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Abstract The success of a biological invasion may

depend on the interactions between the invader and

the native biota. However, little experimental evi-

dence demonstrates whether local species can suc-

cessfully compete with exotics. We experimentally

determined the existence of competition for food

between the exotic wasp Vespula germanica, one of

the most recent Patagonian invaders, and the native

ant assemblage. Both wasps and ants are generalist

predators and scavengers, sharing habitat and food

resources. We selected 30 sites within scrubland

habitats where both ants and wasps were present. At

each site, we placed containers with protein baits

under three treatments: wasp exclusion, ant exclu-

sion, and control (i.e., free access for wasps and ants).

Ant exclusion increased the number of wasps (with

regard to a control), but wasp exclusion did not affect

ant abundance. This result suggests that native ants

affect the foraging activity of exotic wasps but not

vice versa. Aggressive behaviors and worker aggre-

gation may explain the competitive advantage of ants.

Ants bite wasp legs and massively aggregate on food

sources, physically limiting the landing of wasps on

baits. If the outcome of interactions at baits reported

here influence wasp population-level parameters, this

competitive interaction could be one of the factors

explaining the low abundance of this exotic wasp in

NW Patagonia in comparison with other invaded

regions.
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Introduction

There are many possible reasons why a species may

or may not become invasive after its arrival to a new

area outside its native distribution range. Some

authors propose that the invaders attributes, such as

their dispersion mode or level of ecological plasticity,

are key factors determining their success (DiVittorio

et al. 2007; Richards et al. 2006). Other studies

suggest that the cause of invasion success is the

climatic matching between the invaded and native

areas of distribution (Holway et al. 2002a), high

resource availability (Davis et al. 2000), and/or the

absence of natural enemies (Keane and Crawley

2002). Nevertheless, the composition of the invaded

community has been proposed as one of the most

important causes of the success or failure of an

invasion (Kennedy et al. 2002; Fridley et al. 2007).

Local species can outcompete the exotics and thus

reduce the success of the invader (Maron and Vila

2001; Levine et al. 2004; de Rivera et al. 2005).
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Although this hypothesis (i.e., a form of biotic

resistance) has been largely proposed as a key factor

explaining the success of an invasion (Elton 1958;

Simberloff 1989), little experimental evidence exists

demonstrating competitive dominance of native over

exotic species (Levine et al. 2004; Vilá and Weiner

2004; Von Holle 2005; Von Holle and Simberloff

2005; Fridley et al. 2007). Furthermore, insects are

among the most important invaders and components

of native assemblages (Simberloff 1989; Williamson

1996), but most of the studies on biological invasions

were focused on other taxonomic groups. In the

current study, we experimentally assess the existence

of competition for food between the exotic wasp

Vespula germanica (Fabricius) and the native ant

assemblage of NW Patagonia.

The German wasp V. germanica (yellowjacket) is

a social vespid native to Eurasia and Northern Africa

that has invaded NW Patagonia 30 years ago (Farji-

Brener and Corley 1998; Willink 1980). It has also

invaded and become established in New Zealand,

Tasmania, Australia, South Africa, the USA, Canada,

and Chile (Archer 1998). This species is an oppor-

tunistic predator and scavenger (Akre and Mac

Donald 1986; Harris 1991; Barr et al. 1996; Sack-

mann et al. 2000), and preys on and competes with

native insects, having the potential to restructure

hosting communities (Beggs and Rees 1999; Beggs

2001). Although V. germanica inhabits several hab-

itats of Patagonia, its local abundance at present is

lower than in other invaded countries, such as New

Zealand (Sackmann et al. 2008).

Native ants of NW Patagonia are good candidates

to compete with V. germanica. Competition is con-

sidered one of the key factors structuring ant

assemblages (Hölldobler and Wilson 1990). Domi-

nant ants often show aggressive behavior, territorial-

ity, and recruitment of nest mates (Parr 2008).

Particularly, the ant assemblage of Patagonian scrub-

land is dominated by species of the genus Dorymyr-

mex Mayr, which show high colony densities, large

number of workers, and strong agonistic behaviors

(Kusnesov 1953; Farji-Brener et al. 2002; Sackmann

and Farji-Brener 2006). Additionally, these ants

inhabit the same habitats as V. germanica. Finally,

native ants are opportunistic predators and scaveng-

ers, consuming the same prey items as V. germanica

(Sackmann et al. 2000; Farji-Brener et al. 2002). In

sum, several characteristics of Patagonian native ants

such as their food preferences, high abundance, and

aggressive and mass-recruitment behaviors make

them a potential competitor for V. germanica.

We assessed, using experimental baits and selec-

tive exclusions for wasps and ants, the existence of

competition between these two groups. We expect

that, if exotic wasps are competitively superior to

native ants, then ant abundance will increase (with

regard to a control) in wasp exclusions, and in turn,

wasp abundance will not be affected by ant exclusion.

Conversely, if native ants are competitively superior

to exotic wasps, then ant exclusion will increase wasp

abundance (with regard to a control), but ant

abundance will remain unaffected by wasp exclusion.

If wasps outcompete native ants, then the low

population densities of V. germanica in NW Pata-

gonia could not be explained by competition with

local ants. Moreover, this could be an example of

how an exotic insect can impact the native fauna.

Conversely, if native ants appear to be competitively

superior over V. germanica, then this work could be

an example of how native species negatively affect

the success of exotics (e.g., biotic resistance).

Methods

Study area and species

The study was conducted in the Nahuel Huapi

National Park, Patagonia, Argentina (41�S, 72�W).

The climate of this area is dominated by an abrupt

west-to-east decrease in precipitation. Mean annual

precipitation varies from 3,500 mm per year in the

western zone of the park to 500 mm in the eastern

zone over the course of 150 km due to the rain

shadow effect of the Andes on the passage of moist

Pacific air masses. Vegetation types reflect this

climatic pattern, forming three major habitats along

the west-to-east gradient: forest, scrubland, and

steppe. The experiments were carried out in the

scrubland habitat, where semi-arid shrub vegetation

and forests of Austrocedrus chilensis and Nothofagus

antarctica grow along the foothill zone, in sites of

1,800–1,400 mm of mean annual precipitation (Cor-

rea 1969–1998). Both wasps and ants are conspicuous

components of this habitat type.

Vespula germanica (Fabricius) is a social wasp

that has a wide diet. Carbohydrate sources are often
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flower nectars, bee honey, and homoptera excretions.

Protein sources come from a wide range of alive and

death arthropods, and carrion (Sackmann et al. 2000).

Although V. germanica searches for food individu-

ally, it shows an aggregative behavior after discovery

of food sources (local enhancement, see D’Adamo

et al. 2000). This foraging behavior allows wasps to

compete for and exploit food more efficiently. Wasps

usually build underground nests and show a flying

foraging ratio from their colonies of 200 m (Edwards

1980). V. germanica tolerates low temperatures,

showing a wide daily and seasonal foraging activity

(Akre et al. 1989). Ants of the genus Dorymyrmex are

the dominant species of the ant assemblage in the

Patagonian scrubland (Farji-Brener et al. 2002; Sack-

mann and Farji-Brener 2006); Dorymyrmex tener

Mayr is the most abundant ant species at this habitat.

This species is a generalist predator and an opportu-

nistic scavenger (Kusnesov 1953, 1959). D. tener

consumes flower nectars, homoptera excretions, and

alive and dead arthropods, and shows mass recruit-

ment behavior (AG Farji-Brener, pers. obs. Farji-

Brener et al. 2009). Like V. germanica, this ant

species can forage under extreme temperature condi-

tions (Farji-Brener et al. 2002; Sackmann and Farji-

Brener 2006).

Experimental design

Field experiments were carried out between 10 a.m.

and 5 p.m. during February, March, and April (late

austral summer) of 2006 and 2007, when both

V. germanica and ants foraging activity shows its

peak. Earlier in the summer, wasp activity is low and

workers are not much attracted to protein baits

(Sackmann and Corley 2007; Sackmann et al. 2008).

Given that the aim of this study was to assess the

existence of competitive interactions, after doing a

preliminary sampling, we selected 30 scrubland sites

in which wasp and ants were simultaneously present.

To get independent data from each replicate, the

minimum distance between sampling sites was

500 m. This distance minimizes the chance that ants

or wasps of the same nest appear in two different

sample sites. In each sampling site, three baits were

presented simultaneously in plastic containers of

7 cm diameter and 2 cm depth. The baits contained

fresh raw minced beef and tuna fish (1:1) (hereafter,

protein). Earlier works and field observations dem-

onstrated that this food baits were attractive to ants

and wasps (Spurr 1995; Sackmann et al. 2000;

Sackmann and Corley 2007). Baits were offered

under three treatments: wasp exclusion (-W), ant

exclusion (-A), and control (C). In the wasp

exclusion treatment the baits were beneath a metallic

mesh, with cells of 0.3 cm sides, avoiding the access

of wasp but allowing the access of ants. The

containers were buried into the ground with their

rims leveled with the soil surface. In the ant exclusion

treatment the rim of the plastic containers were

coated with solid Vaseline and placed on the soil (i.e.,

not buried), avoiding ant access but allowing the

access of wasp flying to the baits. Control baits were

placed in plastic containers without a mesh and

Vaseline, but buried into the soil with the rims

leveled with the surface. Thus both ants and wasps

were able to reach control baits (Fig. 1).

Treatments within each site were randomly located

in an imaginary triangle of 1 9 1 9 1 m to minimize

potential position effects. Between 1 and 2 h after

baits were placed in the field, we counted the number

of wasp removing bait in each plastic container

(i.e., in all kind of treatments) and then we took all

the baits to the laboratory to count and identify the

ants. The plastic containers with their corresponding

bait were individually bagged and preserved in

Fig. 1 Details on the

sampling design. (-A) ant

exclusion treatment, (-W)

wasp exclusion treatment,

and (C) control treatment.

See text for further

explanations. Photo credit:

M. Masciocchi
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alcohol 70%. We used keys by Kusnesov (1959) and

compared the collected individuals with material

deposited in the Laboratorio Ecotono collection to

identify species.

Data analysis

To analyze the effect of ant and wasp exclusions we

employed a one-way analysis of variance (ANOVA)

block design. Exclusion (three levels: -W, -A, and

C) was considered as a fixed factor. The sampling site

(i.e., the block) was considered as a random factor.

Response variables were the number of wasp and the

number of ants removing bait in a plastic container.

These variables were examined to meet the ANOVA

assumptions and transformed when necessary as

follows: x’ = log(x ? 1). Fisher post hoc compari-

sons of means were employed when ANOVA results

were statistically significant (P \ 0.05).

Results

We captured a total of 12,957 ants corresponding to

six species. D. tener Mayr was the dominant species

(97.5% of all captures). Camponotus chilensis Spin-

ola represented only the 1.5% of the captures, while

Dorymyrmex antarcticus Forel, Camponotus disting-

uendus Spinola, Lasiophanes picinus Roger, and

L. valdiviensis Forel represented the remaining 1%.

Both exclusion treatments were successful (see

Table 1 for ANOVA results). Wasp exclusions (-W)

reduced wasp abundance by 90%, and ant exclusions

(-A) reduced ant numbers by 99% with regard to

control treatments (Fisher LSD, P \ 0.001; Fig. 2).

However, the effect of these exclusions was asym-

metric. Whereas a decrease in the number of ants

positively affected wasp abundance, a decrease in the

number of wasp did not affect ant abundance. Mean

number of wasps/bait in ant-excluded treatments was

74% higher than in the control treatment, but the

mean number of ants/bait in wasp exclusions did not

change with regard to controls (Fig. 2). Accordingly,

the abundance of wasps and ants at control baits were

negatively correlated (r = -0.67, n = 30 baits,

P \ 0.001, Fig. 3).

Since ant exclusion increased wasp abundance

(but not vice versa), we analyzed whether this effect

depended on ant abundance. We calculated the wasp-

reduction effect (WRE) as the difference between the

mean number of wasps in ant-excluded treatments

and controls, i.e., WRE = (-A) – C. Then we used a

simple regression model to determine whether ant

Table 1 Results of the one-way, block analysis of variance for

the number of wasps and ants at food baits

Wasps Ants

F df P F df P

Exclusion 20.2 2 \0.001 16 2 \0.0001

Site (block) 1.5 29 0.1 2.8 29 \0.0004

Error 58 58
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Fig. 2 Mean number (±1 SD) of wasps (left) and ants (right)

per bait. Treatments are wasp exclusion (-W), ant exclusion

(-A), and control (C). See further explanation in the text.

Different lowercase letters imply statistically significant

differences (P \ 0.01, Fisher post hoc test). See Table 1 for

ANOVA results
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Fig. 3 Relationship between the number of wasps and ants per

bait in control treatments. Each point represents a food bait.

Data were transformed as x0 = log(1 ? x)
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abundance affects WRE. Ant abundance only

explained 23% of WRE (F(1, 31) = 9.5, R2 = 0.23,

P \ 0.05).

Discussion

We found experimental and correlative evidence

supporting the hypothesis that native ants success-

fully compete with exotic wasps. First, an increase in

ant abundance was associated with a decrease in wasp

number at control baits, suggesting the existence of

competition between these two groups. Second, ant

exclusion increased wasp abundance by 74%, but

wasp exclusion did not affect ant abundance. Overall,

these results strongly suggest that, whereas native

ants negatively affect the foraging activity of the

exotic wasp V. germanica, this invader does not

affect the ant’s foraging activity.

Native ants, especially D. tener, appear to be

superior competitor for food than V. germanica. At

least two ant behaviors may explain this pattern:

aggression and aggregation on food sources. First,

ants showed strong physical aggressions against

wasps when they foraged on baits. When wasps

landed on baits, ants rapidly and massively bit wasp

legs. Second, D. tener shows massive recruitment of

nest mates to food sources. This aggregation of

workers at baits makes it difficult or prevents access

to food sources by other insects. This is especially

true for V. germanica, a species that needs to land on

the food source to cut it into transportable fragments

(Sackmann et al. 2000). Accordingly, the reduction

of wasp abundance due to the presence of ants (i.e.,

the WRE) was stronger at high ant abundance. A high

density of ants on baits might thus deter wasp landing

by displaying an aggressive behavior and/or acting as

a physical barrier. Whatever was exactly the mech-

anism, wasps rarely collected food at baits colonized

by this dominant ant species.

The experimental approach is considered one of

the more powerful tools to recognize the mechanisms

that generate patterns in nature. However, manipula-

tions might generate undesirable effects and unreal-

istic results (Underwood 1997). For example,

experimental baits may inadequately represent how

food sources can be found in nature. However, the

use of experimental food baits for insects is widely

accepted in ecological studies because they offer

advantages compared with the use of natural preys

(Agosti et al. 2000). This procedure reduces the

likelihood that variations in relative abundance,

quality, odor, and form of the food source affect the

foraging behavior of consumers. These variables are

almost impossible to control if natural preys, such as

dead insects, carrion, flower nectar or homopteran

excretions are employed in an experiment. In addi-

tion, and supporting our experimental results, we had

observed aggressive interactions between wasps and

ants in natural conditions (i.e., fights for insect preys),

suggesting that the observed competition for baits

might reflect what happens in nature. The amount of

bait employed might also cause another undesirable

effect, stimulating high wasp and ant densities that

rarely occur in nature. However, field observations

and other nonmanipulative studies showed similar ant

and wasp abundances to those reported here (Farji-

Brener et al. 2002; Sackmann et al. 2001). Overall,

we believe that the results found in this study were

not merely a consequence of the use of artificial baits,

and adequately reflect what happens in natural

conditions.

Ants seem to be better competitors for food than

wasps in scrublands of NW Patagonia. However, this

result is ecologically relevant only if food availability

is limited for wasps. At the late summer, the demand

for food of ants and wasp colonies is high because

sexual individuals are being produced (Kusnesov

1953, 1959; Sackmann et al. 2008). Simultaneously

the abundance of preys becomes to decrease (Sack-

mann 2006; Sackmann et al. 2008). Considered

together, these facts suggest that food is a limiting

factor for ants and wasps during this time of the year

and thus, competitive interactions more intense.

Under this scenario, native ants may restrict the

population growth of V. germanica in this habitat by

constraining the access of wasp to preys.

Interspecific competition is thought to be one of

the most important mechanism structuring ant assem-

blages (Hölldobler and Wilson 1990; Parr 2008), so

ants probably evolve in highly competitive environ-

ments. This selective pressure confers some charac-

teristics to ants, such as strong territoriality, agonistic

behaviors, and massive recruitment to food sources,

making ants impact native arthropod assemblages

when they invade other systems (Holway et al.

2002b). This work suggests that, for the same

reasons, native dominant ants may be good
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candidates to outcompete exotic insects and thus

resist insect invasions.

Biotic resistance has been proposed as a key factor

determining the failure of biological invasions and/or

regulating exotic populations (Simberloff 1989;

Levine et al. 2004; de Rivera et al. 2005; Von Holle

2005). Although NW Patagonia is an adequate area

for the establishment and population growth of

V. germanica (D’Adamo et al. 2002), wasp abun-

dance in this region is up to eight times lower than in

similar habitats of New Zealand (Sackmann et al.

2008). Several hypotheses have been postulated to

explain this pattern. One is the absence of Ultracoe-

lostoma homopterans in Patagonia, which are key

food sources for wasps in New Zealand beech forests

(Beggs 2001; Sackmann et al. 2008). It has been also

postulated that the colonization of V. germanica in

the Patagonian region (*30 years) is more recent

than the wasp establishment in New Zealand

(*60 years). We propose that the competitive supe-

riority of native ants over exotic wasps found in this

study could be another cause that limits the abun-

dance and/or geographical expansion of V. germa-

nica in Patagonia. However, the importance of native

ants controlling the populations of exotic wasp

deserves more study because we still do not know

whether the competitive superiority of ants reported

here affects population-level parameters of wasps.

Our results, although promising, are not conclusive,

but are the essential first step to study this topic in the

near future.
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