namely Kedrovaya
Pad, Ussuriisky, and Sikhote-Alinsky.
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A comparative analysis of the models produced for several orthopteran species, namely C. ussuriensis,
Paracyphoderris erebeus Storozhenko (Storozhenko et al., 2023), Elimaea fallax Bey-Bienko (Baturina et al.,
2024a), and Decticus nigrescens Serg. Tarbinsky (Sergeev et al., 2023), associated with the temperate Far East
reveals both similar and quite different patterns. In any case, all predictions show that some populations of these
species can exist outside their known localities. The distribution of all species can be mainly explained by levels of
precipitations, especially during warm seasons. Some analogies are also demonstrated for two pairs of the species.
Our predictions for C. ussuriensis and P. erebeus show that the additional favorable area for them is near the
southern part of Baikal Lake. The similar outlying region with the appropriate conditions for C. ussuriensis and
D. nigrescens is in the northern parts of the Altai Mts. However, the predicted distributions of suitable conditions,
apart from the above-mentioned similarities, look like quite different, especially in details. Such diversity may be
determined by the general ecologo-geographical dissimilarities of the species. The future predictions produced for
P. erebeus associated mainly with mountains of the taiga (coniferous forests) life zone show that its range appears
to be relatively stable but some declines in population sizes and the ensuing fragmentation of the species population
system are possible (Storozenko et al., 2023). The distribution of E. fallax limited mostly by local plains and valleys
with dominance of the broadleaf forests and low altitudes may remain stable, but suitability of conditions may
significantly increase (Baturina et al., 2024a). The more noticeable shifts are predicted for C. ussuriensis primarly
related to some open habitats of river valleys on relatively low altitudes. The general suitability of conditions may
significantly increase, especially in the local mountains, such as Sikhote-Alin.
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