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Abstract. Tipuloidea are an abundant and ecologically
important group of tundra insects. In the insular Arctic, one
of the richest faunas of crane flies (Tipulidae and Limoniidae)
is represented on Wrangel Island, whose biota had a long
successive development under conditions of high natural
environment diversity and absence of glaciation. It is based
on species of the genus Tipula Linnaeus, 1758 (13 species),
the main part of whose range lies in the tundras of Siberia.
In the material studied, they represent 63 % of the species
composition and 98 % of all specimens collected. In most
areas, two mesoxerophilic species dominate: the Siberian-
Alaskan Tipula (Pterelachisus) carinifrons carinifrons
Holmgren, 1883 (46 % of all specimens collected, found
everywhere) and 7. (Vestiplex) wrangeliana Stackelberg,
1944, the island subendemic (34 %, absent in areas with
harshest climate). The remaining mesoxerophilic species
(there are Nephrotoma lundbecki lundbecki (Nielsen, 1907)
and four Tipula species from the subgenera Lunatipula,
Odonatisca, Pterelachisus and Vestiplex) are only locally
abundant; three of these species are restricted to the warmest
areas of the island. Among the hydro- and hygrophilous (six

species of Tipulidae and five of Limoniidae), only Tipula
(Savtshenkia) glaucocinerea Lundstrom, 1915 has a high
abundance (12 %, most common in climatically more severe
areas of the island). The remaining species of this group occur
sporadically, and the distribution of most of them does not
show a close relationship with the climatic gradient on the
island. In terms of species composition, the Tipuloidea fauna
of Wrangel Island is most similar to that of Taymyr and, in
the insular Arctic, to that of Novaya Zemlya. Compared
to other areas belonging to the same bioclimatic subzone,
mesoxerophilic species on Wrangel Island are significantly
more diverse. In the 20th century (1980s—90s data), high
abundances of Tipuloidea were recorded in almost all areas
where quantitative surveys (using pitfall traps) were carried
out. Data collected in the 21st century (mainly in 2010s) show
a marked decline in the abundance of this group, which is
particularly pronounced in the warmest inland areas of the
island. This is due to declining abundance of some species
(especially Tipula carinifrons carinifrons Holmgren, 1883),
indicating the vulnerability of the High Arctic Tipulidae
complex in the changing climate.
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Pezrome. Tunynounnsie nBykpsuibie (Tipuloidea) — MHO-
TOYMCIIEHHAs U KOJIOTUUECKH 3HaYMMasi TPYIIa HACEKOMBIX B
TyH/IpOBOI1 30He. OnHa u3 Hanbonee 6orateix GayH Tipuloidea
(Tipulidae u Limoniidae) B oCTpOBHO# ApPKTHKE IpecTaBIeHa
Ha ocTpoBe BpaHremns, 61ora KOTOpPOro MMena JUIUTENbHOE
NIPEEMCTBEHHOE PAa3BUTHE B YCIIOBHSIX BHICOKOTO Pa3HOOOpasHst
TIPUPOAHON CPeIbl M OTCYTCTBHS IIOKPOBHOTO OJEACHEHHS.
E€ ocHoBy cocraBisitor Buabl popa Tipula Linnaeus, 1758
(13 BHOB), OCHOBHAsI YaCTh apeajia KOTOPBIX JISKHUT B TYHIPax
Cubupu. B msyuennom marepuane OHH COCTaBISIOT 63 %
BHJI0BOTO cocTaBa U 98 % OT Bcex COOPaHHBIX IK3EMILIAPOB.
B GonpmmHCTBE palioHOB JOMUHHUPYIOT JIBa ME30KCEPOPHIb-
HBIX BUAa: cuOMpcko-amsickuackuil Tipula (Pterelachisus)
carinifrons carinifrons Holmgren, 1883 (46 % ot umcna Bcex
COOpaHHBIX JK3EMIIIPOB, BCTPEUACTCS HOBCEMECTHO) U
cyosnnemuk octpoBa T, (Vestiplex) wrangeliana Stackelberg,
1944 (34 %, oTcyTcTBYET B KIIMMaTHYeCKU HanboJiee CypoBBIX
paiionax). OcranbHble Me3oKce(uiIbHble BUABL (Nephro-
toma lundbecki lundbecki (Nielsen, 1907) u uetbipe BHIa
Tipula w3 nopponos Lunatipula, Odonatisca, Pterelachisus n
Vestiplex) TONbKO JIOKATBHO UMEIOT BBICOKOE OOMIIHE; TPU U3
HUX OTpaHUYEHBI Hanbosee TEMIBIME pailoHaMu ocTposa. M3
BHJIOB, OTHOCSIIUXCS K THIPO- ¥ TUrpoduiam (1I1eCTh BUIOB
Tipulidae u msate Limoniidae) BEICOKYI0 UMCIEHHOCTH HMEET
toibko Tipula (Savtshenkia) glaucocinerea Lundstrom, 1915
(12 %, Haubonee 0ObIYEH B KIIMMATHIECKH CYpPOBBIX pailoHax
octpoBa). OcraibHEIE BHIBI 3TOH TPYIIIBI BCTPEYaloTCS Ha
OCTPOBE CHOPAANYHO, a pacIpeiesicHne OOIBIIMHCTBA W3
HMX HE MOKAa3bIBACT TECHOM CBS3HM C KJIMMATUUYCCKUM rpaau-
enrtoM. CpaBHeHHe ¢ (ayHaMH APYTHX PErHOHOB APKTUKH
MMoKa3ajo, 4TO MO BUAOBOMY cocTaBy (ayHa Tipuloidea
octpoBa Bpanrenst naubonee Onuska x ¢dayne Taiimbipa, a
B OCTPOBHOH ApkTuke — K (ayne Hosoit 3emun. Ilo cpas-
HEHUIO C JAPYTUMH palloHaMH, MPUHAUIEKAIIUMU K TOH XKe
OMOKJINMATHYECKOH MO30HE, ME30KCepO(HIbHbBIE BUBI Ha
octpoBe BpaHrens mpezncTaBieHbl 3aMeTHO Ooliee pa3HOO-
OpasHo. B XX Beke (manusie 1980-90e IT.) mouT BO Bcex
paiioHax, rie MPOBOAMINCH KOIUYECTBEHHBIE COOPBI (YIETHI
MIOYBEHHBIMH JIOBYIIIKAMH) OTMEUCHBI BBHICOKHE II0Ka3aTeNn
obunus Tipuloidea. [lanubie, momy4yenHsie B X X1 B. (mpeumy-
mecTBeHHO B 2010-¢ IT.), yka3bpIBalOT Ha 3aMETHOE CHHXKEHUE
OOMJIMS STOH IPYIITBL, YTO OCOOSHHO SIPKO MPOSIBIISETCS B Ha-
nbosee TEMIBIX BHYTPEHHUX paifoHax ocTpoBa. OHO CBsI3aHO
C COKpAlIEHHEM YHCICHHOCTH psijia BUI0B (ocobenHo Tipula
carinifrons carinifrons Holmgren, 1883), 4to cBUIETENBCTBYET
00 ySI3BEMOCTH BBICOKOAPKTUYECKOTO KOMILIEKCa TUITYIH B
MEHSIOLIEMCs KIUMaTe.

Introduction

Three families from superfamily Tipuloidea: Tipuli-
dae, Limoniidae and Pediciidae, inhabit different regions
of the tundra zone [MacLean, Pitelka, 1971; MacLean,
1975a; Chernov, 1978, 1985, 1995; Danks, 1981; Lantsov,
Chernov, 1987]. The Tipulidae family is particularly
important, especially in the northern tundra ecosystems,
where this group is most abundant. Species with arctic,
arcto-montane and hypoarctic distributions form the basis
of the tundra fauna of the Tipulidae; the total number of
such species is about 35 [Savchenko, 1983]. The other two
families contain much fewer species with similar ranges
[Lantsov, Chernov, 1987; Savchenko, 1989].

Information about the Tipuloidea of the Arctic
islands is contained in a significant number of publica-
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tions [Alexander, 1922, 1934; Curran, Alexander, 1927,
Okland, 1928; Lackschewitz, 1936; Savchenko, 1961,
1964, 1983; Oliver, 1963; Ryan, 1977; Danks, 1981;
Brodo, 1987, 1990, 2000, 2009, 2012, 2017; Khruleva,
1987; Lantsov, Chernov, 1987; Stary, Brodo, 2009;
Lantsov, 2011; Oosterbroek et al., 2007, 2015; Khruleva,
Devyatkov, 2019; Pentinsaari et al., 2020; Brodo et al.,
2022]. The available data indicate that this superfamily
is extremely unevenly represented in the insular Arc-
tic — from complete absence on Svalbard and Franz
Josef Land [Coulson et al., 2014] to two dozen species
on Novaya Zemlya and Wrangel Island [Lantsov, Cher-
nov, 1987]. In the Arctic mainland, the highest latitude
is occupied by the Taymyr Peninsula (Taymyr in the
text below), from which about 25 species of Tipulidae,
16 Limoniidae and 1 species of Pediciidae are known
[Lantsov, Chernov, 1987]. Despite a good knowledge of
the species composition of Tipuloidea, studies of their
ecology, distribution and population dynamics have only
been carried out in Taymyr [Lantsov, Chernov, 1987] and
in northern Alaska [MacLean, Pitelka, 1971; MacLean,
1973, 1975a].

Wrangel Island is one of the most important bio-
geographical areas with an unusually high diversity of
flora and fauna [ Yurtsev, 1987; Stishov, 2004; Khruleva,
2007] due to its location, landscape diversity and long-
term evolution of its biota in the absence of glacial cover.
The previously published information on crane flies
of the island [Khruleva, 1987; Khruleva, Devyatkov,
2019; Brodo et al., 2022] has been significantly supple-
mented in recent years. On this basis, two articles have
been prepared. The first paper, Comm. 1 [Khruleva et
al., 2024], presents an annotated list of the Tipuloidea
of Wrangel Island based on collections from 1966 to
1922. The present paper (Comm. 2) discusses faunal
characteristics, spatial distribution of species and abun-
dance dynamics of this group in seasons with different
weather conditions and during Arctic climate warming.
In addition, a comparative analysis of the Tipuloidea
faunas of Wrangel Island and other Arctic regions has
been carried out.

Materials and methods

A brief overview of Wrangel Island’s natural environ-
ment and information on the material studied is given
in Comm. 1 [Khruleva et al., 2024]. The subzonal dif-
ferentiation of the island territory and the collection sites
of Tipuloidea are shown in Fig. 1. The main quantitative
material was collected in pitfall traps (Table 1), but only
data from a few seasons in the 20th century have been
identified. As in other Arctic regions [Alekseev et al.,
2015; Box et al., 2019], climate warming was recorded
on the island at the turn of the 21st century, manifested
by increasing summer temperatures, longer frost-free
periods and periodic autumn-winter thaws (based on data
from the Rogers Bay weather station). When comparing
the fauna of Wrangel Island with other areas of the Arc-
tic, its boundaries are given by the Circumpolar Arctic
Vegetation Map [CAVM Team, 2003]. The High Arctic
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Table 1. Collections by pitfall traps: location, survey period, number of trap-days and Tipuloidea specimens collected in the 20th
and 21st centuries
Tabanna 1. COOpbI MOYBEHHBIMU AOBYLIKAMH : MECTO, [IEPHOA HCCACAOBAHHS, KOAHECTBO OTPabOTaHHDBIX AOBYIIKO-CyTOK H COOPAHHBIX
aksemnaspos Tipuloidea 8 XX u XXI BB.
Vo | v | COGln o ber D TSR o | e | Solectonpeed e o Tt s
1983 mNz 18.VII-29.VIIl, 3540 (12) 294 2006 mNzh 10.VI-27. VII, 920 (4) 94
1984 IGs 28.VI-30.VIIl, 7575 (17) 3976 SB 15.VI-16.VII, 600 (4) 106
1985 I1Gd 25.VI-17.VIIl, 3435 (7) 224 SMM 15.VI-16.VII, 1800 (13) 23
IKF 10.VII-10.VIII, 465 (3) 145 mM 19.VI-21.VII, 3075 (18) 216
1986 SB 24.V1-14.VIll, 1530 (3) 1393 uNz 4.VI-3.VIIl, 1786 (9) 12
SMM 5.VI-27.VIIl, 2670 (7) 134 2011 mKF 16-27.V11.2011, 973 (10) 382
1988 ITn 24.VI-18.VIII, 1710 (4) 714 mM 26.VI-17.VII, 1006 (5) 51
RB 24.VI-24.VIl, 3790 (10) 274 2014 mM 2.VII-27.VII, 1785 (7) 712
1989 ITn 15.VI-19.VIl, 2570 (10) 2370 2015 SB 15.VI-19.VII, 2105 (7) 520
SB 9.VII-10.VIll, 775 (4) 183 SMM 12.VI-19.VII, 4959 (17) 120
SMM 29.V-10.VIll, 2070 (4) 7 TnM 1-19.VII, 1080 (6) 58
1990 RB 5.VI-17.VII, 1660 (6) 1002 mM 29.VI-23.VIl, 1095 (17) 75
uNz 26.VI-27.VII, 930 (3) 100 uNz 21.VI-12.VIl, 2726 (17) 236
1991 uNz 19-26.VII, 1557 (10) 318 PM 28.VI-13.VII, 600 (5) 7
1992 mM 20.VI-27.VII, 3550 (20) 1015 2016 uNzh 8.VII-1.VIII, 1200 (5) 16
PM 18.VI-25.VII, 555 (3) 89 TmM 10-31.VII, 621 (3) 1
1993 mM 2.VI-30.VII, 3623 (19) 1228 Mb 11-31.VII, 800 (4) 47
PM 13.VI-7.VII, 1636 (8) 661 2020 TnM 4-14.VI11, 300 (3) 16
1994 mM 10-30.VII, 1800 (18) 262 wC 16-24.VIl, 320 (4) 3
2021 TnM 8-17.VII, 270 (3) 26
Total, 20th century | 45621 trap-days (168 biotopes) 14389 Total, 21st century | 29422 trap-days (161 biotopes) 2715
Total number of specimens identified 3369 Total number of specimens identified 2333
Of which, Tipula carinifrons carinifrons Holmgren, 1883 2091 Of which, Tipula carinifrons carinifrons Holmgren, 1883 718
T. wrangeliana Stackelberg, 1944 830 T. wrangeliana Stackelberg, 1944 1169
T. glaucocinerea Lundstrém, 1915 322 T. glaucocinerea Lundstrém, 1915 378

Note: * — collection dates and number of trap-days worked are given for the period when adults were caught in pitfall traps; the number of habitats
surveyed is given in brackets. The abbreviations for area names are shown in Fig. 1.

Ipumeyanne: * — cpokn c6opa U KOAUMECTBO OTPABOTAHHDBIX AOBYLIKO-CYTOK AQHBI 32 IICPHOA, KOTAA B IIOYBCHHbIC AOBYIIKH ITONAAAAN HMAro;
KOAHYECTBO U3YYCHHBIX OMOTOIOB AQHO B CKOOKaX. AGGPeBHaTypa PalioHOB AaHa Ha puc. 1.

comprises bioclimatic subzones A-C, while the Low
Arctic comprises subzones D and E. According to the
classification used by Russian geobotanists [Matveyeva,
1998], subzone A corresponds to the polar desert zone,
B to the arctic tundra subzone, C and D to the northern
and southern variants of the typical tundra subzone, and
E to the southern tundra subzone. We refer to arctic spe-
cies as those restricted to the tundra zone or occurring
outside this zone in some mountain regions. «Activity»
refers to the ability of a species to colonize a given area
using data on spatial distribution, frequency of occur-
rence and abundance. The abundance of Tipuloidea was
mainly estimated on the basis of their catchability in
pitfall traps. We divide the ecological groups (in relation
to habitat humidity) based on literary data [Savchenko,
1961, 1964, 1983, 1989; Lantsov, Chernov, 1987].

Comparison of abundance data was performed using
Statistical2 software; to compare the faunas of Arctic
regions, PAST v. 3.06 [Hammer, 2015] was used. Ab-
breviations: ex/100t-d — specimens collected in pitfall
traps and calculated per 100 trap-days. Abbreviations for
area names and subzonal variants are shown in Fig. 1.
The present work is registered in ZooBank
(www.zoobank.org) under urn:lsid:zoobank.
org:pub:DFF016A2-8273-4465-ACDE-78EC8724650A

Results

Table 2 presents data on the geographical and eco-
logical composition of Tipuloidea species and their
abundance in different subzonal variants. The table ex-
cludes two species documented in the literature sources
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from Wrangel Island: Tipula (Pterelachisus) crawfordi
Alexander, 1927 [Curran, Alexander, 1927] and Lim-
nophila sp. [Makarchenko et al., 1980].

TAXONOMIC AND AREALOGICAL COMPOSITION
OF FAUNA

The taxonomic structure of the Tipulidae and Limo-
niidae families on Wrangel Island differs significantly, as
demonstrated in Table 2. The family Tipulidae consists
of three genera: Nephrotoma Meigen, 1803, Prionocera
Loew, 1844, and Tipula Linnacus, 1758, all of which
belong to the subfamily Tipulinae. However, almost
all species, 13 out of 15 (including Tipula crawfordi
Alexander, 1927), belong to Tipula Linnaeus, 1758 and
comprise species from seven subgenera: Arctotipula,
Lunatipula, Odonatisca, Pterelachisus, Savtshenkia,
Vestiplex and Yamatotipula. In the material studied,

Fig. 1. Map of Wrangel Island showing localities where Tipuloidea
were collected. Subzonal differentiation (according to Kholod [2013]):
sPD — southern variant of polar desert zone; 24T — northern variant of
Arctic tundra subzone; s47 — southern variant of Arctic tundra subzone;
#nI'T — northern variant of typical tundra subzone. The bold line marks the
boundary between the northern and southern zonal strips. Areas surveyed
using pitfall trapping (bigcircles): IGd — lower reaches of the Gidrografov
River; ITn — lower reaches of the Tundrovaya River; TmM — Thomas Mt.;
Mb — Morzhovybrook; uNzh — upper reaches of the Neozhidannaya River;
mNzh — middle flow of the Neozhidannaya River; WC — Cape Waring;
mKF — middle reaches of the Krasnyi Flag River; SB — Somnitelnaya
Bay environs, plain; SMM — Somnitelnaya Bay environs, mountainous
part (Somnitelnye and Mineev Mts); RB — Rogers Bay environs; 1Gs —
lower reaches of the Gusinaya River; TnM — environs of Tundrovaya Mt.;
mNz — middle flow of the Neizvestnaya River; mM — middle flow of the
Mamontovaya River; PM — spurs of Pervaya Mt.; uNz — upper reaches of
the Neizvestnaya River. Small circles are other areas where Tipuloidea have
been collected (see Comm. 1 [Khruleva et al., 2024]).

Puc. 1. Kapra octpoBa Bpanreas ¢ mecramu c6opos Tipuloidea.
I[TopsonaabHas auddepennmanus (no Xoaoay [2013]): sPD — roxHblit
BaPI/IaHT 30HBI HOA}[PHBIX HYCTI)IHB; nAT — CCBCPHI}Iﬁ BaPl/Iﬂ.HT TIOA30HBI
apKTHYeCKUX TYHAP; SAT — I0KHBII BAPHAHT MOA30HBI APKTHYECKHX
TyHADP; #1T — ceBepHBIIl BADHAHT IOABOHBI THITHYHBIX TYHAD. JKupHas
AMHHSL — TPaHHIA MEKAY CEBEPHON M I0)XHON 30HAABHBIMH IIOAOCAMIL.
Paitonsl, 06cAeAOBaHHbIE C TIOMONIBIO MOYBEHHBIX AOByIIEK (6oAbIIHE
kpyxkn): nGd — Hwkuee Tedenne p. [upporpados; TmM — ropa Tomac;
Mb — pyueit Mopskossiit; uNzh — BepxHee Teyenue p. Heoxupannas;
mNzh — cpepnee Teyenne p. Heoxupannas; 1Tn — nmkaee Tedenue
p- Tynaposasi; WC — mpic Yapunr; mKF — cpeanee teuenue p. Kpachbiit
®aar; SB — okpecrroctu Gyxtei CoMHUTEABHOM, paBHuHa; SMM —
0Kp€CTHOCTl/I 6YXTBI COMHHTﬁA]}HOﬁ, FOPHaﬂ 4JaCTb (TOPI)I COMHHTﬁA]}Hl}IC u
Muneesa); RB — oxpectnoctn 6yxtsi Poasxepca; 1Gs — HiwkHee Tedenue p.
TI'ycunas; TnM — oxpecrHocTn ropsr Tynaposasi; mNz — cpepHee TeucHHe
p-Heussecrnas; mM — cpepnee Teyenue p. Mamonrosas; PM — orporu
ropsr Ilepsasi; uNz — Bepxuee Teuenue p. Hemspectnas. Maaenbkue
KPYXXKH — Npoune paifonsl, rae 6p1an cobpanst Tipuloidea (cm. Coobmy. 1).
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they represent 63 % of the species composition and
98.4 % of all specimens collected. In contrast, all the
limoniid species collected on the island are represented
by various genera from three subfamilies: Chioneinae
(Actoconopa Alexander, 1955, Symplecta Meigen, 1830,
Ormosia Rondani, 1856, and Rhabdomastix Skuse,
1890), Dactylolabinae (Dactylabis Osten Sacken, 1860)
and Limnophilinae (Limnophila Macquart, 1834), each
including a single species.

These families differ significantly in both their
latitudinal and longitudinal structures. The fauna of
the Limoniidae consists mainly of species with wide
(including Holarctic) ranges, extending well beyond
the Arctic. The family Tipulidae, on the other hand, is
characterised by the predominance of arctic species.
Many of these are restricted to Siberia (some also oc-
cur in north-eastern Europe or Alaska). Arctic species
with such ranges are among the most abundant: Tipula
carinifrons carinifrons Holmgren, 1883 (46.1 % of all
collected specimens), T. glaucocinerea Lundstrom, 1915
(11.6 %) and the subendemic 7. wrangeliana Stackel-
berg, 1944 (33.8 %). At the same time, some species
with similar distributions (e.g. Tipula oklandi Alexander,
1922 and T lionota Holmgren, 1883) are among the
rarest. Among other species, the highest abundance was
recorded for the arcto-montane Tipula subrecticornis
Savchenko, 1964 (2.3 %).

PECULIARITIES OF THE SPATIAL DISTRIBUTION
OF TIPULOIDEA

Most Tipuloidea species are very unevenly distrib-
uted across the island. This is particularly true for hygro-
philic and hydrophilic taxa, represented by 11 species in
our material (Table 3). Even the most abundant of them,
Tipula glaucocinerea Lundstrom, 1915, was regularly
found only in climatically rather harsh areas of the island
(sPD, nAT), and its activity was significantly reduced in
the southern zonal strip (sAT, nTT). On the whole, the
highest number of hygrophilic species of Tipulidae has
been collected in the well-watered (large number of lakes
and wet relief depressions) but also colder northern part
of the island. Only Tipula convexifrons Holmgren, 1883
and T. oklandi Alexander, 1922 were restricted to the
warmest areas (sAT, nTT). Most of the limoniids were
also quite widespread on the island, but they were even
more sporadic in their occurrence (Tables 2, 3). Of these,
Dactylolabis novaezemblae (Alexander, 1925) has the
widest distribution and Arctoconopa forcipata forcipata
(Lundstrém, 1915) is restricted to the warmest areas.

In general, the wet habitats are very incompletely
occupied by hygrophilic taxa, although most of them
have a fairly wide distribution on the island. The lack
of a clear relationship with the climatic gradient is also
evident in their occupation of the n7T enclaves. The
activity of some hygrophiles is significantly higher in
the northern enclave, which borders the nAT plain and
where wet habitats occupy more extensive areas than
in the southern enclave. It is suggested that landscape
features of the area are probably more important than
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species is highest in the nAT and sAT plains, where it
is occupy the full range of habitats (Fig. 2), and much
lower in the mountains. Tipula pribilofensis Alexander,
1923 is the only species in this group found mainly in
the nAT. This may be due to its confinement to vast

climatic conditions for the spatial distribution of hygro-
philic species on the island.

On the contrary, the distribution of most mesoxe-
rophilic taxa is clearly related to the climatic gradient
(Table 3). Of the seven species in this group, only Tipula

carinifrons carinifrons Holmgren, 1883 is ubiquitous
on the island (including the sPD). The activity of this
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lower reaches of large rivers on the northern plain. The
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Puc.2. O6uaue Tipuloidea B nousennbIx AoBymKax (3x3./ 100 AOBYIIKO-CYTOK) B MECTOOGHTAHUAX C PAAHYHBIM yBABKHCHHEM B HAHG0ACE TOAPOGHO

H3YYCHHBIX paiioHax. AGGpeBuaTypa paiioHOB AaHa Ha puc. 1.
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Table2.  Arecal composition of Tipuloidea species and number of specimens collected on Wrangel Island in different subzonal
variants
Tabauna2. Apeanosorudeckuii cocras Bupaos Tipuloidea n uncao sxsemnasipos, cobpaHHbIX Ha ocTpoBe Bpanreas B pasanunbix
OA3OHAABHBIX BAPUAHTAX

) ) Subzonal variants Total number of locations de- Total
Family, species, . .
i . tected and presence in the best speci-
longitudinal and latitudinal group . .
sPD nAT SAT nTT studied local faunas mens
Tipulidae
Prionocera recta Tjeder, 1948; H, am 3 8 9 3 10: 1Gd, ITn, SB, SMM, RB, 221
mNz, mM
Nephrotoma lundbecki lundbecki (Nielsen, 1907); B B B 20+ 3: mM, uNz 4125
H, ahm
Tipula (Arctotipula) besselsoides .
Alexander, 1919: N, a - 7 24 7 6: ITn, RB, TnM, mNz 9/29
T. (A.) oklandi Alexander, 1922; S, A - - 2 7 4: SB, SMM, mM, uNz 217
T. (Arctotipula) sp. - 1 - 1 2:1Tn, mM 17
T. (Lunatipula) subrecticornis .
Savchenko, 1964: S, am - - 14 138 6: SMM, TnM, mNz, mM, uNz 19/133
T. (Odonatisca) pribilofensis .
Alexander, 1923: S-6B, h - 41 - 15 5:1Tn, mNz, mM 48/8
T. (Pterelachisus) carinifrons carinifrons 20:1Gd, ITn, SB, SMM, RB, TnM,
Holmgren, 1883; S¢B,a 120 1912 550 497 mNz, mM, uNz 2245/824
T. (Pt.) middendorffi middendorffi .
Lackschewitz, 1936; Eu, am - - 4 47 4: SMM, TnM, mM, uNz 21/30
T. (Savtshenkia) convexifrons Holmgren, 1883; S, a - 2 6 35 8: SB, SMM, TnM, mNz, mM 19/24
T. (S.) glaucocinerea Lundstrém, 1915; S, a 110 572 10 80 16:1Gd, ITn, SB, SMM, RB, TnM, 369/403
mNz, mM
T. (Vestiplex) arctica Curtis, 1835; H, am - 57 15 29 11:1Tn, SB, SMM,RB, TaM,mNz, | ¢4/14
mM, uNz
T. (V) wrangeliana Stackelberg, 1944; Ch, a - 837 550 865 :n3|\:,|'TS,’\ISZB’ SMM,RB, TaM, mNz, | 1003/ 1249
T. (Yamatotipula) lionota Holmgren, 1883;S-eB, a - 3 2 2 4: SMM, TnM, mNz 6/1
Limoniidae
Arctoconopa forcipata forcipata B B B .
(Lundstrém, 1915); H, ah 6 2:mM o
Ormosia (Ormosia) fascipennis .
(Zetterstedt, 1838); H, abm B B L B 1:RB on
Rhabdomastix (Rhabdomastix) borealis .
Alexander, 1924: H, h - 12 - 3 2:uNz 015
Symplecta (Symplecta) sheldoni B _ .
(Alexander, 1955); eP-eB, hm 3 6 4:TnM, mM, uNz 6/3
Dactylolabis (Dactylolabis) novaezemblae .
(Alexander, 1925): Eu, a - 16 1 8 7:1Tn, RB, mNz, mM 14/11
Total specimens 233 3389 1188 1741 3884/ 2776
Total species 3 13 13 18 19

Note: * Before the line collection of the 20th century, after the line — collection of the 21st century. Longitudinal distribution: Ch — Chukotka
AO; Eu — Eurasian; Eu-eB — Eurasian—East Beringian (Alaska); eP-eB — East Palearctic (Chukotka, Mongolia) — East Beringian (Alaska, Yukon);
H — Holarctic; N — predominantly North American; S — Siberian (including Novaya Zemlya or Dolgiy Island); S-eB — Siberian — East Beringian.
Latitudinal distribution: a — arctic; am — arcto-montane; abm — arcto-boreo-montane, ah — arcto-hypoarctic; ahm — arcto-hypoarcto-montane;
h — predominantly hypoarctic, hm — predominantly hypoarcto-montane. The table contains all the material presented in Comm. 1 [Khruleva et al.,
2024]. The abbreviations of subzonal variants and area names are given in Fig. 1; material from the mKF, located on the border of the 247 and sAT, is
included in the 74T (according to Kholod [2013]).

Ipumeuanue: * nepea geproit — cbopst XX B., mocae yeprsr — XXI B. Aoarornoe pacnpocrpanerne: Ch — Yykorckuit AO; Eu — epasmiickoc;
Eu-eB — eBpasuiicko—-BoctouHo-6epunruiickoe (Aascka); eP-eB — Bocrouno-naseapxruyeckoe (Yykorka, MoHroans) — Boctouno-6epunruiickoe
(Asscka, FOxon); H — roaapxrideckoe; N — npenMyIiecTBeHHO ceBepo-aMepuKkaHckoe; S — cubupekoe (Bratouast Hosyio 3emato nau octpos Aoaruit);
S-eB — cubupckoe—Bocrouno-6epunruiickoe. IllupoTHoe pacnpocTpaHeHue: a — apKTHYECKOE, am — apKTO-MOHTaHHOE; abm — apkTo-60peo-MoH-
TaHHOE; ah — apKTO-THIOApKTHYECKOE; ahm — apKTO-THIIOAPKTO-MOHTaHHOE; h — mpenMymecTBeHHO rHNOapKTHIecKoe; hm — npenmymectsenno
TMII0aPKTO-MOHTaHHOE. B Tabaniyy BKAI0uEH Bech MaTepuan, peactaBacHHbIH B Coobut. 1. A66peBnaTypanoA30HaABHBIX BApHAHTOB M HA3BaHMUIA PaiilOHOB
npuseseHa Ha puc. 1; marepuaa us mKF, pacrosoxxennoro na rpanuue 047 u cAT, Bratouén B cAT (coraacuo Xonopy [2013]).
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distribution of other mesoxerophilic species is clearly
biased towards the southern zonal strip. Three species,
Nephrotoma lundbecki lundbecki (Nielsen, 1907), Tipula
subrecticornis Savchenko, 1964, and T. middendorffi
middendorffi Lackschewitz, 1936 are restricted to the
warmest areas of the island (mountains of the sAT and
enclaves of the nTT). Tipula arctica Curtis, 1835 is also
much more common in the southern zonal strip, but the
highest abundance of this species was recorded in one
season in the west of nAT.

The subendemic Tipula wrangeliana Stackelberg,
1944 has a distribution similar to that of most other
mesoxerophilic species. In the northern zonal strip, it is
completely absent in the north-east, but locally common
in the drier western part of the northern plain (zonal
positions here are occupied by plant assemblages with
high participation of grasses and wormwoods). In the
south-western part of the nAT it was collected in isolated
habitats and only once in high abundance (at the foot of
a south-facing slope). In contrast, in the southern zonal
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strip, 7. wrangeliana Stackelberg, 1944 is almost ubiq-
uitous (it was not found only in some mountainous areas
where short-term collections were made), reaching its
highest abundance in flat and slightly hilly landscapes.

The two most abundant mesoxerophilic species,
Tipula carinifrons carinifrons Holmgren, 1883 and
T. wrangeliana Stackelberg, 1944, inhabit both dry and
wet habitats on the island (Fig. 2). For the former, this
is evident everywhere, whereas Tipula wrangeliana
extends its topical spectrum only in the warmest areas
of the island (n77). At the quantitative level, the pre-
dominance of mesoxerophilic species in the most areas
is very pronounced (Table 3). Only in the sPD are their
proportions comparable due to the absence of almost all
mesoxerophilic species and the high abundance of Tipula
glaucocinerea Lundstrom, 1915. The proportion of me-
soxerophilic species is particularly high in the sAT plain
and in the southern n7T enclave (97-98 % of the total
number of specimens collected). Of course, the figures
obtained only show a general trend. For the northern part

Table 3. Activity of crane fly species with different ecological preferences in the best studied areas of Wrangel Island
Tabauna 3.  AKTHBHOCTb BUAOB Tipuloidea C Pa3HBIMH 3KOAOTHYECKUMH IIPEAIOYTCHUSIMU B HAUOOACE XOPOLIO U3YYCHHBIX PaffoHaX
ocrposa Bpanreas
. . 9] 2 e < =S € 5 & ®
Family, species g £ Z § g — 3 €9 8 ]
S < S | @ E E | E® | E®
8§ 5 % s 5 s
% < < 2]
Tipulidae
Prionocera recta Tjeder, 1948 g 2 3 - 1 1 1 1
Tipula glaucocinerea Lundstrém, 1915 g 5 5 1 2 3 1
T besselsoides Alexander, 1919 g - 2 - 3 2 -
T. convexifrons Holmgren, 1883 g - 1 - 1 2 3 3
T. oklandi Alexander, 1922 g - - - 1 1 - 2
Tipula sp. g - 1 - - - - 1
T. lionota Holmgren, 1883 m - 1 - - 1 1 -
T. pribilofensis Alexander, 1923 mx - 3 - - - 2 2
T. carinifrons carinifrons Holmgren, 1883 mx 4 5 4 5 4 5 5
T. wrangeliana Stackelberg, 1944 mx - 3 3 5 4 5 5
T. arctica Curtis, 1835 mx - 3 1 2 2 2 3
T. subrecticornis Savchenko, 1964 mx - - - - 3 3 4
T. middendorffi middendorffi Lackschewitz, 1936 mx - - - - 2 3 3
Nephrotoma lundbecki lundbecki (Nielsen, 1907) mx - - - - - - 3
Limoniidae
Symplecta sheldoni (Alexander, 1955) g - 1 - - - 1 2
Rhabdomastix borealis Alexander, 1924 g - - 2 - - - 1
Ormosia fascipennis (Zetterstedt, 1838) g - - - 1 - - -
Arctoconopa forcipata forcipata (Lundstrém, 1915) g - - - - - - 2
Dactylolabis novaezemblae (Alexander, 1925) mg? - 3 3 - 1 1 2
Total specimens 233 3297 174 541 293 356 1327
Proportion of meso-xerophilic taxa in the sample, % 52 83 63 98 84 69 97

Note: Ecological group: g— hygrophile (including hygro- and hydrophilous species); m — mesophile; mg — mesohygrophile; mx — mesoxerophile.
Presence in suitable habitats: 1 — single specimens; 2 — rare; 3 — occurs quite regularly in some areas; 4 — occurs regularly in different areas (in some
habitats in significant abundance); 5 — occurs everywhere. The abbreviations of the subzonal variants are given in Fig. 1.

Ipumeyanue: Jxorpymnma: g — rurpodua (BKAKYAs TUTPO- M THAPOPUABHBIC BUABL); M — Me30QUA; Mg — ME3OrUIPOPHA; MX — ME3OKCEPOPHA.
IpucyTcTBHE B MOAXOASIMX MECTOOOUTAHMSX: 1 — €AMHNYHBIC HAXOAKH; 2 — PEAOK; 3 — AOCTATOYHO PEryASPHO BCTPEYACTCS B OTACABHBIX PaiiOHAX;
4 — peryaspHO BCTpEYaeTCst B pAsAMYHBIX pailoHax (B OTACABHDBIX GHOTOMAX — B 3HAYUTCABHOM 06HMAHH); 5 — BCTpedaeTcs noBceMecTHO. AGGpesuarypa
IIOA3OHAABHBIX BapP[aHTOB HPI/IBCAeHa Ha PHC. 1.
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Figs 3-10. The values of summer temperatures and the abundance of Tipuloidea in different seasons. 3 — deviation of average monthly tempera-
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4-10 — scasonal dynamics of Tipuloidea abundance (ex/100 t-d) in pitfall traps on Wrangel Island during different summer seasons. The abbreviations

and locations of the study areas are shown in Fig. 1.

Puc. 3-10. 3HaueHus ACTHHX TEMIEPATyp ¥ OOHAME THIIYAOHAOB B PasAHYHBIC Ce30HBL 3 — OTKAOHEHHE CPEAHEMECSYHBIX TEMIIEPATYD HIOHS
U CyMMapHBIX IIOAOKUTCABHBIX TEMIICPATYP ACTHUX MCCALICB OT MHOTOACTHHX cpeaHux (1961-1990 rr.), aannbie MeteocTanuuu B Gyxte Popxepea;
4-10 — cesonnas pnnamunka o6usns Tipuloidea (9x3./ 100 AOByIIKO-CYTOK) B IIOYBCHHBIX AOBYLIKAX HA OCTPOBE BpaHreAs B pasandHbIC ACTHHC CC30HBL

A66peBuaTypa 1 pacIioAOKeHHE PaifOHOB AAHBI Ha pHC. 1.

of the nAT, the proportion of mesoxerophilic species is
clearly greatly overestimated, since the main quantita-
tive collections were carried out in the northwest, where
their activity is significantly higher than in the northeast.

CHANGES IN TIPULOIDEA SPECIES RICHNESS
ALONG A ZONAL GRADIENT

Table 2 shows the presence of crane fly species in the
nine best-studied local faunas. In most of the studied local
faunas, a close number of species have been collected,
despite the fact that they belong to different subzonal

variants. Thus, 9 species were collected in the nAT (1Tn),
7 (SB), 8 (RB) and 10 (SMM) species in the sAT, 10 (TnM)
and 11 (mNz) species in the northern enclave of the n77,
and 9 (uNz) and 15 (mM) species in the southern, warm-
est enclave. Only the fauna of sPD differs sharply from all
others due to extreme poverty. During the entire summer
season of 1985, only three species of Tipulidae were col-
lected in the 1Gd (sPD), while in much shorter collections
during the same season in the border areas belonging to the
nAT, eight species (six of Tipulidae and two of Limoniidac)
were collected. In the sA7, material was collected mainly
in the vicinity of SB and RB. These areas turned out to be
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among the best studied: in addition to our studies, there
are data on species collected here in the 1930s, as well as
material from K.B. Gorodkov (see Comm. 1) [Khruleva
et al., 2024]. The total number of species collected in this
subzonal variant was similar to that of n4AT (13 species in
each), but the composition of the species was markedly
different (Table 2). The greatest number of species was
found in the n7T: almost all the species represented in our
material (18 out of 19) were recorded here. Most of them
were collected in the mM, where the longest studies were
carried out (seven summer seasons).

Thus, there are no significant differences in species
richness of Tipuloidea along the climatic gradient in
most of the island’s territory (with the exception of the
sPD). Obviously, this is due both to the more frequent
finds of some rare moisture-loving species in colder
areas, and to the presence of species in the fauna that
clearly tend to the warmest areas (see above).

INTER-ANNUAL DYNAMICS OF ABUNDANCE AND
PECULIARITIES OF THE PHENOLOGY

The available data indicate significant inter-annual
fluctuations in the abundance of tipulid species on
Wrangel Island (Fig. 2). Comparative material was col-
lected in pitfall traps in the ITn in 1988—1989, of which
the first summer season was one of the coldest, and in
1989 summer temperatures were close to average (Fig.
3). Repeated surveys of the same habitats revealed sig-
nificant multidirectional changes in the abundance of the
most common species in pitfall traps. The abundance
of the hygrophilic Tipula glaucocinerea Lundstrom,
1915 declined sharply in 1989, whereas the abundance
of T. carinifrons carinifrons Holmgren, 1883 and T.
wrangeliana Stackelberg, 1944 increased. An increase
in abundance in 1989 was also observed for the two rarer
species. The abundance of Tipula arctica Curtis, 1835
increased from 0.9 to 12.3 ex/100t-d (dry river terrace
with forb-grass cover) and T. pribilofensis Alexander,
1923 from 0.7 to 2.9 ex/100t-d (sandy-pebble high
floodplain). Significant differences in abundance were
also recorded for Tipula wrangeliana Stackelberg, 1944
and T. carinifrons carinifrons Holmgren, 1883 in the
mM in 2014-2015 (Fig. 2). These species were much
more abundant in 2014 (especially Tipula wrangeliana
Stackelberg, 1944), although the beginning of that sum-
mer season was significantly cooler than in 2015 (Fig. 3).

The seasonal dynamics of the catchability of adult
Tipuloidea in pitfall traps are shown in Figures 4-10. In
years with average weather conditions, adult activity in
most areas peaked in the mid-July. Only in the climati-
cally harshest area (sPD, 1985) the peak was shifted to
the second half of July (Fig. 4), and in the warmest areas
in the center (southern enclave of n77) it was shifted
to early July (Fig. 8). Importantly, the mass capture of
Tipulidae in pitfall traps (from 84 to 99 % of all adults
collected during the season) was limited to a narrow
time period of 2 collections: approximately 20—30 days,
depending on the exposure time of the traps. In areas
where collections were made during two (RB, Fig. 6) or
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Puc. 11-13. YcpeanénHbie pAaHHBIE IO OOHMAMIO THIIYAOMAOB B
PasAHMHbBIE CE30HDBI B MOYBEHHBIX AoBymKax B XX n XXI BB. (ak3./100
A0ByIIKO-cyTOK). 11, 12 — parmxupoBanHble psabl 06uaus (B KoHue
OTAEABHO MPHBEACHBI AAHHBIE IO paifOHAM C KPaTKHUM MEPHOAOM c6opa).
13 —_— 60KCHAOT])I, HOCTPOCHHBIC Ha OCHOBE€ AAQHHBIX 110 06]/IAI/HO (PaﬁOHbI
C KPaTKNM IEPHOAOM cOOpa He BKAIUEHbI). AGGpeBHaTypa U MECTOMOAO-
JKEHHE PAHIOHOB AQHBI HA pUC. 1.

three (mM, Fig. 8) contrasting seasons, significant shifts
in adult timing and abundance were found depending on
seasonal weather conditions. In seasons with a warm
June (1990 and 1993), abundance was high and the adult
peak shifted earlier in the season. In contrast, during cold
seasons (1988 and 1994), abundance in these areas was
significantly lower, the peak shifted later and could be
very short (RB data, 1988). However, in the same season
of 1988, in another area (1Tn, Fig. 5), a high abundance
and a long period of collection of adults in pitfall traps
were noted. In general, the available data for the 20th
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century show considerable inter-annual variability in
abundance, which tends to correspond well with seasonal
weather conditions: increases in warm summer seasons
and decreases in cold seasons.

Data from the Rogers Bay weather station indicate a
marked warming of the island’s climate since the 2002
(Fig. 3). Crane flies phenology data from 21st century
are sparser due to the long exposure time of pitfall traps
in most areas. The most detailed data are only available
from the central part of the island (Figs 9-10). They
support an earlier shift in the flight of crane flies in
seasons with near-average (2006) and particularly warm
(2015) weather conditions. However, in the season with
an unusually cold June (2014), the peak of abundance
occurred in mid to late July.

CHANGES IN THE ABUNDANCE OF CRANE FLIES
DURING DIFFERENT CLIMATIC PERIODS

All 20th century data (Fig. 11) indicate that there is
no relationship between mean Tipuloidea abundance for
a given area and its position on the climatic gradient.
The only exception is perhaps the coldest area (sPD:
1Gd). In fact, one of the lowest values of abundance was
recorded here, even though it was significantly higher in
the neighbouring area of the n4T (IKF) during the same
season 1985. The lowest abundance of crane flies on the
island was recorded in the SMM (mountainous area with
the steepest relief of all studied areas). Considering that
in the adjacent plain (SB) the abundance was high in the
same seasons (1986 and 1989), it is obvious that such
sharp differences are related to landscape peculiarities
rather than to the mesoclimate. Most of the rest of the
lowest values of abundance were recorded in the coldest
seasons (1983, 1988 and 1994). In contrast, the high-
est abundance was obtained in seasons following cold
summers: 1984 (1Gs), 1986 (SB) and 1989 (ITn). It is
significant that the last two values are particularly out
of line with the general series (Fig. 11). Both of them
were obtained on the plains of the island and testify to
the favourable conditions of existence created here for
the most abundant species (which is confirmed by the
above-mentioned fact of the high abundance of crane
flies on the northern plain even in the unusually cold
season of 1988). On the contrary, the abundance of these
species in the mountain landscape was at a minimum.

In the 21st century, abundance data covering most
of the adult activity period of crane flies (late June to
mid-July) were obtained for four seasons (2006, 2011,
2014 and 2015), with collections from several areas si-
multaneously in 2006 and 2015 (Fig. 12). In these years,
the abundance of Tipulidae in pitfall traps in most of the
study areas was significantly lower than in the 20th cen-
tury (Fig. 13). Interestingly, the highest abundance val-
ues were recorded in the only summer with a cold June
(2014). It was only in this season that the abundance of
Tipuloidea in the southern enclave of the n77 (mM) was
comparable to that in the favourable seasons of the 20th
century. All other values of abundance obtained here in
the 21st century were significantly lower. During this
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period, relatively high abundance was observed in the
flat sAT (SB) as well as in some areas of the n47 (mNzh,
Mb, mKF). Thus, under conditions of climate warm-
ing, the trend of decreasing abundance was particularly
evident in the climatically warmest areas of the island.

Tipula carinifrons carinifrons Holmgren, 1883
appears to have made the greatest contribution to the
decline in catchability of crane flies in the 21st century.
Its participation in pitfall trap material has declined
dramatically both in terms of the number of specimens
collected (Table 1) and its proportion of the total sample
(from 62.1 to 30.8 %). Tipula wrangeliana Stackelberg,
1944 became the most abundant species in the 21st
century sample (its proportion increased from 24.6 %
to 42.9 %), but the total number of collected specimens
increased insignificantly. Considering that only about
a quarter of the collected specimens were identified in
the 20th century (Table 1), this is rather indicative of its
decreasing abundance on the island under conditions of
climate warming. The number of collected specimens of
the third most abundant species, Tipula glaucocinerea
Lundstrom, 1915, remained at about the same level. As
before, it was mainly found in the northern zonal strip,
which is insufficiently studied in the 21st century, so we
cannot judge the dynamics of its abundance.

Characteristically, the participation of other Tipu-
loidea species in pitfall traps remained very low in both
collection periods (3—4 %). Considering all the available
material (Table 2), it can be seen that, apart from Tipula
carinifrons carinifrons Holmgren, 1883, the number
of collected specimens of four other species decreased
significantly in the 21st century. Thus, Prionocera recta
Tjeder, 1948 and Tipula lionota Holmgren, 1883, pre-
viously recorded in different areas of the island, were
represented by one specimen each in the 21st century.
For Tipula arctica Curtis, 1835 and T. pribilofensis Alex-
ander, 1923, the fact of a decline in abundance is difficult
to interpret unambiguously, as most of the specimens
were collected in an area (ITn) that has not been resur-
veyed in the 21st century. Only four species have become
more abundant in collections in this period: Nephrotoma
lundbecki lundbecki (Nielsen, 1907), Tipula besselsoides
Alexander, 1919, T. subrecticornis Savchenko, 1964, and
Rhabdomastix borealis Alexander, 1924. However, it is
not possible to discuss changes in their abundance, as
most specimens were collected in the 21st century using
methods other than pitfall traps, including previously
unused sweeping and yellow pan traps.

Discussion

COMPARISON OF TIPULOIDEA FAUNAS FROM
WRANGEL ISLAND AND OTHER ARCTIC REGIONS

As mentioned in the Introduction, the species rich-
ness of crane flies faunas varies considerably. They are
completely absent from the highest latitude and most
remote archipelagos, such as Svalbard and Franz Josef
Land [Coulson et al., 2014]. In the Canadian Arctic Ar-
chipelago, crane flies are absent from islands with the
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Table 4. The taxonomic composition of the Tipuloidea fauna of Wrangel Island in comparison with that of other Arctic regions

Tabauna 4. TakcoHOMUYECKHIt COCTaB ayHb! Tipuloidca ocTpoBa BpaHreas B cpaBHEHMH C APYTUMH perHOHAMH APKTHKH

Arctic islands Mainland Arctic
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2 e e ¥ &
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_ o = c ~ < < h - = o] o ¥
Family, genera, subgenera S| > | s E| g ‘tv P s | - 2ld | E|]5| = o
c o) I N 8 = o g 9] © > ~ - _;4“ Z ¥
[ ° Rl ®© = el S £ 9] S 5 S @ > = ©
|08 3|2 &8|a| s |  E|g|s|la|a || B2]|=
S| 8|~ £ | 3| 60| 2 | 5| 28] 0| ¢
z z 3 m > E E | £ £ 2
(] > © (o} [ b=
< = z £ [<]
z
(e}
b4
Tipulidae
Prionocera Loew, 1844 1 11 17 2/1 2/1 2/1 - 2/1 - 1 2/1 31 2/1 41 1 31
Nephrotoma Meigen, 1803 1 - - - - 11 11 11 11 2/1 - - - - 7 17
Tipula (Arctotipula) Alexander, | 5| _ | 4 | o | 4 | g4 | 1 1 1o len |1 2 lanfan| - | 2
1934
T. (Lunatipula) Edwards, 1931 1 1 - - - - - - - - - - 1171 - 1 -
T. (Odonatisca) Savchenko, 1956 1 - - - - - - - - - - - 1M | 21 1 17
T. (Pterelachisus) Rondani, 1842 3 7|1 31 |1 2 - 2 - - 2/1 | 2/2 | 4/2 | 712 | 4/2 | 3/1
T. (Savtshenkia) Alexander, 1965 2 41 — 2/1 2/2 - - - — - 2 11 2/2 11 2/1 -
T. (Vestiplex) Bezzi, 1924 2 1 11 3/1 - 11 11 11 17 17 1 - 31 2/1 52 | 211
I. (Yamatotipula) Matsumura, |y | 5 | g | o o | o | o = | s | a4 | 21| 2
1916
Other taxa* - - - 1 1 1 - 1 - - 1 - - 1 1 1
Limoniidae
Arctoconopa Alexander, 1955 1 - 11 - - - - - — - 11 - 2 11 31 2/1
Ormosia Rondani, 1856 1 - - 17 - - - - 111 | 31 17 17 - - 17 -
Rhabdomastix Skuse, 1890 1 - - - - - - - - 1 - - - 17 -
Symplecta Meigen, 1830 1 1 - 2 1 4 - 2 2 2 1 2 2 - 4/1 -
Dactylolabis Osten Sacken, 1860 1 - - 17 - - 1 - 1 1 - 7 - 171 1 -
Limnophila Macquart, 1834 1 - - - - - - - - - - - - - - 1
Other taxa* - 1 1 1 - 1 - - - 2 3 2 3 3 7 -
Pediciidae* - - - 2 - - - - - - 2 - 1 1 5 1
Total Tipuloidea/speciescommon | o4 | 403 | g4 | 2178 | /4 | 14/4 | 4/2 | 10/3 | 7/3 | 15/4 | 18/5 | 15/8 | 2610 | 2010 | 4011 | 1977
to Wrangel Island
Bioclimatic subzones B D BC |[ABC| B |BCD| B CD |[ABC | A-E| D B CD | CD | CD C

Note: * Taxa absent from Wrangel Island are represented by single species from Tipula (Acutipula) Alexander, 1924, 1. (Beringotipula) Savchenko,
1961 and Angarotipula Savchenko, 1961 (Tipulidace), Molophilus Curtis, 1833, Neolimnophila Alexander, 1920, Austrolimnophila Alexander, 1920,
Phylidorea Bigot, 1854, Dicranomyia Stephens, 1829, Limonia Mecigen, 1803, Metalimnobia Matsumura, 1911, Rbipidia Mcigen 1818 (Limoniidac),
Dicranota Zetterstedt, 1838, Pedicia Latreille, 1809, Tricyphona ZLetterstedt, 1837 (Pediciidac). ** For Taymyr, species collected in the arctic (AT) and
typical (TT) tundra subzones are listed separately. The bioclimatic subzones are given after CAVM Team [2003]. Sources of data: [' Lantsov, 2011;
2Lantsov, Chernov, 1987; * OQosterbroek, 2025; *Brodo, 1987; ° Brodo, 1990; ¢ Stary, Brodo, 2009; 7 Pentinsaari et al., 2020; * Ryan, 1977; ? Alexander,
1934; “Brodo, 2017; "' Oliver 1963; !> Oosterbrock et al., 2015; * Devyatkov, 2025; '*Brodo, 2009; '* Verves et al., 1990; ' Savchenko, 1964, 1977, 1978,
1979, 1980; V7 Savchenko, Parchomenko, 1980; * Pilipenko 2011; ' Starkevich, Paramonov, 2016; *° Devyatkov, 2024; ! Paramonov, Khruleva, 2024; 2
Alexander, 1918; ?» MacLean, 1975a; **Brodo, 2012].

Ipumeyanne: * OTcyTcTByoOImUE Ha OCTpOoBe Bpanreas TakcoHbl nmpeacTaBacHbl epAuHudHbIMU Bupamu Tipula (Acutipula) Alexander, 1924,
1. (Beringotipula) Savchenko, 1961 u Angarotipula Savchenko, 1961 (Tipulidae), Molophilus Curtis, 1833, Neolimnophila Alexander, 1920, Austro-
limnophila Alexander, 1920, Phylidorea Bigot, 1854, Dicranomyia Stephens, 1829, Limonia Meigen, 1803, Metalimnobia Matsumura, 1911, Rbipidia
Mcigen 1818 (Limoniidae), Dicranota Zetterstedt, 1838, Pedicia Latreille, 1809, Tricyphona Zetterstedt, 1837 (Pediciidac). ** Aas Taiimbipa oTacABHO
yKasaHbl BUABL cobparHbie B moasoHax apkrudeckux (AT) u tunmansrx (TT) Tynap. Buokaumaruaeckue noasonst npuseaenst mo: CAVM Team [2003].
AHTCPQTYPHLI& HUCTOYHHUKU: CM. BBIIIC.
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Fig. 14. Dendrogram of species similarity of Tipulidae faunas from
different Arctic regions (Algorithm: Paired groups; Similarity measure:
Dice). Subzonal differentiation and literature sources used, see Table. 4. Data
on species of the group Tipula salicetorum Siebke, 1870 are not included
because material from most Arctic regions has to be redefined.

Puc. 14. Aenaporpamma cxoacTBa BHA0BOro coctasa gayn Tipulidae
pasaudHbIX pernoHos Apkruky (asropury: Paired groups, Mepa cxoactsa:
Dice). [TopsonaabHYyI0 AP PEPEHIHALHIO H HCTTOAB3OBAHHBIE AUTCPATYP-
HbIe HCTOYHUKH CM. BTa0A. 4. Aannbie 1o Bupam rpynnst Tipula salicetorum
Siebke, 1870 He BKAIOYCHBI B CBSI3H ¢ HEOGXOAUMOCTBIO IIEPEOIPEACACHHUS
MaTepHasa U3 GOABIUIMHCTBA PETHOHOB APKTHKH.

harshest climate [Brodo 1990], such as Ellef Ringnes
(subzone A) and Bathurst (subzones A and B accord-
ing to the CAVM Team [2003]). On Severnaya Zemlya
(subzone A), only Tipula glaucocinerea Lundstrom,
1915 was collected [Lantsov, Chernov, 1987].

Table 4 presents data on the taxonomic composi-
tion of the fauna of Wrangel Island in comparison with
other Arctic regions, mainly located in subzones B to
D. Despite the relatively small size and harsh climatic
conditions of Wrangel Island, its fauna includes most of
the taxa of Tipuloidea inhabiting in the insular Arctic,
and is one of the richest. In terms of species richness
and the number of identical species, it is closest to the
fauna of Novaya Zemlya. The faunas of the Canadian
Arctic Archipelago is much poorer; the fauna of Wran-
gel Island is brought closer to them by the presence of
two species common only in the High Arctic of North
America. These are Nephrotoma lundbecki lundbecki
(Nielsen, 1907) (in Eurasia this species occurs mainly
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in the southern part of the tundra zone) and Tipula bes-
selsoides Alexander, 1919, known in the Palearctic only
from Wrangel Island. About a quarter of the species
collected on Wrangel Island are not known from other
Arctic islands. These include species that inhabit pre-
dominantly hypoarctic landscapes (Tipula pribilofensis
Alexander, 1923, Symplecta sheldoni (Alexander, 1955),
and Rhabdomastix borealis Alexander, 1924), as well
as species known in large numbers only from Wrangel
Island (7ipula subrecticornis Savchenko, 1964 and T.
wrangeliana Stackelberg, 1944). The species richness
of the Tipulidae fauna of Wrangel Island is comparable
to that of mainland Arctic areas such as northern Taymyr
and Yakutia (Table 4). Most Arctic species are distributed
in tundra landscapes with significant disjunctions (see
maps in Brodo [1987, 2009], Lantsov, Chernov [1987],
and Brodo et al. [2022]). In this regard, it is interesting
to note that almost all the species most common to the
Siberian tundras are found on the island [Lantsov, Cher-
nov, 1987]. Only Prionocera ringdahli Tjeder, 1948 and
Tipula (Pterelachisus) trisrtiata Lundstrom, 1915 were
not collected here.

As information about Limoniidae is clearly incom-
plete in many Arctic areas, the dendrogram of species
composition similarities has been constructed using
data for Tipulidae only (Fig. 14). The dissimilarity in
the composition of the Tipulidae faunas of the Eurasian
and North American tundra regions is due to a limited
number of species with extensive Holarctic ranges (these
include Prionocera recta Tjeder, 1948 and Tipula arctica
Curtis, 1835). In the single Eurasian cluster, the fauna
of Wrangel Island is closest to that of the typical tundra
subzone of Taymyr (C and D according to [CAVM Team,
2003]). They have similar levels of species richness (15
and 18 respectively), and the core of both faunas is a
common set of arctic species. The fauna of the arctic
tundras of Taymyr, located in closer climatic condi-
tions (subzone B according to CAVM Team [2003]), is
significantly poorer than the fauna of Wrangel Island.

The dendrogram clearly shows that the similarity
of faunas within the Eurasian cluster is in most cases
weakly related to their geographical location. In the
insular Arctic, this is compounded by the lack of relation-
ship between zonal position and faunal species richness
(Table 4). For example, the high-latitude fauna of No-
vaya Zemlya is much richer in species than the southern
faunas of the neighboring islands (Dolgiy and Vaigach),
and its composition is more similar to the fauna of Wran-
gel Island, which is the furthest away. It can be assumed
that this is due to the presence of a mountainous relief,
which is absent on the other Eurasian islands compared.
The high diversity of the natural environment of Novaya
Zemlya and Wrangel Island has apparently helped to
maintain populations of arctic species through repeated
climate changes during the Quaternary [Velichko, 1973].
The bumblebee Bombus glacialis Friese 1902 clearly
demonstrates that conditions here are particularly favour-
able for such long-term survival. It is a relict species that
appears to have once been widespread along the Eurasian
continental margin, but is now only known from Novaya
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Zemlya and Wrangel Island [Potapov et al., 2021]. On
these islands, it is represented by different subspecies, the
separation of which, according to genetic data, occurred
in the Middle Pleistocene.

PECULIARITIES OF THE TIPULIDAE TAXA ON
WRANGEL ISLAND

According to Savchenko [1983], over half of the
tipulid species residing in the Arctic and sub-Arctic re-
gions, are young taxa by evolutionary measures. These
are species of the subgenera Pterelachisus, Vestiplex,
Odonatisca and Lunatipula of the genus Tipula Lin-
naeus, 1758. They have morphological adaptations of
the xerophytic type, which allow them to develop in
soils with a lack of moisture during a certain part of
the growing season. In the insular Arctic, they are most
abundant on Wrangel Island and Novaya Zemlya, with 7
and 6 species respectively (Table 4). Their numbers are
significantly lower not only on other Arctic islands, but
also on the most climatically severe continental margins.
For example, near Dikson (northwestern Taymyr), the
basis of the fauna consists of hygrophilic species (seven
out of nine, including three species of Prionocera Loew,
1844), and mesoxerophilic taxa are represented by two
species of the subgenus Pterelachisus [Lantsov, Chernov,
1987]. On the contrary, even in the n4T on the Wrangel
Island, they are represented by three subgenera: Pterela-
chisus, Vestiplex and Odonatisca, and in the sAT — by
four (Lunatipula is added). The abundance of some
species also varies considerably: hygrophilic Prionocera
recta Tjeder, 1948 and mesophilic Tipula (Yamatotipula)
lionota Holmgren, 1883 are rare on Wrangel Island, but
are among the most common species in the arctic tundra
of Taymyr [Lantsov, Chernov, 1987].

A similar situation occurs in the area of Cape Barrow
area of northern Alaska. Of the six species collected,
only Tipula carinifrons carinifrons Holmgren, 1883
belong to mesoxerophilic taxa. This species and the
hygrophilic Prionocera recta Tjeder, 1948 are abundant
here [MacLean, Pitelka, 1971]. In addition to these two,
single specimens of Prionocera mannheimsi Savchenko,
1983, Tipula (Angarotipula) tumidicornis (Lundstrom,
1907), T. (Yamatotipula) aleutica Alexander, 1923, and
T.(Y.) lionota Holmgren, 1883 are reported for this area
in a number of other publications [Alexander, 1918;
Brodo, 2009, 2012, 2017]. Such significant differences
in the ecological composition of tipulids in these regions
cannot be explained by the summer thermal conditions.
Thus, the temperature of July, the warmest month (20th
century data), is higher on Dikson (5 °C [Isachenko,
1985]), and on Cape Barrow it is close to that on the
coast of Wrangel Island: 3.7 °C [Bunnell et al., 1975]
and 2.4-3.6 °C [Svatkov, 1970], respectively.

The marked decline in the activity of hygrophilic
tipulids and the success of mesoxerophilic species on
Wrangel Island cannot be explained by current landscape
and climatic conditions alone. Probably, other factors,
including historical ones, also influence this phenomenon.
Increased diversity of xerophilic species (including those
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that are not usually found in high latitudes) occurs in
various taxonomic groups [ Yurtsev, 1987; Stishov, 2004;
Khruleva, 2007]. An important role in this process may
have been played by the long-term development of the is-
land’s biota in the Pleistocene as part of the tundra-steppe
hyperzone, as well as relatively weak transformations of
its landscape environment and climate in the Holocene
[Yurtsev, 1986; Alfimov, Berman, 2004; Alfimov, 2007,
Vartanyan, 2007]. These features of the history of the is-
land’s biota are clearly reflected in its composition. In the
flora this is manifested by the presence of numerous con-
tinental species of Asian origin, including meadow-steppe
and even steppe plants [Petrovsky, Yurtsev, 1970; Yurtsev,
1982, 1987]. Among terrestrial arthropods, there are also
species whose close relatives live in the arid regions of
southern Siberia. These include both species with dis-
junctive distribution, as well as endemic and subendemic
species inhabiting the driest and warmest biotopes on the
island [Khruleva, Korotyaev, 1999; Khruleva, 2007, 2009;
Khruleva et al., 2021, 2022].

Of the Tipulidae, the arcto-montane Tipula (Lu-
natipula) subrecticornis Savchenko, 1964 has such
disjunctive distribution [Savchenko, Theischinger,
1978]. It range has much in common with that of two
herbivorous beetles, the weevil Coniocleonus astragali
Ter-Minasian, Korotyaev, 1977 [Alfimov et al., 2003],
and the leaf beetle Chrysolina brunnicornis (Weise,
1883) [Khruleva, 2004]. All three species are known
from isolated mountainous areas of southern Siberia
and extreme northeast Asia, where they only occur
together on Wrangel Island. Both beetle species were
common in deposits in Northeast Asia dating back to
the cryoarid phases of the Pleistocene [Kiselev, Naz-
arov, 2009; Kuzmina, 2015]. In the extreme northeast
(northern Yakutia), they are known from sediments
dated to early Pleistocene [Elias et al., 2006], indicat-
ing significant age of xerophilic insect complexes in
this region. Both beetles are currently very sporadic
in northeast Asia, but on Wrangel Island, like Tipula
subrecticornis Savchenko, 1964, they are widespread
and even abundant in some habitats [Khruleva, Koro-
tyaev, 1999; Khruleva, 2004].

The fact that one of the most abundant and wide-
spread tipulid species on Wrangel Island is Tipula
wrangeliana Stackelberg, 1944, a subendemic species
of Angara origin (i.e. the mountainous regions of eastern
Siberia) [Savchenko, 1983], also supports the long evo-
lution of the island’s tipulid fauna in cryoarid conditions.
The fact that Tipula wrangeliana Stackelberg, 1944 is
clearly located here in the zone of its ecological optimum
suggests that it was formed in close natural conditions,
apparently on the territory of Wrangel Island or adjacent
shelf areas.

ON THE QUESTION OF TIPULIDAE ABUNDANCE
CHANGES ON WRANGEL ISLAND
As in other areas of the Arctic [MacLean, Pitelka,

1971; MacLean, 1973; Lantsov, Chernov, 1987], crane
flies on Wrangel Island show significant inter-annual
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fluctuations in abundance. According to these authors,
non-pupating older larvae were always present in the
populations studied, and the dynamics of adult hatch-
ing was related to the temperature regime during the
pupation period, as well as in the previous season. Data
collected on the Wrangel Island in the 20th century also
confirm that inter-annual fluctuations in tipulid abun-
dance are highly characteristic of Arctic ecosystems.
Data collected in the 21st century clearly indicate a
decline in Tipuloidea abundance on the island under
warming Arctic climatic conditions. This fits well with
the suggestion of Bale et al. [2002] that climate warm-
ing has a negative effect on insects with long life cycles
and low developmental rates, which is exactly what
characterizes arctic crane flies [MacLean, 1973; 1975b;
Lantsov, Chernov, 1987].

Tipula carinifrons carinifrons Holmgren, 1883 seems
to have contributed most to the decline of this group on
the island, but a number of some other arctic species
have also become rarer on the island in the 21st century.
The data obtained suggest a rather high vulnerability
of the High Arctic complex of Tipulidae under climate
warming conditions. This assumption explains well the
significant disjunctions in the ranges of many arctic spe-
cies. It also agrees well with the narrowness of the zone
of their ecological optimum, as well as with the fact of
a significant decrease in the cenotic importance of this
group along the climatic gradient from the northern
part of the tundra zone to the southern one [Lantsov,
Chernov, 1987]. Obviously, for a group with such eco-
logical peculiarities, the landscape and climatic diversity
of Wrangel Island is very important for the long-term
stable existence of tipulid populations under conditions
of cyclical polar climate fluctuations.
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