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Abstract

Kamchatka is a remote volcanic peninsula in the sub-arctic Far East of Russia. Its myrmecofauna has been scientifically addressed
several times. However, previous species lists are contradictory in part and a modern study seems to be lacking. Based on liter-
ature review, I conclude that 12 species and 4 genera (Camponotus, Formica, Leptothorax and Myrmica) of ants may be native
to Kamchatka. Of those, 9 were found in the field, 3 having a Holarctic, 3 a trans-Palearctic and 3 an East Palearctic distribution.
Most species diversity was found at mid-elevations, in pine shrubs and mixed forests, while deciduous forests and open habitats at
lower altitudes were surprisingly species poor. DNA-barcoding was performed for 57 specimens/9 species. Genetic diversity (COI)
was low for 8/9 species, with the exception of Leptothorax acervorum, for which all samples were of a different haplotype and 2
haplogroups were identified. For the encountered Holarctic and trans-Palearctic species, closely related haplotypes (<0.7% raw dis-
tance) occur in Europe and/or North America. Some Formica ants were morphologically atypical, with workers partially resembling
those of . fusca, while gynes identified as . lemani. Morphometric analysis and DNA-barcoding suggested that all these specimens

belong to a single species, F. lemani. Standard images for all specimens and an illustrated key to the worker caste are provided.
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Introduction

The entomofauna of the Russian Far East is still rela-
tively understudied (Kirichenko et al. 2019). This region
contains some diverse and unique insect communities
(Teslenko 2009). High diversity is found in broad-leave
forest of its southern regions, while diversity in the north-
ern tundra is much lower (Lelej and Storozhenko 2010).
Kamchatka is a large mountainous peninsula in northeast-
ern Russia, located between approximately 51°N—-60°N
and 156°E-164°E (Fig. 1A). Besides being one of the
world’s most volcanically active areas, it is also known
for its epic landscapes and large populations of wild life.
The Kamchatka-peninsula is connected to the Siberian
mainland only by a narrow stripe of mountainous land in
the northern tundra zone (Fig. 1A). To the West lies the
Sea of Okhotsk and the Pacific to the East. Large chains

of volcanic mountains shape the centre, North (Sredinny
Mountains) and South-East (Vostocny Mountains),
while the West, North-East and South are relatively flat
(Fig. 1A). The highest volcano (Klyuchevskoy) reach-
es 4,754 m altitude. The climate is considerd sub-arctic
and milder than in mainland Siberia. Kamchatka’s fau-
na has relatively low diversity and there is not much of
an endemic flora (Storozhenko et al. 2002; Nazarova et
al. 2013; Jones and Solomina 2015). The vegetation of
central Kamchatka consists of boreal forests dominated
by larch (Larix cajanderi) and birch (Betula platyphylla)
(Eichhorn 2010) (Fig. 1B) up to elevations around 800 m
a. s. 1., and Siberian dwarf pine (Pinus pumila) shrubs are
found at elevations between ca. 800—-1500 m (Fig. 1C).
In southern and peripheral parts of the peninsula, there
are open landscapes such as meadows (Fig. 1D) and wet-
lands, but most widespread are boreal deciduous forests
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dominated by stone birch (Betula ermanii, Fig. 1E), ex-
tending up to around 800 m a. s. 1. Between 800—1000 m,
these humid “snow forests” are replaced by dwarf pine
shrubs. Above the dwarf pine zone, only alpine tundra
and plantless landscapes remain (Krestov et al. 2008).

The ant fauna of Kamchatka has been described by sev-
eral authors during the past century. Different sources in
sum reported at least 25 different ant taxa from Kamchatka.
However, these publications are contradicting each other
regarding the presence and absence of species (Table 1).
Some of this confusion may have been introduced by the first
species list (Ruzsky 1920). This list deviates quite strong-
ly from later studies on ants from Kamchatka (Table 1),
casting doubt whether the underlying material truly orig-
inated (only) from Kamchatka. Additionally, distributions
of species reported from Kamchatka earlier are now better
understood due to recent taxonomic revisions. The status
of these taxa may therefore require verification. Recent
work has also raised the possibility of cryptic diversity in
two relevant species (Formica candida and F. gagatoides)
(Zhigulskaya et al. 2022; Chesnokova et al. 2023).

DNA-barcoding has become an important tool for bi-
ologists. Its various applications include the identifica-
tion, molecular taxonomy, classification of poorly known
biota, phylogeography and studies of ecological and evo-
lutionary patterns (Hebert et al. 2016). The main repos-
itory for DNA-barcodes, the public “Barcoding Of Life
Data System” (BOLD) database (Ratnasingham and He-
bert 2007) now contains more than 13 million specimens
with DNA-barcodes, representing nearly 345,000 spe-
cies. This resources allows comparison of new sequences
to a large amount of reference material.

The aim of this study was to compile a reliable, up to
date checklist of ants occurring in Kamchatka, to study
their distribution, ecology and genetic relationships as in-
ferred by mtDNA sequences. Additionally, it was the aim
to clarify the taxonomic identity of ants from Kamchatka
morphologically resembling Formica fusca (setac on pro-
notum absent) and F. lemani (setae on pronotum present).
Providing high resolution specimen images and an illustrat-
ed identification key to the species level was another aim.

Methods

Checklist and field observations

A total of 14 literature sources containing substantial
information about ants in Kamchatka, were reviewed.
Species records were classified by reliability according
to two categories: “reliable” (supported by multiple, in-
cluding recent sources) and “questionable” (supported
by single and/or dated sources, but contradicted by more
recent work). Ants were collected manually in >95% eth-
anol in § localities in Kamchatka (Fig. 1A). Geographic
coordinates and elevations were recorded for each sam-
ple using a Garmin etrex 10 GPS device. Habitats were
photographed during field observations. Specimens were
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pinned for morphological study or kept in >95% ethanol
at-20 °C. All specimens are stored in the private collection
of the author (Dietikon, Switzerland). A key to the worker
caste was developed based on comparative morphology of
material in the author’s collection and inspired by litera-
ture (Radchenko and Elmes 2010; Seifert 2018). Pictures
of specimens were taken using a Samsung Galaxy Xcover
5 cell phone in combination with a Leica EZ4 binocular at
16-70 x magnification. Focus stacking and image process-
ing was performed using the programs align_image stack
v.2019.0.0, Enfuse 4.2 and GIMP v. 2.10.30.

DNA-barcoding

DNA-barcoding was performed performed de novo
for 47 ant specimens by the company Sinsoma GmbH
(Vols, Austria). For COI, the primer pair LCO1419 und
HCO2198 (Folmer et al. 1994) were used, yielding 658 bp
of the barcode region of the COI gene. The resulting
chromatograms were edited in UGENE 46.0 (Okonech-
nikov et al. 2012). Sequences were aligned using MAFFT
v7.490 (Katoh and Standley 2013). A total of 10 sequenc-
es published earlier (Schér et al. 2018) were added, yield-
ing a data set of 57 sequenced specimens in total. A max-
imum likelihood tree was calculated in IQ-TREE v1.6.12
(Nguyen et al. 2015), selecting the TIM2+F+I model with
ModelFinder (Kalyaanamoorthy et al. 2017). Monophyly
of the subfamilies was enforced by constraint. Sequences
were collapsed into haplotypes and a haplotype network
was visualized using the R package “pegas” (Paradis
2010) in R v4.2.3 (R Core Team 2023). Within species
raw genetic distances were calculated using the R package
“ape” (Paradis and Schliep 2019). All retrieved unique
COlI sequences were compared to sequences on BOLD.

Formica lemani or F. fusca?

Worker specimens of suspected F. lemani from Kamchat-
ka displayed some morphological traits intermediate be-
tween F. lemani and F. fusca. Therefore, a morphometric
analysis was performed to clarify their identity. Measure-
ments were taken using a Leica EZ4 binocular with grati-
cule at 70x magnification. A total of 110 specimens from
the author’s private collection were examined: 67 speci-
mens of Formica lemani, 31 workers and 3 gynes from
Kamchatka and 28 workers and 5 gynes from Europe. For
comparison, 43 specimens (39 workers and 4 gynes) of
F. fusca from Europe were measured as well. The follow-
ing measurements were taken as suggested and defined by
Seifert (2018): SL, EYE, OceD, nPn and nHFfl (workers)
and SL, nPn and nMFfl (gynes). The discriminant given
by Seifert (2018) to separate F. lemani (positive values)
from F. fusca (negative values) was calculated for work-
ers (D =0.385 * nPn + 0.51 * nHFfl - 6.546 * SL - 27.22
*EYE +38.46 * OceD + 10.578) and gynes (-D=0.215 *
nPn + 0.666 * nMFfl - 7.179 * SL + 8.657).
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Figure 1. A. Map of Kamchatka and the study sites (numbered 1-8). The main types of habitats along with their location on the
map (numbers) are given as well: B. Larch/birch forest near Esso; C. Dwarf pine zone near Esso; D. Open lowland meadow near
Yelizovo; E. Stone birch forest near Petropavlovsk. Pictures: S. Schr.

Results

Checklist and field observations

Literature review suggested a relatively clear distinction
between reliable and questionable records among the 25
species of ants reported from Kamchatka (Table 1). For
a total of 12 reported species, presence in Kamchatka
seems reliable. These taxa were mentioned by at least
2 independent sources and including sources published
within the last two decades. They belong to 4 genera
(Camponotus Mayr, 1861, Formica Linnaeus, 1758,
Leptothorax Mayr, 1855, and Myrmica Latreille, 1804).
For the other 13 species and 1 genus (Lasius Fabricius,
1804), reports from Kamchatka appear questionable and

these taxa are considered absent from Kamchatka for the
remaining manuscript. These questionable records were
reported by a single (n = 11) or multiple (n = 2) dated
sources, but have all been contradicted by more recent
work (Table 1).

A total of 9 species of ants were found across 8 locali-
ties in Kamchatka (Fig. 1A) during a search of the author
in the year 2016 (Table 1). Of those, 3 species are restrict-
ed to the East Palearctic, 3 have a (trans-) Palearctic and 3
a Holarctic distribution range (Table 2). Ants were found
from sea level up to an altitude of approximately 1000 m.
At low and intermediate elevations, they inhabited mead-
ows (Fig. 1D), stone birch- (Fig. 1E) and larch/birch
forests (Fig. 1B). At higher altitudes they were found in
the dwarf pine zone (Fig. 1C). Ant species compositions
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Table 1. Checklist of ants reported from Kamchatka grouped by reliability, ordered alphabetically. Meaning of symbols: + present;

(+) presence indicated by a different name; - absent/out of range.

Species Source
—_ P~ N = © T= o _ - -5‘
: S3 B3 23 5 s§isi 5 <3
3 - 2N T GO 2 SO ENENEQ >N ANX Ge
o 2 £8 ¥ §8 5§ §8 289 3,223 t3 %5
g =~ 2 5- 2 %.N_‘:N Qo”ggNgNﬁé
S 2 £ 285 g8 ENBiE & 2z
= = = e E Q ow® £ L = 8
reliable
1 Camponotus herculeanus (Linnaeus, 1758) + + + (+) +
2 Formica candida Smith, 1878 + + +
3 Formica exsecta Nylander, 1846 + + + + +
4 Formica gagatoides Ruzsky, 1904 + + + +
5 Formica lemani Bondroit, 1917 + + + + +
6 Formica lugubris Zetterstedt, 1838 + + + + + +
7 Leptothorax acervorum (Fabricius, 1793) + + + + +
8 Leptothorax muscorum (Nylander, 1846) + + +
9  Myrmica displicentia Bolton, 1995 (+) + + +
10 Myrmica kamtschatica Kupyanskaya, 1986 + + + + +
11 Myrmica ruginodis Nylander, 1846 +
12 Myrmica sulcinodis Nylander, 1846 + + +
questionable
13 Camponotus japonicus Mayr, 1866
14 Camponotus saxatilis Ruzsky, 1895 +
15 Formica aquilonia Yarrow, 1955
16  Formica fusca Linnaeus, 1758 +
17  Formica picea Nylander, 1846 +
18 Formica rufa Linnaeus, 1761 +
19  Formica sanguinea Latreille, 1798 +
20 Lasius flavus (Fabricius, 1782) +
21  Lasius myops Forel, 1894
22 Lasius niger (Linnaeus, 1758)
23 Myrmica angulinodis Ruzsky, 1905 +
24 Myrmica kasczenkoi Ruzsky, 1905 +
25 Myrmica rubra (Linnaeus, 1758) +

Table 2. Biogeography, ecology and genetics of 9 common species of ants from Kamchatka. Abbreviations of biogeographic re-
gions: H: Holarctic; P: Palearctic; EP: East-Palearctic.

Species N Ecology Genetic raw distance (%)
[ = (%]
.2 = = o  Altitude (m) o
5 T2, £, = =
2 £ c S gogw a9 . i
2 8593838 2p ) Within vs North
2 S8 2558 sR ZS Kamchatka ° Europe  pmerica
(=] 28" E D =
(7] = (=]
Camponotus herculeanus 3 H + 503-599 1 0 >1.67 >0.69
Formica lemani 12 P + + 18-841 2 0-0.15 >0.64
Formica lugubris 6 P + + + 48-841 1 0 >0
Formica candida 5 EP 34-503 1 0
Formica exsecta 4 P 526-951 1 0 >0.15
Formica gagatoides 7 H + 575-951 1 0 >1.37 >0.52
Leptothorax acervorum 7 H + 28-833 7 0.15-2.13 >0.15 >0.15
Myrmica displicentia 5 EP + 25-148 2 0-0.31
Myrmica kamtschatica 8 EP + + + 14-834 1 0

in these habitat types are shown in Table 2. Larch/birch
forests at mid-elevations harbored the highest number of
species, while the widespread stone birch communities at
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low elevations were species poor, with only 3 ant species
observed (Table 2). No ants were observed in alpine tun-
dra and plant-less habitats above 1200 m a. s. 1.
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SS16B260 F. lemani Esso
SS16B242 F. lemani Esso
SS16B189-1 F. lemani Yelizovo

BS support SS16B195 F. lemani Esso
SS16B215-1 F. lemani Yelizovo

® 95-100% S816B176 F. lemani Paratunka
SS16B240 F. lemani Yelizovo

o 90-95% SS16B211 F. lemani Petropavlovsk
SS16B178 F. lemani Atlasovo

o <90% SS16B199-2 F. lemani Yelizovo

SS16B285-3 F. lemani Yelizovo

SS16B203 F. femani Yelizovo

SS16B181 F. lugubris Yelizovo

SS16B236 F. lugubris Esso

SS816B237 F. lugubris Malka

SS16B276 F. lugubris Esso

SS16B285-2 F. lugubris Yelizovo

SS16B189-2 F. lugubris Yelizovo

SS16B192-3 F. exsecta Esso

SS16B303 F. exsecta Esso

SS16B272 F. exsecta Esso

SS16B214 F. exsecta Esso

SS16B177 F. gagatoides Blue lakes

SS16B245-2 F. gagatoides Esso

SS16B190 F. gagatoides Esso

SS16B274-3 F. gagatoides Esso

SS16B225 F. gagatoides Blue lakes

SS16B192-2 F. gagatoides Esso

SS16B187 F. gagatoides Blue lakes

SS16B199-1 F. candida Yelizovo
SS16B301 F. candida Esso

r SS16B238 F. candida Yelizovo

SS16B234 F. candida Milkovo

SS16B220 F. candida Yelizovo

SS16B241 C. herculeanus Esso

SS16B293 C. herculeanus Esso

SS16B274-2 C. herculeanus Esso
SS16B185 M. kamtschatica Petropaviovsk
SS16B201 M. kamtschatica Esso
SS16B230 M. kamtschatica Blue lakes
SS16B255-1 M. kamtschatica Yelizovo
SS16B216-2 M. kamtschatica Blue lakes
SS16B219 M. kamtschatica Esso
SS16B193 M. kamtschatica Petropaviovsk
SS16B221 M. kamtschatica Blue lakes

SS16B202 M. displicentia Yelizovo

% SS16B285-4 M. displicentia Yelizovo

® constrained

substitutions/site

0.03

SS816B227-1 M. displicentia Yelizovo

SS16B210 M. displicentia Petropaviovsk

SS16B262 M. displicentia Yelizovo

. SS16B274-1 L. acervorum Esso

SS16B216-3 L. acervorum Blue lakes

SS16B218 L. acervorum Esso

SS16B215-2 L. acervorum Yelizovo

SS16B186 L. acervorum Blue lakes

? SS16B285-1 L. acervorum Yelizovo
SS16B188 L. acervorum Esso

Figure 2. Maximum-likelihood tree of 57 COI DNA-barcode sequences representing 9 species of ants from Kamchatka. Pictures:
S. Schir.

DNA-barcoding

comparison to sequences on BOLD revealed that all except
one encountered haplotypes of ants from Kamchatka were

DNA-barcoding succeeded in high quality for all 9 species
and 57 specimens examined. For all but 2 specimens, the
full length DNA-barcode (658 bp) could be retrieved. The
exceptions were a specimen of M. kamtschatica and one
of M. displicentia, for which sequences of 651 and 647 bp
length were obtained. All 9 studied species were separat-
ed by a clear DNA-barcoding gap (Fig. 2). Interspecific
genetic raw distance ranged from 2.3% (F. candida vs. F.
gagatoides) to 22.5% (C. herculeanus vs. L. acervorum).
Genetic diversity was low and for 6 of the 9 investigated
species, only a single COI haplotype was found. Another 2
species (Formica lemani and Myrmica displicentia) were
represented by 2 haplotypes each. The exception was Lep-
tothorax acervorum, for which all 7 sequenced specimens
displayed a different haplotype, and two haplogroups were
detected (Fig. 3). Genetic raw distances within L. acer-
vorum ranged between 0.15%-2.13% (Table 2). Genetic

private, not found anywhere else so far. The exception is the
only haplotype found for F. lugubris, which also occurs in
Finland (Roslin et al. 2022). Closely related sequences were
found for all observed haplotypes (Table 2), with the ex-
ception of the two Myrmica species endemic to East Asia.
For those, the most closely related sequences were from un-
identified Myrmica from the Primorje region of Far Eastern
Russia (M. displicentia: 97.22%; M. kamtschatica: 97.41%
similarity). Sequences were made accessible via the Euro-
pean Nucleotide Archive (see ESM for accession numbers).

Formica lemani or F. fusca?
The discriminant D suggested by Seifert (2018) to distin-
guish F. lemani from F. fusca in Europe allowed almost

complete separation between the two species for samples
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Haplogroup 2

@ Europe
[ Kamchatka
[ North America @

Figure 3. Haplotype network for 18 COI DNA-barcode se-
quences of Leptothorax acervorum. Sequences not from Kam-
chatka are from Schér et al. (2018).

from Europe. Only a single F. fusca worker had a value
for D slightly surpassing 0 (Fig. 4). For the investigated
workers from Kamchatka, values of D were intermediate
between European F. lemani and F. fusca (Fig. 4). About
two-thirds (68%) of these workers had negative values of
D, as European F. fissca, while the remaining third (32%)
had positive values of D, as European F. lemani. None
of the colonies from Kamchatka contained only workers
with positive values of D, unlike European F. lemani. A
different result was found for the 3 available gynes from

Key to the worker caste for the ants of Kamchatka

1 Waist 2 segmented.........coooviiiiiiiiiiiiii
- Waist 1 segmented.........coooviiiiiiiiiiiiii
2 Antenna 11 segmented .........cccoviiiiiiiiiii

- Antenna 12 segmented
3 Tibiae with standing setae...............
- Tibiae with adjacent hairs only

5.0
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F. fusca (Europe) F. Jlemani (Europe) F. lemani (Kamchatka)

Figure 4. Scatterplot showing a morphometrical comparison
of 34 Formica lemani ants from Kamchatka with 33 F. lemani
specimens from from Europe and 43 F. fissca specimens from
Europe. The discriminant D has been calculated according to
Seifert (2018). For gynes, D was multiplied by -1 in order to
match directionality of the discriminant used for workers. Sym-
bols connected by lines are specimens from the same nests.

Kamchatka, all of which yielded discriminant values
suggestive of F. lemani. Additionally, they also showed a
trait of F. lemani-gynes not included in the discriminant
calculation, namely a shiny tergite I (covered by dense
pubescence in F. fusca). Two of these gynes were found
in the same nest with workers with partially negative val-
ues of D, as in European F. fusca (Fig. 4).

Leptothorax acervorum
Leptothorax muscorum

4 In face view, frontal carinae curved around antennal sockets (Fig. 5A). In caudal view, antennal scape gently curved, long
and slender proximally, continuously increasing in width distally (Fig. 5C).....coooviiiiiiiiiiiiin, Myrmica ruginodis
- In face view, frontal carinae extend along head (curved rugae may be present underneath, Fig. 5B). In caudal view, an-
tennal scape strongly curved or angled, robust, more or less equally wide along its length (Fig. 5D-F).........cccovvvinnnnn. 5
5 In caudal view, antennal scape sharply angled near insertion, its foot with a narrow, vertical fold (Fig. 5D). Mesosoma
usually dark brown, propodeal spines short (Fig. 5G)......ccoiiiiiiiiiiiiiiiec e Myrmica kamtschatica
- In caudal view, antennal scape curved near insertion, its foot without a vertical fold (a dark vertical line may be present)
(Fig. 5E, F). Mesosoma yellowish to reddish brown, propodeal spines may be short or long (Fig. 5H, 1)......cccoovviininnnnn. 6
6 In lateral view, propodeal spines long and slender. Sides of petiole with distinct horizontal rugae (Fig. 5H)...................
........................................................................................................................................................ Myrmica sulcinodis
- In lateral view, propodeal spines short. Sides of petiole smooth or with weak, irregular sculpture (Fig. 51).......oueeinee.
...................................................................................................................................................... Myrmica displicentia
7 In lateral view, dorsal outline of mesosoma not interrupted, convex or straight. Large, massive species, total length

s LI 1 01 o PP P PP PPTPTTRTI Camponotus herculeanus
- In lateral view, dorsal outline of mesosoma interrupted, promesonotum bulged above level of propodeum. Smaller spe-

(ol (oS (o = Y T=Ta Yot IR R s o o DT UPPP PSPPI 8
8 In full face view, posterior margin of head distinctly concave...........cccovviiiiiiiii e, Formica exsecta
- In full face view, posterior margin of head straight Or CONVEX........ccoiiiiiiiiiiiiii e 9
9 In full face view, posterior margin of head with abundant setae. Body bicolored (black/reddish)............ Formica lugubris
- In full face view, posterior margin of head without or only scattered setae. Body concolorous dark ............ccccoevvennnnn. 10
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10 In dorsal view, entire gaster smooth and glossy. All tergites only with single, scattered microscopic pubescence hairs

(Fig. 5J). Pronotum with setae...........ocoeviiiiiiiiiiin,

...................................................................... Formica candida

- In dorsal view, at least tergite | matt, covered by a dense carpet of microscopic pubescence hairs (Fig. 5K, L) Pronotum

often without setae ......ccovviiiiiiiii

......................................................................................... 11

11 In dorsal view, tergite Il shiny, with notably less dense pubescence than tergite | (Fig. 5K)............... Formica gagatoides

- In dorsal view, tergite Il matt, with pubescence similarly dense as on tergite | (Fig. 5L)

Discussion

Checklist, biogeography and altitudinal patterns

Based on literature review, field work and DNA-barcod-
ing, I conclude that the ant species diversity of Kamchat-
ka is lower than could be assumed based on the published
record. Unreliable, earlier species records may be based
on incorrect collection information, taxonomic changes or
misidentifications of taxonomically difficult taxa. Howev-
er, Kamchatka is a large peninsula and most of it is poorly
explored. Thus, the 12 species recognized here may be a
conservative estimate. The low observed number of ant
species encountered may be explained by the cold climate
of Kamchatka in combination with its geographic isola-
tion. The only land bridge connecting it to the mainland
is mountainous and located at around 60°N (Fig. 1A).
Most ant species are sensitive to low temperatures and
only exceptionally cold resistant species are likely to have
colonized the peninsula via this route. The southern part
of the landmass is separated from the mainland by several
hundreds of kilometers of ocean. Therefore, in contrast to
boreal species, species adapted to more temperate climate
may not have been able to colonize Kamchatka. This may
also explain why only moderate altitudinal variation in
ant communities was observed. Of the 9 species encoun-
tered in the field, 4 (F. lemani, F. lugubris, L. acervorum
and M. kamtschatica) were found across the entire altitu-
dinal range observed to be inhabited by ants (0—1000 m).
Two species (F. candida and M. displicentia) were ob-
served only below and 3 (C. herculeanus, F. exsecta and
F. gagatoides) only above roughly 500 m a. s. 1. (Table 2).
The highest number of species was found at an interme-
diate altitude of around 500 m a. s. l., where all of these
species could potentially co-occur. The low species and
genetic diversity of ants also support the previous notion,
that the fauna of Kamchatka resembles that of an island
rather than that of a mainland peninsula (Jones and Sol-
omina 2015).

DNA-barcoding

Similar to the low observed species diversity, genetic di-
versity and within species divergence in mtDNA was low
too (Table 2). This could be a result of an edge effect due
to recent colonization of Kamchatka by the investigated
species. The exception was L. acervorum, which displayed
a surprising level of COI diversity, with every sequenced

Formica lemani

sample being of a different haplotype and genetic distance
raging up to 2.13% (Table 2). The latter high genetic dis-
tance was found due to a divergent L. acervorum sample
(Figs 2, 3), belonging to a haplogroup previously only
known from North America (Smith et al. 2016; Schir et
al. 2018) (Fig. 3). The high genetic diversity found within
L. acervorum in Kamchatka is surprising. Possible expla-
nations include that Kamchatka has been a long term ref-
uge for this species. Alternatively, it could be suggestive
of a strong dispersal ability of L. acervorum, i. e. wind
dispersal of the small sexual castes over long distances.
This latter theory is also supported by a previous observa-
tion of an L. acervorum-haplotype occurring in both Can-
ada and Europe (Ojeda et al. 2021). For the 3 Holarctic
species (C. herculeanus, F. gagatoides and L. acervorum),
comparison of DNA-barcodes with sequences on BOLD
revealed the existence of closely related haplotypes (<1%
distance) in North America (C. herculeanus and F. gaga-
toides) or in Europe and North America (L. acervorum).
This suggests more recent gene-flow across Beringia than
between West and East Palearctic in these taxa. On the
other hand, low or even lack of genetic distances were
found for the three Formica species with trans-Palearctic
distributions (F. exsecta, F. lemani and F. lugubris). This
could mean that the latter have expanded their distribution
ranges more recently than the former three Holarctic spe-
cies. It is less likely to be caused by better dispersal abil-
ity of F. exsecta, F. lemani and F. lugubris, because they
are absent from the Nearctic. The two Myrmica species
endemic to East Asia (M. displicentia and M. kamtschat-
ica) have not been represented on BOLD before. Com-
parison to other BOLD specimens supported the current
placement of both taxa within the M. lobicornis species
group (Radchenko and Elmes 2010) and their separate
status from other sequenced members of this group.

Formica lemani or F. fusca?

Among the questionable ant species records from Ka-
mchatka, F fusca is the one mentioned by the the most
(3) literature sources (Table 1). Two of these sources
also mentioned F. lemani from Kamchatka. Among the
worker specimens examined here, two-thirds showed
morphological traits more suggestive of F. fusca, while
one third was suggestive of F. lemani (Fig. 4). Thus,
the presence of both species appears plausible at first.
However, two observations lead to the conclusion that all
of these specimens belong to the same species:
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A C
Myrmica ruginodis
D
Myrmica kamtschatica
E
B

Myrmica sulcinodis

Myrmica displicentia

M. sulcinodis
| ‘

M. displicentia

Formica candida

Formica gagatoides

Formica lemani

Figure 5. Morphological traits used for the identification of ants found in Kamchatka (see identification key).

1. Specimens with both morphologies are found in the
same nests (Fig. 4), and no nest contained exclu-
sively specimens with the traits of F. lemani.

2. All but one sequenced colonies had the same COI
haplotype (Fig. 2). The remaining sequence differed
from the others by just a single nucleotide change
(0.15%, Table 2).

Additionally, despite the majority of workers resem-
bling F fusca, it is argued here that the name of this species
is F. lemani rather than F. fusca, unless F. lemani would
be revealed as a junior synonym of F. fissca in the future.
This conclusion is entirely based on the morphology of
gynes. Gynes of the two taxa are more distinguishable
than workers. Workers differ almost only by the number
of macro-setae, a trait that can vary within species in Hy-
menoptera (Sandrock et al. 2011) and therefore should be
viewed as insufficient for taxonomic decision making. In
gynes, the pubescence density on the first tergite is an addi-
tional trait used for discrimination of the two taxa: the first
tergite of F. fusca gynes is covered by dense pubescence
dorsally, leading to a matt appearance, while this body
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part is smooth and shiny due to low pubescence density
in F lemani gynes (Seifert 2018). The three gynes found
from Kamchatka all had a shiny first tergite, along with
high numbers of setae typical for F. lemani (Fig. 4). Two
of these gynes were found in the same nest with workers
resembling F. fusca (Fig. 4). In previous investigations,
F fusca and F. lemani could not be separated based on
nuclear microsatellite markers (Seppé et al. 2011) and mi-
tochondrial COI sequences (Schir et al. 2018). Similarly,
rather low support for heterospecificity of these two taxa
was also found for the mitochondrial Cyt-b gene (Antonov
and Bukin 2016). It is therefore possible that F. fissca and
F lemani are morphs of the same species and this should be
investigated in the future. If so, the name F. fitsca Linnaeus,
1758 would have priority over F. lemani Bondroit, 1917.
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