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Abstract

The ant Myrmica specioides Bondroit, 1918 (Hymenoptera: Formicidae)
is reported for the first time from the Eastern United States. This species
is native to the West Palearctic region and has previously been known
as an introduced species in Northwestern North America. It was found
in 2013 in the Boston metropolitan area. The species was identified by

morphometric comparison to type specimens and DNA-barcoding. The
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distribution and invasive potential of M. specioides are discussed.

Introduction

Invasive alien species are considered one of the main
causes of the current biodiversity crisis (Pysek et al., 2020).
At least 200 ant species (Hymenoptera: Formicidae) have been
introduced outside their natural range by humans, and some
of them have become invasive (Wong et al., 2021). Myrmica
Latreille, 1804, is a diverse ant genus distributed throughout
the Holarctic. A total of three species of Myrmica are so far
known to have established major populations outside their
native range: M. rubra (Wheeler, 1908), M. scabrinodis
(Ellison et al., 2012; Seifert, 2018) and M. specioides (Jansen
& Radchenko, 2008), all of which are of Palearctic origin and
have been introduced to the Nearctic region. However, only
M. rubra seems to have become widespread yet (Janicki et
al., 2016). This is the only one of the three species known to
establish supercolonies (van der Hammen et al., 2002) and
is now considered invasive in North America (Naumann &
Higgins, 2015). Most Myrmica species inhabit rather moist
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and cool habitats, and their colonies are typically medium-
sized compared to other ants. They possess a powerful sting
and prey on small arthropods. To a lesser extent, they also
engage in symbioses with plant sap-feeding insects such as
aphids (Hemiptera).

Ants of the genus Myrmica are notably difficult to
determine, and some groups are still taxonomically unresolved,
especially in the Nearctic region (Jansen et al., 2009). The
morphological traits used for species delimitation in this
genus are predominantly measures of body shape, although
cuticular sculpture may also differ between taxa. The shape and
relative size of the antennal scapes and of ridges (carinae) and
processes thereof are of particular taxonomical importance.
In addition, the distance between the frontal carinae, the
shape of the petiole, and the length of the propodeal spines
are also diagnostic characters. Not rarely, there is gradual
variation in such traits within populations of the same taxon
or between closely related taxa, complicating morphological
species delimitation. For example, the taxonomically relevant
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antennal scapes of M. specioides Bondroit are reported to have
small posterior lobes (Fig 1a, b) in the West of the distribution
range, with the size of this lobe increasing notably in Eastern
European and Western Siberian populations (Seifert, 2018).
It is also not well studied if these phenotypic traits may be
under selection by the environment or the result of phenotypic
plasticity. In previous studies, the concordance between
morphology and mitochondrial DNA trees was found to be
rather low in Myrmica ants (Blatrix et al., 2020; Seifert et al.,
2018). Therefore, future work is required to clarify this genus’s
taxonomy and systematics. For now, morphology aided by
DNA-barcoding appears to be the best strategy to identify
Myrmica specimens. The aim of this work is to identify an ant
species from the Palearctic Myrmica scabrinodis-group found
in the Boston metropolitan area and to clarify if it is an alien
or invasive species.

Materials and Methods

A nest of Myrmica ants was found along the sidewalk
of Beacon Street, Sommerville, MA, USA (42.38283° N,
-71.11181°E, 16 m) (Fig 1) on July 15, 2013 (Fig 2). A
total of 11 specimens were collected in 95% ethanol and
preserved at -20°C. A total of three workers were pinned
for morphological studies. The specimens were visually
inspected and measured using a Leica EZ4 binocular with
graticule at 16-70 x magnification. Multiple specimen images
were created by using an Apple iPhone 12 mini through a
Leica EZ4 binocular with changing focus. The images were
aligned using align image stack v. 2019.0.0 and stacked
using GIMP v. 2.10. A total of 12 measurements which can
be obtained from photographs taken in standard view (full
face, lateral and dorsal view) were taken from a photographed
specimen of interest, as well as AntWeb (2022)-images of
15 type and 3 non-type specimens representing 18 species
of the M. scabrinodis-group for comparison: CW, Cwb, CL,
SL, SW, PEW, ML, MW, EL (Seifert, 2018), FW, FLW and
ESL (Radchenko & Elmes, 2010). Allometric effects were
removed from all these raw measurements using the method

of Lleonart et al. (2000) as implemented in the R package
“allomr” (Schér, 2022), by scaling all specimens to the mean
head size (CS=(CW+CL)/2) of 1.09 mm. A 13" morphometric
variable (pcSLd) was defined de novo: the proportion of the
antennal scape (SL) being reached by a basal dorsal carina.
Measured in dorsal view along SL, from the proximal anterior
corner of the antennal scape to the distal end of the dorsal
carina at the scape base, divided by SL (Fig 1b, pcSLd=a/SL).
Equal to 0 if a dorsal carina is lacking. Dendrogram clustering
of the 13 obtained morphometric variables was performed using
the R package “cluster” (Maechler et al., 2021) in R v. 4.1.1.

DNA-barcoding of a specimen from Sommerville
was performed by the Centre for Biodiversity Genomics,
University of Guelph, Canada, using the primers LepF1 and
LepR1 (deWaard et al., 2008). The resulting sequence was
compared to a set of 154 previously published reference
sequences from the M. scabrinodis-group (Blatrix et al.,
2020; Jansen et al., 2010). Only unique sequences (mitotypes)
were subsequently used (n=89). DNA sequences were aligned
using the R package “msa” (Bodenhofer et al., 2015), and
a maximum likelihood tree with 1000 ultrafast bootstrap
replications was created in IQTREE (Minh et al., 2020). The
nucleotide substitution model (TIM2+F+I+G4) was chosen
using ModelFinder (Kalyaanamoorthy et al., 2017). The
resulting dendrogram was visualized using the R-package
“ggtree” (Yu et al., 2017).

Results

The specimens are stored at the research collection of
R. Vila (voucher MM21B014al) and the private collection
of S. Schér (collection code SS13B020). The habitat of the
ants reported here was a small urban hedgerow with some tree
stumps surrounded by asphalt and concrete. These Myrmica
ants have an antennal scape that is sharply bent near its
insertion and with a well expressed caudal carina (Fig 1). This
antennal morphology is not found among native Myrmica
ants of New England (Ellison et al., 2012). However, it is
present in the Palearctic M. scabrinodis-group. Morphometric

Fig 1. Full face view (a), definition of the morphometrical index pcSLd=a/SL (b), lateral (c) and dorsal view (d) of a worker
of Myrmica specioides collected in Sommerville, MA, USA. Scalebar: 1 mm.
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data is given in Table S1. Morphometric comparison to type
and non-type worker specimens of the Myrmica scabrinodis-
group suggests that these specimens from Sommerville are
morphometrically most similar to the type of M. specioides
(Fig 3). There are a few morphological traits that further
support this hypothesis: The antennal scape has a very short
dorsal carina, but a well visible caudal carina (Fig la, b).
However, the latter is not extended into a large posterior lobe
(Fig 1a). The frontal lobes are rather distant in their middle
section (mean FI (Radchenko & Elmes, 2010): 0.39, n=3) and
not strongly diverging anteriorly (mean FLI (Radchenko &
Elmes, 2010): 1.28, n=3) (Fig 1a). Typically for M. specioides,
the propodeal spines of are relatively short (Fig lc, d). In
lateral view, the petiole lacks a dorsal plane. Instead, it is
more or less gradually sloping downwards posteriorly (Fig 1c).
The petiole is rather narrow, as seen in dorsal view, but not
as narrow as in M. constricta or M. rugulosa (mean PW/CS:
0.27, n=3). Finally, the antennal scape is sharply bent near its
insertion, as seen in the caudal view (Fig 1d).

The complete DNA-barcode (658 bp of the mitochondrial
gene COI) could be obtained for a specimen from the colony of
Sommerville (BOLD Process ID: ANTEU038-21, GenBank
accession number 0Y397299). The phylogenetic tree based
on a set of 89 COI mitotypes belonging to 12 taxa of the M.
scabrinodis-group (Fig 4), recovers the sequenced specimen
from Sommerville as most closely related (0.5%-0.7%
divergence) to two M. specioides (Fig 4), both of which
collected from Canada. A comparison with COI sequences on
BOLD (December 2022) revealed 70 closely related sequences
(<0.5% divergence), 67 from Europe and 3 from North
America. Of those, 64 (91%) were identified as M. specioides
too. The remaining sequences were either not identified to
species level (n=1), identified as M. scabrinodis (n=3), M.
constricta (n=1), or M. hellenica (n=1). The latter sample
is interesting, as it was also found in the Eastern United
States (New York state). A 100% match was found with
two specimens, one M. specioides from Switzerland and an
unidentified Myrmica from Germany.
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Fig 2. Distribution of M. specioides in both native (yellow) and introduced (red) range (a) (data from AntMaps 2022, Guénard et al., 2017;
Kass et al., 2022). The precise locality of the new record (b) is represented by a red star.

Discussion

This article reports the first record of the introduced ant
Myrmica specioides in the Eastern United States. However, it
cannot be ruled out that it has been recorded under other names
in this region before (e.g., M. hellenica or M. scabrinodis).

For example, Clark et al. (2011) reported a morphologically
similar M. scabrinodis from the Boston Harbor Islands. Ellison
et al. (2012) mentioned the same species from Porter Square,
Cambridge, which is located <1 mile away from our finding of
M. specioides (Fig 2b). We encourage future DNA-barcoding
of these and other specimens of the M. scabrinodis-group from
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Fig 3. Dendrogram clustering of 13 morphometric measurements and indices (see main text) of 13 reference (type)
specimens of the Myrmica scabrinodis group, and a specimen of the sample to be identified collected in Sommerville
(labeled “XXX”, photographed in Fig 1). The type status of the reference specimens is indicated by colored symbols.

Eastern North America in order to rule out earlier confusion
of M. specioides with other taxa and to better understand the
introduced range of this species. Myrmica specioides has
been known as an introduced species in Northwestern North
America for some time, namely in the state of Washington
(Jansen & Radchenko, 2008) and Southwestern British
Columbia (Naumann & Higgins, 2015) (Fig 2). Given the
results here published, this species is now also recognized as
present in New England and the area of Boston in particular.
Not much is known about the ecology and behavior of M.
specioides in the introduced range. It is known to be an
aggressive, polygynous, and locally abundant species, traits
that suggest it could potentially become invasive (Jansen &
Radchenko, 2008). In both the native and introduced range,
it is a species found in urban areas. Myrmica specioides is
also known to prey on other species of ants (Seifert, 2018).
However, evidence that it behaves as an invasive species in
North America has not been published so far. The population
in Sommerville in 2013 appeared to be rather inconspicuous.

Nevertheless, we suggest that the ecological impact and spread
of M. specioides in North America should be monitored.
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Fig 4. Midpoint-rooted maximum likelihood tree of 89 COI sequences representing 12 species of the Myrmica
scabrinodis group. The sample to be identified collected in Sommerville is labeled “XXX”. Species’ identity is
indicated by colored symbols. Scale bar: nucleotide substitutions/site.

References

AntWeb. Version 8.91.2. California Academy of Science,
online at https://www.antweb.org. Accessed 18 December 2022

Blatrix, R., Aubert, C., Decdens, T., Berquier, C., Andrei-
Ruiz, M.C. & Galkowski, C. (2020). Contribution of a DNA
barcode to an assessment of the specificity of ant taxa
(Hymenoptera: Formicidae) on Corsica. European Journal of
Entomology, 117: 420-429.
https://doi.org/10.14411/eje.2020.046

Clark, A.T., Rykken, J.J. & Farrell, B.D. (2011). The effects
of biogeography on ant diversity and activity on the Boston
Harbor Islands, Massachusetts, U.S.A. PLoS ONE, 6: €¢28045.
https://doi.org/10.1371/journal.pone.0028045

Bodenhofer, U., Bonatesta, E., Horej$-Kainrath, C. & Hochreiter,
S. (2015). msa: an R package for multiple sequence alignment.
Bioinformatics, 31: 3997-3999.
https://doi.org/10.1093/bioinformatics/btv494

deWaard, J.R., Ivanova, N.V., Hajibabaei, M. & Hebert,
P.D.N. (2008). Assembling DNA barcodes. Analytical protocols.
Methods in Molecular Biology, 410: 275-293.
https://doi.org/10.1007/978-1-59745-548-0 15

Ellison, A.M., Gotelli, N.J., Farnsworth, E.J. & Alpert, G.D.
(2012). A field guide to the ants of New England. New Haven:
Yale University Press, 416 p

Guénard, B., Weiser, M.D., Gomez, K., Narula, N. & Economo,
E.P. (2017). The Global Ant Biodiversity Informatics (GABI)
database: Synthesizing data on the geographic distribution
of ant species (Hymenoptera: Formicidae). Myrmecological
News, 24: 83-89.
https://doi.org/10.25849/myrmecol.news_024:083

Janicki, J., Narula, N., Ziegler, M., Guénard, B. & Economo,
E.P. (2016). Visualizing and interacting with large-volume
biodiversity data using client-server web-mapping applications:
The design and implementation of antmaps.org. Ecological
Informatics, 32: 185-193.
https://doi.org/10.1016/j.ecoinf.2016.02.006

Jansen, G. & Radchenko, A.G. (2008). Myrmica specioides
Bondroit: A new invasive ant species in the USA? Biological
Invasions, 11: 253-256.
https://doi.org/10.1007/s10530-008-9229-y

Jansen, G., Savolainen, R. & Vepsildinen, K. (2009). DNA
barcoding as a heuristic tool for classifying undescribed


https://www.antweb.org/

6

Sémi Schér, Roger Vila, Mattia Menchetti — Myrmica specioides in Boston

Nearctic Myrmica ants (Hymenoptera: Formicidae). Zoologica
Scripta, 38: 527-536.
https://doi.org/10.1111/j.1463-6409.2009.00386.x

Jansen, G., Savolainen, R. & Vepsiléinen, K. (2010). Phylogeny,
divergence-time estimation, biogeography and social parasite-
host relationships of the Holarctic ant genus Myrmica
(Hymenoptera: Formicidae). Molecular Phylogenetics and
Evolution, 56: 294-304.
https://doi.org/10.1016/j.ympev.2010.01.029

Kalyaanamoorthy, S., Minh, B.Q., Wong, T.K.F., von Haeseler,
A. & Jermiin, L.S. (2017). ModelFinder: Fast model selection
for accurate phylogenetic estimates. Nature Methods, 14:
587-589. https://doi.org/10.1038/nmeth.4285

Kass, J.M., Guénard, B., Dudley, K.L., Jenkins, C.N., Azuma,
F., Fisher, B.L., Parr, C.L., Gibb, H., Longino, J.T., Ward, P.S.,
Chao, A., Lubertazzi, D., Weiser, M., Jetz, W., Guralnick,
R., Blatrix, R., Des Lauriers, J., Donoso, D.A., Georgiadis,
C., Gomez, K., Hawkes, P.G., Johnson, R.A., Lattke, J.E.,
MacGown, J.A., Mackay, W., Robson, S., Sanders, N. J.,
Dunn, R.R. & Economo, E.P. (2022). The global distribution of
known and undiscovered ant biodiversity. Science Advances,
8: eabp9908. https://doi.org/10.1126/sciadv.abp9908

Lleonart, J., Salat, J. & Torres, G.J. (2000). Removing allometric
effects of body size in morphological analysis. Journal of
Theoretical Biology, 205: 85-93.
https://doi.org/10.1006/jtbi.2000.2043

Maechler, M., Rousseeuw, P., Struyf, A., Hubert, M. &
Hornik, K. (2021). cluster: cluster analysis basics and extensions.
https://CRAN.R-project.org/package=cluster

Minh, B.Q., Schmidt, H.A., Chernomor, O., Schrempf, D.,
Woodhams, M.D., von Haeseler, A. & Lanfear, R. (2020). IQ-
TREE 2: New Models and Efficient Methods for Phylogenetic
Inference in the Genomic Era. Molecular Biology and Evolution,
37: 1530-1534. https://doi.org/10.1093/molbev/msaa015

Naumann, K. & Higgins, R.J. (2015). The European fire ant
(Hymenoptera: Formicidae) as an invasive species: Impact on
local ant species and other epigaeic arthropods. The Canadian
Entomologist, 147: 592-601. https://doi.org/10.4039/tce.2014.69

Pysek, P., Hulme, P.E., Simberloff, D., Bacher, S., Blackburn,
T.M., Carlton, J.T., Dawson, W., Essl, F., Foxcroft, L.C.,
Genovesi, P., Jeschke, J.M., Kiihn, 1., Liebhold, A.M., Mandrak,
N.E., Meyerson, L.A., Pauchard, A., Pergl, J., Roy, H.E.,
Seebens, H., van Kleunen, M., Vila, M., Wingfield, M.J. &
Richardson, D.M. (2020). Scientists’ warning on invasive alien
species. Biological Reviews of the Cambridge Philosophical
Society, 95: 1511-1534. https://doi.org/10.1111/brv.12627

Radchenko, A.G. & Elmes, G.W. (2010). Myrmica ants
(Hymenoptera: Formicidae) of the Old World. Warszawa:
Natura optima dux Foundation, 789 p

Schir, S. (2022). allomr: removing allometric effects of body
size in morphological analysis. R package version 0.1.0.
https://CRAN.R-project.org/package=allomr

Seifert, B. (2018). The ants of Central and North Europe.
Tauer: Lutra Verlags- und Vertriebsgesellschaft, 407 p

Seifert, B., Schultz, R., Ritz, M.S. & Ritz, C.M. (2018).
Cryptic species of the Myrmica tibetana complex (Hymenoptera:
Formicidae) revealed by integrative taxonomy. Myrmecological
News, 27: 93-110.
https://doi.org/10.25849/myrmecol.news_027:093

van der Hammen, T., Pedersen, J.S. & Boomsma, J.J. (2002).
Convergent development of low-relatedness supercolonies in
Myrmica ants. Heredity, 89: 83-89.
https://doi.org/10.1038/sj.hdy.6800098

Wheeler, W.M. (1908). A European ant (Myrmica levinodis)
introduced into Massachusetts. Journal of Economic Entomology,
1: 337-339. https://doi.org/10.1093/jee/1.6.337

Wong, M.K.L., Economo, E.P. & Guénard, B. (2021). The
global spread and invasion capacities of alien ants. BioRxiv.
https://doi.org/10.1101/2021.11.19.469299

Yu, G., Smith, D.K., Zhu, H., Guan, Y. & Lam, T.T.Y. (2017).
ggtree: an R package for visualization and annotation of
phylogenetic trees with their covariates and other associated
data. Methods in Ecology and Evolution, 8: 28-36.
https://doi.org/10.1111/2041-210X.12628

ESITIENTIBUS




