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Abstract. Larvae of two stonefly species, Capnia arensi
Zhiltzova, 1964 and Capnia (Capnia) longicauda Zhiltzova,
1969, collected from the Greater Caucasus and Eastern Tien-
Shan mountains are described and illustrated for the first
time. Details of chaetotaxy of the mouthparts, head, prono-
tum, legs, abdominal and cercal segments are revealed by
scanning electron and light microscopy.

Pe3rome. BriepBbie pUBEACHBI OMIMCAHHS THUYHHKH BEC-
HSAHOK BYX BUn0B Capnia arensi Zhiltzova, 1964 u Capnia
(Capnia) longicauda Zhiltzova, 1969 ¢ bonsmoro Kaskaza u
Bocrounoro Tsub-111ans. JletanbHple XapaKTepUCTUKH, BKITIO-
Yasi XeTOTAKCHIO POTOBBIX YacTeil, FOJIOBBI, HOT M IIEPKaJIb-
HBIX CETMEHTOB, BBISBIICHBI C HICIIOJIB30BAHUEM JJIEKTPOHHOM
Y CBETOBOW MUKPOCKOIIHH.

Introduction

Capnia Pictet, 1841 is the most species rich genus
of the winter stonefly family Capniidae, currently in-
cludes more than one hundred species [DeWalt et al.,
2021]. Muranyi et al. [2014] provided a comprehensive
revision of the Nearctic and West Palaearctic genera of
the family and revealed Capnia as clearly polyphyletic
genus, only a few species fit the concept of Capnia
sensu stricto [Muranyi et al., 2014]. Capnia adults are
well-recognized by genital structures; the larvae remain
little known due to lack of suitable distinguishing mor-
phological characteristics. Generic separation of Cap-
nia larvae is still the most problematic in immature Ple-
coptera [Stewart et al., 2011]. Significant contribution in
diagnostic has been made recently for Nearctic species
by Stewart and Stark [2002] and Stewart et al. [2011].
Studies of Capnia larvae were focused on pigment

pattern; measurements of body length, head capsule
width, and inside forewing pad length; counts of anten-
nal and cercal segments; mouthparts; setal patterns;
and shape of the last male abdominal segment. These
same characters are considered for the following de-
scriptions of the larvae of the Eurasian and Central
Asian Capnia species.

Larvae were associated with adults by common oc-
currence. Adults and larvae of Capnia arensi Zhiltzo-
va, 1964 and Capnia (Capnia) longicauda Zhiltzova,
1969 were collected by D. Palatov from the Greater
Caucasus (North Ossetia, Russia) and Eastern Tien-
Shan (the Xinjiang Uygur Autonomous Region, China),
respectively. Unknown larvae of these two species are
described and illustrated in detail, including scanning
electron and light microscopy. Additionally several
measurements of setation found on pronotum, legs,
abdominal, and cercal segments have been determined,
which may be informative and useful diagnostic charac-
ters for separating of Capnia species.

Material and methods

The association of the mature larvae with adults was
established from preemergent male larvae, collected to-
gether with adults. Adults and larvae of C. arensi were
handpicked from the stones, snow, and ice at night with
flashlight.

lustrations were produced using digital cameras
(Nikon Coolpix 995 and Toup View 3.7) and with the
stereomicroscope Olympus SZX1 6 and digital camera
Olympus DP74, and stacked using Helicon Focus soft-
ware. The final illustrations were post processed for



262

contrast and brightness using Adobe® Photoshop®
software. Photographs were taken in the Federal Scien-
tific Center of the East Asia Terrestrial Biodiversity, Far
Eastern Branch, Russian Academy of Sciences, Vladi-
vostok. For scanning electron microscopy, the larvae
were gradually transferred to acetone, critical point dried,
fixed on specimen stubs with double-sided and coated
with gold by sputtering using Polaron PS 100. The SEM
images were made in the Paleontological Museum of
the Paleontological Institute of the Russian Academy
of Sciences, Moscow, by means of Vega3 Tescan mi-
croscope.

Terminology follows Nelson, Baumann [1989], Stew-
art, Stark [2002], and Muranyi et al. [2014].

Descriptions

Capnia arensi Zhiltzova, 1964
Figs 1-20.

Zhiltzova, 1964: 357, figs. 20-24, Illies, 1966: 131; Zwick,
1973: 391; Zhiltzova, 2003: 366, figs 616-619; Kazanci,
1982: 5; Teslenko, Zhiltzova, 2009: 198, figs 114-117; Vingon,
Sivec., 2011: 122; Muranyi et al., 2014: 17, figs 15-16; Darilmaz
et al., 2016: 5.

Material. Russia: the Greater Caucasus, Republic of
North Ossetia-Alania, Alagirskii Distr,, Fiagdon River, Terek
River Basin, above Harisdzhin vill,, 42°48'27.07" N,
44°14'27.86" E, altitude 1425 m asl, 31XI1.2020, coll. D.
Palatov, 2405'C", 399, 7 larvae.

Description. Mature larvae. Body length: male larvae
6.7-7.8 mm, female larvae 7.7-9.4 mm. Light brown to brown:
clear pattern in females, faint in males (Figs 1, 2). Head brown,
small diffuse pale spot in front of the anterior ocellus, epicra-
nial suture is thin and pale, two pairs of dark brown tentorial

Figs 1—2. Capnia arensi Zhiltzova, larvae, female and male,
habitus.

Puc. 1—2. Capnia arensi Zhiltzova, amamaka camxn wn
camua, obrgmii BUA.

V.A. Teslenko, D.M. Palatov

callosities on the clypeus and above lateral ocelli, paired small
pale patches bordering epicranial suture near lateral edges of
head; M-line is hard to observe; on occiput a brown occipital
rugosities created a paired triangular pattern directed upward
(Figs 1, 2). Antennae pale, with > 32 segments. Mouthparts
typical to euholognathan: small mentum, glossa in length sub-
equal to paraglossa, both are triangular and rounded apically;
labial palp short (Fig. 4). Trapezoidal labrum narrowed poste-
riorly, anterior corners rounded (Fig. 5). Galea fringed with a
few bristles, hairs, and papilla apically; outer margin glabrous;
lacinia triangular and palmate with longitudinally striate palm
surface and four relatively broad apical teeth (Fig. 6). Dorsal
comb of 20-25 strong bristles, and ventral comb of 7—12
bristles shorter and thinner than dorsal comb (Fig. 6). Right
mandible (Fig. 8) basally wide with a rounded outer margin and
six pointed apical teeth: three teeth larger than the rest, the first
and third teeth serrated basally. Below the first apical teeth, a
dense thin band of hairs form an arcuate curved inner row
directed toward the molar pad; the molar pad is raised and
covered with dense, short, stiff bristles. Left mandible also has
six pointed apical teeth: third apical tooth is slightly serrated at
the base; the outer molar margin bears a comb of curved bristles
(Fig. 7).

Legs pale, femur with gray band along inner edge
(Figs 1, 2). Setation of outer femur margin includes acute
bristles, longer than on the femur surface (Figs 11, 12), the
longest bristles reach 27 % of the femur width on foreleg
(Fig. 11).

Pronotum brownish, rectangular, 1.4x wider than long,
with rounded corners; a thin, transverse, anteromesal, pale
band occupies 1/7 of the pronotum length (in female larva);
an X-shaped pattern of small dark brown rugosities is bound-
ed by a semicircular line anteriorly (Figs 1, 2). Setal pronotal
fringe of acute bristles slightly irregular, longer at anterior and
posterior margins, and especially conspicuous along medial
pronotal line, where the longest acute bristles are 11.4 % of
pronotal width (Figs 9, 10). Scutum of meso- and metanotum
are brown with diffuse v-shaped anterior pale patch (Fig. 2).
Males without wing pads; in female hind wingpads are shal-
lowly notched approximately halfway along inner margins
(Fig. 2).

Abdominal terga 1-8 brown, pale integument, matte in
appearance; terga 9—10 paler; terga 2—10 with three pairs of
dark brown spots: the first pair is the largest, located lateral-
ly; the second pair appears anteromesally; the third pair is
between the first and second pairs (Fig. 2). Terga have signif-
icantly heterogencous chactotaxy (Fig. 20), covered with
dense relatively long acute bristles and sparse thin hairs.
Some acute bristles are raised and clearly noticeable: length
is <22 % of segment length (Fig. 13). The posterior margins
on terga 5 7 feature acute bristles of different length, with at
least one pair of conspicuous, relatively long, slightly curved
hair-like bristles submedially: length up to half a segment
length (Fig. 13).

Evident sexual dimorphism: females without posterior
extension of tergum 10; males have elongated tergum 10,
truncated posterior margin, nearly straight dorsally with weak
median notch (Figs 1, 2). Paraprocts rounded (Fig. 14).

Cerci pale, with > 18 cylindrical segments; basal seg-
ments (Figs 15-16) short but gradually elongated toward the
apex where they are very slender. The width of apical cercal
segments is 1/8 of their length (Figs 19, 20). Cercal segments
have an apical whorl of short and relatively long acute bristles
and few thin intercalary hairs, hairs are sparse and poorly
developed, a few of which are on mesal and apical cercal
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Figs 3—8. Capnia arensi Zhiltzova, larvae. 3 — head, dorsal; 4 — labium, glossa, paraglossa, and labial palp, ventral; 5 — labrum,
dorsal; 6 — left lacinia and galea, ventrolateral; 7 — left mandible, ventral; 8 — right mandible, ventral.

Puc. 3—8. Capnia arensi Zhiltzova, amumnka. 3 — roaoBa, Bup cBepxy; 4 — wHwkHss ryba, raocca, maparaocca u
HVUKHEYEAIOCTHOM IOYIIUK, BUA CHM3Y; 5 — BepxXmsist ryba, cBepxy; 6 — AeBast AaumHWMS M rases, BuA cHu3y M cboxy; 7 — aesas
maHAubyAa, cHU3y; 8 — mpasas mMaHAMOyAa, CHU3Y.
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Figs 9—14. Capnia arensi Zhiltzova, larvae. 9—10 pronotum, chaetotaxy, dorsal; 11 — right foreleg, dorsal; 12 — right hind
leg, dorsal; 13 — abdominal terga 5—7, dorsal; 14 — paraprocts, ventral.

Puc. 9—14. Capnia arensi Zhiltzova, anamnnxa. 9—10

[IepeAHEeCIIMHKA, OIYIIeHue, BuA cBepxy; 11 — mpasasi mepepHsisi Hora,

ceepxy; 12 — mpasas sapHss Hora, cBepxy; 13 — TeprmTst 6promrka 5—7, cBepxy; 14 — mapampoxTsl, cHM3Y.

segments (Figs 17-20 ). Apical whorl includes one relatively
long dorsal bristle on the basal segments, and long dorsal and
ventral bristles on the mesal and apical cercal segments
(Figs 16-19). Dorsal bristles are slightly longer than the
ventral ones; length of the longest dorsal bristles can reach
half the segment length of basal and mesal cercal segments
(Figs 16-18).

Diagnosis. The larvae of C. arensi distinguish in hetero-
geneous setation of acute bristles and thin hairs on the prono-
tum, legs, abdominal and cercal segments. Setal pronotal
fringe of acute bristles slightly irregular, longer at anterior and
posterior margins, especially conspicuous along medial prono-
tal line, where the longest acute bristles amount 11.4 % of
pronotal width. Setation of outer femur margin includes acute
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Figs 15—20. Capnia arensi Zhiltzova, larvae, cerci, dorsal. 15 — cerci, basal segments; 16 — right cercus, basal segments with
stout acute bristles; 17—18 — middle segments with stout acute bristles, sparse hairs and intercalary setae; 19—20 — apical
segments, with sparse intercalary setae.

Puc. 15—20. Capnia arensi Zhiltzova, amannka, gepku, sup cBepxy. 15 — gepxn, 6asaspHble cermeHTs; 16 — mpaBas yepxa,
6asaAbHbIE CETMEHTBI C KPEIIKMMIM OCTPbIMU 1jeTnHKamy; 17—18 — cpesHME CEIMEHTBI ¢ KPEIIKMMM OCTPHIMM IJETUHKAMM, PEAKUMI
BOAOCKAMM W MHTEPKAASPHBIMMU IeTuHKamu; 19—20 — anmMKaAbHBIE CEIMEHTBI ¢ PEAKMMU MHTEPKAASPHBIMU IJETUHKAMN.
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bristles, longer than on the femur surface, the longest bristles
reach 27 % of the femur width on foreleg. Abdominal terga
cover with dense long acute bristles and sparse thin hairs; a
few long acute bristles raised, length does not exceed 22 % of
segment length; the posterior margins bears bristles of differ-
ent length; at least one pair of conspicuous, hair-like bristles,
length up to half a segment length on terga 5-7. The apical
circlet in mesal and apical cercal segments differ from the
apical whorl on basal segments having longer dorsal and
ventral bristle. Dorsal bristle is slightly longer than the ven-
tral one; length of the longest dorsal bristle can reach half the
segment length on basal and mesal cercal segments. Interca-
lary hairs on basal cercal segments absent, in mesal and apical
cercal segments intercalary hairs are short, sparse and poorly
developed.

Distribution and ecology. C. arensis belongs to the
pedestris group that has a mainly central Asian distribution
[Zwick, Sivec, 1980]. This species inhabits Eurasia also the
watercourses of the mountain system of the Greater Cauca-
sus: Russia (Karachay-Cherkessiya, North Ossetia);
Georgiya; Armeniya, and Turkey (Pontic Mountains, Ana-
toliya) [Zhiltzova, 1964; Zwick, 1975; Kazanci, 1982;
Vingon, Sivec, 2011; Darilmaz et al., 2016]. An orophilic,
stenothermal cold water species occurring in fast flowing
and relatively large mountain streams, at altitude 1000—
2600 m above sea level. Adults emerge in winter and spring
(December—June) and are often captured on snow. The
collection was carried out in the clear-weather dark evening,
from 8 pm. to 11 pm. Adults, including copulating individ-
uals, were collected from snow-covered stones in the flood-
plain and along the river, at a distance of no more than 30 m
from it, at temperatures of -5— -7° C. The maximal abun-

Figs 21. Capnia (Capnia) longicauda Zhiltzova, larvae,
female, habitus.

Puc. 21. Capnia (Capnia) longicauda Zhiltzova, amumnka
camku, obIgMit BUA.

V.A. Teslenko, D.M. Palatov

dance of adults occurred around the moon glares on the
snow. Mature larvae, which were ready to emerge, were
also sampled in the evening using a flashlight from rocky
shallow waters at a current velocity of 0.2—0.3 m/s (Figs
40-41). C. arensi was collected with Leuctra fusca (Linnae-
us, 1758) females and larvae of Protonemura sp.

Capnia (Capnia) longicauda Zhiltzova, 1969
Figs 21-39.

Zhiltzova, 1969: 596, figs 1-4; Zwick, 1973: 374; Zwick,
Sivec, 1980: 72, figs 7a, d; Zhiltzova, 2003: 360, figs 603—-605;
Teslenko, Zhiltzova, 2009: 203, figs 124-1126; Muranyi, Li,
Yang, 2015: 379; Yang, Li, Zhu, 2015: 449; Chandra, Gupta,
Ahmed, 2019: 208; Teslenko, Palatov, 2021: 127, figs 11-12.

Material. China, Eastern Tien Shan, the Xinjiang Uygur
Autonomous Region: Bogdo-Ula Range, Urumgqi city,
Dabancheng District, Lake Sangecha, altitude 3,503 m as.l,
12.VI1.2017, 43°48.228' N, 88°16.339" E, coll. D. Palatov, 95'J,
19, 10 larvae, 3 exuviae.

Description. Mature larvae. Body prolonged, general col-
or is brown without pattern (Fig. 21), body length 9.2—
14.3 mm in females, 6, 5 mm in male. Head bears a small
diffuse pale spot in front of the anterior ocellus; epicranial
suture thin and pale, a paired small pale patches bordering
suture near lateral edges of head; M-line, tentorial callosities,
and brown occipital rugosities on occiput inconspicuous
(Fig. 21). Glossa and paraglossa subequal in length, both
triangular with wide base, outer margins rounded; labial palp
short, with longest third segment (Fig. 23). Labrum trapezoid
narrowed posteriorly, anterior corners almost straight
(Fig. 24). Galea fringed apically with a comb of bristles,
hairs, and a few sensilla, small and short bristles present on
outer margin, inner margin glabrous (Fig. 25). Lacinia is trian-
gular and palmate with longitudinally striate surface and four
relatively broad apical teeth (Fig. 25). Dorsal comb of 20
strong bristles, and ventral comb of 10 bristles, shorter than
dorsal comb (Fig. 25). Right mandible basally wide, with a
rounded outer margin and six pointed apical teeth: two teeth
larger than the rest, the first and fourth teeth serrated basally
(Fig. 27). Below the first apical teeth, a dense thin hairs form
an arcuate curved inner row directed toward the molar pad;
numerous dense hairs along outer molar margin. Left mandi-
ble has six pointed apical teeth also: forth apical tooth serrat-
ed at the base; the outer molar margin bears about 20 moder-
ately long bristles (Fig. 26). Pale antenna long, includes >73
segments (Fig. 21).

Legs pale brownish, femur with brown band along inner
edge.

Pronotum brown, without pattern, ovate-orbicular, 2,1x
wider than long, a paired semicircular folds appeared parallel
to anterior angles, and one wide, v—shaped mesal fold in the
last 1/3 of pronotal length (Figs. 21, 28). Meso- and metano-
tum brown, with diffuse dark brown patches.

Abdominal terga brown, pale integument, matte in appear-
ance (Fig. 21). Tergum 10 prolonged and rounded posteriorly in
females (Fig. 21); in male the posterior margin of tergum 10 tri-
angular. Paraprocts have short rectangular tips (Fig. 33). Pale
long cerci with > 46 cylindrical segments; basal segments short
but gradually elongated toward the apex where they are slender,
the width of apical segments is 1/5 of their length (Figs 38-39).

Homogenous setation barely noticeable, includes uniform
acute thin bristles of different lengths, is more pronounced in
the head and abdominal terga. Setation of the head and prono-
tum bear short acute bristles, excepting for the suture and
rugosities devoid of chaetotaxy; compound eyes covered
with tiny setae (Figs 21, 22, 28, 29). Glossa with a few acute
bristles, thin hairs, and papillae apically; paraglossa enclosed
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Figs 22—27. Capnia (Capnia) longicauda Zhiltzova, larvae. 22 — head, dorsal; 23 — labium, glossa and paraglossa, labial palp,
ventral; 24 — labrum, dorsal; 25 — left lacinia and galea, ventrolateral; 26 — left mandible, ventral; 27— right mandible, ventral.

Puc. 22—27. Capnia (Capnia) longicauda Zhiltzova, anumnka. 22 — roaosa, cBepxy; 23 — HwKHss ryba, raocca M Hmaparaocca,
HUKHEYEAIOCTHOM YUK, cHU3Y; 24 — Bepxuss ryba, ceepxy; 25 — AeBas AaumMHUs W Tasesl, cHu3y 1 cboKy; 26 — aeBast MaHAMOYAA,
cHM3y; 27 — mpasas maHAMOYAQ, CHM3Y.
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Figs 28—33. Capnia (Capnia) longicauda Zhiltzova, larvae. 28 — pronotum, chaetotaxy, dorsal; 29 — pronotum, left lateral
and posterior margins, dorsal; 30 — left foreleg, dorsal; 31 — left hind leg, dorsal; 32 — abdominal terga 5—7, dorsal; 33 —
paraprocts, ventral.

Puc. 28—33. Capnia (Capnia) longicauda Zhiltzova, amumuxa. 28 — omyuieHue nepeAHECTIMHKY, cBepxy; 29 — AeBbIi GOKOBO
W 3aAHMIL Kpast IepeAHeCIMHKY, cBepxy; 30 — AeBast mepeAHsist Hora, cBepxy; 31 — AeBast sapHsist HOTa, cBepxy; 32 — Termtsl Gpromka
5—7, cBepxy; 33 — mapampoKThl, CHM3Y.

with similar setation (Fig. 23), with exception of the longest  length of the longest bristles at the posterior pronotal corners

hairs like bristles covered paraglossa dorsally along outer  attains 4.0 % of pronotal width (Figs 28, 29).

edge (Fig. 23). Femur and tibia feature the same acute bristles; setal
Setal fringe around the pronotum the same as on head, is  fringe on the outer femur margin including few long acute

relatively regular and dense, consisting of short acute bristles,  bristles in regular arrangement, the longest bristles reach
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Figs 34—39. Capnia (Capnia) longicauda Zhiltzova, larvae, cerci, dorsal. 34—35 — right cercus, basal segments, dorsal; 36—
37 — middle cercal segments, dorsal; 38—39 — apical cercal segments, dorsal.

Puc. 34—39. Capnia (Capnia) longicauda Zhiltzova, amumuxa, yepxu, csepxy. 34—35 — npasas yepka, 6asasbHble CEIMEHTEL,
cBepxy; 36—37 — cpepHme cermeHTsl, cBepxy; 38—39 — anmKasbHbBIE CEIMEHTbI, CBEPXY.

33 % of femur width on the foreleg; sparse swimming hairs  surface, in regular arrangement (Fig. 32), their length does not
present on the outer tibia margin, more pronounced on hind  exceed 15 % of the tergal length.
leg (Figs 30, 31). Cerci with acute bristles and few tiny short thin hairs in

Abdominal terga 5-7 covered with dense acute bristles,  the apical whorl, intercalary setation well developed in mesal
posterior margins with the same acute bristles as on tergal  and apical parts (Figs 36-39). Apical whorl of basal cercal
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Figs 40—41. Habitats of Capnia arensi Zhiltzova, Fiagdon River, North Ossetia, the Greater Caucasus.
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Puc. 40—41. Mecto oburanmsa amamuox Capnia arensi Zhiltzova, p. ®Puarpon, Cesepras Ocerms, Kapxas.

segments with one acute dorsal bristle slightly longer than
rest; the length of this bristle about 110 % of segment’s
length on basal cercal segment 5-6 (Fig. 34, 35); in apical
whorl of the mesal cercal segments the longest dorsal bristle
not exceeding 56 % of segment’s length (Figs 36—37); setal
ring of apical cercal segments bears sparse bristles, length of
the longest dorsal bristle reducing to 47 % of segment length,
intercalary bristles are more evident on a light microscope
slide (Figs 38-39).

Diagnosis. The larvae of Capnia (Capnia) longicauda are
brown without conspicuous pattern. Antenna long includes
73 or more segments, cerci with 46 or more cylindrical seg-
ments. The larvae are distinguished by uniform acute bristles
of the different lengths. Fringe on pronotal margins is regular
and dense; the longest acute bristles reach 15.0 % of pronotal
width at the posterior corners. On the fore leg the outer femur
margin bears prolonged acute bristles in regular arrangement;
their length not exceeds 33 % of femur width. The posterior
tergal margins feature the same acute bristles as on tergal
surface, bristles attaining 4.0 % of the segment length on terga
5-6. Cerci have the intercalary hairs developed mainly in the
mesal and apical parts. Apical whorl of cercal segments with
one acute dorsal bristle slightly longer than rest; the length of
this bristle decreased from 110 % of segment’s length on
basal cercal segments to 47 % of segment’s length on apical
cercal segments.

Distribution and ecology. Capnia (Capnia) longicauda
has the widest distribution in the Palaearctic and Oriental
Regions. The species was reported in Tian-Shan, the Eastern
Himalayas, and Karakoram, including Kyrgyzstan, Eastern
China, Nepal and Indiya [Zhiltzova, 1969, Zwick, Sivec,
1980; Muranyi et al., 2015; Chandra et al., 2019; Teslenko,
Palatov, 2021]. Capnia (Capnia) longicauda occurs at alti-
tudes of 2000-5150 m above sea level at the foot of glaciers
and in glacial lakes, in the upper reaches of mountain streams
and rivers. This species was collected in alpine glacial Sangecha
Lake, the Bogdo-Ula Range at an altitude 3,503 m above sea
level. Sangecha Lake is fed by a melting glacier and lies in a
glacial cirque [ Teslenko, Palatov, 2021, Figs 33, 34]. Even in
July the Sangecha Lake is covered with ice. The emergence is
extended from late May to late July.
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