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ABSTRACT Introduced populations of the north temperate ant species, Myrmica rubra (L.), have
become pestiferous in various locations in the northeastern United States, particularly in coastal
communities in Maine. Native populations of this ant are widely distributed throughout northern
Europe and western Asia; however, nest densities in its native range do not usually reach the high levels
observed for many introduced populations. This aggressive ant readily stings, and because of its high
densities, homeowners continually encounter nests at a frequency that interferes with use of their
properties. Surveys were conducted in Maine from 2001 through 2004 to determine the statewide
extent of current infestations. Nests in established populations in coastal Maine were sampled from
April through September to assess seasonal changes in the density and composition of colonies.
Similarities and differences between introduced populations of M. rubra in Maine and published
reports of this species in Europe are discussed. Museum records of this species in North America were
also researched and are presented.
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EXOTIC SPECIES CAN HAVE substantial impacts upon the
ecology of their introduced ranges. There are many
dramatic documented cases involving plants, animals,
fungi, and microbes (Elton 1958, Simberloff 1981,
Lodge 1993, Holway et al. 2002b). The introduction of
exotic species has been reported to be second only to
habitat destruction in its contribution to declines in
native species abundance (Wilson 1992). It is esti-
mated that up to 46% of the population declines of
plants and animals on the endangered species list can
be attributed, at least in part, to exotic species (OTA
1993, Wilcove et al. 1998).

Social insects have been among the most successful
animal invaders (Holway et al. 2002b). Apis mellifera
scutellata Lepeletier; Formosan termite, Coptotermes
formosanus (Shiraki);Paravespula germanica (L.); and
several ant species have become established over
broad geographic areas reaching high population
densities. The more problematic ant species include
Solenopsis invicta Buren and the Argentine ant,
Linepithema humile (Mayr), both natives to Central
and South America and both introduced into the
United States, South Africa, Europe, and Australia; and
Lasius neglectus Van Loon, Boomsma & Andrasafalvy,
a native to Asia Minor that is currently invading south-
ern and central Europe (Holway et al. 2002b). These

introduced ants have had detrimental impacts on na-
tive biodiversity in their introduced range through
direct competition with and predation on native spe-
cies (Erickson 1971, Ward 1987, Porter and Savignano
1990; Cole et al. 1992; Human and Gordon 1997, Hol-
way et al. 1998, Bolger et al. 2000, Morrison 2000,
Suarez et al. 2000) and indirectly by disrupting eco-
logical processes such as ant-plant mutualisms (Bond
and Slingsby 1984). A number of less studied species
of ants also have become successful invaders (Holway
et al. 2002b), and documenting the progression of the
invasions and characteristics of the species that lead to
their success is important for managing their impacts.
The ant Myrmica rubra (L.) is exhibiting characteris-
tics of an invasive ant species in parts of the northeast
United States and eastern Canada (Garnas 2005). Al-
though populations are still fragmented, documenta-
tion of the current state of the invasion will provide a
baseline from which to assess further spread.
M. rubra is a Palearctic north temperate ant species

with a native range that extends from Ireland and
Great Britain, through northern Europe to western
Siberia (Czechowski et al. 2000). Populations can be
found from as far north as the Arctic Circle and south
to the Black Sea (Agosti and Collingwood 1987, Elmes
et al. 1999). An occurrence of M. rubra also has been
reported from Japan (Onoyama 1989), but this report
is thought to be a misidentiÞcation (Czechowski et al.
2000). The Þrst report ofM. rubra in the United States,
published by Wheeler (1908) in the early part of
the 20th century, described an established population
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at the Arnold Arboretum in Forest Hills, MA. Subse-
quent catalogues of Formicidae in North America
(Weber 1947, Creighton 1950) have listedM. rubra as
an introduced species in the northeastern United
States. However, the geographic distribution of intro-
duced populations in North America has not been
previously reported.

There has been some confusion in the literature
regarding the species name of M. rubra. This has re-
sulted in an unclear picture of its geographic distri-
bution. The species was Þrst described as Formica
rubra Linnaeus in 1758, although Santschi (1931) sug-
gests that Linnaeus was actually describing M. rugi-
nodisNylander.M. rubra has subsequently acquired a
list of synonyms:M. laevinodisNylander,M. laevinodis
variety bruesiWeber, M. longiscapus Curtis, M. rubra
laevinodisNylander, andM. rubra r. champlaini Forel
(Brian and Brian 1949, Bolton 1995). The examination
of the museum types of champlaini by Francoeur re-
veals a straight synonymy with M. brevispinosa
Wheeler. In addition, it is still debated whether the
occurrence of a microgyne form associated with
M. rubra is a current or evolving social parasite species
or an alternative gyne form of M. rubra (Czechowski
et al. 2000).
M. rubra colonies are both polygynous and polydo-

mous (Elmes 1973). Elmes (1974a) reports an average
of 15 queens per nest in England, with up to 670
queens observed in a single nest (G. W. Elmes, per-
sonal communication). Queen number per nest is
highly dynamic within and between seasons and seems
to regulate the population dynamics ofM.rubra(Brian
et al. 1981, Elmes and Keller 1993). Within its native
range, nuptial ßights generally occur in August or
September (Boomsma and Leusink. 1981, Woycie-
chowski 1990), at which time claustral queens disperse
to establish new colonies, or newly mated gynes are
recruited into existing nests (Elmes 1980). Colonies
also are known to reproduce and spread by budding
(Elmes 1980), where a group of queen(s), workers,
and brood leave an existing nest and colonize a new
nesting habitat. Budding can occur throughout the
active foraging season.M. rubra is an omnivorous spe-
cies, acquiring protein from a variety of prey (primar-
ily invertebrate), and carbohydrates from homopter-
ans andplantexudates(McGlynn1994,Reznikovaand
Panteleeva 2001, Cogni et al. 2003). AlthoughM. rubra
is frequently observed tending homopterans, its dis-
tribution has not been associated with a particular
species, as has been suggested for invasive populations
of S. invicta (Helms and Vinson 2003).
M. rubra is a stinging species and has been suggested

to be the most aggressive of the Myrmica species in
Europe (G. W. Elmes, personal communication).
State entomologists in Maine Þrst received reports of
problems with a stinging red ant in the Town Hill area
on Mt. Desert Island (Hancock County) some time
between the late 1960s and mid 1970s (R. G. Dearborn,
personal communication). A problem with stinging
red ants was reported in Boothbay Harbor, Lincoln
County, ME, in 1986 and the species was conÞrmed as
M. rubra.Anecdotal reports of pestiferous populations

in Eastport, ME, and other Maine coastal communities
had been received by state and University of Maine
Cooperative Extension entomologists by the early
1990s. However from 1993 through 2003, the number
of complaints increased dramatically, particularly on
Mt. Desert Island and in the mid-coast area of the state
(CamdenÐRockport region). This study describes the
current known distribution of M. rubra in Maine and
reports on historic records and other documented
occurrences of this species in the northeastern United
States and Canada.

Materials and Methods

In 2001, locations of pestiferous stinging ant popu-
lations reported previously to Maine State and Uni-
versity of Maine Cooperative Extension entomologists
were identiÞed using the key from Creighton (1950).
IdentiÞcations were veriÞed by S. Cover (Museum of
Comparative Zoology, Harvard University, Cam-
bridge, MA). Each site was visited between 1 July and
28 August 2001. At each site, 20 baited traps were
deployed along a linear transect across a variety of
habitats throughout the site. Each trap consisted of an
open 25-cc polyethylene vial laid on its side and baited
with a 2 by 2-cm2 piece of cotton gauze saturated with
a 25% aqueous sucrose solution. Traps were left for 2 h,
after which they were capped and returned to the
laboratory for identiÞcation of ants that recruited to
the inside of each vial. Determinations of whether
individuals belonged to the species M. rubra were
based upon the morphological characteristics de-
scribed by Creighton (1950), Bolton and Collingwood
(1975), and Seifert (1988).

During July and August 2002, �100 telephone con-
tacts were made with town ofÞces and selectmen,
county extension agents, professional exterminators,
public parks and recreation managers, and green-
house, nursery, and landscaping business operators in
46 communities throughout all eight coastal counties
within the state. In addition, articles about M. rubra
that requested information on the location of infesta-
tions were published in both major daily newspapers
in the state and a number of local weekly papers.
Media coverage of this invasive ant problem also was
carried on three statewide television news stations and
two statewide radio stations. Reports of complaints of
stinging ants Þtting the size and color description of
M. rubra were investigated with visits to the sites for
sampling or via samples submitted to us by home-
owners.

In 2003 sampling efforts were focused on determin-
ing the extent of the infestation in Acadia National
Park and surrounding communities on Mt. Desert
Island. Requests for information on infestations were
published in the local newspaper in the spring and
reports received were followed up with a visit to the
site for sampling. Additional statewide infestations
were conÞrmed via samples submitted by home-
owners and site visits in 2003 and 2004.
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The abundance of M. rubra nests within two in-
fested sites in Acadia National Park on Mt. Desert
Island were sampled monthly between July and Au-
gust 2002. On three dates (in mid-June, July, and
August 2002), 10 1-m2 square sampling frames were
placed randomly along two parallel transects in each
of two sites of known M. rubra infestation. Transects
were situated to encompass a range of microhabitat
conditions within each site, minimizing biased sam-
pling of a particular habitat. Sampling frames were
staked to the ground to prevent movement and the
area was searched exhaustively for ant nests, including
under logs and stones, in downed woody debris, at the
base of trees, among the roots of vegetation, in the soil
and throughout the leaf litter. The nesting type or
substrate was recorded along with apparent micro-
habitat conditions. An aggregation of workers in the
presence of brood and/or sexuals (queens, gynes, or
males) was considered to be a nest and, whereas a
single colony may often span multiple nest sites (poly-
domy), each aggregation was counted separately if
aggregations of workers and brood were separated by
at least 20Ð25 cm. To determine caste composition
over time, nests were excavated with a shovel, and all
contents were placed in a 1 by 0.5-m2 plastic food-
grade container. All workers, larvae, pupae, queens,
and males were either counted in the Þeld or the
container was sealed and transported back to the lab-
oratory. In the laboratory, ants were either counted
immediately or stored at 8�C for up to 1 mo before
counting. An additional one to three nests were sam-
pled monthly from May through September in 2002
and May through August in 2003 and 2004. In 2004,
10Ð12 nests were sampled at each of four Þeld sites on
Mt. Desert Island every 2 wk from April through Sep-
tember and assessed in the Þeld for the presence of
each M. rubra life stage. Nests were located and col-
onies were temporarily excavated to determine the
presence/absence of eggs, larvae, pupae, males, and
alate and dealated gynes.

An overwintering study was conducted during win-
ter 2002Ð2003. Thirty nests were located and marked
with ßags in Acadia National Park on 7 September
2002. The nest sites were sampled again in early May
2003 (at the time when most of the ice was starting to
thaw from the interior of the nest sites) to determine
whetherM. rubra colonies were still present and alive.

Specimens of Myrmica deposited in the following
museum collections were examined for the presence
of M. rubra: the Harvard Museum of Comparative
Zoology in Cambridge, MA; the University of Massa-
chusetts in Amherst, MA; the American Museum of
Natural History in New York, NY; the U.S. National
Museum (Smithsonian) in Washington, DC.; the Nat-
ural History Museum of Los Angeles County, Los
Angeles, CA; the University of Maine in Orono, ME;
the Proctor Insect Collection in Acadia National Park,
Bar Harbor, ME; and Dr. André FrancoeurÕs private
collection (Chicoutimi, Quebec, Canada). The col-
lection date and location of all M. rubra specimens
were recorded.

Results and Discussion

M. rubra infestations were conÞrmed in nine towns
or cities within Maine in 2001. These included com-
munities within six of the eight coastal counties and
one infestation in the inland county of Kennebec. The
Kennebec County infestation is located �70 km from
the coast; however, the property owners reported
purchasing potted plant material from a nursery in an
infested coastal area. In 2002, M. rubra infestations
were conÞrmed in a community within the previously
unreported, coastal Cumberland County and nine ad-
ditional towns within counties known to have infes-
tations of the ant. Infestations were conÞrmed in an
additional four towns in these same counties in 2003,
and an additional seven communities in 2004, bringing
the total with M. rubra infestations to 29 Maine com-
munities (Fig. 1). Currently, most infestations seem
to be situated within 10 km of the coast, and although
still patchily distributed, extend from the southern
border of the state in Kittery to the northeastern
coastal town of Eastport and the interior northeastern
town of Calais, both of which border New Brunswick,
Canada. New Brunswick also is infested. We found an
infestation on Campobello Island, and a report exists
of an infestation in the Bay of Fundy area (J. O.
Schmidt, personal communication). At some sites, in-
festations occupy no more than a 50-m2 patch,
whereas at others, local populations can span adjacent
properties along a continuous 5- to 6-km stretch of
road, as in Eastport, ME. The largest and most dense
infestations are concentrated in Eastport, Boothbay
Harbor, and in the communities on Mt. Desert Island
and coastal Knox County.

Intensive sampling on Mt. Desert Island has shown
that there are multiple patches of infestation, includ-
ing a large infested area that extends along Rte 3 from
�2 km north of the Bar Harbor town center to �1.5 km
south, including most of the town (Fig. 2). It is un-
certain whether this infestation is contiguous with the
infested areas along the northern coast of the island
from Hadley Point to Salisbury Cove, and infested
areas south to Sand Beach within Acadia National
Park, or whether these areas represent discrete pop-
ulations with limited gene ßow. Of note is the fact that
at several locations, infested patches seem to be lim-
ited by human or natural barriers, such as roads or
streams or mature spruceÐÞr forest.

Within most of theM. rubra infested areas in Maine,
populations have achieved unusually high densities
compared with that observed within their native range
(Brian 1956, Elmes 1974b, Elmes 1975, Boomsma and
De Vries 1980). Nest densities within the sampled
infested sites in Acadia National Park reach an average
of 1.24 nests/m2 in July (Fig. 3), with localized den-
sities within each 1-m2 sampled area ranging from
0 to 4 nests/m2. In comparison, a preliminary survey
of nest densities in its native range in the United
Kingdom revealed a range of densities from 0.02 to
0.13 nests/m2, n� 12 geographic populations (F.A.D.
and E.G., unpublished data). A number of factors
including habitat, latitude, and season may inßuence
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differences in invasive ant nest density (Porter et al.
1977). However, in 2003, G. W. Elmes (personal com-
munication) stated that during his extensive collec-
tion ofM. rubra throughout its native range in Europe,
he did not observe nest densities comparable with
those currently common in its introduced range in
Maine. Garnas (2005) found that althoughM. rubra is
polydomous, these high-density populations within
infested sites do consist of discrete colonies and do not
exhibit unicolonial population structure as described
for L. humile in its invaded range (Tsutsui and Case
2001).
M. rubra uses a variety of microhabitats for nesting;

most frequently nests were found under or within
downed woody debris or in the leaf litter where they

place their brood in a curled leaf (Fig. 4). Within their
native range, M. rubra has been reported to exploit
different habitats and to use different nesting sub-
strates in different parts of its range. They are found
more commonly under stones along pasture edges in
England (Elmes 1975, 1981), but primarily nest in
rotten wood in wet, shady woodlands along the Black
Sea (G. W. Elmes, personal communication), and
moss tussocks in open pine forests in Russia (E.G. and
F.A.D., unpublished data). In Maine, M. rubra seems
to not only exploit multiple nesting microhabitats but
also multiple ecosystems. M. rubra infestations were
found in lawns and gardens, old Þeld habitats, scrubÐ
shrub, wetlands, and deciduous forests. M. rubra has
not been observed within the dense spruceÐÞr conif-

Fig. 1. Current known towns in Maine with M. rubra infestations.
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erous forest habitat along the Maine coast, although
we have observed them nesting and foraging within
the coastal zone at the edge of the spruce-Þr forest
down into the intertidal zone.

The size of M. rubra nests sampled in 2002Ð2004
varied considerably (Tables 1 and 2), but they do not
differ in size (number of workers) from nests reported

throughout their native range (Brian 1952b, Elmes
1973, Elmes and Wardlaw 1981, Wardlaw and Elmes
1996, Seppa and Walin 1996). Worker densities ranged
from 297 to �10,000 per nest, and queen number
ranged from 0 to 194 per nest. The ratio of queens:
workers within a nest also seems to be similar to
M. rubra colonies in their native range (Elmes 1973).
However, Elmes and Petal (1990) suggested that
queen number in the genus Myrmica seems to be an
adaptive trait, and so it would not be surprising if the

Fig. 2. Current known distribution of M. rubra infestations on Mt. Desert Island in Maine, 2004.

Fig. 3. Density ofM. rubranests sampled at two locations
in Acadia National Park in Maine, 2002.

Fig. 4. Micro-habitats used by M. rubra for nesting in
Acadia National Park in Maine, 2002.
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ratio of queens to workers varied geographically.
M. rubra queens produce both rapid brood that ma-
tures during the summer season to produce workers
during the same season, and diapause brood that
overwinters and produces both workers, gynes, and
males the following summer (Elmes and Wardlaw
1981, Elmes and Wardlaw 1983, Kipyatkov and Lopa-
tina 1997a). Larvae were present in the nests in Maine
at all times of the year (Fig. 5), and those present in
nests in April and September were third instars, likely
in diapause (Kipyatkov and Lopatina 1997b, Kipyat-
kov 2001). Eggs were not present in overwintered
nests, but early season oviposition activity was Þrst
detected in 14% of sampled nests by 15 May 2004, and
in 75% of nests by 29 May 2004 (Fig. 5). The number
of eggs per nest was greatest in July (Table 2), but
some eggs were observed through September. The
increasing number of larvae in nests in late June likely
represent the combined density of larger diapausing
third instar larvae that will mature to gynes or males
andnewproductionofboth rapidanddiapausingearly
instar larvae from the current yearÕs egg hatch (Elmes
1982, Elmes et al. 1999). Pupae were observed in nests
from late July through mid-August in 2002 and 2003
and from early July through September in 2004. Alate
males were observed in nests from mid-July through
September in all years. However, no alate queens were
observed in any nests from 2001 to 2003. During these
3 yr of study, we observed only two alate queens in the
many infested areas in which we worked almost daily.
An increase in average queen numbers in nests in early
August suggests that gynes were produced. However,
they may be present in the nest as virgin alates only
brießy, mating in the nests soon after eclosion and not
participating in nuptial ßights and dispersal. It is pos-
sible that nuptial ßights occur later in September
when our sampling frequency was less regular. How-
ever, we also monitored Þve sticky traps weekly at one
infested site on Mount Desert Island in August and
September in 2001 and three water pan traps weekly

at each of three infested sites from May through Sep-
tember in 2002 and 2003. No alate males or queens
were captured. We did observe some alate queens in
30% of the nests observed in the Þeld on 18 August
2004 (Fig. 5). However, again, we saw no evidence of
a nuptial ßight by the end of August, at which time

Table 1. Age structure of M. rubra nests sampled 2002–2003

Date Workers Queens Larvae Pupae Alate males Alate queens n

14 April 2,406 � 1,170 2.0 � 1.2 105 � 40.8 0 0 0 3
23 MayÐ1 June 1,268 � 259 4.0 � 1.0 93 � 71 0 0 0 2
24Ð30 June 5,578 � 2,176 27.0 � 14.0 1,599 � 614 0 0 0 4
18Ð20 July 1,268 � 505 5.5 � 2.2 521 � 266 593 � 289 1.3 � 1.3 0 3
7Ð9 Aug. 4,484 � 1,068 64 0.0 � 33.5 1,322 � 281 1,392 � 232 41.4 � 12.3 0 5
2 Sept. 693 16 98 0.0 44 0 1

Table 2. Age structure of M. rubra nests sampled, 2004

Date Workers Queens Eggs First instars Second instars Third instars Pupae Alate males Alate queens

13 June 1,725 � 356 17.5 � 6.6 236 � 56 9 � 8 0 470 � 222 0 0 0
23 June 3,006 � 988 25.8 � 7.7 445 � 73 26.8 � 11.9 23.0 � 6.3 410 � 180 2.8 � 2.4 0 0
7 July 5,038 � 2,702 22.8 � 15.8 1,593 � 494 131 � 58 321 � 183 2,669 � 1,000 983 � 809 0 0

21 July 2,217 � 957 14.8 � 1.8 926 � 261 66.5 � 16.6 206 � 67 821 � 315 889 � 387 4.3 � 1.7 0
4 Aug. 1,726 � 338 18.3 � 6.7 745 � 272 100 � 43 286 � 140 973 � 559 1,513 � 301 51.8 � 49.4 0

18 Aug. 2,714 � 1,599 30.5 � 13.7 682 � 436 123 � 93 171 � 105 145 � 56 298 � 103 128 � 102 0
5 Sept. 2,802 � 853 16.5 � 10.4 10.3 � 9.6 4.5 � 4.5 46.8 � 25.4 275 � 171 21.0 � 5.7 20.0 � 5.7 0

Data are mean � SE of four nests collected on each date.

Fig. 5. Proportion of nests on Mt. Desert Island, ME in
2004, containing life stages ofM. rubra (n� 24Ð44 nests per
sample date).
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alate gynes were present in �8% of nests. This evi-
dence suggests that if nuptial ßights do occur, they are
likely infrequent and/or small relative to the size of
the populations (Boomsma and Leusink 1981). A sim-
ilar phenomenon has been observed for the Argentine
ant in citrus groves in California. Markin (1970) sug-
gests that nuptial ßights for this invasive species are
also rare and heavily male biased when they do occur,
and new gynes more frequently mate and remain
within their nest. The characteristics of reduced nup-
tial ßights and a greater dependence on colony bud-
ding for dispersal may contribute to the successful
attainment of locally high densities, which overwhelm
native species and favors spread of the introduced
species (Holldobler and Wilson 1990, Passera 1994,
Hiebeler 2004). The pattern of local infestations ob-
served forM. rubra also suggests that if nuptial ßights
occur, they are likely very rare. Numerous sites exist
where dense infestations end abruptly at a natural or
synthetic barrier, such as a stream or a road, although
identical habitat is available on the opposite side of
the barrier.

Records of M. rubra specimens in museums
(Table 3) suggest that this species has been intro-
duced on multiple occasions and that established pop-
ulations have likely existed in Newport, RI, several
locations in Massachusetts, coastal New Hampshire
and Maine; Buffalo, New York; and Quebec and
Ontario, Canada. We are aware that infestations still
exist in the Tiff Nature Preserve in Buffalo and several
locations in Massachusetts, including the Fresh Pond
site in Cambridge and Arnold Arboretum in Forest
Hills. In addition, we have received samples of
M. rubra from Williamstown and Lennox in western
Massachusetts and conÞrmed infestations in Wake-
Þeld and Gloucester in the eastern part of the state.
We also have received reports of M. rubra popula-
tions in southern New Hampshire and southern Ver-
mont (E. Adams, personal communication), in Ithaca
and Geneva, NY, and in Toronto, Canada. Of note is
that the infestations inland from the coast in Maine,
New York and the other New England states are as-
sociated with very moist habitats, including the edges
of lakes or ponds, moist forests, or wetlands (our obser-
vations and E. Adams, personal communication).

The interregional transport of plant material for the
nursery industries has been responsible for the move-
ment of pest species to new regions, as is the case for
some of the introductions of S. invicta (McGlynn 1999,
Holway and Suarez 1999, Morrison et al. 2004) and
L. humile (Holway 1995, Suarez et al. 2001). Similarly,
it is highly probable that currentM. rubra populations
were introduced to North America in imported plant
material, given that the ants were intercepted several
times in shipments on different vegetation shipped
from Europe (Table 3). Of interest is that populations
in coastal communities in Maine, in some locations in
Massachusetts (Worcester, Williamstown, Lennox,
Gloucester, and WakeÞeld), and in Buffalo have be-
come particularly dense and pestiferous, whereas this
is not the case with the Arnold Arboretum population.
The director of the Arboretum and the grounds crew

were not aware that the ant still existed there, yet
sampling at the original site of the established colonies
(Wheeler 1908) on 28 August 2001, revealed the per-
sistence of a low-density population. This difference
in local densities between populations may be due to
differences in their source population, adaptations or
changes in population structure acquired by the ant
subsequent to its introduction, or variation in local
environmental factors and native ant competitors that
contribute to the regulation of populations in Europe.

Although established M. rubra populations seem
to be associated with human activities, this may be
because people have been responsible for moving
them around rather than that the ants are more suc-
cessful in disturbed habitats.M. rubra has successfully
invaded natural landscapes in Acadia National Park on
Mt. Desert Island and in Eastport, ME, where it is
having negative impacts on native ant species (Garnas
2005), suggesting that these ants are invasive rather
than solely tramp species (i.e., reliant on human-me-
diated dispersal and live in association with humans)
(Holway et al. 2002a). Abiotic factors such as seasonal
heat accumulation (Mallis 1941, Porter 1988, Kor-
zukhin et al. 2001), lethal temperatures (Cokendol-
pher and Phillips 1990, Vinson 1997, Walters and
MacKay 2004), soil type (Way et al. 1997, Rosson
2000), soil moisture (Korzukhin et al. 2001), and el-
evation (Human et al. 1998) have been shown to be
inßuential in deÞning the distribution of the S. invicta
and the Argentine ant within its invaded range.

The extensive range ofM. rubra in Europe suggests
that it may not be climatically limited by cold tem-
peratures in its distribution throughout the northeast-
ern United States and eastern Canada. We found 100%
survival of the 30 monitored nests over the 2002Ð2003
winter on Mount Desert Island. However, Elmes et al.
(1999) found variation in the physiological develop-
ment of M. rubra that correlates with latitude, dem-
onstrating local adaptation of populations to local cli-
matic conditions. Hence, North AmericaÕs invasive
populations may originate from populations prese-
lected for survival in similarly cold winters. The
range of conditions tolerated by the source popu-
lation and the adaptability of the invasive popula-
tion may determine the success of establishment
within climatic zones in North America, especially
in regards to extreme high summer temperatures
(Brian 1973).

The distribution of invasive ant species also has
been shown to be dependent upon many biotic eco-
logical factors, most importantly, competition from
other ant fauna (Holldobler and Wilson 1990, Way
et al. 1997, Holway 1999), and availability of food
resources (Morrill et al. 1978, Vinson 1997). Interspe-
ciÞc competition has been hypothesized to determine
the distribution of M. rubra within the United King-
dom (Brian 1952a, Elmes 1978), and the availability of
food resources has been suggested to limit its pop-
ulations in central Europe (Uchmanski and Petal
1982). Other biotic factors also have been suggested to
affect invasive ant distributions, including the sur-
rounding plant community (Kennedy 1998), human
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disturbance (Passera 1994, Suarez et al. 1998, Williams
2003), and initial colony size (Hee et al. 2000). The
potential role of these factors onM. rubra populations
in its introduced range is unknown. The interaction of
these biotic and abiotic factors can make the predic-
tion of potential invasive range complex and uncertain
(Bestelmeyer 2000, Holway et al. 2002a).

The 100-yr-old report of an established M. rubra
population demonstrates that the introduction of this
species is not a new phenomenon. However, the
spread of very dense pestiferous populations, partic-
ularly in coastal areas of Maine, is more recent. The
Proctor Collection (Proctor 1946), a fairly compre-
hensive effort to catalog the insects on Mt. Desert

Table 3. Museum records of M. rubra specimens collected in North America

Yr Day Location Collector W Q M Collections Note

1902 Aug. 15 Woods Hole, MA Wheeler 0, series 1,1 0,2 MCZ, AMNH
1902 Oct. 17 Forest Hills, MA Wheeler 1 MCZ
1910 Oct. 12 Forest Hills, MA Wheeler MCZ
1912 May 5 Forest Hills, MA W.M. Mann 6 2 USNM
1915 April 5 Montreal, Quebec J.I. Beauline 3 CAFR
1916 April 29 Forest Hills, MA Wheeler 2 MCZ
1919 April 23 3 USNM From Belgium, on box wood
1924 Aug. 20 New York, NY R.L. Trigg 6 USNM From Germany, on Dahlias
1925 Mar. 12 Cambridge, MA White 2 MCZ
1926 July 27 Woods Hole, MA 2 MCZ Var. bruesi Wheeler
1927 June 29 Woods Hole, MA 6 1 2 USNM
1927 Nov. 17 Arnold Arboretum, Forest

Hills, MA
A.C. Burrill 3 MCZ Foot of old Salix alba

1928 Nov. 21 Philadelphia, PA Howley & Einger 1 MCZ From Ireland, on packing moss
1931 Jan. 25 Philadelphia, PA A.B. Wells 1 MCZ From Germany, in soil about

horseradishes
1933 April 14 Forest Hills Weber 4, series MCZ, AMNH
1933 Sept. 24 Forest Hills Weber 5 1 MCZ
1945 May 26 Hoboken, NJ 3 MCZ From England, Prunus-Poeny

moss package
1946 May 2 Washington D.C. 12 USNM From Frankfurt, Germany, with

Narcissus bulbs
1952 May 4 Arlington, MA W.L. Brown 8 2 MCZ
1952 July 12 Eastport, ME I.M. Shaw 6,6 USNM, MCZ
1954 May 3 Shafer Glen, Woburn, MA W.L. Brown MCZ
1957 May 18 Quebec, Quebec J.P. Laplante 14 CAFR In soil
1966 June 6 Newport, RI 1 USNM In garden
1967 Aug. 5 Cambridge, MA R.J. Hampton 13 2 CAFR
1967 Aug. 5Ð8 Fresh Pond, Cambridge, MA R.J. Hampton 3 2 MCZ
1973 Mar. 16 Newark, NJ W.B. Wood 5 1 USNM From Holland, on roots of

Astible
1975 Mar. 12 Harvard University,

Cambridge, MA
MCZ

1975 April 26 Boston, MA Harrison 3 MCZ
1975 Oct. 13 Meaford, Ontario J.T. Huber 1 CAFR Very abundant
1977 May 28 Portsmouth, NH B. Johnson 1 MCZ
1977 May 28 Isles of Shoals, ME B.M. OÕConnor 14 CAFR
1979 Aug. 5 Brossard, Quebec R.J. Harrison 6 CAFR
1981 Nov. 30 Appledore Island, Isles of

Shoals, ME
A.C. Borror 3 MCZ

1982 May 17 Rock Meadow, Belmont,
MA

Carlin 4 3 1 MCZ

1982 April 16 Harvard University,
Cambridge, MA

Thayer/Courver 2/2 1 MCZ

1982 Aug. 29 Arnold Arboretum, Forest
Hills, MA

G. Helmes 5 1 CAFR

1988 July 9 Buffalo, NY Gall 16 Tiff Nature Preserve
1994 May 14 Buffalo, NY Williams 8 MCZ Tiff Nature Preserve
1990 May 2 Bedford, MA Couver 1 MCZ
1997 Bar Harbor, ME G. Ouellette MCZ
1997 Guelph, Ontario J. Huber Series CAFR
1998 May 5 Halifax Co., York, Nova

Scotia
Ward 2 1 MCZ Ground nest in mixed conifers

2003 Aug. 27 Williamstown, MA M. Morales 7 1 MCZ EphÕs Pond, Williams College
2003 May 17 Toronto, Ontario P.K. Chan 1 CAFR Dealate in pitfall trap
? Forest Hills, MA 1 LACM
? Boston, MA C.A. Davis 3 MCZ From Poland on Dahlia roots
? New York, NY E. Kostal 11 USNM From Germany, in soil

MCZ, Museum of Comparative Zoology, Harvard University, Cambridge, MA; AMNH, American Museum of Natural History, New York,
NY; LACM, Natural History Museum of Los Angeles County, Los Angeles, CA; CAFR, Dr. Andréi FrancoeurÕs collection, University of Quebec
at Chicotimi; USNM, U.S. National Museum at Smithsonian Institute, Washington, DC).
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Island between 1938 and 1945, does not contain any
M. rubra specimens. This suggests that either the ant
was introduced after this time or the densities were
low enough to avoid detection. Whether the more
recent apparent spread of M. rubra populations rep-
resent a geometric increase after a long period of
establishment, a postintroduction adaptation in the
population that favors its success, or a response to the
record warm annual temperatures experienced in the
northeastern United States over the past decade, is
unclear. It is certain, however, that M. rubra popula-
tions are becoming a more serious problem for resi-
dents in coastal Maine communities.
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