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Abstract The synthesis of comprehensive databases
on the identity and distributions of alien organisms is a
critical step to developing informed invasion manage-
ment plans and identifying areas that are data-
deficient. Here, we assembled all available records
of alien ant distributions for Mexico, based on the
literature, databases and unpublished data for a period
ranging from 1855 to 2019; we compiled 967 records
for 42 ant species non-native to Mexico, distributed
across 438 localities. For the first time, we present
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mapped records and the distribution database of alien
ants which is available through The Global Ant
Biodiversity Informatics database at www.antmaps.
org. The most commonly recorded species were
Paratrechina longicornis, Monomorium pharaonis
and Anoplolepis gracilipes. The states with the most
records were Veracruz, Chiapas, Jalisco and Quintana
Roo. The alien ants were most frequently encountered
in urban areas (372 records) and in deciduous forest
habitats (220). We provide summary of their distri-
bution patterns and other related information useful
for the control of these species in Mexico.
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Introduction

Many ant species have been introduced to Mexico
through human activities, including the five species
considered in the 100 of the world’s worst invasive
species compiled by IUCN (Lowe et al. 2000; Cupul-
Magafia 2009; Sanchez-Soto 2013). However, a
limited number of studies document the distribution
and effects of these species across the country (Cupul-
Magaia 2009; Vasquez-Bolafios 2015a). Currently,
no summary of introduced ant species records nor any
evaluation of their impact at the country level exist.
Here, we present all currently available records for the
alien ants in Mexico, a country with a large environ-
mental heterogeneity and high potential to host non-
native species both from temperate and tropical zones.
After providing an overview of the oldest records for
each species, we then summarize their main distribu-
tion trends.

The displacement of native species of insects and
other invertebrates is likely among the most detri-
mental effects of invasive ants in Mexico. They also
disrupt the relationships among native plants and
insects; reduce the quality of habitat for many
vertebrates and plants; attack and kill the brood or
juvenile individuals of both invertebrates and verte-
brates species (e.g. reptiles, birds) (Allen et al. 2017);
or have diverse negative impacts on agricultural
production (Plentovich et al. 2009; Rosas-Mejia and
Janda 2017, 2018). In urban areas, they are also known
to act as vectors of diseases (Sanchez-Soto 2013), in
particular within sensitive areas such as medical
facilities. In some Mexican cities, the Home Infesta-
tion index by ants was reported up to 90% (Puerto
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Vallarta) of which 42% of records was represented by
the alien ant Tapinoma melanocephalum (Cupul-
Magafia 2009), suggesting that these ants can be
important pests of the urban ecosystems in Mexico.

The introduction pathways of alien ants to Mexico
have not been sufficiently evaluated (Del-Val et al.
2017). As is the case with other alien species or
invasive ants in other countries, we presume that the
main sources of introductions are with transport of
commercial products, biological materials (e.g.
plants), soil and related items. Mexico imports and
exports large volumes of materials and products
through various sources of transport, with many major
port hubs located on both Atlantic and Pacific coasts.
This makes Mexico not only an easy target of such
invasions but also an important hub for the further
spread of various alien species.

Currently, there is no established strategy for the
prevention or management of invasive ants in Mexico
which would be coordinated at the federative level. In
order to provide data for the development of informed
management decisions and to evaluate where more
data are needed, we assembled all alien ant records for
the country and made them publically available as part
of the Global Ant Biodiversity database (GABI)
(Guénard et al. 2017).

Materials and methods

We reviewed all the available literature with at least
one alien species reported from Mexico, published
between 1855 and 2019. The literature included
articles in journals databased in ISI Web of Science
and also non-indexed publications such as diploma
theses, reports and regional species lists. We also
included all records from outdoors and indoors
available in public databases containing information
on distribution of ants, including AntWeb.org, and
GABI database at www.antmaps.org (Janicki et al.
2016; Guénard et al. 2017). The taxonomic status of
the records was checked and updated whenever nec-
essary, following the latest version of the Bolton’s Ant
Catalogue at AntCat.org (Bolton 2012). We also
contacted myrmecologists and entomologists active in
Mexico to contribute any unpublished records based
on specimens for any alien ants. Furthermore, during
the years 2016-2017, we hand collected specimens
and distribution records for non-native ants from the
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states of Ciudad de México, Coahuila, Guanajuato,
Nuevo Ledén, Oaxaca, Puebla, Sinaloa, Tamaulipas
and Veracruz. Collected samples were sorted, moun-
ted and identified following the species keys available
for the genera, or specialized keys for alien species.
The complete list of literature and record sources is
part of the database associated with this article (Sup-
plementary data 1).

All records were formatted according to the GABI
standards (Guénard et al. 2017) and included infor-
mation such as unique identifying number, collection
location, geographic location, habitat data and other
related information. Some geographic coordinates
were obtained secondarily from the locality references
and labels of the specimens. For 165 records with only
geographic region or state listed instead of specific
locality or GPS, and with no other records for the
region, the coordinates of the largest city in the region
were used. The habitat type was obtained from the
collecting information in the source literature and
databases and synonymized with the latest vegetation
and habitat reference maps for México (Gonzalez and
Smith 1998).

The occurrence records were mapped using ArcGIS
(Software Gis) version 10.2. The cumulative numbers
of species and records for the states and habitats were
calculated in MS Excel, and R Studio version 1.1.453
(Team R studio 2015). The first records for the
presence of each species in Mexico were obtained
from the literature and our database. We used simple
linear regression (Team R studio 2015) to analyze
whether there’s a correlation between the number of
records and the number of alien species. To evaluate
how the records of alien ants relate to overall sampling
intensity of ants across the country, we used simple
linear regression to compare it with records of native
species assembled in the recent comprehensive over-
view (Dattilo et al. 2019). We compared the numbers
of records by state (20,745 records) and by habitat,
whenever the original data allowed to match ade-
quately the habitat type distinguished by both studies
(14,992 records).

To ensure the compatibility of our data with other
studies and taxa, we provide an overview of the
categories distinguished for alien ants in Mexico. Our
terminology follows the categories recommended by
Blackburn et al. (2011), where ‘alien’ refers to any
species which has been unintentionally or intention-
ally transported outside of its original range (PysSek

et al. 2004). In this study it is also synonymous with
the term ‘non-native’ while the GABI database
currently refers to alien ants with established popula-
tions outdoors as ‘exotic’. As ‘invasive’ we refer to
alien species which are established, with self-sustain-
ing populations in the wild and their spread has been
documented over larger areas within the country
(Blackburn et al. 2011).

Results

We assembled 967 records for 42 ant species alien to
Mexico, distributed across 438 localities (Fig. 1). Of
these 607 were from literature, 282 from databases, 72
were provided by the collaborating researchers and 22
by the authors of this study (Table 1). Based on the
distributional and life history data we can consider 30
species as invasive alien and 12 species in the broader
category of non-invasive alien, likely in the process of
establishment.

The most frequently recorded species were Para-
trechina longicornis (175), Monomorium pharaonis
(94) and Anoplolepis gracilipes (57). The states with
the highest number of records were Veracruz (161),
Chiapas (122), Jalisco (92) and Quintana Roo (71)
(Fig. 1). While the number of documented alien
species has been growing linearly for the past
60 years, the majority of distributional records orig-
inated during the last 20 years (Fig. 2). There was a
strong positive correlation (R* = 0.794, P = 0.000)
between the number of records and the number of alien
species. The number of alien species records and the
alien species richness were positively correlated with
the number of records for native species, when
categorized by state (alien records: R? = 0.632,
P =0.000; alien species richness: R? = 0.272,
P =0.002). When compared by habitat, there was no
apparent relationship among the number of alien
records or alien species richness and the sampling
effort for native species (records: R? = — 0.04852,
P =0.61; number of species: R? = 0.017,
P = 0.6146). The numbers of records for each state
and habitat are listed in Supplementary data 1. The
majority of alien ant species (30) reported here should
be also considered invasive. The status of 12 species
cannot be confirmed without further targeted studies
and these species are here considered only within the
broader category non-invasive alien (non-native). The
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Fig. 1 Distribution records of 42 species of alien ants and number of alien species by state in Mexico

presence of invasive ants was also detected within 10
protected areas across Mexico.

The majority of alien species recorded belongs to
the subfamily Myrmicinae (26), eight to Formicinae,
four to Ponerinae and three to Dolichoderinae. The
species with the highest number of Mexican state
records were P. longicornis (25), Monomorium
pharaonis (15) and Cardiocondyla emeryi (14)
(Table 1). The earliest record for a non-native ant in
Mexico dates from 1855 for Tetramorium bicarina-
tum, while the species documented as introduced the
most recently were Nylanderia flavipes and Tri-
chomyrmex destructor in 2017 and 2013 respectively
(Table 1).

The localities from which alien ants were reported
were assigned to 18 types of habitats, based on the
collecting data and the vegetation maps (Gonzalez and
Smith 1998). The ants were most frequently encoun-
tered in urban areas (372 records) and in deciduous
forest (220) (Fig. 3).

Discussion
This study presents the most complete dataset of

records for alien ants in Mexico to date. With 42
species registered, this represents a considerable

@ Springer

increase from the previously reported 32 species
(Vasquez-Bolafios 2015b; Dattilo et al. 2019). Con-
sidering the size, geographic span of the country,
diversity of climate and the presence of subtropical
and tropical regions, along with the intense commerce,
it is likely that the actual number of alien species is
higher or that more successful non-native ant species
may be introduced in the future. For instance, the
current number of alien ant species reported from
Mexico is lower than the not so distant, but much
smaller, state of Florida (57) (Deyrup 2003; Guénard
et al. 2017).

Knowledge on alien ants in Mexico across the
different states is somewhat related to the overall
sampling efforts conducted on ants. Indeed, our results
show that the intensity of sampling effort (number of
records for native species) within states can hint on
both the number of records and species richness of
non-native ants. Other factors, however, here not
considered, could also be important as the positive
relationships between sampling efforts for native and
non-native ants’ records and richness was not partic-
ularly strong, as shown in the states of Veracruz de
Ignacio de la Llave and Jalisco, which present the
highest number of alien records, but not the highest
numbers of native species records (Supplementary
data 1). For instance, taxonomic efforts could be



1673

Alien ants (Hymenoptera: Formicidae) in Mexico: the first database of records

uoz
+ ueqmn pue pfey dor) (zz61) 19199ym ol 14! Ly 1laoua D)ApU0I0IPAN)
Ge81 ‘meadreg-jureg op ronodo FVNIDINIAN
+ 1S2I0J SNONPIAAQ (9681) opuediog G681 €1 6 SNpOIPWIDY SNYIVUIOJUOP()
1S2I0J SNONPIOAP (L107) 2seqeiep
+ pue auoz ueqin [eUOSIod ¥ uosuyof 9661 I 1z punssyviound viauodod(yy
+18310] snonproap
pue Quoz ueqin (®1061) 12104 1061 €1 (4 sdaorwvdo viauododSy
+ QUO0Z ueqin (8€61) IO[YM 8¢61 7 6 pLpunip3dia viauododlpy
Ge81 ‘meadieg-juteg op ronodoT FYNIJANOJ
(€661)
ZJ[RZUOD)-R[ONZU[B A
+ 1$910J SNONPIOA(] pue opa[qoy-zoind) €661 I I 1pnonyp s1d2jo13v]g
1S2I0J SNONPIOAP
w7t pue QUOZ UeqIn) (6S81) 1930y 6581 €T SLT SIUL0I1SUO] DUIYIDLIDADJ
+ 18310} snonprds(g (zLo1) Jdwayy L6l € Sl vapnf vLUIPUIAN
(€661)
1S2I0J SNONPIOAP ZJ[RZUOD)-R[INZU[B A
+ pue QuoZ ueqin) pue opa[qoy-zo1ng) €661 z 9 D21UOGINOG DIIPUDIAN
% QuoZ ueqin (#161) I[YM €161 z 8 smpmovu snjouodun))
(6100
V/N ‘Te 319 epaa[ndos-zniQ G961 1 z pjooprydp xauLiludyov.g
+ QuoZ ueqin ($681) apuediog €681 01 LS sadij1ov.8 sidajojdouy
6081 2[RI HYNIDINYOA
pueainysed pue 15910
UQ3I3I9Ad 8310J
«t SNONPIOJp ‘QUOZ UeQIN) (9681) opuediog 7681 1 of umppydadouvjaw vuourdn |
(6000)
+ prey doip ‘[e 19 ZINY-ZopuBuIoY 600T 1 I suvonu vwdyjdoury
+ QUOZ ueqin (®1061) 12104 1061 + 8 wnnbiur vwapdoury
+ Quoz ueqif) (6007) 'Te 19 Io1aNoMm S961 4! LE apiuny vuypdoury
8L81 ‘9104 AVNIYHAOHDITOd
6081 “AMTeneT AVAIDINIOA
» S3UIp[INg
urgim 1o + prm
) ur paysIqeIsy JeIqeH RN PI023I1 1811 suodal yim sAeIS SpI029Y saroadg

SAOUALIMNII0 JO Ioquunu

35oUSTY Y} YIIM Je)Iqey YIIM pUE ‘PIOOAI JSIY Y} JO 9OINOS ‘PI0JAI ISIY ‘pajtodar are Aoy 210ym SAJE)Ss JO JAqUINU ‘SPIOJAI JO JAqUINU [B)0) Y1 Saroads jue uarfe Jo IS T dqel,

pringer

As



M. Rosas-Mejia et al.

1674

1S910F
UQJISIAAQ pUR JSI0J

+ SNONPIOIP ‘QUOZ UBqIN) (6061) I[39YM 6061 o1 ov WIS WNLIOWDAIA ]
+ 1S910J UQQIZIoAT (8661) vzIeD-Zon3LIPoyY 8661 z S WNUDKPIN] WNLIOWDAID ]
15210J
UQQISIOAQ pUR JSI0J
+ SNONPIOAP ‘QUOZ UBqI() (L102) 9Py yL61 6 0C WNSOUISNUD] WNLIOWDAIA ]
(6007) BY20¥-Z0IINQY
+ 15910J eQ pue souejog-zonbseA 600C 1 I SU2]OSUI WINIIOWDAID ]
(S100)
+ QUOZ ueqin) BIOIBD)-BIIH PUB JOIONIA 6261 € 9 WNLIDPIDI WNLIOWDAI ]
+ 1SQI0J UQAISIOAT (6681) 10104 GG81 € €1 WNIDULIDILG WNLIOWDAID ]
+ Quoz ueqin (2107) 10119\ 9961 1 z 112804 suadunyg
+ 1S9I10J ATepuodas (1661) Te 30 AeyoeN 8861 z € va2fiuviquidut SKU2S1UNAIS
(€661)
Z3[BZUOD)-B[ONZUI[BA
+ 1SQI0J UQITIoAT pue opa[qoy-zo1mng) €661 € ¥ avwud SCu2Snunaig
+ qnios onkydoroy (6002) ‘& 12 euad-zayoues 00T % 91 po1au1 S1sdouajog
+ s3I0 snonpldaq (a1061) 12104 1061 [ 14 supiavu ajop1ayd
1SQI0J UQAITIIAD
+ pue puearmsed (6681) 19104 6681 S 14! poydas3aut ajoprayd
+ 1S210J SNONPIdA( (6L61) 2uuedr 6L61 Z S wmovdoqns wn1Lououo W
1S2I0J SNONPIOAP
ot pue Quoz ueqin) (6881) OOSBIOA 6881 ST 76 sonavyd wniLowmouo
1S9I0J SNONPIOAP
«+ pue QuozZ ueqin (0107) ToI019M 8881 01 1S D]0OLIOY WNILOUWOUO P
+ QUOZ ueqin) (6861) USAIY], pue [[BAQ 6861 ¥ S WNLIDUOGIDD WNLIOUOUO I
+ prey doip (L102) 9oMIuy G861 z L DIDANISQO 12ISDSOIDULILY)
+ Quoz ueqin) (S661) AeyoeN 1861 € ¥ 1nuogySnoim vjdpuod01pin)
+ do1p (S007) Te 12 240D S00C ¥ 0z ppnisnuaa jKpuUoI01PIn)
+ uone1asoA A1epuodog (L102) aaMIuy 800C z €1 4014M25G0 D]APUOI0IPID))
+ 1S2I0J SnONPIAAQ (#107) To1019 M 9661 L ! aonynunu v}{puoIoIPAD.)
+ qnios onkydorox (9861) vzIen-Zon3Lpoy 9861 € S DOIUDILNDUL DIKPUOI0IPAD))
« S3uIp[mg
urgm 10 + prm
Q) ur paysIqeIsq JeIqeH 90I1n0S PI093I ISIT suodar yym soyeIs SpI0OY saroadg

penunuod | Aqe],

pringer

As



Alien ants (Hymenoptera: Formicidae) in Mexico: the first database of records 1675

Table 1 continued

Habitat Established in the

Source

First record

States with reports

Records

Species

wild + or within

buildings *

_|_>k

Urban zone, deciduous

forest

Sanchez-Soto (2013)

2013

Trichomyrmex destructor

+>l<

Urban zone and

Wheeler (1901)

1901

50

Wasmannia auropunctata

deciduous forest

Species in need of status verification

Urban zone and

Rodriguez-Garza (2008)

2008

25

Cardiocondyla nuda

deciduous forest
disturbed
Urban zone

Rosas-Mejia et al. (2013)

2013

Nylanderia flavipes

another important parameter to consider as some
studies provide information for morphospecies but not
on nominal species, preventing the record of particular
species. A second aspect, here considered, is the
difference in sampling in function of the habitat types.
Our results show that a disproportionate number of
alien records and species originate from urban areas
(372) despite the overall sampling effort being con-
siderably lower in this type of habitat in comparison to
other types such as forest habitats (Supplementary
data 1). Thus, in Mexico, as for many other regions
around the world (MclIntyre 2000; Guénard et al. 2015;
Leong et al. 2017) alien ants are particularly common
and diverse within urban areas. This may be attributed
to the combination of factors, such as their generalist
life habits, affinities with high and regular disturbance
levels, high propagule pressure and possibly reduced
competition (Passera 1994; Holway et al. 2002a, b).

Many of the introductions are caused by humans via
global transport. The trade has an important role in the
rapid dispersion of species, and the marine ports of
entry are often the main source areas for establishment
and spread of alien and invasive species (Seebens et al.
2013). Regions with high per capita GDP and high
population densities have higher established alien
richness (Dawson et al. 2017). Port cities along the
Gulf Coast of the United States play an important role
in the introduction of numerous species of non-native
ants into North America (Gochnour et al. 2019). For
instance, in Veracruz de Ignacio de la Llave, the state
with the highest number of the records, 14 records for
eight different species were retrieved from an area less
than 100 km from the main international port of entry
located in the city of Veracruz.

Although some data from protected areas in Mexico
exist, they are less frequent than the records from other
areas. We attribute it to the lack of coordinated
reporting of alien insects, rather than the absence of
alien ants in these natural reserves. In the protected
areas where alien species have been registered, there
has been no reports so far of ecological dominance or
negative effects caused by them (Varela-Hernandez
and Jones 2013). Similarly, the species M. floricola, P.
longicornis and C. obscurata were reported from
protected tropical dry and deciduous forests and from
sand dune habitat.

Based on the recent review of information about
alien ants in Mexico (Rosas-Mejia and Janda
2017, 2018), we can enlist the factors that promote

@ Springer
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the establishment of their populations outside their
native range. In particular: accidental transport medi-
ated by humans, adaptation to anthropogenic environ-
ments, polygyny, polydomy, absence of interspecific
aggression, generalized nesting and feeding habits,
and mutualistic relationships with hemipteran (Suarez
et al. 2010). Many of these traits have been well
documented to contribute to success of invasive ants
globally (Suarez et al. 2010), and we observe a similar
pattern in Mexico.

@ Springer

Pastureland  Others

Coastal
vegetation

Secondary Xerophytic
vegetation scrub

Tropical
rainforest

forest, riparian vegetation, coastal vegetation, managed forest,
tropical dry forest and mesophyll forest)

The different types of impact are not necessarily
linked. Some species can cause considerable eco-
nomic and public health damage, directly affecting
human activities and are often considered as pests
(Rodriguez et al. 2016). Other species cause more of
environmental damage as is the case of many invasive
species. Among the alien ants reported in Mexico, the
following species have the greatest ecological impact
so far: Pheidole megacephala, Solenopsis invicta,
Linepithema humile, Wasmannia auropunctata, Ano-
plolepis gracilipes and Nylanderia fulva. On the other
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hand, Monomorium pharaonis and Tapinoma mela-
nocephalum are considered the most important pests.
However, Solenopsis invicta fits well both categories
and causes the strongest ecological and economic
damage to humans in Mexico (Rosas-Mejia and Janda
2017). The other 23 species are not usually considered
an urgent threat so far and they are not known to cause
considerable harm to native species in their introduced
ranges (Deyrup 2007; Wetterer 2012). Although there
is sufficient evidence for considering many of alien
ants documented here as invasive, in the case of
Brachyrmex aphidicola and W. auropunctata the
situation is less clear. Brachymyrmex aphidicola has
been recently documented from few specimens col-
lected in 1960’s in central Mexico (Ortiz-Sepulveda
et al. 2019), but information about its current status is
missing. Wasmannia auropunctata is native to Central
and South America and is also common in tropical
habitats of south Mexico. Although it has been
sometimes considered as alien to the whole country
(e.g. Dattilo et al. 2019), it is mostly based on political
or biogeographical categorizations of Mexico. Here,
we consider W. auropunctata as native to the tropical
habitats at the south and east of the country, with its
likely native range roughly corresponding to borders
of Veracruz and Puebla. North of these states, where
the ant fauna is mostly Nearctic, the species is treated
in our database as invasive. Further genetic studies
will be necessary to determine more precisely its
native and introduced ranges in Mexico.

Nevertheless, it is also important consider the
changes in distribution suggested by models devel-
oped for individual invasive ant species, incorporating
suitable habitats information and predicted climate
change. The global-level models proposed by Ber-
telsmeier et al. (2014) suggest, that 10 species may
expand their range across the suitable habitats in
Mexico under the current conditions. For example, the
invasion potential for S. invicta includes all the states
bordering the Gulf of Mexico and across the states on
the Pacific coast to the north. This suggests a
considerable expansion compared to the currently
recorded situation, if the models are accurate.

The predicted distribution for invasive ants for
2080 varies greatly among the species, with some
expanding (S. invicta, Technomyrmex albipes) and
other diminishing their ranges (A. gracilipes, L.
humile, P. megacephala and W. auropunctata) (Ber-
telsmeier et al. 2014). However, considering that the

input data for these analyses were very limited for
Mexico, it is necessary to update these models with the
current situation and follow up with systematic
monitoring efforts which will take into account the
predicted optimal habitat conditions.

Future directions

The next steps for consolidating the monitoring and
prevention of invasive ants in Mexico will be to
improve the species identification process and to
establish a coordinated network for fast sharing of data
from the ports of entry. Furthermore, the systematic
sampling across Mexico is needed to obtain actual
information on species’ distribution, as there are large
parts of country with no data available (most of north
and central Mexico). Focusing on areas of high
biological importance (protected areas, regions with
high endemism) should be a priority, as well as a
detailed evaluation of the individual entry points. The
agricultural, environmental and health sectors would
greatly benefit from more detailed (or any) data in
order to provide targeted treatments to the most
affected areas. Regular and repeated monitoring is
important, as many of the negative effects can be more
easily detected at places with higher species abun-
dance and over longer periods.

In effort to address the lack of information about the
management of alien ants in Mexico, a risk analyses
for eight species together with detailed information on
their biology were recently published as part the
National Strategy on Invasive Species in Mexico and
the United Nations Development Program (Rosas
Mejia and Janda 2017, 2018). However, much more
coordinated effort is needed in order to provide
effective prevention and management of alien ants in
Mexico.
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