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Abstract—An overview of previously published and new information on the collembolan fauna and assemblage
structure in the polar desert zone is presented. So far, 71 springtail species from 37 genera and 11 families have
been reliably recorded within the zone. Eleven species are added to the previously known fauna of Franz Josef
Land, and the very north of Novaya Zemlya has been surveyed for the first time. Even the much better known fauna
of Bolshevik Island, Severnaya Zemlya is enriched by 3 species. The known species richness of springtails of Ellef
Ringnes Island, Canadian Arctic Archipelago, is also increased from 8 to 13 species. Most genera except Folsomia
and Hypogastrura include only 1, more rarely 2 species in each study region of the polar desert zone. Species with
circumpolar distribution patterns comprise more than 60% of the total list, but only 10 species are common to all
the three provinces; this obviously indicates a certain regional specificity. Besides, the faunas of different provinces
(and regions within a province) vary markedly in the proportion of species with more southern distribution patterns.
Nevertheless, the collembolan assemblages in all the three provinces of the polar desert zone are rather similar at
the structural level, this being a direct consequence of the general depletion of the complexes against the back-

ground of high total abundance and less pronounced habitat specificity of the common species.
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The polar desert zone occupies the marginal posi-
tion on the global climate gradient. Within the limits
considered herein (Fig. 1), this natural zone occupies
a fairly restricted territory and is represented almost
exclusively on islands of the Arctic Ocean (Sochava
and Gorodkov, 1956; Aleksandrova, 1971, 1983;
Chernov et al., 2011; Matveyeva et al., 2015); it appro-
ximately corresponds to subzone A4 in the Circumpolar
Arctic Vegetation Map (CAVM Team, 2003). The
only mainland area where polar desert communities
occur is the north of the Taimyr Peninsula (Matveyeva
and Chernov, 1976; Chernov and Matveyeva, 1979).
Nearly all the studied taxa are strongly impoverished
in these high-latitude landscapes. However, faunistic
and floristic impoverishment is the principal but not
the sole distinctive feature of polar deserts. Also
unique is the structure of the polar desert communities
that exist at the very limits of habitability. Such com-
munities are generally believed to have many specific
traits in their taxonomic composition, spatial structure,
succession dynamics, and energy and trophic relations,
and to drastically differ in these aspects from the
cenoses of the tundra zone (Chernov, 1978; Chernov
et al., 1979, 2011; Chernov and Matveyeva, 1979;
Makarova, 2002a, 2002b; Matveyeva et al., 2015).
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The presence of springtails on the Arctic Ocean
islands became known as early as the beginning of
the past century (Carpenter, 1900). However, even the
collembolan faunas of three geobotanical provinces of
the polar desert zone (Aleksandrova, 1983; Matveyeva
et al., 2015) have been only sketchily studied, and
their known composition is evidently far from com-
plete. There are practically no published data on the
structure of collembolan assemblages in polar deserts,
except for two Russian papers that appeared in the late
1980s (Chernov et al., 1977, 1979) and one more
recent work (Babenko, 2000). Within the Barents
Province, the only territory where the collembolan
fauna is sufficiently well studied is Nordaustlandet
(Summerhayes and Elton, 1928; Fjellberg, 1997,
Coulson et al., 2011), the northernmost large island of
the Svalbard Archipelago. There is also somewhat
outdated information on the composition of the
collembolan fauna of Franz Josef Land (Carpenter,
1900; Bulavintsev and Babenko, 1983). No faunistic
data are available for the north of Novaya Zemlya.

Springtails in the polar deserts of the Siberian Prov-
ince are only slightly better studied. Besides the
clearly outdated material obtained in the Cape Che-
lyuskin area on the Taimyr Peninsula (Linnaniemi,
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Fig. 1. Polar deserts in the Northern Hemisphere (after Matveyeva et al., 2015). Geobotanical provinces: B, Barents; C, Canadian;

S, Siberian.

1933; Chernov et al., 1977, 1979), the results of
V.I. Bulavintsev’s collections on the Severnaya Zem-
lya Archipelago were published (Bulavintsev and
Babenko, 1989). These data were later summarized in
a special paper (Babenko and Bulavintsev, 1997),
which also included the results of my short wvisit
to Cape Chelyuskin in 1994. Besides, the results of
O.L. Makarova’s collections made in 1997 in the Sol-
nechnaya Bay area in the south of Bolshevik Island
were also partly published (Babenko, 2000).

Within the polar desert part of the Canadian Arctic
Archipelago, springtails were studied only on two of
the Queen Elizabeth Islands: Ellef Ringnes (McAl-
pine, 1964, 1965) and King Christian (Addison, 1980);
these findings were covered in a special review (Fjell-
berg, 1986). The recently revised (Fjellberg, 2015)
material from Peary Land in Greenland (Hammer,
1954) was collected quite far to the south of Frederick
E. Hyde Fjord, i.e., outside the polar desert zone as
defined above, and these data are not considered here.

Since the mid-1990s, 1 have accumulated a suffi-
cient amount of material collected by my colleagues
on various islands of the Arctic Ocean. This material
allows me to considerably supplement or clarify the
composition of the regional faunas of all the three
provinces, which is the main goal of this paper.
Besides, the new data clearly have not only faunistic
but also ecological significance and can be used in
comparative analysis of the collembolan population
of different polar desert regions. Correspondingly,
analysis of the structure of the soil assemblages of
Collembola makes up an equally important part of this
research.

MATERIALS AND METHODS

This work is based on the following unpublished
material:

Franz Josef Land: Northbrook (Cape Flora),
Alger, Heiss, Hall (Cape Tegethoff), and Prince
George Land (Cape Crowther) islands, manual collec-
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tion, August 2012, M. Gavrilo; Hooker (Tikhaya Bay)
and Northbrook (Cape Flora) islands, soil samples and
manual collection, July 2015, A. Babenko; Northbrook
Island (Cape Flora), soil samples and traps, July 2016,
A. Semikolennykh; Hooker and Salm islands, soil
traps and manual collection, August 2016, A. Krashe-
ninnikov.

Novaya Zemlya Archipelago: Russkaya Gavan
Bay, Cape Zhelaniya, Oranskiye Islands, soil samples
and manual collection, July 2015, A. Babenko; Cape
Zhelaniya and Oranskiye Islands, traps and manual
collection, August 2016, A. Krasheninnikov.

Severnaya Zemlya Archipelago: Bolshevik Island
(southern part), soil samples and traps, July—August
1997-1998, 2000, O. Makarova.

Canadian Arctic Archipelago: Ellef Ringnes
Island, Isachsen Bay, soil samples and traps, July
2005, O. Makarova.

Data were statistically processed in the PAST soft-
ware (Hammer et al., 2001), using cluster analysis and
non-metric MDS tools, and also standard indices of
faunistic similarity (Jaccard and Dice) and rank corre-
lation (Rho). The species that contributed most to
differentiation between the faunas of different regions
were revealed using the SIMPER option and the quan-
titative Bray-Curtis index BCj; based on log-norma-
lized [In (x + 1)] primary data.

RESULTS

The fauna. So far, 71 species of Collembola from
37 genera and 11 families have been reliably recorded
within three geobotanical provinces of the polar desert
zone (Table 1); this number comprises approximately
one-sixth of the known fauna of the treeless northern
territories.

The material from Franz Josef Land revealed
11 species of Collembola which had not been previ-
ously recorded for this archipelago: Anurida alpina,
Friesea quinquespinosa, Hypogastrura serrata,
Desoria neglecta, D. violacea, Folsomia coeruleo-
grisea, F. longidens, F. palaearctica, F. quadriocu-
lata, Isotomodella alticola, and Sminthurides malm-
greni. Of these, the least expected was the finding of
H. serrata (sensu Fjellberg, 1998, i.e., considering this
species a senior synonym of H. ripperi Gisin, 1952),
represented by not only adults but also juveniles, in
the material from the seabird colony of Northbrook
Island. To the best of my knowledge, this widespread
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compost-dwelling species was never before recorded
at such high latitudes; its nearest known localities lie
in Sweden, Iceland, and the Faroe Islands (Fjellberg,
1998).

The northern part of the Novaya Zemlya Archipe-
lago was studied for the first time. This “southernmost
region of the polar desert zone” (Matveyeva et al.,
2015, p. 17) quite naturally revealed a number of
springtail species with comparatively southern ranges,
such as Protaphorura pjasinae, Parisotoma notabilis,
Pseudisotoma sensibilis, and Tetracanthella wahl-
greni. Some of these species were abundant.

The known fauna of the Severnaya Zemlya
Archipelago was supplemented with only three new
records (Podura aquatica, Ballistura wrangeliensis,
and Heterosminthurus putoranae), all of them repre-
sented by single specimens. The presence of six more
relatively rare species (P. pjasinae, Willemia scandi-
navica, W. similis, A. alpina, F. coeruleogrisea, and
1 alticola) was noted earlier (Babenko, 2000). All
these forms are typical of more southern regions, and
on Severnaya Zemlya they together comprised no
more than several percent of the total abundance even
in the warmest habitats.

The known diversity of the collembolan fauna of
Ellef Ringnes Island (Canadian Arctic Archipelago)
was increased from 8 to 13 species. The species iden-
tity of representatives of 3 genera (Anurida, Willemia,
and Vertagopus) was clarified, and 3 previously un-
recorded species (F. bisetosa, F. quadrioculata, and
Megalothorax sp.) were found on the island.

Species with circumpolar ranges, i.e., cosmopolitan
and trans-Holarctic ones, comprised over 60% of the
total list. However, only 10 species occurred in all the
three provinces: Oligaphorura groenlandica, H. con-
color, H. sensilis, W. scandinavica, W. similis, A. po-
laris, Agrenia bidenticulata, F. quadrioculata, Verta-
gopus arcticus, and V. brevicaudus. Besides, represen-
tatives of the genus Megalothorax whose species iden-
tity remains to be clarified were also recorded in all
the studied regions except Franz Josef Land. Not all
the species widely distributed in the polar deserts are
common or abundant. For example, both species of the
genus Willemia are restricted to the warmest commu-
nities within each region. Folsomia quadrioculata is
common on Nordaustlandet Island of the Svalbard
Archipelago (Fjellberg, 1997) and in the north of No-
vaya Zemlya but it is not the most abundant represen-
tative of the genus in other regions. Only one mature



BABENKO

+ o+

+

I+ o+

+ +

+

I+ o+

+

|

+ + + +

+ +

+

I+ 4+ +

+ +

+ + + +

+ + + + +

+ +

+ o+ + o+

(9€81 ‘ULRPND) buinLDUL Y

6€61 ‘1[IBY purdp bpLinuy

(08L1 ‘sniouqeq) pjoouuny vjjluay

€61 ‘SIIUN Si7ruas 4

6761 “UOBIS PIIADUIPUDIS "4

1061 ‘1owQg puippyiydoun pruajjy

(€L61 “BAOUAMBIN) SIPAIU DANAISDTOJIUOG
QL6 ‘eAOUANRIN SLusnd )

(9481 “S1oqIn]) purdsisuo) pjjasdydop.ia)
(TL81 “BraqqnL) poybla "1

(€681 NQUIS) tuogdy “ff

(0061 “1243BYdS) 1342q)in1 “H

F061 ,:Ewﬁv DIDL4AS B

(6161 ‘wos[o) sijisuas [

€661 “AosIUIARING 10 Oyudqeg 13.42G]j2lf "I
» (9161 “wos[o) nuny [y

(0061 “wadie)) 4070210 paniisp3od gy
(FSe1 ‘ozuans) vwroundodnp panioydpssvioy |
(9,81 ‘Braqqnl) vouop vanioydp3apy
(1061 ‘TouiQq) p.afioanf vinsoydp.idng
(9261 “eAOUALIRIN) DL WD "

(9,61 ‘BAOUAIIRIN]) POIODGNS "

(9,61 “eaoukiurey) avuispld vianioydpioag
(9£871 ‘Baeqrny) voLUqIS [

100Z ‘BIsiowo  1joipun pinioydpuaudpy
(¥861 ‘Braqqraly) 1s.un "0

(9£81 ‘Sraq[n ) vorpuvjuz0.43 pianioydosio
PLGT YOS LIaDYI0420U DARLOYADS I
RS61 UISID) xapduils vid.iaqng

QG /1 ‘snaruuly paypnbp vanpog

5 PUB[S]
uensLIyY) Sury

/PUB[S]
saugury Jo[[q

, up{snAayD
ade)

o BA[WIDZ
BABLLIOADG

, BAJWZ
BABAON

4 PUET]
Josor zuelg

» OPUE]
-JSNEPION

9OUIAQIJ UBIPBUBRD)

20UIAOIJ UBLIAQIS

AJUIAO0I sjualey

saadg

386

0IoUdSTUWIS] UIOUHON dY} JO oU0Z 1asap Je[od Y} UI PapIOdaI B[OqUIA[[0)) JO Sa10adS ' dqe],

98 No. 4 2018

ENTOMOLOGICAL REVIEW Vol.



387

SPRINGTAILS (COLLEMBOLA) IN THE SUBPOLAR LANDSCAPES

- -

+

€l

I
+

I

01

= +
+ -

+

I+ +

+ +

+

110Z ‘oquaqeyq 12 Aodeiog SODY2 SHANUOIOST
(6¥61 ‘Treuseq) vjodu v vjjapoulo]osy
7861 ‘18un( vipjuaporiva Jye ds °f

7981 “[o0qqnT pupalSun LuIojoS|

€L6T “CAOUAMIEIA PIILAUID] "o

(1,81 *B10q[In]) pi0n20X2S "o

€661 “IOWWRY Stpnsad o

(1,81 ‘Sraqqn ) projnooriprnb »f

000z ‘oquaqeq 19 aodeiod vonodpaniod ]
6561 11913y pravydo.aotui “,f

0007 ‘oquaqeq 12 aodeiod suapi3uo] “,f

o (8€61 “ToWIRH) P2SLIS02]11200 "]
€561 UISID PsOas1q "

q w0y (6681 ‘UIS[YRA) DIDROOULG "o

' ULIOJ (6681 ‘URIB[URAN) DIDINO0OULG “Hf
0007 ‘oyquaqeg 12 Aodejod vuissyjdup
1,61 ‘UISO X DUDIHOMWDIID “JD DIIOS] O
(9,81 ‘B10q)In]1) paovjoia “q

($L61 ‘BAOUALIRIA]) 140U.42YST “(]

(1,81 *B1aqqn1) v2ovajjo “q

(0061 “I91JBYIS) v10a15au DIL0SI(]
€161 ‘CAOUAMRIA SISUIIISUDAN DANISIIDG

SL61 “osutod 10 Braqqial stvjod
(LL]1 ‘pIedoRy) IS]25S2G PULOJOSTYILY
(9£81 ‘BrqIML) pivpnoyUaPLg DIUALSY
€061 ‘UOS[AXY SHIpULID Sapojjduay
1061 “1PUIQq pavuw3Ad ppranupiopy
0061 ‘U213[ye A\ psourdsanbuinb -,y
(1L81 ‘SI12q[INL) S1j1qD41U1 DISILL]
(vS61 “towuey) stwjod

8
5 PUB[S]

/PUES]
uensuy) Sury | seudury Jo[[d

, upisnipar)

p BA[WIRZ
ade)

BARUIOAQG

,BA[WRZ
BABAON

Josor zuer

,lopue]
-JSNEPION

20UIAQI URIPBUE))

20UIAOI] URLIDQIS

OUIAOI Siuadreyq

saroadyg

(‘pIuo)) *1 31qe].

98 No. 4 2018

ENTOMOLOGICAL REVIEW Vol.



BABENKO

388

"10]02U0D "[f S PUB[S] SouSury Jo[[q uo juasaid

$9109ds JE[IUIS UOWIUIOD JSOW dY) ‘[BLIDIEW S BAOIENRIA ") 0} SUIPIOOOY ‘[NIqnop st (§961 “+961 duidyaln) oSe[adiyory snory uelpeue)) oY) uo sarads siy) jo pioodr AL |

(1661 ‘AdsIUIAR[Ng pue 0UdQee]) (9561 “UISID) D0][20UDd §d " SB PAPIOIL JAIIET
(L661 ‘AdSIUIARING pue OYUdQqee]) P2LUGIS “F] SE (BA[WAZ BARUIIADG) PUB[S] HIAYS|OF UO PIPIOY ,

(S00Z JO SUON3[[03) BAOIBNEIN "0 (9861 “F12q[[21d (5961 F961 duIdIVOI ,

‘DIADYI0.400MW “Jy JO AIUSAN © JORJ UI ST J1 ‘SISIXd [[NS uawoads siy [,
“pue[s] [[°g WeYeD woy uswads s[3uls v uo paseq (1061 PWQY Manpgsnpry Jy St ‘€861 ‘OUSqef PUB AISIUIABING) PUBT JOSO[ ZUBL] UO PAPI0IRT seam SA0ads ayL

9861 ‘BIaq[ald ‘0861 ‘UOSIPPY 5

"L661 “ASIUIARING PUE OYUSGRL (6L6] ‘LL6T B 1 AOUIYD) (€6 TWAIURUUIT ,

(000Z “8661-L661

JO Suonad[[09) BAOIBNRIN O ‘000T ‘OYUIQR (L66] ‘ASSIUIARING PUE ONUIQRY (6861 ‘ONUIQEE PUE AISIUIAE[NG SPUB[SI SIO[OWOSWOY] PUE ‘UONN[OANY 190100 “IAdYs[oq |,

(91 0T JO SUOTIDI[[0I) AONIUUTUIYSEIY "V (ST JO SUONII[0) OYUIqRy "V :Spue[S] ArysueI ‘eAtue[ayyz ade) ‘Aeg ueaen) edeyssny ,

(9102

JO SUOIIDA[[02) AONIUUTUIYSETY "V {(9](0Z JO SUONDI[[09) YNAUUS[ONIWOS "V (ST JO SUONI[[03) oyudqeq 'V ‘(7107 JO SUOIIA[0T) O[LIABD) ‘N {L66] ‘ASSIUIARING Pue ONUdqRg
‘€861 ‘oyuaqeqg pue adswuiaeng fg06] ‘1Ruadie) :spuesi pue 251090 aduLl pue ‘wies ‘[eH ‘SSIOH 198y “OOIqULION ‘JOPNY ‘puET BIPUBXI[Y ‘|9 WEYLID ‘I900H .

"T10T “[e 32 Uos[noD 661 ‘B1aq[[ald 8761 ‘U0 puE JaAeyiowumg ,,

S el

0¢

+ + +

9¢

+ +

+

9¢

+ o+ o+

+

LT

x_._'

6t

(sur103) soroads Jo Jaquinu (810 ],

0007 ‘PIepiexg apup.i0ind SHANYIUIUSOLIII L]
(9681 “UDUIDIN]) L0]OIUOD SRULINYIUIS
(981 ‘SaeqrIn L) rua4Supput °g

-2000T ‘PlJIRIY SHIDULID SAPLINYIUIUS

1z 1061 ‘W1 snuiuiu “13 ~ds xv.ioyjopSapy
(€641 ‘snoriqe,) wniousdy sniidooprday
9/8] ‘B12Q[IN], §1]P2.40q XLAYIOUALO)

(0061 “129uadie)) snpnvoiaaiq 4

6961 ‘CAOUALIRIN sn2112.40 SNA03D12 4

LO6T ‘UOS[OXY IUAASIYDM DIy IupID.412 |
(0S61 ‘UISID) PI1I24PGNS DUIOIOSINIS

(9,81 ‘BIaq|n L) $1/1q1suas PULOIOSIPRAS]
(9L81 “IJBYIS) S11GDIOU DUIOJOSIIDJ

5 PUB[S] /Puels|
uensLyD) Jury | sausury Joyq

, UDISnALRYD
aden

p BA[WRZ
eARUIdADG

JBA[udZ
BABAON

JOSOf Zuel]

»1opuE|
-1SNEPION

Q0UIAOIJ UBIPEUR))

2OUIAOL] URLIDQIS

20UIAOI] SjudIeg

saradg

(‘pwod) "1 AqeL

98 No. 4 2018

ENTOMOLOGICAL REVIEW Vol.



389

SPRINGTAILS (COLLEMBOLA) IN THE SUBPOLAR LANDSCAPES

‘10119 Sunuuid e sem (] 91qe) ‘6861 ‘ONuUAqRY PUB ASSIUIAR[NY) PUBRT] JASOf
ZUely 10} p1odal 81| ds pipropualg se pue 1ovgs r se ‘adiml palsi| sem saads ayn uonesrgnd Jene] syl ul (OO ‘OquRqeq fL66] ‘ASSIUIABINg pue ojudqed (6861 ‘Ojuaqey
puE AJSIUIABINE) (SS61 IOUIUURIL) 14op)s DHOUIUUDIL SB BAWDZ BABUIDADS WOL] PIPIOIDI A[UONEISIUI IOT[IBD SeM SO12dS SIU1 JEY) PAMOYS OPI[S PIAIdSIIA oY) JO UONRUIMEXT

(L1107 “Te 12 oyuaqeq nsuds | “ds xvioyiojpSapy =) eJ[IXeW Y} JO 2q0][ 1IN0 ) UO SITEY [eqO[qNS OM) JO 20UsaId o) PUR {71} UO Y 8IS JO 93UISAE o) Aq PIZLIILILYD
sarads paquosepun ue st (oSepdiyory onory ueipeue)) oy ul pue[s] saudury Jo[q pue ‘ofeadiyory eA[WOZ BABUIDADS ) Ul PUB[S] YIAJUS[OE ‘BA[WAZ BABAON JO
yliou) suordar pasap aejod oyl Jo Jsow ul Jurumoaoo snuaf ay Jo saneuasardar Ajuo ay1 Jou Ajqeqoad g uowwod jsow ay [, "ose} aq 03 uondwnsse s1y) pamoys (€107 ‘@seeH.d
PUE IOPIAUYIS) UOISIAII JUIIAI AT} “IDAIMOH "SUOISAI WIAYMIOU dY) Ul PALNIIO “snuujuiui Jy A[DWEU ‘SNUST SIY) Jo $0109ds uejodowsod ouo AJUO Jey) PIWNSSE IOTIEd Sem 1] |-

*KY[BOO] SWIES YY) WOIJ [BLIDJEU JUDOII JY) Ul PUNOJ dIoM DLIOSA(T Snua o)
Jo saaneuasaidar oN “sawads sndo3priaq omy 2y Jo Aue o3 s1ofar A]qeqoad jsowr pue[s] sausury JO[IH WOy (S961 +961 ‘euld[yaN) S1eqny, paovjora putojos] Jo piodI YL, -

“vL61 ‘BAOUAMRIN stp1jipd “f Se (Le6| ‘ASSIUIARING PUB O3UqRE) PAPIOdL BIIRY |

“Burssiw 2q 01 sieadde opi[s Ay {paULIIFUOD 3G JOUUERD UOTIEDIIJIUAPI SI| "PUE[S]
[log weyel) woy uswidads ajSuls e uo paseq sem ('ds (Pur0josLng) T St 16861 “0jUSQEg PUE AISJUIABING SI/IGDIOU DIUOIOS] SE 1¢86] ‘O UI(RY PUB ASSIUIABING) PIOdAI SIYL

(L661 ‘Assjulae|ng pue oyuaqed) 061 ‘[euSeq snsournjd | se pap1oaay
‘upysnAjey) ade) woy uawidads pagewrep o[3uls B uo paseq wLdLL “TeA SipLiA ] e (€E6[) Iwalueuul  Aq paynuapt Ajqeqoid jsow sem seroads sy,
(L661 ‘Assjuiag[ng pue oduaqeg]) “ds puioos] se PapIodRY (|

‘spotjaul Je[naajowr urdpour 3ty £q Ajuo paajos aq Ajqeqoid [[im wapqoid ay yFnoyy ‘pazruLuouls a1om suLIog

a1y asawy (L00T ‘BI2q[alg) 19eT 0007 ‘oueqeq 1o aodeiod upavisuv( . pue (00T ‘oqudqeq ‘L661 ‘ASSIUIARING pue oyuaqeq 661 ‘9861 “FIeqaly) 9L61 ‘uasuensuy)
19 moIny pydiw o (3361 B1q[eld) (2961 YowIS) syanad *.f Se SPUe[SI oNAIY YSIH Y] U0 PIpPIOdal Sem 1] "PAYLIE[D 2q 0] Spaau [[1Is satoads siy) Jo snieys a ‘vorurdo Awr ug ol

"2INJSG0 SUTBWIAI STIEIS 13U $(L661 “ASSIUIARINE PUB OJUAQRE) SLDfISa4 o SE PIPIOAI 1M $A[02ds S[y) JO SUI0f J0[0d 1o
SLDISaL " of St (L66] Broqel) papiosar AeuSuQ)

"poLdupy “1F ds . se (L1 ‘AdsjuIARINg puR O uaqeg) paprodal A[[euSLQ |,

‘pppprooxas 15 ds 1 se (L6 ‘AdsjulArIng pue oxuaqeg) oFe[adiyaIe Ay U0 PAPIAY |

-Awrouoxe] s, dnoi3 sy ul
SoBURYD [EJIPEI d) SULIDPISUOD ‘PALIUOD 3G 0} SPadu AJUAPIAd YoIyM (8761 ‘UOHH PuB IOABUIDWWING) UOIFAI SIY) wWol sd1oads 2y} Jo pIooal plo suo Auo st AL

‘prapunas "qoid -ds p se (5961 ‘v961 Puld[yoN) popioday
“puipypigdour 1u -ds 4 se ($961 F961 ‘QuId[YVOIA]) PAPI0OAI U dABY AeLU PUBS] SAUFUTY JO[[F U0 Punoy snuag siyy jo saroads yiog |
(9861 “Broqqial] aes) yuogdir “1u ds g se (5961 ‘+961 ‘@urd[yoN) pueys] sousury Jo[jg uo papiosai A[qeqoid sem saroads iy

"poupia B se (gg6] ‘Twatueuuly) unsniay) ade) uo papiodar Apuaredde sem satoads sty

4 2018

98 No.

ENTOMOLOGICAL REVIEW Vol.



BABENKO

390

9°SL 48 - - - - - - - - - = A40]02UOD []
- o - ['0 €l - - - - = = S siynuis H
#0070 - 10 10 €0 - §0 - - - - - pudp "y
00 10°0 10°0 €070 0¥ - - - - - - - S1paLoq )
- T0 - 81 Tl ! 6'€ - - - - - st 13 -ds py
- - - - - - - 80 L0 0 01 01 SHISUaS "]
£l L0 - L't €0 - - I'0 - - 10 0 sypaiu g
- 60 - €0 - - 0T €0 8’1 - 10 90 B WLIOJ nipnooulq "
- €0 60 - - - £0°0 ¢0 ¥'C 80 4l 6’1 vurdsiguo] )
- 1'0 90 - - S0 0 I'l 90 €0 80 60 nuoqdag ‘g
£0°0 6'l g0 1 e - S0 - 0 'l 1'0 - S0 stpjod “p
- (Al I's L0 - Al 0 9°¢ L't o €0 £l SHpRDIIA2AY "/
L0 891 L0 L't - €L 0¢ 8'S 6'C I'¢ [0 61 D2UPUDIUI0LS ()
#0070 90 L0 €00 - [0 ['0 60 90 ¥0 9°88 91 pipjnonuaplq f
8’1 I"L1 Iz 0¢ ¥l 91 6T 86 091 €0 rAllT4 DOLIUID] "]
0 9'¢ 6°¢l 86 0°9¢% £°€9 I'l 9'S 't L'l 10 00 18.429)1m) “Ff
Sy 89 (4! ¥"8T S'el 911 STl 0L 08 I'€T 'l 8'S SN2 "4
91 6'9% 6°TF (A4 9'vT A SEL 0'¥9 1'6S 889 £9 I'+9 q wiLoy piopnooulq "o
=~ .9 =
tn [ pus 8 w
o - x| 8% |LE.| § 2| % | = S 5
z g |3%8| 2§ |58 - 13| 23 | B8 | §¢ Z
- £33 3 3 B g o8 25 9 [ 2 a3 S &2 e -
g E |:%% | #% |38 | 5 |38§|Eg | & | &% E o
g & St 5| §% |53 2 S5z | =& | £8 g g ) =
? g |38 | 38 |[fei| ¥ |TegE| 3% | B¢ | §% 2 g
o 5} Sz e g3 Wrmu[mr S mm..D .3 = 5 ﬁ..um m-. S
=3 =3 28 2 s = $%8 < R B2 3 8 IS 3 seroad
e} a Q87 w3 3 O = Pl ] = & — QH.W.. I = h S
¢ g Y| ¥ g ) g 2 3 5
] 3 & B 2 . @
< ®
UpySOID 1p13.4n}
sadejquiasse SUOTIRIJ0SSE [BUOZEIUT utna1u1020]A Uinja1uoopIny SUOTIBIO0SSE
sagooz wiem pue AIp Keane[ay —HSpADMP O14D]]2]G —o1sdunyssag oydiowoIpAy pue [RAIN

SUOTJEID0SSE [BUOZ

(ea0IBEIN O ‘0007 ‘8661—L661 JO SUOTIO00) BA[WAZ BABUIIADS ‘PUB[S]
yiaaysjog jo suonerdosse jued jediourid ayy ur sagejquuasse 112y Jo sigjaweled [RISUI pue B[OQUIR[[O)) JO $2109dS JUIAIJIP JO (%) 2oUBpUNgER 2ANR[YY T dAqeL

98 No. 4 2018

ENTOMOLOGICAL REVIEW Vol.



391

SPRINGTAILS (COLLEMBOLA) IN THE SUBPOLAR LANDSCAPES

"PIOq Ul UMOYS B (94,6°€) PIOYSIIY) adueUIIOpqns AIeniqie oy} SuIpaadxs san[eA 90UBPUNQE JATR[II AU} °/—p SI[QB ], Ul pue 219H

1¥C6 ¥6£¢ 8LST Pov1 9ty 979 0811 08¢T 86 CIL 899 24| UBIpIN
6°IvL6 | ¥°S661 8PILI L'L8L £'60¥ 618¢ 088¢T 99¢o6l S9981 L'8ISI 88088 9°0LT1 (as+mw)
FO6S0I1| FTITLT | ¥8'888T | FYTREI | F0°09S | FTEY9 | FH'86YT | FYVOLT | FHEI6L | FEELEL | F900SS | F0°89G | wp/put ‘Aysuap ueajy
9 '8 6 <L 9 $9 8 01 01 L 6 8 UBIpIN
(s = m) 21dwes 1ad
PTFEY | TTFOR | STFTO|OTFOL|TTFFI|LTIFIO|STFTS|STFOOI|OTFLG | I'TFO9| I'IFL8|61FGL |sor0ads jo soqunu ueajy
cl 0¢ £l Sl cl 01 £l £l 4! I1 I ¢l seroads jo toquinu [ejo,
9 o1 01 01 01 01 S Sl ¢l 6 L Il sojdures Jo soquiny
898ST 6269 L LSFE 0921 8691 £TIE cEle 91L9 160€ 9296 cley ‘put JO Iaquinu [e30 ],
- 10°0 - - - - - - - - - - DIIADUIPUPIS "
- 00 - - - - - - - - - - avuisold o
- - - - - - 10 - - - - - SIIDULID °§
- - - - 70 - - - - - - - DIDIUIPOLIDA "JO ]
= = = = L0 = = = = = = = poradunny " J
- - - - - - - - - 60 - - 100UA2YST (]
$0 0 - - - - - - - - - - D2S1AB0dNAD0D * o
- 10 - (4 - - - - - - - - pjooyjo °f
- - 10 - S9 - - - - - - - DUDIHOWDIID O "o
o g . g -
s | 7 3B i% |sT5| § |osY| of |22 | is :
= 5 |82 | ¥ |Sgs| § |3&§| EE | 5% | @ € o
= | £ || 5T |EfR| £ |ETz|EE % |§f | & | %
7 s |SSE| 28 [fgi| § |FeE| %I | &% |53 =
e = |§§%| YL |5§8| § |fEo|%E | =5 |2y | % 2
m 5 2 ,m,. <m“ om. W 3 MP s M. o W & W o 8 W _ m. soradg
wupysvIn p13.ang
sofe|quuiasse SUOT}BIO0SSE [BUOZBIIUL wina1u020]AF e e 0 4 SUOIJBIDOSSE
ouagooy uLem pue AIp A[PANR[SY —HSpADMPD OLID|[2]1S —o1sdubydsa(] onydriowoIpAy pue [eAIN

SUONBIDOSSE [BUOZ

(‘pruo)D) "z AqeL

98 No. 4 2018

ENTOMOLOGICAL REVIEW Vol.



392
" ER KCh NZ NAL FJL S§Z Ch
0.9 4
0.8 1
0.7 4
0.6
0.5 1
0.4 1
0.3
0.2 1

Jaccard

I

BABENKO

ER KCh NZ NAL FJL SZ Ch
1.0

0.9 1
0.8 1
0.7 1

Dice

0.6

0.5 1
0.4 1

0.3+

Fig. 2. Cluster analysis of similarity of the collembolan faunas of different regions within the polar desert zone (PAST software, Jaccard
and Dice indices): NAL, Nordaustlandet; FJL, Franz Josef Land; NZ, Novaya Zemlya; SZ, Severnaya Zemlya; Ch, Cape Chelyuskin;

ER, Ellef Ringnes Island; KCh, King Christian Island.

specimen was found in the available material from
Franz Josef Land. This species was also absent in
quantitative samples from the south of Bolshevik
Island, though single specimens occurred in V.I. Bu-
lavintsev’s collections from all the three large islands
of this archipelago. Within the Canadian Province, the
species was recorded on Ellef Ringnes Island only in
grass-forb habitats on south-facing slopes. The rest of
the above species are quite common in the polar desert
regions but rarely reach the dominant status in the
principal habitats.

The fauna of the Barents Province is noticeably
more diverse, with no less than 58 species. Besides,
it comprises the greatest number (33) of forms which
have not yet been recorded in other provinces.
Strangely enough, among them there are almost no
species with European (or amphi-Atlantic) ranges,
except Megaphorura arctica, Isotoma anglicana, and
possibly Sminthurinus concolor (see Babenko, 2017).
Most of the species recorded only in the Barents Prov-
ince are either widespread forms largely inhabiting the
tundra zone or even more southern territories, or forms
with mostly Siberian and Sibero-American ranges
whose western boundaries lie in northeastern Europe.
The latter group includes, in particular, such species as
Hymenaphorura sibirica, P. subarctica, C. palustris,
D. violacea, F. longidens, and F. palaearctica, none of
which has yet been found in the polar deserts of the
Siberian Province.

The known fauna of the Siberian Province is almost
half as diverse, with only 36 species. It should be
noted that only the south of Severnaya Zemlya has

been more or less adequately studied. The available
material from the east of the province, i.e., islands of
the De Long group (Zhokhov Island, V.I. Bulavint-
sev’s collections), is too fragmentary to produce
a realistic picture of the soil complexes of Collembola.
For the time being, it may be noted that, apart from the
dominant forms typical of polar deserts, the collembo-
lan fauna of the zonal habitats of Zhokhov Island also
includes abundant species with more southern ranges,
such as F. quadrioculata. Only 12 species are
restricted to this province; most of them, namely
P. aquatica, H. anatolii, P. taimyrica, H. fjellbergi,
F. mirabilis, B. wrangeliensis, F. amplissima, Isoto-
murus chaos, Sminthurides armatus, and H. puto-
ranae, occur only in specific assemblages and are
represented there by single specimens. According to
the available material, only F. cf. altamontana and
Corynothrix borealis may reach the subdominance
level (> 3.9%) in the relatively dry and warm intra-
zonal associations of Bolshevik Island (see Table 2).

The known collembolan fauna of the Canadian
Province is the least diverse: it comprises only 13 spe-
cies, not counting H. humi (see note 4 to Table 1).
Such low diversity does not seem to result from some
specific features of this province but merely reflects
a very insufficient knowledge of the regional fauna.
One species, F. regularis, is absent in the other prov-
inces of the polar desert zone, being replaced there by
a very close Palaearctic form F. binoculata.

On the whole, the faunas of the three provinces
were found to be similar but not at all identical. Of the
total list, 31 species (over 40%) were recorded only

ENTOMOLOGICAL REVIEW Vol. 98 No. 4 2018
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Fig. 3. Cluster analysis of similarity of the cenotic faunas (a) and population (b) of Collembola in the examined plant communities of
Severnaya Zemlya (PAST software, Dice and Rho indices): 4, snow field near a spring; B, spring side; C, bog; D, zonal association
Deschampsio—Aulacomnietum turgidi, polygonal type; E, the same, clumpy type; F, zonal association Stellario edwardsii—Hylocomietum
alaskani typicum; G, the same association but var. saxifragetosum cespitosae; H, Dryas punctata—Hylocomium splendens; I, association
Gymnomitrio corallioidis—Racomitrietum lanuginosi; J, poppy “meadow,” Saxifraga platisepala—Poa abbreviata; K, lemming colonies;

L, an owl feeding place.

on one archipelago, 46 species (64.8%), only in one
province, and 14 species (19.7%), in two provinces.
The highest similarity between the faunas of different
island groups assessed by Jaccard index was only
slightly greater than 0.5. The corresponding values of
Dice index, placing emphasis on the co-occurrence of
species, varied within the range of 0.5-0.7. In both
cases, separate clusters united the two Canadian
islands, two southernmost (and/or warmer) regions of
the Barents Province (Nordaustlandet and Novaya
Zemlya), and also Franz Josef Land and two localities
of the Siberian Province (Fig. 2).

The population. Of the available quantitative mate-
rial, the most adequate collections were made by
O.L. Makarova in 1997-1998 and 2000 in the south of
Bolshevik Island, the Severnaya Zemlya Archipelago.
Altogether, her study covered over a dozen plant asso-
ciations which were quite representative of the coastal
plain vegetation of this island. The descriptions of
individual collection sites are to be found in the paper
devoted to the composition and structure of the
regional acarocenoses (Makarova, 2002), and also in
a special study of the vegetation of Bolshevik Island
(Matveyeva, 2006). The collembolan assemblages
of the region (Table 2) usually comprise from 10 to
13 species (mean 13.0 = 2.5, median 12.5, maximum
20). Their population density is usually high but
extremely variable depending on the vegetation
mosaic. The highest density, sometimes exceeding

ENTOMOLOGICAL REVIEW Vol. 98 No. 4 2018

10 000 ind./dm’, is typical of zoogenic habitats; the
mean values lie within a range of 1000-2000 ind./dm?,
and the minimal ones rarely drop below 600 ind./dm’.
The most characteristic feature of the collembolan
population is very high faunistic similarity (up to
a totally identical species composition) between the
complexes inhabiting the soils of sharply contrasting
habitats, for instance, zonal associations and nival
assemblages in spring valleys (Fig. 3a). The only col-
lembolan population really different from the general
pool was found in such a specific intrazonal commu-
nity as Dryas punctata—Hylocomium splendens var.
alaskanum, which was quite rare in the study region
(Matveyeva, 2006). This assemblage also stood out
during analysis of the population structure; the cluster-
ing pattern based on rank distribution of species did
not strongly differ from the faunistic one, though the
former appeared somewhat more realistic (Fig. 3b).
A separate cluster united zoogenic assemblages,
namely lemming colonies and owl feeding places. One
of the relatively warm and dry intrazonal associations,
Gymnomitrio corallioidis—Racomitrietum lanuginosi,
was clustered together with the one zonal assemblage
Stellario edwardsii—Hylocomietum alaskani showing
certain similarity to Salici polaris—Hylocomietum
alaskani, the principal type of zonal vegetation of the
Arctic tundra subzone on Taimyr (Matveyeva, 1998).
It is also quite natural that these two clusters were set
apart from the rest of the studied assemblages which
were very similar in composition and structure.
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Table 4. Relative abundance (%) of different species of Collembola and integral parameters of their assemblages on the
coastal terrace of Cape Flora (Northbrook Island, Franz Josef Land)

Lower slope Middle slope Upper slope
moss cushions near spring,
Species with Saxifraga rivularis, association with dense cover .
Cerastium alpinum, and of Alopecurus alpinus seabird colony
Cochlearia groenlandica
A. bidenticulata 33 0.01 0.01 0.04
A. polaris 0.7 1.9 1.6 0.04
C. longispina 4.1 2.4 1.6 1.5
F. binoculata form a 19.4 15.3 15.5 2.2
F. binoculata form b 20.0 33.6 19.2 0.01
F. taimyrica 47.3 36.1 56.3 17.1
H. concolor 0.2 2.5 1.9 78.8
O. groenlandica 4.4 4.5 2.1 0.3
A. alpina 0.2 0.04 0.2 -
B. nivalis 0.2 0.04 0.4 -
F. quinquespinosa 0.02 2.1 0.2 -
H. tullbergi 0.005 0.9 1.0 -
D. neglecta - - 0.01 -
D. tshernovi - 0.5 - -
D. violacea 0.01 - - -
H. serrata - - - 0.1
W. scandinavica - 0.02 - -
Total number of ind. 21410 11436 30195 22088
Number of samples 6 15 12 5
Total number of species 13 14 13 9
Mean number of species per 9.8+1.2 8.6+1.5 92+1.2 7.6+0.9
sample (M + SD)
Median 10 9 9 8
Mean density, ind./dm’ (M + SD) 14273.3 £ 9458.0 3049.6 = 1503.8 | 10065.0 +3784.4 | 17670.4 + 19027.0
Median 10872 3416 9778 13760

The studied assemblages of the polar deserts of
Bolshevik Island had a fairly limited set of dominants.
The smaller and more intensely colored form of F. bi-
noculata (form b) was very abundant almost every-
where and often reached the eudominance level
(39.4%). Another as polytopic though less abundant
form was V. arcticus. High relative abundance in
many biotopes was also typical of F. faimyrica and
H. tullbergi, the latter clearly preferring warmer and
better drained habitats despite its local ubiquitous
presence. Oligaphorura groenlandica was dominant in
only one biotope and quite abundant in two more bio-
topes. Megalothorax sp. gr. minimus had a high den-
sity in one of the zonal associations but did not reach

ENTOMOLOGICAL REVIEW Vol. 98 No. 4 2018

the dominance level. Five more species, 4. bidenticu-
lata, V. brevicaudus, C. borealis, H. concolor, and
F. cf. altamontana, were dominants or subdominants
in one of the assemblages studied.

Despite the polytopic occurrence of most of the
abundant species and high similarity between the
cenotic collembolan complexes in the polar deserts of
Bolshevik Island, these complexes were by no means
identical but, on the contrary, characterized by quite
distinct sets of species. This was clearly indicated by
the results of discriminant analysis which showed
most of samples to be identifiable (Table 3). However,
these differences were difficult to formalize.
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Table 5. Relative abundance (%) of different species of Collembola and integral parameters of their assemblages in some
communities of Tikhaya Bay (Hooker Island, Franz Josef Land, collections of 2015)

Coastal terrace Slope above terrace Rubini Rock
moss cushions near | gently sloping
polygonal spring, with cover area with
Species association with of Alopecurus S. polaris, lichen cover ornithogenic
Salix polaris in alpinus and Papaver sp., and on talus substrates
troughs Ranunculus dense cover of
sulphureus A. alpinus
C. longispina 0.4 5.9 0.8 0.9 1.9
F. binoculata form a 6.5 15.8 5.7 35 4.2
F. binoculata form b 38.3 21.6 15.9 50.2 0.01
F. taimyrica 12.2 32.2 6.4 12.7 16.7
A. polaris 0.1 0.7 - 0.6 0.1
D. neglecta 0.9 1.5 5.3 — 0.02
D. violacea 15.9 — 8.3 10.5 0.004
F. quinquespinosa - 3.9 1.4 0.1 0.01
H. concolor 1.5 7.7 11.2 - 76.4
H. tullbergi 14.2 — 32 15.0 0.01
O. groenlandica 1.1 2.5 0.8 — 0.1
W. scandinavica 6.6 — 4.3 5.8 0.4
A. alpina 1.0 0.5 - 0.4 -
D. tshernovi 0.7 0.1 4.1 - -
F. longidens 0.5 7.6 0.3 - -
A. bidenticulata — — - 0.1 0.03
F. coeruleogrisea — — - — 0.1
F. palaearctica — — 324 - -
L alticola — — 0.04 — -
S. malmgreni 0.02 - - - -
V. brevicaudus 0.2 — - — -
F. quadrioculata 0.01 - — -
Total number of ind. 5259 10288 4494 685 23244
Number of samples 6 4 6 2 8
Total number of species 16 13 15 11 14
Mean number of species 12+14 11.8+1.3 103+1.9 9.5+£0.7 55+£24
per sample (M + SD)
Median 12 12 11 9.5 5.5
Mean density, ind./dm*> | 3506.0 +2496.9 | 10288.0 +4502.7 | 2996.0 + 1423.3 | 1370.0 + 121.6 | 11622.0 + 23379.4
(M + SD)
Median 2958 9246 3144 1370 2284

The quantitative material for Franz Josef Land is
available from only two localities: Cape Flora (North-
brook Island) (Table 4) and Tikhaya Bay (Hooker
Island) (Table 5). The former locality lies approxi-
mately half a degree of latitude to the south, but its

ENTOMOLOGICAL REVIEW Vol.

collembolan complexes were found to be homogene-
ous and less diverse: they included 17 species as com-
pared with 22 found in Tikhaya Bay. The obvious
reasons for this were the homogeneous vegetation
(an almost continuous cover of Alpine foxtail) and

98 No. 4 2018
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Table 7. Relative abundance (%) of different species of Collembola and integral parameters of their assemblages in
Isachsen Bay, Ellef Ringnes Island (collections of O. Makarova, 2005)

17} G § G S E %D o0
_ & _E | 9% & 258 | 284 5, g g
s =S = = S SRS 8= & 3=
Species Z g g g E Sfg%| 2188 =S & S 2 = 2
z 5 = NE | 5585|5588 88%| == 5 =
] 1) SE8| 33| T3 g g
2 o O 8 @] %‘ O o m
S S ©
5
F. regularis 24.2 31.5 77.3 42.2 30.7 11.1 3.9 17.5
V. brevicaudus 18.3 23.6 0.1 48.2 15.1 1.0 0.8 0.1
H. concolor - 33 5.9 7.3 48.7 51.5 93.0 60.8
M. sp. gr. minimus 1.2 - 8.3 0.3 3.9 2.8 0.1 0.1
O. groenlandica 0.9 16.6 4.3 — 1.6 2.1 0.4 1.4
A. polaris - 1.1 3.1 2.0 — 0.5 0.04
V. arcticus - 0.1 0.8 - - 0.1 - 0.1
H. sensilis 55.1 21.5 — - - 2.4 - -
A. bidenticulata 0.2 2.2 - - - - - -
F. bisetosa - — — — — 12.7 2.0 18.3
W. similis - — — — — 6.7 1.0 1.6
W. scandinavica - - 0.1 - - 1.0 0.5 -
F. quadrioculata - — — — - 8.2 - -
Total number of ind. 2403 1727 4278 396 1182 2744 8585 7913
Number of samples 7 7 15 5 5 10 2 6
Total number of species 6 8 8 5 5 12 8 9
Mean number of species| 4.3+0.5 | 64+1.0 | 50+£0.8 | 3.6+ 1.1 540 7.7£22 | 55+£2.1 | 49+1.6
per sample (M + SD)
Median 4 6 5 4 5 8 5.5 5
Mean density, ind./dm*| 1373.1+ | 9869+ | 1140.8+ | 316.8+ 945.6+ | 1097.6+ | 17180.0 £| 4521.7
(M + SD) 801.6 702.9 679.7 2443 334.0 725.6 17805.0 5194.2
Median 1276 680 1000 288 1020 1134 17170 2812

strong influence of the uphill seabird colonies. The
total species richness of individual cenoses was simi-
lar on the two islands. The mean number of species
per biotope was 12.3 + 2.2 (median 13) for Cape Flora
and 13.8 £ 1.9 (median 14) for Tikhaya Bay, i.e.,
almost the same as in the south of Severnaya Zemlya.
The principal dominants found at Cape Flora included
only three “species” of the genus Folsomia (taimyrica
and both color forms of binoculata), whereas H. con-
color formed the bulk of the collembolan population in
the seabird colonies. The range of dominants and sub-
dominants was considerably wider in Tikhaya Bay.
Apart from the same species of the genus Folsomia
and H. concolor, in some biotopes the set of abundant
forms may include nearly ten more species, in particu-
lar Ceratophysella longispina, H. tullbergi, W. scandi-
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navica, F. quinquespinosa, F. longidens, F. palae-
arctica, D. neglecta, D. violacea, and D. tshernovi. The
studied collembolan assemblages of the archipelago
had high population densities varying from 1400 to
18000 ind./dm* (median > 3400), probably due to the
general influence of seabird colonies.

The quantitative material from the north of Novaya
Zemlya is very scanty (Table 6), so that at present the
nature and specificity of the regional collembolan
population can be only preliminarily assessed. The
composition and structure of the collembolan com-
plexes of Cape Zhelaniya, the extreme northern point
of the archipelago, showed considerable differences
from the other polar desert regions of the Palaearctic.
Despite intense anthropogenic disturbance of the terri-
tory, examination of the small preserved fragments of
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Fig. 4. Ordination of the collembolan populations of different polar
desert regions (PAST software, non-metric MDS, Rho index):
A, Franz Josef Land; B, Novaya Zemlya (north); C, Severnaya
Zemlya; D, Ellef Ringnes Island.

vegetation revealed 24 species of springtails. It is sig-
nificant that they included not only the typical inhabi-
tants of polar deserts but also species which had not
been previously recorded in this zone, for instance
P. pjasinae, H. sibirica, F. microchaeta, P. sensibilis,
and 7. wahlgreni. Judging by the very limited material
from Russkaya Gavan Bay (four soil samples from
a single habitat), the local collembolan assemblages
seemed to have a still more southern appearance; in
particular, their dominant set already included such
a polyzonal species as F. quadrioculata. At the same
time, the main structural parameters of the collembo-
lan assemblages in the north of Novaya Zemlya,
namely the number of species per sample and the
increased background density, were quite similar to
those of other polar desert regions.

Ellef Ringnes Island of the Canadian Arctic Archi-
pelago occupies the most isolated position of all the
studied polar desert regions. On the one hand, the
principal collembolan assemblages of this region
were clearly impoverished as compared with the
Palaearctic ones (Table 7). On the other hand, their
mass species included not only such High Arctic forms
as F. regularis, V. brevicaudus, H. concolor, O. groen-
landica, and H. sensilis but also the hypoarctic species
F. bisetosa and the polyzonal F. quadrioculata, though
the two latter forms were associated with the richest
and warmest communities. The high originality of
the collembolan population of this island was also
confirmed by the results of multidimensional scaling
based on quantitative data (Fig. 4). Still, the general
appearance of these assemblages (a small core of
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abundant polytopic forms and a relatively diverse set
of rarer forms, especially numerous in specific intra-
zonal habitats) was quite comparable to the typical
variant of the polar desert zone. On the whole, the
regional differences seem to be mainly determined by
the abundance ratios of the mass forms, although the
qualitative differences, i.e., the presence or absence of
certain species, are also significant, especially for the
Canadian Province (Table 8).

DISCUSSION

Despite the High Arctic regions being remote and
difficult to access, the Collembola of the polar deserts
seem to have been studied almost as well as those of
most other natural zones. This is certainly the result of
the relatively simple structure and low diversity of the
biota, because of which the diversity and specific fea-
tures of the soil inhabitants can be assessed more or
less correctly even with comparatively little available
material. The collembolan fauna of the polar deserts
is extremely impoverished, most genera being repre-
sented by only 1, less frequently 2 species; this situa-
tion is also observed in nearly all the other taxa
(Korotkevich, 1972; Chernov and Matveyeva, 1979;
Belikov and Randla, 1987; Korte et al., 1995; Maka-
rova, 2002a; Alekseev et al., 2003; Makarova et al.,
2007, 2012; Chernov et al., 2011). For example, of
22 genera of Collembola recorded on Bolshevik
Island, 16 genera (or 73%) are represented by only
1 species each, 4 genera are represented by 2 species
each, and only the genera Folsomia and Hypogastrura
still comprise many species. Correspondingly, the
collembolan faunas of the polar desert regions are
characterized by the lowest species-to-genus ratios:
1.3 for Cape Chelyuskin, 1.6 for Nordaustlandet, the
north of Novaya Zemlya, the fauna of Severnaya Zem-
lya, and Ellef Ringnes Island, and 1.8 for Franz Josef
Land. The ratio for the collembolan fauna of the whole
of Taimyr Peninsula is 3.0, and that for its southern
tundras is 2.7.

There appears to be a certain contradiction between
the wide ranges of most springtails occurring in polar
deserts, where cosmopolitan and trans-Holarctic spe-
cies comprise over 60%, and the observed faunistic
specificity of different regions within the zone. For
instance, only 10 species have been recorded in all the
three polar desert provinces. However, in my opinion,
this contradiction is a seeming one. In the extremely
severe environment of polar deserts, even very subtle
differences in the conditions of different provinces or
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Table 8. Species which contributed most to the difference between the collembolan populations of different provinces of
the polar desert zone (PAST software, SIMPER, Bray-Curtis index)

Normalized mean abundance: In (N + 1) Species contribution to BCj; index
e | Provnee | im0 | Cumulaived

F. binoculata form b 4.0 3.9 - 7.7 9.9
F. taimyrica 5.1 2.5 — 7.7 19.7
H. concolor 1.9 0.4 3.0 59 27.2
F. regularis - - 4.2 55 343
V. arcticus - 2.9 0.4 5.1 40.8
H. tullbergi 1.8 23 - 4.8 47.0
F. binoculata form a 2.9 0.8 - 4.6 52.9
O. groenlandica 2.1 1.7 1.8 4.2 58.3
V. brevicaudus 0.03 1.4 1.9 3.7 63.1
C. longispina 2.0 0.9 - 35 67.6
A. polaris 1.6 0.8 0.6 3.0 71.5
H. sensilis 0.2 0.4 1.3 23 74.5
A. bidenticulata 0.5 1.0 0.2 23 77.4
M. sp. gr. minimus 0.1 0.4 1.3 2.2 80.3
H. trybomi - 0.9 - 1.5 82.3
P. pjasinae 0.7 0.03 — 1.2 83.8
D. violacea 0.8 - - 1.2 853
B. nivalis 0.3 0.4 - 1.0 86.6
W. scandinavica 0.5 0.03 0.2 1.0 87.9
F. quadrioculata 0.4 - 0.3 1.0 89.2
Other 38 species 6.7 1.3 1.7 13.8 17.7

Sum 83.3 100.0

regions may prevent or facilitate the expansion of
many species into the marginal part of the latitudinal
gradient, even though the same species may have
a circumpolar distribution in more southern areas.
Besides, the varying level of knowledge of different
regions should be taken into account.

The published estimates of the collembolan faunis-
tic diversity in different polar desert regions usually
did not exceed the level of 10-15 species (McAlpine,
1964, 1965; Addison, 1980; Chernov et al., 1977,
1979; Bulavintsev and Babenko, 1983; 1989; Fjell-
berg, 1986; Babenko and Bulavintsev, 1997). The only
noticeable exception was Nordaustlandet, from which
34 species were known already at the end of the past
century (Fjellberg, 1997), and at least 39 species are
known at present (Coulson et al., 2011). This work has
somewhat leveled the difference by noticeably increas-
ing the species richness of the known polar desert
faunas of other provinces. In particular, the collembo-
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lan diversity on Bolshevik Island has become almost
equal to that on Nordaustlandet: 36 and 39 species,
respectively. Since the total number of vascular plant
species known from this island of the Svalbard Archi-
pelago noticeably yields to the floristic richness of
Bolshevik Island (52 and 68 species, respectively; see
Matveyeva et al., 2015)," it may be assumed that the
number of collembolan species currently known for
Severnaya Zemlya is still far below the actual diver-
sity. It is interesting that within the Siberian Province,
this island fauna turned out to be considerably richer
than that of the more southern mainland polar deserts
of Cape Chelyuskin. First of all, it is reasonable to
presume that the fauna of Bolshevik Island has been
more thoroughly studied, since the available material
from Cape Chelyuskin is much scantier.

! At the same time, the known diversity of mosses is higher on
Nordaustlandet: 150 vs. 122 species (see Afonina, 2015).
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However, this does not seem to be the only reason
for the lower diversity of the Cape Chelyuskin fauna.
Under such severe climatic conditions, even minor
differences in heat availability may be crucial. Accord-
ing to the local weather station data, the long-term
mean temperatures of July at Cape Chelyuskin and
Solnechnaya Bay (Bolshevik Island) are not at all
equal: 1.5°C and 2.2°C, respectively. This fact proba-
bly accounts for the noticeable differences in the
occurrence and density of even some High Arctic spe-
cies. An example of this kind is the distribution of
O. groenlandica, H. sensilis, and A. polaris which are
noticeably less common in the assemblages of Cape
Chelyuskin and clearly prefer the warmest biotopes
there. The significantly greater species richness of
cenotic faunas of Solnechnaya Bay as compared with
Cape Chelyuskin (13.0 = 2.5 and 9.7 + 1.6 species,
respectively) is also evidently related to the greater
heat availability in the former region. Also important
are the different levels of landscape differentiation of
these polar desert regions. Approximately half the
species recorded at Solnechnaya Bay occur only
in local biotopes that have no analogs on Cape
Chelyuskin, where intrazonal plant communities are
practically absent (Chernov et al., 1979; Matveyeva,
1979).

Thus, the greater faunistic richness observed on
Bolshevik Island is not merely the result of more thor-
ough material collection. First, it is related to the less
severe conditions and terrain of the island; second,
it reflects the specific features of differentiation of the
collembolan fauna and population in the polar desert
zone. This zone typically has almost identical species
complexes in the principal plant associations and
an increased number of locally occurring species that
play no considerable cenotic role. The collembolan
population of Cape Chelyuskin also reveals this
characteristic feature. The first study of Collembola
in this region (Chernov et al., 1977, 1979) showed
very high similarity between the cenotic and local
faunas, i.e., similarity of the species composition of
individual plant communities and “the complete spe-
cies list of a relatively small territory including all the
most characteristic landscapes of the given zone”
(Chernov, 1975, p. 160). The soil collembolan assem-
blages of the examined vegetation units differed only
in the relative abundance of species, i.e., in variants of
rearrangement within practically the same species set.
The highly polytopic distribution of species was re-
garded as the most typical feature of the soil popula-
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tion of the polar desert zone On the whole, this con-
clusion was totally correct. On the other hand, the
almost complete identity of the cenotic faunas noted in
the cited research was partly due to the fact that the
study was focused on the most typical communities.
During the surveys carried out in the same area in
1994, the principal communities also had a very simi-
lar composition of the soil complexes, especially with
regard to changes in the taxonomic status of some
species. However, a single sample collected in
a drained patch with Salix polaris on a coastal steep,
only 2 m’ in area, yielded four species previously un-
recorded in the main habitats and increased the known
local fauna by as many as 20%.

It may be assumed that some uncharacteristic col-
lembolan species with low density and local distribu-
tion occur in any northern region. The set of such spe-
cies seems to be variable, being determined by the
outcome of colonization and survival at the limits of
the adaptive zone. The participation of these sporadic
species is particularly noticeable in the polar desert
faunas, not only because of the low total diversity but
also due to the greater number of forms that can barely
survive under such severe conditions but cannot main-
tain a considerable level of abundance.

In all likelihood, this phenomenon is not specific to
Collembola but quite common in both plants and ani-
mals of the polar deserts. For instance, of 74 species of
true mosses” known from Cape Chelyuskin (Blago-
datskikh et al., 1979), 19 species were recorded only
based on the previously published lists (i.e., they were
not found during the cited research) while 30 species
were characterized as “rare” and “very rare.” Of the
four species of beetles recorded on Severnaya Zemlya,
only Micralymma brevilingue Schigdte (Staphylini-
dae) has relatively high occurrence and density, and
the remaining species are known from very few
specimens found in local habitats with the most favor-
able microclimatic conditions (Makarova et al., 2007).

The maximum recorded densities of collembolans
in the polar desert regions usually much exceed the
values known for more southern communities, includ-
ing tundra ones. This is confirmed not only by the
material reported herein but also by all the earlier
publications. For example, the maximum densities
recorded in moss cushions on Cape Chelyuskin

2 By now, this number has increased to 90 (Afonina, 2015).
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exceeded 3500 ind./dm’ and the mean value was
1000 ind./dm* (Chernov et al., 1979). An equally high
abundance of collembolans was recorded on Franz
Josef Land, where their density often exceeded
3000 ind./dm” in biotopes with a well-developed moss-
lichen layer, whereas in old ivory gull nests along river
valleys and even on coastal terraces with depleted
vegetation it sometimes reached 15000 ind./dm’
(Babenko and Bulavintsev, 1997). The known ten-
dency for the collembolan population density to in-
crease from south to north (Chernov, 1975; Petersen
and Luxton, 1982; Ananjeva et al., 1987, etc.) is
particularly evident in the polar desert regions and
may be quite reasonably associated with drastic
faunistic impoverishment of the soil population. This
phenomenon is known as Thienemann’s rule or the
principle of cenotic compensation (Chernov, 2005).
Naturally, the high density and biomass of collembo-
lans in polar desert communities are not indicative of
high productivity of their assemblages. They most
probably reflect the extended life span, i.e., simultane-
ous existence of many consecutive generations of
collembolans in the Far North. Another considerable
factor may be the relatively low density of predators
in the polar desert soils (Chernov et al., 1979; Maka-
rova, 2002a; Makarova et al., 2007), although collem-
bolans seem to be the principal prey of many small
predators in these habitats (e.g., see Makarova et al.,
2007). Also important is the general weakening of
cenotic interactions, including competition, within
the saprotrophic complex, which is believed to be
a common feature of assemblages formed under severe
climatic conditions.

Apart from highly polytopic occurrence of the mass
species, the distribution of Collembola in the polar
desert landscapes is characterized by expansion of
species from hydromorphic tundra communities into
zonal habitats (Chernov et al., 1979). It is the hygro-
philous species that have the dominant status in most
habitats within this zone, including those with the
greatest heat availability. The composition of collem-
bolan assemblages in the warmest habitats of the polar
desert zone would seem very strange to a researcher
familiar with the spatial distribution of this taxon in
the tundra zone. Co-occurrence of typical hygrophiles,
meadow inhabitants, and species which in the tundra
zone are associated with drained rubbly slopes is
an excellent example of Liebig’s law of the minimum,;
it shows that, despite the small amount of precipitation
and the physiological dryness determined by low
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availability of water at low temperatures (e.g., Semme
and Block, 1991), it is not humidity that limits the
distribution of organisms in polar deserts. Again,
it should be emphasized that this phenomenon is by
no means specific to Collembola. For example, co-
occurrence of plant species “whose ecological optima
lie at the opposite ends of the gradient in the tundra
zone” (Matveyeva, 2006, p. 25) was repeatedly noted
for various intrazonal associations of Severnaya
Zemlya.

The core of the polar desert fauna of Collembola is
formed by the families Hypogastruridae, Isotomidae,
and Onychiuridae, generally typical of the Far North.
However, the ratio of these taxa in the polar desert
assemblages considerably differs from that in the tun-
dras. As compared with even the northernmost part of
the tundra zone, the family Hypogastruridae is better
represented in the local faunas and cenotic assem-
blages of polar deserts. The family Isotomidae also
retains high abundance and diversity. However, spe-
cies of the genus Desoria, probably the most diverse
genus in the tundra zone, are noticeably suppressed in
polar deserts. Only one species of this genus, D. tsher-
novi, is relatively common but usually scarce in the
Palaearctic polar deserts, and two more species, D. ne-
glecta and D. violacea, are sporadically recorded. The
ecological vicariants of the genus Desoria in polar
deserts are other large representatives of the family
Isotomidae: V. brevicaudus, V. arcticus, and A. biden-
ticulata. Species of the genus Folsomia act as domi-
nants of the collembolan assemblages in all the types
of communities. The family Onychiuridae clearly de-
clines in terms of both fauna and population; species
of the genus Protaphorura almost completely disap-
pear and play no significant cenotic role, and only
O. groenlandica remains relatively common.

Nearly all the abundant species of Collembola
inhabiting polar deserts have zonal Arctic ranges, and
many of them are true euarctic forms showing the
highest abundance in the northernmost regions. There
is even one endemic species, V. brevicaudus, whose
range barely extends beyond the polar desert zone;
this is quite unusual for such a primitive and ancient
taxon as Collembola. However, in the Canadian Arctic
Archipelago this species occurs not only in the polar
desert but also on the more southern Cornwallis Island
(Fjellberg, 1986), therefore it would be more correctly
described as a zonal subendemic. Exceptions to this
general rule are F. quadrioculata (dominant in some
communities in the north of Novaya Zemlya and sub-



404

dominant in the warmest assemblages of Ellef Ringnes
Island), and also W. scandinavica, F. palaearctica, and
D. neglecta that are mass species in some assemblages
on Hooker Island. Most of the species that are rare and
locally distributed in polar deserts are typical inhabi-
tants of the tundra zone. This group also includes
a few widespread polyzonal species whose distribution
optima lie still further south. All these ‘“southern”
forms usually comprise no more than 10% of the total
population density even in the communities with the
most favorable microclimate, but sometimes they
make up a considerable part of cenotic faunas.

The drastically depleted fauna of polar deserts and
the small thickness of the inhabited layer still do not
exclude the possibility of vertical stratification of soil
assemblages, at least in terms of occurrence of repre-
sentatives of different life forms. The soil assemblages
of most communities include epibionts (4. bidenticu-
lata, V. brevicaudus), upper hemiedaphobionts (H. try-
bomi, H. tullbergi, C. longispina), lower hemiedapho-
bionts (B. nivalis, F. binoculata), and euedaphobionts
(F. taimyrica, O. groenlandica). However, true atmo-
bionts are absent there since representatives of this life
form are suppressed already in the southern part of
arctic tundras (Ananjeva et al., 1987).

The collembolan populations of all the three polar
desert provinces show striking similarity at the struc-
tural level, first of all in the general impoverishment of
the complexes combined with weakened biotopic
associations of individual species. In other words, the
assertion that “under the most severe climatic condi-
tions, formation of invertebrate assemblages largely
amounts to shuffling of the same set of species which
inhabit, with varying densities, a very wide range of
biotopes and microbiotopes” (Chernov et al., 1979,
p. 43), is totally correct. The faunas of different prov-
inces (and regions within one province) primarily
differ in the proportion of uncharacteristic species
with more southern distribution optima. Species with
more northern ranges usually occur in several regions.
Naturally, there are significant exceptions to this rule,
especially in the Canadian Province which lacks
a number of Palaearctic species, such as H. tullbergi,
H. trybomi, C. longispina, F. taimyrica, F. binoculata,
and several others. The aspect of soil complexes
changes abruptly to the south of the polar desert zone.
Only 1° of latitude separates Cape Chelyuskin from
the northernmost studied region of arctic tundras,
namely the Rybnaya River on Pronchishchev Coast in
the northeast of Taimyr (76.63°N, 111.00°E). Nearly
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all the species recorded on Cape Chelyuskin also
occur in this northern tundra belt and even act as
dominants there, the only significant exception being
the absence of V. brevicaudus. However, the collem-
bolan populations of these two fairly close regions
reveal quite essential differences. For instance, the
fauna of the arctic tundra region includes a number of
Desoria species, in particular D. pjasini (Martynova),
D. atkasukiensis (Fjellberg), D. tshernovi, D. violacea,
and D. neglecta. Of these, only D. tshernovi was re-
corded in the polar deserts within this Arctic sector (in
the Cape Chelyuskin area and on Severnaya Zemlya),
where it was much less abundant and polytopic. Also
noticeable is the shift of biotopic preferences in the
most typical High Arctic forms: the species character-
istic of the polar desert assemblages lose their domi-
nant status and move from zonal habitats to hydro-
morphic intrazonal biotopes: nival stations (4. polaris,
A. alpina, B. nivalis), waterlogged lowlands (F. bin-
oculata, C. longispina), and waterside areas (4. biden-
ticulata). On the whole, it may be concluded that the
fauna and structure of the cenotic collembolan assem-
blages of polar deserts are sufficiently specific and
certainly not identical to those of the tundra zone, even
though they are formed under the influence of the
same global trend.
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