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ABSTRACT We hypothesized that the elaiosomes of seeds of the invasive plant,Centaureamaculosa
(spotted knapweed), elicit seed-dispersing behavior by native ants (myrmecochory), potentially
providing a mechanism enhancing its invasiveness into native plant communities. Elaiosomes are small
nutrient-rich nodes produced on seeds of some plants. Ants collect and disperse elaiosome-bearing
seeds, laterconsuming theelaiosome,butusuallydiscarding the seed intact away fromtheparentplant.
The seeds of C. maculosa possess elaiosomes, suggesting that the dispersal of its seeds and its ability
to rapidly spread into native habitats may be enhanced by myrmecochory. We tested for myrmeco-
chory at two Palouse prairie sites in Montana by presenting seeds of C. maculosa and two native
dominants, Balsamorhiza sagittata (a forb) and Psuedoroegneria spicata (a bunchgrass). Seeds were
presented in choice (seeds of all three plants) and no choice (seeds of only one plant) treatments.
At both study sites, ants readily dispersed the seeds of the invasive plant, C. maculosa,while ignoring
seeds of the native plants, B. sagittata and P. spicata. In addition, myrmecochory was not inßuenced
when all three seed types were presented together. Different ant species were observed removing
seeds from stations at each site, indicating that myrmecochory of C. maculosa seeds is not restricted
to one ant species but rather may be a generalized response across ant communities. Our results
indicate that myrmecochory may enhance dispersal ofC.maculosa and facilitate its invasion into native
plant communities.
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MYRMECOCHORY, THE DISPERSAL OF seeds by ants in re-
sponse to elaiosomes, is an important mechanism of
dispersal for many plants in many ecosystems (Brew
et al. 1989). Elaiosomes are nutrient-rich nodes pro-
duced on seeds of plants occurring in at least 67 fam-
ilies (Pemberton and Delilah 1990). Some elaiosomes
attract ants by chemically mimicking insect prey, oth-
ers contain chemicals similar to those emitted by dead
ants and subsequently stimulate ants to remove seeds
as they would the corpse of a nest mate, and some may
simply provide an opportune high quality food source
(Brew et al. 1989, Hughes et al. 1994, Gordon 1999).

Regardless of how elaiosomes elicit myrmecochory,
the interaction between ants and myrmecochorous
plants seem, in many cases, to be mutualistic. While
the beneÞt to the ant is primarily nutritional, myrme-
cochory can beneÞt the plant in a number of ways.
Myrmecochorous ants can disperse seeds to nutrient-
rich sites (Davidson and Morton 1981, Beattie and
Culver 1983), reduce granivory (OÕDowd and Hay
1980, Heithaus 1981), diminish competition between
plants (Handel 1978), and may increase seed dispersal
distances (Andersen 1988). Ants collect elaiosome-

bearing seeds, consume the elaiosome, and discard the
seed, usually after moving the seed a distance away
from the parent plant (Beattie 1985). Most ants con-
sume elaiosomes without consuming or damaging the
seed. However, some ants consume a portion of seeds
along with the elaiosomes, dispersing only a subset of
the total seeds collected intact. In addition to myrme-
cochory, in some ecosystems, dyszoochory, the inci-
dental dispersal of seeds by granivorous ant species,
can also be an important mechanism for seed dis-
persal (Milesi and Casenave 2004). With dyszoochory,
plants do not produce elaiosomes. Instead, ants prey-
ing on seeds inadvertently lose or discard seeds while
carrying them back to the nest for consumption.

Forty-seven exotic plant species in 13 families have
been found to produce elaiosomes on their seeds,
suggesting that myrmecochory of seeds of exotic
plantsmaynotbeuncommon(PembertonandDelilah
1990) and may be a major factor enhancing their
invasiveness. Several of these possess the ability to
invade natural vegetation (Pemberton and Delilah
1990) and several, including leafy spurge (Euphorbia
esula L.) and Canada thistle (Cirsium arvense L.
Scop.), are aggressively invasive plants. One such ex-
otic plant that possesses elaiosomes, Centaurea macu-1 Corresponding author, e-mail: diana.six@cfc.umt.edu.
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losa (Lamarck) (Asteraceae), is a short-lived peren-
nial that has invaded much of the western continental
United States, including every county in Montana,
Idaho, Wyoming, Washington, and portions of west-
ern and central Canada and Alaska (Jacobs and Sheley
1998, DiTomasco 2000). Currently, the plant infests
over 2.9 million hectares of woodlands and grasslands
in nine western states and Canada (DiTomasco 2000).

Unlike many exotic plants, C. maculosa is capable
of invading pristine native sites without prior anthro-
pogenic disturbance (DiTomasco 2000). Myrmeco-
chory may provide a mechanism for C. maculosa to
rapidly spread into such native systems. Furthermore,
the invasion of C. maculosa may alter the behavior of
native ants, thereby altering existing interactions
among ants and native plants. While few plants native
to the Palouse prairies of western Montana produce
elaiosomes, the invasion of a plant that produces di-
asporas (elaiosomes plus seeds) may disturb the nat-
ural dyszoochory of native plants. Invasion by an ex-
otic myrmecochorous plant into a native ecosystem
where ants disperse seeds of native plants (either
through myrmecochory or dyszoochory) may alter
dispersal of native seeds if native ants begin prefer-
entially dispersing seeds of the exotic plant.

To determine if ants disperse the seeds of C. macu-
losa and what effect this may have on the dispersal of
seeds of native plants, we tested for myrmecochory of
seeds of C. maculosa and two dominant native plant
species at two Palouse prairie sites in western Mon-
tana. The study addressed the following questions.
(1) Do ants disperse seeds ofC.maculosa? (2) Do ants
disperse seeds of dominant native plants? (3) Does
seed dispersal differ when native and C. maculosa
seeds are presented together versus when they are
presented independently?

Most ants in Montana are generalists and not spe-
cialized granivores (Wheeler and Wheeler 1988).
Therefore, dyszoochory is assumed to be uncommon.
However, even a small amount of native seed dis-
persal by ants may be important, hence our inclusion
of tests for dyszoochory of native plant seeds in our
study. We hypothesized that that there would be
little dispersal of native seeds at the prairie sites
due to the rarity of granivorous ants, but considerable
dispersal of seeds of the exotic, C. maculosa, due to its
production of elaiosomes and the presence of numer-
ous generalist ant species.

Materials and Methods

The study was conducted at two Palouse prairie
sites (Nye: 46�55.57� N, 114�0.4� W; Benson: 46�55.40�
N, 114�1.48� W) located near Missoula, MT. Both
sites were located on northwesterly aspects at 1,500Ð
1,700 m elevation. Native perennial bunchgrasses
dominated both sites, primarily Psuedoroegneria spi-
cata (Pursh.) and Festuca idahoensis (Elmer). The
dominant forb at both sites, also a perennial, was
Balsamorhiza sagittata (Pursh.).

At the Nye site, two parallel transects were estab-
lished 25 m apart. On each transect, 20 stations were

established, each separated by 20 m. At the Benson
site, two transects 25 m apart were also established,
but because of spatial constraints, one transect in-
cluded 23 stations and the remaining 17 stations were
included in the second transect.

Seeds were presented in treatment and control ex-
closure stations to test for myrmecochory. Treatment
exclosures consisted of double-walled structures
5 cm high with outer wall dimensions of 14 by 24 cm,
inner wall dimensions of 11 by 21 cm, and constructed
of 7.5-mm mesh hardware cloth. The double wall re-
duced disruption of seeds by grasshoppers (which
regularly forced their way inside single-walled exclo-
sures in a preliminary trial).

Control stations were single-walled cages 11 cm
long by 21 cm wide by 5 cm high made of aluminum
window screening with a 2-mm mesh. The smallest
ants at the sites could not pass through this mesh.
Furthermore, no seeds used in the study were small
enough to Þt through the mesh, and therefore, could
not be removed even if ants gained entry. The control
stations were located �4 m from the 1st, 10th, and 20th
treatment stations on the Þrst transect and the 1st and
10th treatment stations on the second transect.
Centaurea maculosa, P. spicata, and B. sagittata

seeds were used to test for myrmecochory. P. spicata
and B. sagittata were chosen because they were the
dominant native grass and forb, respectively, at the
site, and because they produce seed at the same time
as C. maculosa.
Psuedoroegneria spicata and B. sagittata seeds

were purchased from Sunmark Seeds (Troutdale,
OR). C. maculosa seeds were collected locally in Mis-
soula County, MT, �7 d before use and frozen at
�22�C in sealed plastic bags until the day they were
placed into the Þeld (to avoid degradation of the
elaiosomes). Native seeds were also frozen before
placement in the Þeld.

In all exclosure stations, seeds were presented in-
side the exclosures in cups. In each exclosure, three
shallowcupswere recessed intoacardboard trayÞtted
snugly inside the cage and placed level with the
ground. In no-choice treatments, a single seed type
was presented in the middle cup of the tray, whereas
in choice treatments and in control stations, seeds of
all three species were ordered randomly among the
three cups. Four grams of each seed type were placed
in individual cups each day in treatment and control
stations (4 g equates to �400 B. sagittata seeds, 2,000
C. maculosa seeds, and 800 P. spicata seeds). Prelim-
inary trials showed that 4 g exceeded the amount of
seeds removed by ants from a single station during a
single day.

The experiment was conducted over 4 d at each site
in early September 2003. All three focal plants were
present at the site and were producing seeds during
this time. Over the course of the 4 d, each treatment
(choice, no choice C. maculosa, no choice P. spicata,
no choice B. sagittata) was systematically offered at
each station on the transects. At the Nye site, the
experiment was conducted over 4 consecutive d.
However, because of a period of unseasonably cold
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and wet weather, the experiment at the Benson site
was interrupted for 4 d between the Þrst and second
days of the experiment.

Most ant species native to temperate latitudes are
diurnal foragers (Andersen 1997). Therefore, seeds
were presented in the exclosures only during daylight
hours to avoid disruption of exclosures by nocturnal
seed feeders such as mice. Seeds were placed in sta-
tions by 0800 hours and retrieved by 1900 hours each
day and were retrieved in the same order in which
they were distributed.

Finally, as seeds were retrieved from stations on the
last day of the experiment at each site, we collected all
ants observed removing seeds from stations. Ant spec-
imens were stored in 95% ethyl alcohol and later iden-
tiÞed to species. Specimens of each species collected
were deposited in the University of Montana Ento-
mological Collection housed in the College of For-
estry and Conservation.

A two-way analysis of variance (ANOVA) test was
used to determine the effect of seed type and pre-
sentation (choice versus no choice) on removal of
seeds by ants. While data were not normally distrib-
uted, ANOVA tests are valid with large sample sizes
such as those used in this study (Tabachnick and
Fidell 1989). Both seed type and presentation were
treated as repeated measures, and the Benson and
Nye sites were tested separately. Effects of day and
stationpositionwerenot signiÞcantandremoved from
the model.

We compared control and treatment weights to
determine if ants removed seeds from each station.
Because presentation and day were found to have no
effect, we pooled presentation at each site over all 4 d
of the trial. We compared these pooled treatment
weights to pooled weights for controls using the
Mann-Whitney ranked sum test. A nonparametric
test was used because the data were non-normal and
could not be normalized using appropriate transfor-
mations.

The weight of seeds removed from treatment sta-
tions by ants was determined by subtracting the post-
exposure weight of seeds from each treatment station
from the mean postexposure weight of the corre-
sponding seed type from control stations exposed dur-
ing the same day.

All analyses were conducted using SigmaStat ver-
sion 2.03 (SPSS, Chicago, IL).

Results

At both sites, ants removed seeds of C. maculosa
from treatment stations but not seeds of B. sagittata or
P. spicata (Table 1). Furthermore, presentation
(choice or no choice) did not affect removal rates of
seeds by ants (Table 2).

At the Benson site, over all 4 d, ants removed a
mean of 0.103 � 0.016 (SE) g of C. maculosa seeds
(�52 seeds) from each treatment station. Over the
4 d of the experiment at the Nye site, ants removed a
mean of 0.39 � 0.044 g of C. maculosa (�195 seeds)
from each treatment station. At the Benson site,

ants did not remove native seeds from treatment sta-
tions (�0.005 � 0.005 g forB. sagittata,�0.008 � 0.002
g for C. spicata). Similarly, no seeds of the natives
were removed at the Nye site (�0.003 � 0.004 g for
B. sagittata, �0.006 � 0.004 g for P. spicata; Fig. 1).

The Þner mesh of the control stations provided
more surface area than the course mesh of treatment
stations, likely absorbing more solar heat and poten-
tially resulting in a greater loss of moisture from seeds
in control stations than in treatment stations. Conse-
quently, weights of seeds from control stations were
slightly less than those at treatment stations, resulting
in negative values for removal weights for seeds of
B. sagittata and P. spicata. Regardless, at both sites,
weights of seeds of B. sagittata and P. spicata in treat-
ment stations were not signiÞcantly different than
weights of B. sagittata and P. spicata seeds in control
stations (Table 1).

At the Nye site, seeds were observed being removed
from stations by Formica lasiodes (Emery) and Lasius
alienus (Mayr), whereas at the Benson site, Myrmica
fracticornis (Emery) was observed removing seeds. At
each site, ants were only observed removing C. macu-
losa seeds from stations and never seeds of the native
plants.

Discussion

At both study sites, ants readily dispersed the seeds
of the invasive plant, C. maculosa, while virtually ig-

Table 1. Results of Mann-Whitney rank sum test comparing the
removal of B. sagittata, C. maculosa, and P. spicata seeds from
stations exposed to ants versus control stations (ants excluded)

N
(controls)

N
(exposures)

T P

Benson site
B. sagittata 20 80 828.00 0.12
P. spicata 20 80 821.50 0.11
C. maculosa 20 80 1338.50 �0.01

Nye site
B. sagittata 20 78 940.00 0.66
P. spicata 20 79 900.50 0.39
C. maculosa 20 79 1593.00 �0.01

Table 2. Results of ANOVA on removal of B. sagittata,
C. maculosa, and P. spicata seeds by ants from treatment stations
placed at two Palouse prairie sites (seed type and presentation were
treated as repeated measures)

df MS F P

Benson site
Presentation 1 0.00009 0.0213 0.885
Seed type 2 0.322 32.787 �0.001
Presentation � seed type 2 0.0007 0.166 0.847
Residual 235

Nye site
Presentation 1 0.0131 0.679 0.409
Seed type 2 4.138 48.25 �0.001
Presentation � seed type 2 0.0142 0.794 0.456
Residual 235

Presentation, choice or no choice treatments; seed type,B. sagittata,
C. maculosa, or P. spicata seeds.
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noring seeds of the native plants, B. sagittata and
P. spicata. In addition, ant preference was not inßu-
enced when all three seeds were presented together.

While these results suggest that ants are responding
to the elaiosome on C. maculosa seeds and that ants
disperse the plant, seed size and seed collection meth-
ods may also have affected seed removal from the
stations. Seeds of C. maculosawere the smallest of the
three seeds. While all three of the ant species collected
removing C. maculosa seeds were large enough to
remove P. spicata seeds, they may have been unable to
remove the relatively large seeds of B. sagittata. In
addition, seeds of the two native plants were pur-
chased and not collected locally. It is possible that a
difference in collection methods or seed age may have
affected the attractiveness of the native seeds to ants.
However, ant response to elaiosomes is well docu-
mented (Turnbull and Culver 1983, Brew et al. 1989,
Pemberton and Delilah 1990, Hughes et al. 1994).
Previous Þndings showing seed dispersal by ants in
response to elaiosomes coupled with the results of this
study strongly suggest that ants are responding to and
dispersing C. maculosa seeds in response to elaio-
somes.

While native ants likely respond to elaiosomes and
disperse the seeds of C. maculosa, they may not dis-
perse native plant seeds that lack elaiosomes. Ant
communities in temperate regions of North America
are dominated by generalist feeders and lack many of
the specialists feeder groups found in arid and tropical
climates (Creighton 1950, Holldobler and Wilson

1990). Most ant species in Palouse prairies in western
Montana are generalist feeders consuming easily avail-
able dead animals and plant matter (Andersen 1997).
The lack or rarity of specialist granivores in Palouse
prairies and the results of our study suggest that most
native ant species are not dyszoochorous and that the
seeds of plants native to these prairies (and lacking
elaiosomes) are not typically dispersed by ants in
these ecosystems.

Several highly invasive plants including Ci. arvense
(Canada thistle), C. diffusa Lamarck (diffuse knap-
weed), E. esula (leafy spurge), and Potentilla recta L.
(sulfur cinquefoil) produce elaiosome-bearing seeds,
suggesting that myrmecochory of seeds of invasive
exotic plants by native ants may be common (Pem-
berton and Delilah 1990). In addition, F. lasiodies, an
ant observed dispersing C. maculosa seeds in this
study, has also been observed dispersing the elaio-
some-bearing seeds of the invasive shrub, Cytisus sco-
parius L. (Bossard 1991). In that study, F. lasiodies
were observed carrying Cy. scoparius seeds to their
nest, dispersing some seeds before discarding them,
and consuming some elaiosomes without dispersing
the seeds. In another study, two Formica spp. and one
Lasius spp. were observed dispersing the elaiosome-
bearing seeds of another invasive plant, leafy spurge,
E. escula (Selleck et al. 1962, Pemberton 1988). This
suggests that myrmecochory of seeds of exotic inva-
sive weeds may occur broadly, even by unspecialized
native ants found in temperate climates.

Myrmecochory by a wide range of ant species
could potentially facilitate the invasiveness of exotic
plants in their new environments. Furthermore, dif-
ferent behaviors by different ant species are likely to
affect the degree to which myrmecochory facilitates
invasiveness. For example, in a study of the invasive
shrub, Cy. scoparius, different ant species at different
sites dispersed the seeds of the plant differently. Such
variability in seed dispersal could potentially affect
the distribution and survival of the seeds. At one site,
only a single ant species, Aphaenogaster occidentalis
(Emery), dispersed the shrubÕs seeds. The ant con-
sistently returned to the nest before removing the
elaiosome and discarding the seeds, resulting in a
strong reduction in predation of seeds by grouse and
quail and a concentration of seeds and seedlings
around the nests of the ants (Bossard 1991). In con-
trast, at another site where seven species of ants,
including A. occidentalis, dispersed seeds of the plant,
each ant species had a different foraging behavior,
which likely affected how the seeds were dispersed
and ultimately their survival. Two species carried
seeds to their nest, two species carried seeds a short
distance before discarding them, one species removed
the elaiosome without dispersing the seed, and two
species had variable behaviors.

If different species of ants vary in their seed-han-
dling behaviors and distances of seed dispersal of the
seeds of C. maculosa, such variability may have a pro-
found impact on the rate of spread, distribution of
seeds, and survival of seedlings and mature seed-bear-
ing plants at a given site. Further work identifying

Fig. 1. Mean weight of B. sagittata, C. maculosa, and
P. spicata seeds removed by ants at two Palouse prairie sites
(a, Benson; b, Nye) in western Montana. Error bars indicate
SEM.
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which ant species disperse seeds in invaded areas and
in areas at risk of invasion, and studies of their seed-
handling behaviors and seed survival rates after
myrmecochory, may help us understand howC.macu-
losa and other myrmecochorous invasive plants
spread and establish in their new environments.
Such studies should consider not only the effects of
myrmecochory on dispersal but also include the ef-
fects of myrmecochory on other aspects of plant es-
tablishment and success. What ultimately happens to
C.maculosa seeds, and thus whether myrmecochory is
beneÞcial to the plant, must be assessed to truly un-
derstand the effects of myrmecochory of this plant in
its new environments. While our study found that ants
disperse the seeds of C. maculosa, the ultimate fate of
these seeds remains unknown.

The presence of seeds of C. maculosa had no effect
on ant behavior toward native plant seeds, which were
largely ignored by the ants. Seeds of the native plants
that we tested did not possess elaiosomes and local
ants did not seem to disperse their seeds. However, in
ecosystems where native plants possess elaiosomes or
incidental dispersal by seed predators does occur,
fewer seeds of native plants may be dispersed if ants
are focusing a portion or all of their foraging efforts on
the seeds of invasive plants. Furthermore, if exotic
elaiosome-bearing seeds are preferred over native
seeds normally dispersed by ants, this could act to
decrease native plants at a site while increasing the
exotic. In either case, the effect would exacerbate any
negativeeffectsofexoticplant invasiononnativeplant
communities by reducing dispersal of natives in favor
of dispersal of the exotic.

In addition, the direct positive effects of myrmeco-
chory to invasive plants could in turn facilitate ant
populations, resulting in positive feedback. Jensen
(2005) found that several species of ants are more
likely tooccur inC.maculosaÐinvadednorthernRocky
Mountain savannas than in native-dominated savan-
nas. The reason for increased occurrence of ants in
C. maculosaÐdominated savannas is not known but
may be related to an increase in nutrients from elaio-
somes or environmental changes because of invasion
that make invaded savannas more favorable to these
ants.

In this study, native ants clearly responded to, and
dispersed seeds of, C. maculosa. Therefore, myrmeco-
chory of C. maculosa seeds may be an important
mechanism facilitating the invasiveness of this plant.
Ants in our study dispersed relatively large numbers
of seeds from the treatment stations indicating that
dispersal of C. maculosa seeds by ants on both site
and landscape levels could be considerable. However,
studies into dispersal distances of C. maculosa seeds
caused by myrmecochory and how myrmecochory by
different ant species may differentially affect the dis-
persal, seedling success, and rate of spread of the weed
are needed to fully understand how myrmecochory
may affect the invasiveness of this plant.
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