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Comparing Methods of Evaluating the Spread of Argentine Ants 
in Natural Habitats: Pitfall Traps vs. Baiting 

 

by 
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AbstrACt 
 

two methods of trapping Argentine ants in natural habitats are compared. 
both methods are used on the boundaries of an invaded area with the goal 
of assessing the spread of the invasion front. Pitfall surveys take longer to 
obtain results than bait surveys, but bait surveys are only a “snapshot” of the 
moment, with less chance of detecting Argentine ant workers. significant 
differences are found between the methods in terms of the number of traps 
occupied by Argentine ants, native ants or a combination of both. Differences 
in the richness of native ant species are found as well, showing that pitfall 
surveys are necessary to assess such richness. Despite this, no differences in 
the assessment of spread are found between the methods. bait surveys are an 
easier and faster method to assess the spread of Argentine ants, spread being 
one of the most important characteristics of biological invasions. 

Key words: Argentine ant, bait, Linepithema humile, methods of survey, 
pitfall, colonial spread. 

 

IntroDuCtIon 
 

biological invasions threaten global biodiversity by altering the structure 
and functioning of ecosystems (MacDougall & turkington 2005). Invasion 
is a multi-step process consisting of three stages: initial dispersal, establish- 
ment of self-sustaining populations within the new habitat, and spread of 
the organism to nearby habitats (Kolar & Lodge 2001; Williamson & Fitter 
1996). Most studies in recent years have focused on the establishment of 
invasive species and not on initial dispersal or spread (Puth & Post 2005). 
The relationship between the generalized steps in the invasion process and 
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the management of invasive species implies that sufficient knowledge of the 
spread will allow better control of the invasive species and the area invaded 
(sakai et al. 2001) 

The invasive Argentine ant is native to south America and has spread 
almost worldwide (roura-Pascual et al. 2004; suarez et al. 2001), especially 
in Mediterranean-type communities around the world (Majer et al. 1994). 
Where it is introduced, many ant and other arthropod populations decrease 
drastically (bond & slingsby 1984; Cole et al. 1992; Human & Gordon 
1996; suarez et al. 1998). 

Within introduced populations, Argentine ant colonies have a unicolonial 
structure with large, multiple-queen colonies that lack clear boundaries due 
to a general absence of intraspecific aggression (Giraud et al. 2002; suarez 
et al. 1999; tsutsui et al. 2000). This invasive species exhibits two ways of 
dispersal: jump dispersal over longer distances, associated with human- 
mediated transport (suarez et al. 2001), and over shorter distances through 
colony budding, where queens and workers disperse on foot to form new 
nests (Keller 1995). 

The lack of a mating flight and dispersion over shorter distances allows 
spread to be studied at short scale. In the case of Argentine ants, this spread 
ranges from 0 to 275 m/yr (suarez et al. 2001). other examples of local spread 
in invasive ants are: 146-294 m/yr for the crazy ant, Anoplolepis gracilipes, 
in the seychelles Islands (Gerlach 2004); 71.6 m/yr in Gabon (Walsh et al. 
2004); 170 to 500 m/yr on santa Cruz in the Galapagos Islands for Wasman- 
nia auropunctata (Lubin 1984; Lubin 1985) and 1.2-134 m/yr in Hungary 
and spain for Lasius neglectus (Espadaler et al. 2007). There are several studies 
that have investigated the spread of the Argentine ant and ant and arthro- 
pod abundances at a local scale using pitfalls (Cole et al. 1992; Heller et al. 
2006; Krushelnycky et al. 2004; Menke et al. 2007; suarez et al. 2001). This 
method obtains a good indication of the presence of any species, including 
their abundance and, depending on the time of the survey, the results may 
include information about variation in activity patterns. other studies have 
used baits to study the spread of the Argentine ant (Holway 1998b). baits 
are usually used to assess the presence of a particular species, or recruitment; 
it is a faster method of obtaining results, but has the disadvantage of being 
like a “snapshot” and therefore not taking into consideration differences in 
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activity patterns. There are several examples of studies comparing the two 
methods to test for the presence or absence of the Argentine ant (stanley et 
al. 2008). 

In the present paper we compare the two methods (pitfall survey and bait 
survey) with the main objective of assessing potential differences between 
them in measuring the rate of spread in the case of the Argentine ant. 

 

MAtErIALs AnD MEtHoDs 
 

The study was conducted in a Mediterranean forest massif (Les Gavarres), 
near the village of Castell-Platja d’Aro (41º49'n, 3º00'E). Four transects were 
established on the boundary of the invaded area in such a way that a part of 
each transect was placed inside the invaded area and the other part in the 
non-invaded area, so that the movement of the Argentine ant invasion front 
could be periodically observed. 
two types of survey were carried out, a pitfall survey and a bait survey. both 

consisted of 30 traps (pitfall or bait, depending on the type) being placed 
in a straight line at four-meter intervals along a 120-meter long transect. 
The fact that the distance between the intervals was known allowed us to 
assess the variation in the spread of invasion. Each pitfall trap consisted of 
a plastic conical tube 10cm long and 2cm in diameter containing 10ml of 
ethylene glycol at 70% as a killing and preserving solution (similar to the 
pitfall trapping in Holway 1998a). This pitfall was placed inside an empty 
tube driven into the ground, which remained there throughout the study to 
avoid the attraction effect for arthropods that the removed soil could have 
had. The bait trap consisted of a 76 x 26mm microscope slide painted white 
and covered with a mixture of tuna fish and peach jam, representing sources 
of lipids, proteins and carbohydrates (Fellers 1987). 

The study was conducted from october 2004 to october 2005, and the 
traps were placed every month, so that by comparing the data monthly we 
could assess the movement of the invasion front. Each trap was numbered 
and placed at the same point each month. 
to compare the two types of survey, we placed each pitfall trap next to a 

corresponding bait trap (so there was the same number of each). because the 
time that each type of survey needed to run in order to work was different, 
we first drove the pitfalls into the ground and then one week later we put 
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the top on the pitfall, and then placed the 
bait trap close to the corresponding pitfall. 
two hours later we collected the pitfalls 
and we made a note of the ants present 
on each bait trap. before carrying out the 
bait survey we put the top on the pitfalls 
to avoid the attraction effect that the bait 
could have produced on the pitfalls, and 
the subsequent overestimation of pitfall 
captures. 

From the bait survey we took data about 
the type of ant (native or L. humile) present 
on each bait trap and, if possible, the spe- 
cies of native ant. From the pitfall survey 
we identified in the laboratory the species 
of ant present in each pitfall and classified 
the remaining arthropods to order taxa. 

The data obtained was processed with 
sPss version 15. The percentage of items 
occupied by L. humile, or native ants, or 
both or neither of them, was compared 
between survey types. We used the same 
program to compare the two types in the 
assessment of the spread of the invasion: the 
number of items occupied by L. humile dur- 
ing each month of study, and the number 
of meters occupied by the invasive ant. 

 

rEsuLts 
 

With regard to the spread of the invasion 
front, there were no significant differences 
between the methods (Fig.1, F = 2.2, P = 
0.15; table 1). We found a difference in 
the months where the number of meters 
of the transect occupied by L. humile was  
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maximum: June in the pitfall survey and April in the bait survey (table 1; 
F = 6.6, P<0.001). 

significant differences were detected in the percentage of units (both 
pitfall and bait) occupied by L. humile, by native ants or a combination of 
both (L. humile plus native ants) (table 1). The differences by methods of 
survey were more significant in the case of native ants (F = 100.0, P<0.001) 
and a combination L. humile and native ants (F = 73.2, P<0.001), than in 
the case of L. humile (F = 4.3, P = 0.04). The reason is that in the cases of 
both native ants and a combination, the pitfall survey always showed them 
reaching a higher proportion, whereas in the case of L. humile the pitfall 
survey showed higher numbers in some months and in other months it was 
the bait survey (Fig. 2). In fact, for the combination, we only found data in 
the pitfall survey, i.e. no interaction of L. humile and native ants in the bait 
survey was observed. 

The differences between methods in terms of the abundance of L. humile 
were not significant (table 1, F = 1.5, P = 0.23), despite the fact there was 
a period of the year, from september to February (the period with least ant 
activity), when the abundance was higher when measured by pitfall survey 

 
Figure 1. spread of the Argentine ant invasion front: comparison of two survey methods. bait 
surveys were not conducted in november or February, and in June neither bait nor pitfall surveys 
were conducted. 
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and from March to August (with the exception of May) when the bait survey 
indicated higher abundances (Fig. 3). 

There were significant differences between the methods of survey in terms 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Percentage of traps (pitfall or bait) 
occupied by Argentine ants (a), native ants 
(b) or a combination of both Argentine and 
native ants in the same trap (c). 

 
 
 
 

 
Fig. 3. Abundance of Argentine ants. The values are shown on a relative scale resulting from 
standardization (the value of abundance multiplied by 30, which is the total number of each transect’s 
traps, divided by the number of traps with data; logarithmic transformation was then applied). 
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of species richness (table 1, F = 128.8, P<0.001). The pitfall survey seemed 
to be the better of the two (Fig. 4). 

For all aspects of the analysis (spread, percentage of ants, abundance of L. 
humile and species richness) there were great differences between months 
(table 1, P<0.001). 

 

DIsCussIon 
 

Spread of Linepithema humile 
Despite the fact there were no significant differences between the methods 

of survey in terms of testing spread, seasonal variation was observed. In the 
coldest period of the year (December and January, and perhaps november 
and February although there were no bait-data for these two months), the 
bait survey achieved higher values than the pitfall survey. During the rest of 
the year, with the exception of April, the pitfall survey data had higher values. 
Although they avoid temperature extremes, Argentine ants are active in a 
wide range of abiotic conditions (Human et al. 1998), so in colder months 
it is more probable that the active ants on the surface will be Argentine ants 
(Casellas 2004). In addition to this, in colder months the colony networks 

 

 
Fig. 4. richness of native ants. The values are shown on a relative scale resulting from standardization 
(the value of abundance multiplied by 30, which is the total number of each transect’s traps, divided 
by the number of traps with data; logarithmic transformation was then applied). 
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contract (Heller & Gordon 2006) and foraging activity is lower due to the 
low temperatures (Holway et al. 2002; Human et al. 1998; Krushelnycky 
et al. 2005; oliveras et al. 2005; rust et al. 2000). All these characteristics 
lead to the conclusion that the pitfall survey could be a snapshot of the area 
occupied by the contracted colony networks and that the bait survey could 
attract foragers beyond the borders of the colony (our baits represented an 
easily available food resource). The rest of the year (from March to october), 
the pitfall survey showed a greater advance in the spread than the bait survey, 
with the exception of April (although the difference is so slight it was prob- 
ably due to random processes). The results from March to october could be 
the consequence of encounters between Argentine ants and native ants. July 
is the month that shows the most marked difference in the results of the two 
survey methods, with the pitfall survey reaching the higher values; Fig. 2c 
shows that July was also the month when the most pitfalls were occupied by 
native and Argentine ants. Interactions between Argentine and native ants on 
the surface led to the displacement of the latter (sanders et al. 2001) because 
of the superior competitive ability of the Argentine ant (Human & Gordon 
1996; 1997). The interactions were located and detected by bait surveys be- 
cause the ants involved were workers, probably recruited by foragers that had 
previously found the food source (the tuna fish and jam bait); this bait could 
have been found by native ants more or less at the same time. As explained in 
the materials and methods section, we put the top on the pitfall the same day 
but before we placed the bait. If we hadn’t done this, there probably wouldn’t 
have been any difference between the two methods. The bait survey detects 
the new area that is going to be invaded (after a successful interaction with 
native ants) or the boundaries of the invaded area, whereas the pitfall survey 
detects the area currently invaded by Argentine ants. 

 

Activity in Linepithema humile and native ants 
significant differences between the methods are observed in the percentage 

of traps (pitfall or bait) occupied by ants. In terms of Argentine ant activity, 
in March, April and August the bait survey had higher values than the pitfall 
survey; curiously, March and April showed the most native ant activity, due 
to temperatures being more suitable after the winter, while the maximum 
level of activity of Pheidole pallidula, the native ant most abundant in the 
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study area (personal observations, unpublished data) was in August. The dif- 
ferences between the methods were most appreciable in the traps occupied 
by native ants or a combination of native ants plus Argentine ants (Figs. 2b 
and 2c; table 1). The foraging activity of ants and other small invertebrates is 
particularly sensitive to climatic fluctuations (Fellers 1989) and the Mediter- 
ranean ant communities show this temporal variation in their daily activity 
patterns (Cros et al. 1997). The “snapshot” of the bait survey meant that the 
activity of some native ants could not be registered in the survey because the 
time available to observe the baits didn’t match up with the time of native ant 
activity. The pitfall method allowed us to minimize the effect of this “snapshot” 
in the bait survey because this method ran over a period of one week, so it 
was a better way to register the activity of the ants. surprisingly, no bait with 
both Argentine and native ants was found at the same time, further evidence 
of temporal variations in activity patterns. These interactions did appear in 
the pitfall survey, which showed a higher number of encounters from April 
to August than in the rest of the year due to the increase in Argentine ant 
activity, which made encounters more probable. 

 

Abundance of Linepithema humile and native ant richness 
no difference between the two methods was observed in the abundance 

of L. humile, indicating that both methods are suitable for assessing the 
numbers of this ant in field studies. Differences appeared in months showing 
the temporal variability in the seasonal cycle of Argentine ant activity (Fig. 
3, table 1). 

native ants’ species richness showed significant differences (Fig 4. table 
1). The best method of assessing species richness is the pitfall survey because, 
as previously explained, native ants have different daily patterns of activity, 
and the bait survey only ran for about two hours. The native species richness 
graph (Fig. 2b) and the percentage of native ants graph (Fig. 4) are very similar 
(pitfall survey correlation: 0.956; bait survey correlation: 0.878), indicating 
that the amount of native species (richness) and the number of traps occupied 
by native ants are correlated. This means that there is a spatial and temporal 
variation in the activity patterns of native ants (Cros et al. 1997). 

The clear differences existing between months throughout the analysis 
reflect seasonal variations in ant activity in general and Linepithema humile 
in particular. 
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