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Abstract

Worldwide, two of the most harmful invasive ants typical of disturbed sites are Solenopsis geminata (Fabricius) and
Wasmannia auropunctata (Roger). Both are natives of the Neotropics and are widely distributed all over the tropics.
Within its original geographicrange, there are few data on its abundance and potential damage to natural ecosystems.
In this study, we recorded their abundance and relationships to diversity and richness of soil ant communities in
two localities with different amount of forested area (Lopez Mateos, LM 77% and Venustiano Carranza, VC 27%), at
Los Tuxtlas reserve. In each locality, four land use systems (LUS) were sampled: tropical rain forests, agroforestry
plantations, annual crops, and pastures. Data were gathered from 360 ant samples obtained from litter squares,
pitfall traps, and soil monoliths in 40 sampling points (20 per locality, and five per LUS). Solenopsis geminata was
more abundant in LM than in VC; the opposite trend was observed for W. auropunctata. In LM, S. geminata was
more abundant in crops than in the other LUS, whereas W. auropunctata tended to have higher abundances in less
managed sites of both localities. Abundance and species richness of ant communities were higher in LM than inVC.
At regional and local levels, we found negative relationships between the abundance of S. geminata and species
richness; the inverse pattern was found for W. auropunctata. We conclude that at Los Tuxtlas, W. auropunctata can
be considered as a typical dominant native species, whereas S. geminata is the common exotic invasive ant.
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Resumen

A nivel mundial dos de las hormigas invasoras mas dafninas son Solenopsis geminata (Fabricius) y Wasmannia
auropunctata (Roger), ambas nativas del Neotropico. Debido a que son especies tipicas de ambientes
perturbados, poco se sabe de su abundancia y potenciales efectos nocivos en los ecosistemas naturales dentro
de su rango de distribucion original. En este trabajo estudiamos sus patrones de abundancia y exploramos
su relacion con la riqueza total de hormigas del suelo en dos localidades con diferente cantidad de remanente
de selva primaria (Lopez Mateos, LM 77% y Venustiano Carranza, VC 27%) en la Reserva de la Bidsfera Los
Tuxtlas. En cada localidad se muestrearon cuatro sistemas de uso de suelo (LUS): selva tropical perennifolia,
plantacién agroforestal, cultivo de maiz y pastizal. Analizamos 360 muestras de hormigas obtenidas mediante
cuadrantes de hojarasca, trampas de caida y monolitos de suelo en 40 puntos de muestreo (20 por localidad
y cinco por LUS). La abundancia de S. geminata fue significativamente mayor en VC que en LM, mientras que
la de W. auropunctata fue mayor en LM que en VC. En LM S. geminata fue méas abundante en los cultivos de
maiz que en los otros LUS, mientras que W. auropunctata tendié a ser mas abundante en los sitios menos
manejados en ambas localidades. La abundancia y la riqueza especifica de hormigas fue mayor en LM que
en VC. Un analisis de escalamiento multidimensional no métrico de las abundancias de todas las especies
confirmo la relacion de S. geminatay W. auropunctata con sitios perturbados y conservados, respectivamente,
A nivel regional y local encontramos una correlacion negativa entre la abundancia de S. geminatay la riqueza
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total de hormigas; en contraste, la abundancia de W. auropunctata se correlaciono positivamente con la riqueza
total de hormigas. Concluimos que W. auropunctata se comporta como una tipica especie nativa dominante,

mientras que S. geminata lo hace como una invasora exdtica.

Palabras clave: Invasiones bioldgicas, hormigas invasoras, selva tropical perennifolia.

Ants play preponderant roles in terrestrial ecosystems and main-
tain interactions with many plants, arthropods, and fungus species
(Holldobler and Wilson 1990, Schultz and McGlynn 2000). In nat-
ural ecosystems, the natural or human mediated introduction of an
invasive ant can produce important breakdowns in several func-
tions, and also in the abundance and diversity of other animals and
plants (Horvitz and Schemske 1986, Holway et al. 2002).
Nowadays there are more than 16,000 recognized ant species
(AntWeb 2020), but only 19 are considered invasives, i.e., species
that are capable of invade and disrupt natural ecosystems trough
several negative interactions with resident species of animals and
plants (Suarez et al. 2010). Two of the most important invasive ant
species are Solenopsis geminata (Fabricius 1804) and Wasmannia
auropunctata (Roger 1863), both neotropical in origin and now
widely dispersed in many tropical and subtropical zones of the
world, mainly in islands (Wetterer and Porter 2003, Wetterer 2011).

Solenopsis geminata

Commonly known as the tropical fire ant, S. geminata belongs to
a group of species originated in South America that naturally dis-
persed to the north (Trager 1991). It is considered one of the first
trade-dispersed species, because of global trade networks developed
during the 16th century. Molecular studies revealed that Indo-Pacific
populations of this species are closely related to native populations
from western Mexico, being highly probably that some Mexican
S. geminata colonies were dispersed to Asia, within the ballast soil of
Spanish ships (Gotsek et al. 2015). Nowadays this species is found
all over the world, mainly in tropical zones, with records in Africa,
Australia, Borneo, India, Indonesia, Malaysia, Madagascar, Hawaii,
Polynesia, China, Japan, and many others (Hollway et al. 2002,
AntWeb 2020).

A lot of evidence has been published about the damage this
species produces to native biota wherever it has been introduced,
being this impact worst in islands (butterflies, Nafus 1993; tor-
toises, Williams and Whelan 1991; sea birds, Plentovich et al. 2009).
Regarding their impact over native ants, it has been reported that
S. geminata has had devastating effects over native ant populations
(Ness and Bronstein 2004). In contrast with all this information as
invasive, there are few studies on the biology of S. geminata within
its natural range of distribution. From these studies, we know that it
is a disturbance specialist species typical of managed-disturbed sites
like agroecosystems where it is often the dominant species (Risch
and Carroll 1982, Perfecto 1991). It has also been found in sev-
eral natural ecosystems, where it prefers sites with moderate vegetal
cover (shrubs) over insolated (dunes) or dense covered vegetal (for-
ests) sites (Rojas et al. 2014). Currently, there is a lack of informa-
tion about the status of their populations in undisturbed tropical
rain forests and on their effect over indigenous biota.

Wasmannia auropunctata

Commonly known as the little fire ant, this species originates from
Central and South America, with a supposedly natural distribution
ranging from northeast Mexico to Argentine, including most of the
Caribbean islands (Wetterer and Porter 2003). Introduced in almost

all tropical and subtropical regions of the world, W. auropunctata
represents in the many islands where it occurs a strong threaten to
native ant communities and other animals (Le Breton et al. 2003).
Recently, there were recorded populations of this species in Israel
which at high densities, almost displaced local ant fauna (Vonshak
et al. 2010). Some characteristics of W. auropunctata populations
relate to the type and degree of habitat disturbance. For instance,
in severely disturbed sites, ecological dominant populations are
characterized by a single colony social structure (low intra-specific
aggressiveness); conversely, in low disturbed sites predominate
nondominant populations, with a multiple nests social structure
(high intra-specific aggressiveness) (Orivel et al. 2009, Salguero et al.
2011). Considering that all dominant populations of this species
have been found in human disturbed habitats, it has been suggested
that its ecological dominance in these sites obeys to ecological fac-
tors modified by human activities (Foucaud et al. 2009).

Within its natural range of distribution W. auropunctata is a
common species with typical generalist feeding and nesting habits
(Tennant 1994). In agroecosystems, it can turn to be very abun-
dant and promote the presence of agricultural pests (De Souza
et al. 1998). Abundance of W. auropunctata is quite similar be-
tween nondisturbed forests, where it is a common species but not
a dominant one (Armbrecht and Ulloa-Chacén 2003, Rojas et al.
2014). However, in disturbed natural forests, a negative correl-
ation observed between the abundance of W. auropunctata and
the species richness of native ants, suggests that it can be affecting
native ant communities (Armbrecht and Ulloa-Chacén 2003,
Orivel 2009).

Considering the potential damage that S. geminata and
W. auropunctata can cause to ant communities in natural tropical
forests, a priority should be to establish its status in protected areas.
In Mexico, Los Tuxtlas Biosphere Reserve still contains areas with
a significant amount of tropical rain forests, although in some sites
is highly fragmented (Guevara et al. 2004). Rojas et al. (2009) re-
corded preliminary abundance patterns of these two species in this
Reserve and found that both species appear as very good disturbance
indicators at scales ranging from local to landscape level.

In this study, we firstly inquire about the patterns of abundance
of S. geminata and W. auropunctata in the leaf-litter and soil of four
land use systems (LUS) of Los Tuxtlas Biosphere Reserve, from two
localities with different amount of forested area. Secondly, we ex-
plore the relation between the abundance of these two species and
the species richness and abundance of soil ant assemblages. Land use
systems included fragments of original tropical rain forests, agrofor-
estry plantations, annual crops (maize), and pastures. Accordingly,
we expect to find higher abundances of both species in managed
ecosystems than in undisturbed tropical forests (Risch and Carroll
1982, Armbrecht and Ulloa-Chacén 2003). Other expected result
relates to the landscape influence (i.e., percentage of forest cover-
ture) over these species; in this case, higher abundances of both
S. geminata and W. auropunctata would be found in the locality
with lower coverture value (Prevedello and Vieira 2010). Both spe-
cies act as invasive species outside its natural range of distribution,
negatively influencing species richness of natural ant communities.
If this also occurs within its natural range of distribution, we will
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expect that the abundance of these species will negatively correlate
with the amount of species of their own communities (Wetterer and
Porter 2003, Wetterer 2011).

Materials and Methods

The study was carried out in the southern part of Los Tuxtlas
Biosphere Reserve, Veracruz, Mexico in two localities that differed by
the amount of forested surface at the landscape level, and by the land
use system (conservation of tropical rain forest vs culture of grass-
land for cattle raising): 1) Lépez Mateos (LM): 77% of forest surface
and 2) Venustiano Carranza (VC): 27%. LM is a communal land of
572 ha located between 18°24’56” to 18°26’33”N and 94°56’53”
to 94°5818”W; VC, also a communal land has 970 ha of surface
and is located between 18°19°09” to 18°21’50” N and 94°44'41”
to 94°46’44” W. Climate in both localities is hot and humid, Am(f),
with a mean annual temperature of 22°C and mean annual pre-
cipitation between 2,500 mm (LM) and 2,900 mm (VC). Altitude
in both localities is around 230 masl. In each locality, 20 sampling
points were selected, equally distributed into four main Land Use
Systems (LUS): 1) five tropical rain forests (TRF), 2) five agroforestry
plantations (AP), 3) five annual crops (C) and five pastures (P); each
point was separated at least by 150 m. In total, 40 sampling points
were obtained from the four LUS and the two localities.

Vegetation

1) Tropical rain forest. Characterized by the typical four strata, these
forests are composed in the canopy stratum by >30 m trees as Ocotea
uxpanapana, Nectandra ambigens, and Brosimum alicastrum.
Second stratum include trees of 1-20 m height as Cupania glabra,
Dendropanax arboreus and Pseudolmedia oxyphyllaria. Other im-
portant elements are palms (especially Chamaedorea tepejilote),
epiphytes, and vines (Lopez—Cano and Castillo-Campos 2009).
2) Agroforestry plantations. Species cultivated in these plantations
are cedar (Cedrela odorata), pepper (Pimienta dioica), orange
(Citrus spp.), guajava (Psidium guajava), and palms (Chamaedorea
tepejilote) (Lopez and Castillo 2009). 3) Pastures. Only grasses,
mainly dominated by introduced species (Cynodon dactylon and
Panicum maximum) over native ones (Paspalum conjugatum,
Axonopus compressus) (Lopez and Castillo 2009). 4) Annual crops.
Main crop is self comsumption native maize (Zea mays), associ-
ated with other crops like beans (Phaseolus vulgaris) and pumpinks
(Cucurbita spp.) (Lopez and Castillo 2009). More information
about localities and sites can be found in Garcia et al. (2009a).

Ant Sampling

Only soil ants were sampled. Along a one 40 m transect, five sam-
ples of 1 m? leaf litter were taken at intervals of 10 m; each sample
was sieved (1 cm? aperture) and processed with mini-Winkler
bags for 24 h (Agosti et al. 2000). In the same transect three pit-
fall traps filled with ethanol, 80% were placed at intervals of 10
m and left in the field during 24 h. Ants were also obtained in
the vicinity of each transect, from one cubic soil monolith (25 x
25 x 30 cm) that was hand sorting for all soil macrofauna (Garcia
et al. 2009b). In total, 360 samples of ants (200 leaf litter quad-
rats, 120 pitfall traps, and 40 monoliths) were studied. A series
of each ant species was mounted in entomological pins. The
ants were identified to species level (or morphospecies) by the
first author and deposited in the Formicidae collection of the Soil
Invertebrate Laboratory of the Institute of Ecology (INECOL), in
Xalapa, Ver. Mexico.

Community Parameters and Statistical Analysis
Abundance of each species was calculated as the number of samples
(s) where each species was present relative to the total number of
samples (S) (Frequency of occurrence, FO = s/S x 100). An ‘occur-
rence’ is any event in which an ant species (or morphospecies) is
recorded in a sample, regardless the number of captured individuals.
For both S. geminata and W. auropunctata abundance differences
between LUS and localities were tested by One-way ANOVA; dif-
ferences between mean values were obtained by Tuckey HSD test
(P < 0.05). When data were not normally distributed and/or vari-
ance did not fulfill test of homogeneity (Levene test, P < 0.05) a no
parametric Kruskal-Wallis test was used, followed by a Wilcoxon
matched-pairs signed rank test of differences among means. Simple
linear regressions and Pearson correlation coefficients between per-
centage of samples of W. auropunctata and ant richness in each LUS
were calculated. All these analyses were performed with STATISTICS
99 edition. Simpson (1-D) diversity index (Magurran 2004) was
obtained for each LUS using the program EstimateS 6.0 (Colwell
2000). Ordination of the 40 sampling sites was conducted on the
basis of ant similarities. A matrix of 40 sites by 120 ant species FO
was analyzed with a Non-metric Multidimensional Scaling method
(NMDS), using the program PAST3 (Hammer et al. 2001). We used
Euclidean distance to build distance matrix; stress lowest value was
obtained after eleven iterations. We considered Solenopsis geminata
and Wasmania auronpunctata as ‘environmental variables’ over a
matrix of 40 sites x 118 ant species, in order to see its influence over
site ordination. Direction and relative length of species vectors indi-
cated its relationship with coordinates and site location.

Results

The effort sampling carried out in 40 sampling points of both LM
and VC localities (10 points per each LUS) rendered 120 species of
ants, placed in 46 genera of nine subfamilies (after Bolton 2020). The
more diverse genera were Strumigenys (14 species), Pheidole (11),
Solenopsis (8) and Hypoponera (7) (list of species in Rojas 2009).
As expected, forests from both localities presented the highest total
species richness (74) followed by agroforestry plantations (70); an-
nual crops and pastures presented lesser species (50 and 42 species,
respectively). Wasmannia auropunctata was the more abundant
species in LM, the locality with higher percentage of forest cover,
whereas S. geminata dominated in the more deforested VC locality.
In both localities, these species were ranked among the four more
abundant species (Table 1).

Solenopsis geminata Abundance Patterns

Between localities

As expected, S. geminata was significantly more abundant in the
lesser forested VC (mean FO = 38.8%, n = 20) than in LM (mean
FO = 21.6%, n = 20), (ANOVA: F = 5.35, df = 1, 38, P = 0.026;
Fig. 1A).

Among LUS, within each locality

After calculating average abundance (mean FO) in the four Land Use
Systems, and considering that each LUS could differently influence
this species, the following patterns emerged (Fig. 1B): 1) In both LM
and VC, highest and lowest average abundances were respectively
found in annual crops (FO,,, = §5.5%; FO,. = 57.7%) and primary
forests (FO,, = 2.2%; FO, . = 15.5%). 2) In LM, S. geminata abun-
dances were higher in annual crops which significantly differed from
the other three LUS (ANOVA: F = 11.46, df = 3, 16, P = 0.00029).
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Table 1. Abundance of the seven more important (FO> 15%) ant
species in two localities of Los Tuxtlas region (LM = Lopez Mateos,
VC = Venustiano Carranza)

Species LM VvC
Wasmania auropunctata 30.6 14.4
Hypoponera opacior 24.4 8.3
Octostruma balzani 22.8 13.9
Solenopsis geminata 21.7 38.9
Gnamptogenys strigata 15.6 2.2
Paratrechina longicornis 15.6 -
Solenopsis molesta 10.0 21.7

FO = Frequency of occurrence expressed as percentage (7 = 180 samples
per locality).
A dash means absence of species.
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Fig. 1. Average abundance (FO) of Solenopsis geminatain LosTuxtlas tropical
region. (A) Abundances (+ SE) in Lopez Mateos (LM) and Venustiano Carranza
(VC) localities. (B) Abundances per each LUS in each locality. TRF = tropical rain
forests, AP = agroforestry plantations, C = maize annual crops, P = pastures.
Different lowercase letters indicate significantly differences among LM
systems; different uppercase letters indicate significantly differences among
VC systems. An asterisk indicates significantly differences among LM and VC
(Tukey HSD test, P < 0.05).

3) In VC, in contrast, abundance values were similar in managed
systems (agroforestry plantations, annual crops and pastures), with
significantly differences observed only among crops and forests
(ANOVA: F = 5.71, df = 3, 16, P = 0.0074); this result shows that
this species has been very successful in all managed VC ecosystems.

Among LUS from different localities

Rational behind these comparisons is that LUS from each locality
are immersed in a differently forested landscape; accordingly, the
following patterns were observed: 1) even that average abundance of
S. geminata in tropical rain forests was higher in VC than in LM, no
significantly differences were observed. In annual crops, values from
both localities were almost the same, being notably the high abun-
dance values (Fig. 1B); 2) in the case of agroforestry plantations and
pastures, abundance values of S. geminata were significantly higher
inVC (FO, ,, = 37.7%, FO,, = 44.4%) than in LM (FO, ,, = 13.32%,
FO,, = 15.5%) (ANOVA: Agroforestry plantations F = 9.66, df = 1,
8, P = 0.014; Pastures F = 12.04, df = 1, 8 P = 0.0084; Fig. 1B).

Wasmannia auropunctata Abundance Patterns

Between localities

In contrast to the former species, W. auropunctata was significantly
more abundant in the more forested locality LM (mean FO = 30.5%,
# = 20) than in VC (FO = 14.4%, n = 20) (ANOVA F = 5.04, df = 1,
38, P = 0.030; Fig. 2A).

Among LUS within each locality

In both LM and VC, W. auropunctata was more abundant in for-
ests and agroforestry plantations than in annual crops and pastures;
however, no differences were observed in VC, and only in LM plant-
ations values were higher than those of crops and pastures (ANOVA
F=5.92,df = 3,16, P = 0.0064). Notably, in the less forested locality
(VC), this species was particularly abundant in forests and very
scarce in the sites with more intense management practices (crops
and pastures) (Fig. 2B).

Among LUS from different localities

When comparing forests and annual crops between both localities,
W. auropunctata presented the same pattern that S. geminata; con-
versely, an inverse pattern was observed in the case of agroforestry
plantations and pastures. Accordingly: 1) No significantly differ-
ences were observed in the abundance of W. auropunctata (mean
FO) in forests and annual crops between both localities (Kruskal-
Wallis test, P = 0.15), even that crop values in VC (FO =2.2%, 7 = 5)
were considerably lower than in LM (FO = 15.5%, n = 5; Fig. 2B).
2) On the other hand, abundance of W. auropunctata was signifi-
cantly greater in agroforestry plantations and pastures of LM com-
pared to VC (ANOVA: Agroforestry plantations F = 6.32, df = 1,
8, P = 0.036; Pastures: F = 9.8, df = 1, 8, P = 0.014). Noteworthy,
agroforestry plantations of LM presented the highest value of re-
gional abundance for this species (mean FO = 48.9%, 7 = 5; Fig. 2B).

Ant Communities: Abundance, Species Richness,

and Diversity

With the aim of determine possible relationships among the abun-
dance of S. geminata and W. auropunctata and ant communities at-
tributes, we evaluated the abundance, species richness and diversity
of these communities in each Land Use System of each locality. Our
results showed that ant communities clearly differed on several of
these attributes at locality and LUS levels.

Abundance Patterns

As expected, average ant abundance was significantly higher in
the more forested LM than in VC (ANOVA F = 4.56; df = 1, 38,
P = 0.039; n = 40; Table 2). In the case of LUS, highest abundance
values were recorded in the forests of both localities, whereas lowest
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values corresponded to pastures of LM and VC. In both localities,
pastures were significantly different from forests (Table 2). No sig-
nificantly differences were observed among the same LUS from dif-

ferent localities.
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Fig. 2. Average abundance (FO) of Wasmania auropunctata in Los
Tuxtlas tropical region. (A) Abundances (+/- SE) in Lépez Mateos (LM)
and Venustiano Carranza (VC) localities. (B) Abundances per each LUS in
each locality. TRF = tropical rain forests, AP = agroforestry plantations,
C = maize annual crops, P = pastures. Different lowercase letters indicate
significantly differences among LM systems; different uppercase letters
indicate significantly differences among VC systems. An asterisk indicates
significantly differences among LM and VC (Tukey HSD test, P < 0.05).

Ordination of sites by species abundances (NMDS analysis;
Stress = 0.15), showed a clear separation of Lopez Mateos sites from
those of Venustiano Carranza (Fig. 3). On addition, S. geminata
and W. auropunctata showed an opposite relationship with sites:
whereas the first species correlates with VC crops, pastures, and
agroforestry plantations, and LM crops, W. auropunctata relates to
forests and agroforestry plantations of LM and VC forests (Fig. 3).

Species Richness and Diversity

Total and average (per sampling point) species richness followed the
expected trend: higher values were observed in the more forested LM
locality whereas in the less forested VC lower values were recorded.
Average species richness was significantly higher in LM than in VC
(ANOVA F = 4.34; df = 1, 38, P = 0.043; Table 2). Within both lo-
calities, the gradient of mean and total species richness followed the
same trend: Forest > Agroforestry plantations > Crops > Pastures.
However, whereas in LM, no significantly differences of mean spe-
cies richness were found among the four LUS (ANOVA F = 3.02,
df = 3, 16, P = 0.06), forests of VC were significantly higher than
extant LUS (ANOVA F = 10.29, df = 3, 16, P = 0.0005; Tuckey HSD
test P < 0.02). When comparing mean species richness of each LUS
among LM and VC localities (Kruskal-Wallis test), no significantly
differences were observed in three (forests, agroforestry plantations,
and pastures) of the four LUS; annual crops were the only LUS with
higher values in LM than in VC (K-W H = 21.3, df = 7, P = 0.003;
Wilcoxon test, P = 0.043). Average diversity (Simpson Index, 1-D)
was not significantly different between LM and VC (Table 2). At
LUS level, only agroforestry plantations and crops were signifi-
cantly more diverse in LM than in VC (Wilcoxon test, P = 0.043)
as far as no inter locality differences were observed in forests and
pastures (Table 2). Within LM, pastures were significantly less di-
verse than the other LUS (Wilcoxon test, P = 0.043), whereas in VC
forests were significantly more diverse than extant agroecosystems
(Wilcoxon test, P = 0.043; Table 2).

Faunal Composition

Species composition between LM and VC was rather different.
Firstly, these localities shared only 50 species of the regional pool of
120 species (Sorensen Index = 58.8%). Secondly, dominant species
in each locality were also different, only sharing two of these species
(with FO values > 15%): S. geminata and S. molesta (Table 1).

Table 2. Abundance, total and mean species richness, and mean Simpson Index (1-D) of ant communities in the four LUS of LM and VC

localities at Los Tuxtlas region. In brackets + SD.

Locality LUS Abundance Species Species richness (mean) Simpson Index (1-D) mean
(FO mean) richness (total)
TRF 374 (134)a 54 21(7.3)A 0.92 (0.02) A
AP 32.6 (6.2) a 53 19.6 (3.8) A 0.92 (0.01) A **
LM C 34.2 (9.6) a 35 15.6 (4.1)A ** 0.90 (0.02) A **
P 18.6 (7.2) b 32 12.6 (3.4)A 0.71 (0.14) B
Mean 30.7 (11.4)% 89 17.2 (5.6)* 0.86 (0.1)
TRF 35.2(8.9)a 46 20 (3.5) A 0.93 (0.01) A
AP 23.2 (11.3) ab 38 13.4 (4.4) B 0.88 (0.03) B**
VvC C 19 (5.8) ab 33 12 (2.5) B** 0.86 (0.02) B**
P 158 (1.5) b 25 9.4 (1.1)B 0.84 (0.02) B
Mean 23.3 (10.4)* 81 13.7 (4.9)* 0.87 (0.04)

*One-way Anova significantly differences between localities (P < 0.05).

**Wilcoxon signed rank—test significantly differences between localities (P < 0.05).

Different letters indicate significantly differences between LUS within the same locality. Lower case = Tuckey HSD test, P < 0.05; Upper case = Wilcoxon signed

rank-test, P < 0.05.
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Lépez Mateos; white symbols are from Venustiano Carranza. Circles = tropical forests; Squares = agroforestry plantations; Diamonds = pastures;Triangles = crops.
Lines indicate the influence of the two main invasive ants over sites ordination. Solid line = S. geminata, dash line = W. auropunctata.

Relationship Between the Species Richness of
Communities and the Abundance of S. geminata

and W. auropunctata

Our results show that at the regional level, only in one case was the
mean abundance negatively correlated to the number of species of
the community. Accordingly, mean FO of S. geminata was negatively
correlated with S (total species richness by point), both at the re-
gional (7 = -0.54, P < 0.05) and locality level (r,,, = -0.45, P < 0.05;
ry.=-0.51, P < 0.05). In contrast, mean FO of W. auropunctata was
positively correlated to S, both at the regional (r = 0.48, P < 0.05)
and locality level (. = 0.61, P < 0.05); although in LM the low posi-

tive relation (r ,, = 0.22) was not significantly.

Discussion

Notwithstanding that S. geminata and W. auropunctata have been
currently considered as disturbed specialist species (Majer and
Delabie 1999), and even as indicators of low diversity communities
(Armbrecht and Ulloa-Chacén 2003), our results suggests that this
can vary according to the kind of landscape forest matrix where
they occur. At the regional scale both species were found among the
most abundant; at the locality and site (LUS) level, however, their
abundance patterns were very different. As expected, S. geminata
dominated in the less forested locality VC, where changes have
been intense as almost all the surface of forests has been converted
to extensive, cattle raising pastures (Garcia et al. 2009a). In con-
trast, and opposite to expected, W. auropunctata was very abun-
dant in the highest forested locality LM, and low abundant in VC.

As observed in previous studies in the Mexican tropics (Risch
and Carroll 1982, Chanatasig et al. 2011), S. geminata reached its
highest abundance values in annual crops of both VC and LM lo-
calities; its success in this kind of managed environments has been
related to its feeding behavior on annual plant seeds (Holway et al.
2002), hemiptera honeydew and other very abundant insects cur-
rently considered as cultivated fields pests (Taber 2000). Solenopsis

geminata lower abundances observed in forests of these localities,
can be considered as positive from the point of view of Los Tuxtlas
tropical forests conservation.

On the other hand, W. auropunctata tended to be more abundant
in most conserved LUS (forests and agroforestry plantations) than
in most disturbed ones (pastures and crops). The low abundance
observed in all managed sites of VC (highest deforested locality),
is against the statement made by other authors (Armbrecht and
Ulloa-Chacén 2003, Achury et al. 2008) about that disturbance fa-
vored the dominance of this species. Considering that in Los Tuxtlas
W. auropunctata thrives in natural or low managed sites, we are re-
luctant to accept it as a typical ‘disturbance specialist’ species (Majer
and Delabie 1999). Our results confirm our own previous observa-
tions carried out in a coastal gradient of natural ecosystems, where
the abundance of this species diminishes as the amount of environ-
mental stress increases (Rojas et al. 2014). A possible explanation
for these contradictory observations could be that the populations
of W. auropunctata from Los Tuxtlas have a different reproductive
system in comparison to other studied populations. Within its na-
tive range, this species has two kinds of populations: those that live
in natural habitats, characterized by sexual reproduction (classical
sexual haplodiploid reproductive system) and with low densities;
and others that inhabit anthropic places (South America populations
of French Guiana, Brazil, and Argentine) with a clonal reproductive
system and very high densities (Fournier et al. 2005; Orivel et al
2009; Chifflet et al 2016, 2018). As the reproductive system has not
yet characterized in Mexican populations, we suspect that the popu-
lations of Los Tuxtlas present sexual reproduction. Future studies
should test this hypothesis.

Quality of the Landscape Matrix

It seems that the different amount of forested area of LM (77%)
and VC (27%) has influenced the inverse abundance pattern ob-
served among S. geminata and W. auropunctata in the agroforestry
plantations (AP) and pastures (P) of both localities: i.e., a higher
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abundance of S. geminata in AP and P of VC than in LM and, con-
versely a higher abundance of W. auropunctata in AP and P of LM
than in VC. It has been observed that a larger matrix quality (i.e.,
more forested) has positive effects in a variety of ecosystem func-
tions (Ricketts 2001, Prevedello and Vieiria 2010); accordingly, we
can infer that managed sites from LM present better ecological con-
ditions than managed sites of VC. In VC, this low-quality matrix
will emphasize the disturbed conditions of managed sites (see for
example Perfecto and Vandermeer 2002), benefiting the spread of
S. geminata. On the other hand, a LM high-quality matrix will
benefit higher abundances of W. auropunctata in both pastures and
agroforestry LUS. Interestingly, it seems that the matrix quality is
not affecting the disturbance conditions of annual crops, as we
observed again but independently of the locality an inverse abun-
dance pattern among both species. As a typical disturbance ant
specialist, S. geminata presented the higher abundances values in
annual crops of both LM and VC; conversely, W. auropunctata
presented their lower values in this land use system. Similar agri-
cultural practices in annual crops all over the region, which will
promote similar environmental conditions, could be the explan-
ation behind this pattern.

Finally, the likely influence of forest matrix quality on ant com-
munity will explain three other observed results: 1) the similar spe-
cies richness observed among tropical forests and managed systems
of Lopez Mateos (LM), 2) the significant lower species richness in
managed systems of Venustiano Carranza (VC) in comparison to
forest, 3) a significantly higher average amount of species in LM
than in VC.

Relationship Among Species Richness and

Abundance of S. geminata and W. auropunctata

The observed, and expected, relationship among abundance of
S. geminata and the amount of species can be attributed to two well
documented facts: 1) this species proliferates well in disturbed sites
(Risch and Carroll 1982, Chanatésig et al. 2011), and 2) negative
effects of human disturbance on species richness, both at local and
regional scales (Gibb et al. 2015). In either LM and VC, highest abun-
dances of S. geminata and lowest species richness were observed in
those LUS with the higher human disturbance (annual crops and
pastures). It has been suggested that this species better multiplies
in poor species sites characterized by a lower competitive pressure
from other ant species (Perfecto and Vandermeer 1996). However, a
recent study indicates that few evidences support that competitive
exclusion by native ant species (in this study S. geminata), can act
as an important driver of local species richness patterns; instead this
can be simply due to environmental disturbance (Arndn et al. 2018).
Limitations of this study and the scarce amount of information avail-
able on this species, unable us to confer S. geminata a causal effect on
the species poverty of the ant communities it inhabits. On the other
hand, the positive correlation observed among ant species richness
and the abundance of W. auropunctata was an unexpected result, as
it is contrary to findings of Armbrecht and Ulloa-Chacén (2003) and
Achury et al. (2012) in fragments of Colombian dry forests. These
authors observed a negative correlation between the abundance of
this species and ant community species richness, mentioning that
sites with the lower species richness, and where W. auropunctata
dominates, were those with the higher human and cattle disturbance.
As mentioned before, differences among the reproductive system of
the populations studied in Colombia and those from Los Tuxtlas,
could explain these contrasting results (see Foucauld et al. 2009,
Orrivel et al. 2009, Chifflet et al. 2016). On addition, Brandao and

Silva (2006) did not observe in Brazil any correlation between the
overall species richness in fragmented forest and the frequency of
W. auropunctata.

Additionally, Arnan et al. (2018) found different effects of the
presence and abundance of dominant species on ant community
species richness, depending if these species were natives or exotics
(invasives). After analyzing nearly 1,330 local ant assemblages, these
authors found a positive relationship between the abundance of na-
tive dominant species and species richness, and a negative one with
non-native dominants. Both species of this study are dominants and
are found within its native range (i.e., natives); in spite of this, their
LUS abundance patterns and its relationship to local species richness
were strongly contrasting. In summary, whereas W. auropunctata be-
haves as a typical native dominant species, S. geminata behaves as an
exotic-invasive dominant species.

Ant Communities Where S. geminata or

W. auropunctata Prosper Have a Different Species
Composition

With the exception of pastures, total species richness in all LUS of
both LM and VC were similar; in spite of this, faunal composition
in those assemblages dominated by S. geminata or W. auropunctata
was very different, as they only share 50 species from the total re-
gional pool of 120. We expect that future detailed analysis of faunal
composition and trophic guilds will provide more insights about the
different ecological patterns of these two species and its impact on
ecosystem dynamics.

Considering that by now between 80 and 90% of Mexican trop-
ical rain forests have been eliminated or severely disturbed (Guevara
et al. 2004), the few well-preserved remnants of this type of forest
in the region of Los Tuxtlas are a valuable reservoir of biodiver-
sity. Notwithstanding that the Reserve of Los Tuxtlas is protected,
it is not free of invasions, and should be periodically monitored to
evaluate the populations of invasive ants and its potential negative
impacts on native ant communities.
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