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Abstract. By using baiting experiments I was able to determine the existence of a
dominance-discovery tradeoff among invasive species of ants S. geminata and P.
longicornis. The structure of communities of invasive ants are important to understand
and map out in order to structure the most efficient way of preserving biodiversity.
There were six species of ants chosen as the subject of this study Pheidole megacephala,
Monomorium floricola, Tetramorium sp, Tapinoma melanocephala, S. geminata and P.
longicornis. Due to relative abundance of S. geminata and P. longicornis these two species
were chosen to model the existence of a dominance-discovery tradeoff. By measuring
differences in discovery ability I was able to find that some ants were better at
discovering food sources than others. P. longicornis was often first on baits and showed
superior discovery ability. By contrasting the differences in recruitment rates I was able
to determine dominance. S. geminata was on average the more dominant species on baits
where both species were present. By comparing and contrasting these two species in
trials where both were present, I found that S.geminata adopted the role of “extirpator”
and P. longicornis fit the role of “opportunist” within this tradeoff.
Key words: Invasive ants; community structure; Discovery Dominance, Marquesas, French
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INTRODUCTION
In order to predict the patterns of
disturbance and prevent the spread of
disturbance caused by an introduced species,
it is important to first understand the
mechanisms that contribute to the success of
invasive species (Feener 2008). Invasive
species are able to fill and even create niches
that didn’t exist previously(Bernstein et al.
1979). A key step in determining these
mechanisms is determining the interactions
among invasive species at a community level
rather than just a species by itself. Invasive
ants have been reported to coexist as invasive
communities worldwide (Morrison 1996,
Perfecto and Vandermeer 2011, Holoway 1999,
Bernstein and Gobbel 1979) and the behaviors
of each species and the role each play in
invasions may change depending on what
other species are present. So it is imperative to
consider these relations among species and
determine what is known in order to step back
and approach the problem of invasive species
from a more holistic standpoint. This study
aims to reveal more about the interactions
among invasive ant species and specifically to
determine the existence of the dominancediscovery tradeoff between invasive species
Pheidole megacephala, Monomorium floricola,
Tetramorium sp, Tapinoma melanocephala, S.
geminata
and
P.
longicornis.

According to the principle of
competitive exclusion described by Gause,
coexisting species can’t exceed a certain
“limiting similarity”(Gause1932). If two
spatially overlapping species are contending
for the same resource, natural selection would
cause one to dominate over the other resulting
in the exclusion or extinction of one species
from the habitat (Holloway 1999, Levings et
al. 1981). Alternatively, the competition over
the same resource could result in the
formation of new niches, which would lead to
evolutionary changes that would minimize
competition. Specialization of foraging
behavior is a way to form new niches in a way
that would decrease interspecific competition
(Wilson1971)
These four main invasive ants share a
similar omnivorous diet (Wetterer 2003) yet
are able to coexist in the same range (Shirley
1999, Morrison 1996). One explanation for this
coexistence could be explained by the
dominance-discovery
tradeoff.
Davidson
(1998) describes the dominance-discovery
tradeoff in a paper categorizing three different
foraging strategies—“opportunists” are often
first to find the baits but tend to retreat when
faced
with
interspecific
competition.
“Extirpators” compensate for their slower
discovery time by recruiting in larger numbers
more quickly than the opportunists and
ousting other species more aggressively.

Lastly,
“insinuators”
typically
forage
discreetly while other ants are present on the
bait but are generally not disturbed because of
their smaller size and inconspicuous behavior
(Wilson
1971).
This experiment will look at Pheidole
megacephala, Monomorium floricola, Tetramorium
sp, Tapinoma melanocephala, S. geminata and P.
longicornis and will measure interactions
among these different invasive species noting
factors such as discovery time and dominance
to determine if there is a dominance-discovery
tradeoff present. This behavior is not
applicable if the six species are able to coexist
due to differences in dietary preferences
between protein and carbohydrates. These
ants are known to share a similarly generalist
diet and I hypothesize this fragmentation of
the community is therefore due to a difference
in foraging strategies (Bernstein 1979) After
testing for differences in dietary preferences, I
will continue to investigate the possibility of a
dominance-discovery tradeoff. The next step
is measuring discovery time and quantifying
dominance
of
a
food
source.
This study consists of four parts: (1)
Composition of the community is an
important factor to consider when studying
behavioral traits, as behaviors may change
depending on the individual species that are
in contact with one another. I will determine
the composition of the community at each of
the four sites I performed experiments at. (2) I
will be determining dietary preference in
order to reject the hypothesis that the
breakdown in the community is due to
different nutrient preferences. In order to test
for the presence of a dominance-discovery
tradeoff I will (3) measure discovery times. I
hypothesize that there will be distinct
observable behavioral qualities that show
some ants to play the role of “opportunists”
dictated by difference in discovery time
among invasive ant species. (4) I will quantify
and determine the dominance of a food
source. I hypothesize certain species of ants
will exhibit the behavior of “extirpators” and
certain species will be more dominant than
others. This dominance-discovery tradeoff has
been observed in many parts of the world(
Feener 2008) . I think this tradeoff offers an
explanation for the coexistence of these
multiple species of invasive ants observed on
Mo’orea, French Polynesia. My findings will
contribute to the existing knowledge of the
invasive ant communities on the Society
Islands and will help make further deductions

on how to best control the spread of these
invasive ants.
This study focused mainly on
interactions between S. geminata and
P.longicornis due to their relative abundance
on the island. However, data was collected
and analyzed on all six of the previously
mentioned species.
METHODS
Studies were conducted at four study
sites in order to ensure that the behaviors of
all the species were observable across multiple
geographic regions. Testing at different sites
removed the possibility of the behaviors being
tied to specific environmental factors and that
the prevalence of a dominance-discovery
tradeoff was not only restricted to one locality.
These four sites were the Public Beach
(17°29'29.09"S 149°51'1.74"W) the UCB Gump
station (17°29'26.43"S 149°49'35.80"W) the
Belvedere (17°32'25.37"S 149°49'36.68"W) and
the Lycee Agricultural School (17°31'58.67"S
149°50'0.17"W).
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A baiting experiment was performed
to determine if different ant species showed a
similar preference for sugar and protein.
Twenty pairs of 1mL plastic vials were placed
in a 10m diameter ring around the Public
Beach.Twenty of the baits were filled with a

40:60 sugar to water solution. The other
twenty were filled with an extraction of water
drained from a can. The different baits were
placed in pairs side by side and were observed
every minute to record for the presence or
absence of Pheidole megacephala, Monomorium
floricola,
Tetramorium
sp,
Tapinoma
melanocephala S. geminata and P. longicornis .

Eq. 2. Change in rate is determined by looking
at the change in number of ants over each
three minute time interval.

Testing Discovery
Within the context of the dominancediscovery tradeoff, discovery of a species must
be measured directly against the discovery
ability of another species. Superior discovery
ability was quantified and averaged across all
species by dermining how long it took for
each ant species to find baits starting from the
moment each bait was put out. I began timing
immediately after the last vial was filled with
the sugar solution. Once a bait was reached by
a species, the time taken to reach the bait was
recorded. Additionally the identity and order
of arrival was recorded for up to three species.
Ants were later removed with an aspirator
and identified under a microscope.
Testing dominance
Trials testing for dominance were set
up to test recruitment abilities rather than
superior fighting ability. In order for one
species to be more dominant than the other,
this species must have a faster recruitment
rate. To determine which species had the
faster recruitment rate, the differences in
recruitment rate from the beginning to end of
a specified time period were compared against
each other. Rates were graphed using JMP 9.0
and a line was added to track the change in
rates from beginning to end. The more
dominant species was the one whose line had
a steeper slope. The ant that shows the steeper
slope is the ant that was able to increase its
recruitment rate to a higher number over the
same time interval. Trials to test for
dominance were set up in the same manner as
the tests for discovery (Fig. 1.) Trials lasted for
thirty minutes. I recorded the species and
number of ants present on each bait (N) in 3
minute time intervals. From these numbers I
was able to generate a graph of the change in
rates of ants at each time interval (Eq. 2.) and
then ultimately graph the average change in
rate from beginning to end of the trial (Eq. 3.).

Eq. 3. Dominance is determined by calculating
the change in rate from the first time interval
where both species are present until the end of
the trial. Whichever species has a larger D
value is the species that is considered to be
more dominant.
Additionally, graphs generated using
MatLab were created to show the average
trends in number and rate over time of the
two species in question.
Statistical Analysis
All statistical analysis was done using JMP
version 9.0.0 and all maps depicting presence
of various species of invasive ants within an
invasive community were produced with
Google Earth Pro.
Dietary Preference
A chi-square analysis was used to test
S. geminata and P. longicornis preference for
protein or carbohydrate based food items and
to determine if there were any trends or
significant deviations from the null hypothesis
that all ants prefer both food types equally. I
hypothesized both species would choose
protein baits half of the time and carbohydrate
baits the other half of the time.
Modeling Discovery
One-way
analysis
of
variance
(ANOVA) and Tukey-Kramer tests were used
to measure differences between different
discovery times of all species Pheidole
megacephala, Monomorium floricola, Tetramorium
sp, Tapinoma melanocephala, S. geminata and P.
longicornis recorded over all sites.
Modeling the Dominance-Discovery Tradeoff
Only trials where the two species in
question were present at the bait were used in
modeling the dominance discovery tradeoff. A

Chi-square analysis was used to test if S.
geminata and P. longicornis to determine if
there were any deviations from the null
hypothesis that all ants are equally good at
dominating and discovering a food source.
Additionally, graphs generated using
MatLab were created to show the average
trends in number and rate over time of the
two species in question.
RESULTS
Out of 250 baits that were put out
some baits 167 were discovered by more than
one species. There were 264 instances of
discovery that occurred by all measured ant
species. The frequency of each species was
calculated and represented below (Fig. 1.) in
percentages of baits discovered by a certain
species.

Fig. 1. Percentages of baits discovered by a
certain species. Percentages are calculated
out of a total of the 264 instances of
discovery that occurred by all measured
ant species.

There were no differences in preference of
protein over carbohydrate in P. longicornis and
S. geminata(Fig.2.). Out of a total of 40 baits set
out, 39 were discovered.
In this study I am focusing on S.
geminata and P. longicornis , which were
observed a total of 172 times. Modeling the
dominance-discovery tradeoff requires that
both species in question are observed at the
bait within the same timespan. This only
occurred 27 times, however. There is a
significant difference in order of appearance of
particular ant species at the baits.
Measuring Discovery

FIG. 3. No significant differences in discovery
time among the 6 recorded species of ants. (M.
floricola, P. longicornis, P. megacephala, S. geminata,
T. melanocephalum, and Tetramorum spp.).Error
bars are present to represent +/- one standard
error.
(ANOVA,
F2,3=1.12,
P=0.3474)

Measuring Dietary preference

Fig. 2. No preference of protein over
carbohydrate has been shown by either P.
longicornis or S. geminata. (Likelihood Ratio,
ChiSquare value=.216, P value=0.642)

Figure 4.
Graph showing the significant
differences in order of appearance on 27 baits . P.
longicornis is often first to find the baits and S.
geminata discovers the baits second (Likelihood
Ratio, ChiSquare value=5.493, P value=.0161)

Out of the 250 baits placed out only 167
were discovered. However, there were 264
instances of discovery by different species
across all baits. These 264 discovery times
were averaged and sorted by species. No
significant difference in discovery ability is
shown.
Measuring Dominance
Overall, there are a few species who
have significantly different recruitment rates.
When average rates are tabulated across all
trials and sorted based on species there is no
significant difference between P. longicornis
and S. geminata. However, many other species
are shown to have a significant difference in
recruitment
ability
(Fig.
5.)

Fig. 5. The average rate of recruitment of each
species (M. floricola, P. longicornis, P.
megacephala, S. geminata, T. melanocephalum, and
Tetramorum spp.).Error bars are present to
represent +/- one standard error. Bars with
different groupings of (were found to be
significantly different (ANOVA with TukeyKramer HSD) whereas bars that share a letter
are not significantly different

Fig 6. Difference in recruitment rates of S.
geminata and P. longicornis averaged over
the 27 trials where both species were
present on the bait. (t-test, t54=2.92, P<0.01)

Fig.8. Average number of ants plotted on
MatLab over 27 trials where both S. geminata
and P. longicornis were present.

Because the focus of this study is on
the tradeoff between S. geminata and P.
longicornis it is more valuable to measure the
difference in recruitment rates of each species
only in instances where they interacted with
each other. When average rates were
calculated for these select trials (Fig. 6.) , I
found that S. geminata had a higher
recruitment rate than P. longicornis.
Fig. 9. Average rates of change of S. geminata
and P. longicornis plotted over time.

DISCUSSION
The results of my study demonstrated
that there is a dominance-discovery tradeoff
observable in S. geminata and P. longicornis.
Because of the relative abundance of P.
longicornis and S. geminata than any other
species (Fig. 1) these two species were chosen
to model the breakdown of the community of
invasive ant species into “opportunists” and
“extirpators”. This tradeoff has been studied
extensively before in the past (Feener 2008,
Lebrun et. al 2007, Perfecto, 2011) and it has
been shown that competition in ant
communities can result in various dominance
hierarchies. Although the focus of this study is
specifically S. geminata and P. longicornis, there
do appear to be “opportunists” and
“extirpators” among
other more specific
communities (for example at the Agricultural
school)(Appendix
1.
Fig.
2.
.)
Measuring Discovery
There were no significant differences
in discovery time among the six recorded
species (M. floricola, P. longicornis, P.
megacephala, S. geminata, T. melanocephalum,
and Tetramorum spp). (Fig. 3). But this does
not necessarily mean that all species have the
same ability to discover food. The differences
in discovery time were averaged across all
species and were represented by a limited
sample size. In the future, increasing the
number of trials would decrease the
inconsistency in discovery time by reducing
the variability caused by differences in nest
size or distance away from a nest. Also,
external factors such as weather, human
disturbance, or time of day will play less of a
role in affecting these discovery times.
It was more important to look at who
was better at discovering (or dominating)
when both species were present. When I
looked at the differences in order of
appearance between P. longicornis and S.
geminata in the 27 trials where both appeared
together I found that P. longicornis was more
often first to appear on the bait (Fig. 4). This
would suggest that P. longicornis is the
“opportunist” within this tradeoff. This role
was predominantly observed at the Gump
Station and at the Public Beach. However at
the Agricultural School other species such as
M. floricola and Tetramorium spp and T.
melanoocephala were oftentimes able to
discover the baits before P. longicornis. This
suggests that roles of each species within each

community vary depending on what other ant
species are in the same territory and may also
be affected by the composition of the habitat.
Other species such as M. floricola and
Tetramorium spp. have also exhibited relatively
better discovery abilities compared to T.
melanocephala (Appendix 1 Fig. 1,2). So it
seems as if there is some transitive hierarchy
that can be established based on studying a
dominance-discovery tradeoff concerning
several communities with overlapping
species. But when testing a tradeoff or an
interspecific interaction it is necessary to
physically confine the two species to a shared
space. These instances occurred very rarely
among certain species if at all, and limited my
ability to construct a hierarchy.
Measuring Dominance
Although not all of the average
recruitment rates were statistically different
from one another, the datum suggests that
there are certain species, which are able to
recruit faster than others (Fig. 5). In this study
behavioral dominance is the ability of an ant
to gain or maintain control of a resource
through superior fighting or recruitment
abilities (Feener 2008). Previously studies in
the Pacific have been done to create
hierarchies based on fighting abilities
(Morrison 1995). Instances of aggression were
noted throughout the experiments, however
this study is unique in that it looks at
differences in recruitment rates as a
determinant
of
dominance.
On average, S. geminata showed a better
ability to recruit more ants than did P.
longicornis and suggests that S. geminata
adopts the role of the “extirpator” within this
tradeoff. S. geminata and P. longicornis were
often seen together at the UCB Gump station,
and
the
Public
Beach.
Occasionally they were observed at the same
bait at the Agricultural school, but this was
less common. Interestingly, species at the
agricultural
school
such
as
Pheidole
megacephala, Monomorium floricola, Tetramorium
spp, and Tapinoma melanocephala were showing
signs of dividing the community into
“opportunists” and “extirpators” (Appendix 1.
Fig1,2) where T. melanocephala was the
extirpator and M. floricola and Tetramorium
spp. were “opportunists”. There were not
enough instances of M. floricola and
Tetramorium spp. to compare whether or not
there would be a dominance discovery
tradeoff between those two species. Although

average discovery times and average rates
have been calculated, this does not replace
observing the interactions explicitly between
those
two
species
in
the
field.
P. megacephala is another commonly
invasive ant that changing ecosystems
worldwide Wilson and Taylor 1967a, Hoffman
1999). In my study, it shows the highest
recruitment rate of all ant species identified
(Fig. 5) but was never observed enough times
with other species to determine whether or
not it would outcompete S. geminata. P.
megacephala is known to outcompete many
native and even introduced species of ants
(Hoffman 1999). At the Belvedere lookout all
of the baits put out were only discovered and
dominated by P. megacehpala. At the
Agricultural school it was seen ousting T.
melanocephalum from baits after finding them.
The inability to produce significant results
capturing any comparative differnce of
foraging strategy of P. megacephala is
consistent with past literature that comments
on the dramatic reductive effect on the
presence of native and introduced species of
ants by P. megacephala (Hoffman 1999). In
future studies, finding the border between the
range of S. geminata and P. megacephala would
be beneficial to our understanding of these
invasive communities and how dominant
species
are
distributed.
At the Agricultural school there is also a
trend of certain ants (Tetramorium spp. and M.
floricola ) exhibiting “opportunist” tendencies
while T. melanocephalum was more of an
“extirpator”. However, when approached by
P. megacephala it always retreated from the bait
-- a quality of “opportunist” behavior. Again,
this shows that different roles can be exhibited
by the same species and can be characterized
by the surrounding species and environment.
Invasive Ant Communities
This study has shown strong evidence
supporting the existence of a dominancediscovery tradeoff between S. geminata and P.
longicornis. Furthermore by looking at the
average comparisons of the number and rate
of these two species we can see some
interesting trends. First, although overall, P.
longicornis discovered baits more (Fig 4). There
is ultimately a greater number of S. geminata at
the end of the trial (Fig. 8.). By 6 minutes S.
geminata finds the bait, one time interval after
P. longicornis. If you look at the change in rate
of P. longicornis from t=3 to t=6 there is a very
sharp decrease in the recruitment rate

juxtaposed by a very sharp increase in
recruitment rate by S. geminata. This ability of
a species to be able to recruit more ants is
characteristic
of
“extirpators”
foraging
strategy. This, paired with field obsevations of
aggressive behavior and “chasing away” P.
longicornis supports my hypothesis that there
is a dominance-discovery tradeoff between
these two species.
Also, there are observations of other
dominance-discovery
tradeoffs
prevalent
among other species (T. melanocephalum,
Tetramorium spp. and M. floricola). This study
was limited by the species (and combinations
of species) that appeared on the bait.
Increasing the sample size should make
constructing a hierarchy or map of
interactions of all 6 species less difficult-- as
more interactions should arise , as you expand
the number and scale of the project. This
would be a very beneficial subject for future
research.
Because the entire ant fauna of Mo’orea
has been introduced relatively recently and is
composed of such a diverse array of species
from different origins (Wilson et al. 1967)
there are new patterns of coevolution that
have arisen due to the interactions between
ants that have never shared an evolutionary
past (Levings 1981, Morrison 1995). These
invasive communities are disturbing the
ecosystems and could be potentially paving
the way for even more invasive species (Green
2011). However the effects of invading species
change over time (Strayer 2006). Invasions are
complicated and looking at the invasion
history of one particular species is just one
part of a web of entangled subjects that we
need to elucidate to understand the subject of
invasions..
This study shows that T. melanocephalum is
an “opportunist” when matched against P.
megacephala but is an “extirpator” when paired
with Tetramorium spp. and M. floricola. Just as
different species can fill different niches,
different niches can be applied to various
species. In order to get a better understanding
of how these invasive species are affecting
native ecosystems, we need to look at
interspecific interactions and approach the
problem with more knowledge of how
invasive communities operate and how
composition affects species level behavior.
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APPENDIX A

Fig 1. Significant difference in roles of Tapinoma and Tetramorium spp. Tapinoma discovers in 76%
instances observed, TWB dominates in 72.73% instances observed. (Likelihood Ratio, ChiSquare
value=4.057, P value=.00440 df=1).

Fig. 2. Significant differences in foraging strategy of M. floricola and T. melanocephalum. Graph
shows more instances of being the first to discover the bait. (Likelihood Ratio, ChiSquare
value=4.02, P value=0.0450 df=1).

