
ABSTRACT 

MCCOY, NEIL L. The Geographical Mosaic of Myrmecochory in a Global Biodiversity 
Hotspot and the Fate of Myrmecochorous Seeds Dispersed by a Keystone Seed Disperser. 
(Under the direction of Rob R. Dunn.) 
 

Seed dispersal mutualisms are important ecological interactions that can shape plant 

communities by influencing species distributions, community composition, and the 

regeneration of populations following a disturbance. Considering the fundamental role seed 

dispersal mutualisms play in many plant communities, it is important to understand, both 

generally and for individual seed dispersal mutualisms, what determines when animal 

partners successfully disperse seeds and when they do not. Myrmecochory, the dispersal of 

seeds by ants, is the most common form of zoochory in Western Australia. Myrmecochore 

plant diversity is richest in the Kwongan sandplains of the south-west, where ant-dispersed 

species can make up as much as 36% of the plant community. Here, I studied the 

determinants of seed dispersal rates to understand local variation in myrmecochorous seed 

dispersal rates. At a series of 30 sites, we sampled the ant and plant communities, measured 

aspects of the community structure (vegetation height, openness, topography, soil), measured 

seed removal rates and observed ant-seed interactions. The most significant factor that 

governed seed removal rates was the presence of the ant species Rhytidoponera violacea. 

Additionally, during seed dispersal observation trials, R. violacea removed 95% of all seeds 

taken. To better understand the fate of Acacia blakelyi seeds dispersed by R. violacea, we 

simulated variable seed burial depths and elaiosome removal by ants, followed by a bushfire 

to stimulate germination. Seed burial depth had a significant effect on seedling emergence, 



 
 

with the proportion of emerged seedlings declining with burial depth. The effect of depth was 

due to the strength of a fire-cue (heat) declining with depth. Seed burial depth also had a 

fitness cost, with a greater proportion of ‘robust’ seedlings emerging from seeds buried closer 

to the surface. Seeds buried too deep to receive fire-cues remained dormant, adding to a long-

lived soil seed bank. 
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CHAPTER 1 

Introduction 

Mutualisms vary over space and time in both the strength of their interactions and in 

their benefits to each partner. This is particularly true in relatively diffuse mutualisms, where 

partners may change in proportion and identity (Stanton 2003, Gove et al. 2007). One partner 

species may not always be available or abundant and the quality of potential partners can 

differ (Bronstein 1998, Stanton 2003). The abundance and role of species that “cheat” 

mutualisms (ie. Benefit from a reward without providing a service) may also vary in space 

and time (Bronstein 2001, Thompson 2005). Such variation in mutualism strength can affect 

the fitness of either or both partners. As our understanding of the dynamics of mutualisms 

has grown, the appreciation for the importance of such variation has also increased 

(Thompson 2005). A key next step is to better understand the drivers of spatial variation in 

mutualisms.  This variation is especially important to understand in widespread, common 

animal-plant mutualistic interactions like seed dispersal. 

Myrmecochory, the dispersal of seeds by ants, represents an interesting context in 

which to consider spatial variation in mutualisms since both the ants and plants are relatively 

fixed in space. Unlike mutualisms with, for example, birds, ants can move seeds only 

relatively short distances (with some exceptions, Whitney 2002). Hence, one might expect 

spatial variation in the abundance of both the plant and ant partners. In the case of seed 

dispersal mutualisms, what drives the variation in the dispersal rates of seeds with rewards?  

Spatial variation in the mutualism’s outcome is likely to be a consequence of the diversity, 
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quality, abundance and composition of partners in the community, the prevalence of cheating 

(in situ removal of the elaiosome but not the seed), and the favorability of environmental 

conditions for activity of partners. In addition, mutualisms are also affected indirectly by 

those abiotic factors that influence the spatial and temporal distribution of partners 

(Thompson 2005). The proximate factors that govern mutualisms, however, are ultimately 

the availability and quality of partners (Bronstein 1998). Variation in the dynamics of 

mutualisms, and ultimately the fitness benefits to the partners, may lead to a mosaic of 

selection pressures across the range of a species, with selection for different traits or 

behaviors in different regions or even habitat patches. 

Myrmecochory is a locally common but globally rare seed dispersal mutualism. In 

myrmecochory, plants produce seeds with rewards called elaiosomes. The elaiosome attracts 

ants, which in turn transport the seed to their nest, where they remove the elaiosome and 

discard the seed, typically unharmed (Giladi 2006). The fitness benefits for plants are 

potentially 1) dispersing seeds away from the parent plant and 2) getting seeds safely into the 

soil (Andersen 1988a). Burial in particular may convey multiple advantages, including 

predator avoidance, deposition in favorable microsites, soil storage, and protection from 

destructive environmental conditions (Andersen 1988b, Manzaneda et al. 2005, Giladi 2006). 

Plants gain directly in fitness from myrmecochory and bear at least some cost when the 

mutualism does not occur (both the costs of reduced dispersal distance and seed storage and 

the cost of producing the elaiosome), whereas there are no obvious costs to ants of engaging 

in the mutualism. The primary fitness benefit to the ants is a quality food source (Gammans 
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et al. 2005) which typically represents a modest component of any given ants’ diet (Searle 

1978). 

Where it has been studied, both the rate of seed removal by seed dispersing ants and 

the rate of cheating are known to vary across space and time (Bronstein 2001, Gove et al. 

2007, Zelikova et al. 2008). At continental scales, the presence and absence of particular 

keystone ant genera, like Rhytidoponera, appears to be an important correlate of seed 

removal rates (e.g. Gove et al. 2007), but it is less clear whether the same holds at the 

landscape scale and what factors govern the presence and abundance of keystone partners 

themselves (if they exist). Keystone mutualist abundance and relative importance could vary 

as a function of both biotic and abiotic factors.  The diversity and abundance of other ants, 

and the abundance of competitors for seeds in the form of either granivores or cheaters, are 

all aspects of the ant community that could influence seed removal. In addition, the identity 

of a keystone mutualist might vary as a function of environmental variation. 

In Australia, fire has played a crucial role in the evolutionary history of plant 

communities and continues to influence species distributions, population dynamics, and 

community composition (Bradstock et al. 2002). Two of the defining features of Australia’s 

heathlands are recurring fires and a diverse sclerophyll flora that display a variety of life-

history characteristics related to fire (Keith et al. 2002). Additionally, a number of post-fire 

environmental conditions may be important in determining ant assemblages in the immediate 

few years following a fire disturbance (Andersen et al. 2006). As the main disturbance on the 

Australian landscape, fire may have a unique influence in shaping ant communities. Post-fire 
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conditions are often characterized by shifts in ant abundance, reduced diversity and a 

turnover in species composition (Andersen 1991). In a site recovering from fire, previously 

dominant ant species may be absent, and other opportunistic species may increase in 

abundance in post-fire environments (reduced plant cover, reduced competition, etc) 

(Andersen 1991, Hoffmann & Andersen 2003). In Australia, the abundance of Rhytidoponera 

species may be both directly and indirectly influenced by the local fire history. Early studies 

suggest that Rhytidoponera species may either specialize on early (Andersen 1990, Andersen 

1991, York 2000, Hoffmann & Andersen 2003) or mid (Hoffmann & Andersen 2003) 

successional stages following a disturbance.  

We focus our study on the Eneabba sandplains of southwestern Australia, a system 

highlighted as one of the World’s biodiversity hotspots (Myers et al. 2000). Here, 

myrmecochory, a globally rare mutualism, occurs within a large percentage of the diverse 

plant community (Berg 1975, Milewski & Bond 1982). In the Eneabba sandplains, we test 

whether the outcomes of myrmecochory vary across the landscape, and if so, whether the 

abundance of species of Rhytidoponera, or other aspects of the ant community, govern that 

variation. We also test the hypothesis that fire is an important environmental driver of 

disperser abundance and hence interaction outcome. Within an established fire 

chronosequence, we use a correlative approach to identify whether features of the ant 

community (diversity, abundance and species composition) drive the rate of seed dispersal 

and cheating while focusing on a model plant species, Acacia blakelyi. We find that the 

abundance of a single ant species, Rhytidoponera violacea, largely governs both rates of seed 
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dispersal and of cheating. We then examine the factors associated with fire and vegetation 

structure that might explain the distribution of R. violacea.

 

Methods 

Sites and Design 

We established 30 quadrats in a 70 km by 20 km area of sandplain shrubland 

(Kwongan) in the northern end of the Southwest Botanic Province of Western Australia 

(Beard 1980). Our study region is located in the Eneabba Sandplains (29.63 S, 115.22 E), 

approximately 300 km north of Perth. The sandplains are characterized by a Mediterranean-

type climate, nutrient-poor sandy soils, gently undulating dunes and sclerophyllous 

vegetation with high plant diversity. Most importantly, over a third of the Eneabba plant 

community is composed of ant-dispersed plant species (myrmecochores) (Lamont et al. 

1977).   

Our 30 sites were chosen to represent a chronosequence of ‘time-since-fire’ from the 

past 33 years (a modern fire history obtained through satellite imagery provided by Ben 

Miller, Kings Park Botanic Gardens). The maturity of plant assemblages of each site varied 

depending on the time since last fire. Additional environmental and vegetation data were 

recorded at each site in April and July of 2004. Data were collected from 100m2 plots 

centered at each site. Within each 100m2 plot, all plant species were identified, canopy cover 

was estimated (m2 per species), and maximum and average vegetation height was estimated. 
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The topography of each site was identified as one of 6 different topographic classifications 

(crest, upper slope, mid-slope, lower slope, swale or flat).  

 

Sampling the ant community 

To sample the ground foraging ant community, we installed a series of pitfall traps at 

each site. We spaced pitfalls 5 m from one another on a 4 x 5 grid, creating a 15 m x 20 m 

sampling area. Our total sampling effort included 20 pitfalls at each of our 30 sites (n=600). 

Note: Five pitfalls were destroyed by mammal digging activity. We used 120 ml plastic vials 

filled with 60 ml of a preservative, ethylene glycol. Pitfalls were opened for a 96-hour 

sampling period. We sampled all 30 sites over 6 days in late November, 2006. After 

collection, all ant specimens were removed, preserved in alcohol and identified to species. 

Final identifications were made by Dr. Brian Heterick based on the comprehensive Western 

Australia collection of Jonathan D. Majer at Curtin University, Perth, Western Australia. 

 

Seed removal and parasitism 

In early December, 2006, we returned to the same 30 quadrats to test the removal 

rates of seeds by ants. Using the same 4 x 5 grid that we established for pitfall sampling, we 

set out a series of 10 seed depots at each site. Seed depots were 12 cm x 12 cm and 

constructed of brown pressed board with a textured surface. We placed each depot at 

alternating points along the grid in the same pattern across all sites. Seed depots consisted of 

five seeds with intact elaiosomes set at the center of the board. In this study we used the 
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seeds of an ant-dispersed acacia species, Acacia blakelyi. Acacia blakelyi has a patchy 

distribution throughout the Eneabba sandplains, and our seeds were harvested locally in the 

previous year. We tested for ant-attraction before beginning our experiment. Acacia blakelyi, 

a species indigenous to Western Australia, produces dark hard-coated seeds with a light-

colored elaiosome approximately 1/3 the size of the seed (seeds are about 4-5 mm). At the 

time of our experiment, A. blakelyi seeds were still maturing and dropping to the ground. 

Seed depots were checked after 24 hours. We recorded whether a seed had been dispersed 

(removed), parasitized (elaiosome mostly or completely eaten) or left untouched. We 

considered a seed dispersed if we didn’t recover it in the litter within 30 cm of the depot.  

Seed predation by vertebrates is not considered common in Western Australia 

(Morton 1985), but is nevertheless a possibility. To ensure that seeds were being removed by 

ants, we repeated the seed removal experiment at a subset of sites (n=10) and used vertebrate 

exclusion cages. We selected the ten sites based on which sites had the highest level of seed 

removals in the original experiment. Once again, we used the same grid, but this time 

excluding one row (making it 4 x 4). At each site we established 16 seed depots (5 seeds 

again), 8 of which were covered by a 15 cm x 15 cm x 7.5 cm wire exclusion cage (randomly 

assigned). After 24 hours, seed fate was recorded. 

 

Observational data collection 

We chose a subset of sites (n=20) to best represent the full range of time-since-fire 

ages, at which to perform a series of 3-hour observation sessions. Observations were 



8 
 

conducted during mornings and evenings to ensure an overlap of peak ant activity periods. 

Ten seed depots were established on the site grid at the beginning of the observation period, 

each stocked with three Acacia blakelyi seeds (replaced as taken). All ant-seed and ant-ant 

interactions at the depot were recorded. We recorded disperser identity (to species), dispersal 

distance, number of active Rhytidoponera violacea  nests within the site, cheater identity, and 

any observed competitive intra- and interspecific interactions. Specimen samples were 

collected for later identification. 

 

Analyses 

We used a t-test to compare the mean seed removals between caged and uncaged seed 

depots, as well as the mean elaiosome removals of seeds between caged and uncaged seed 

depots.  We used  linear regressions to determine the relationship between the abundance of 

Rhytidoponera violacea and the rate of seed removal, the density of R. violacea nests and the 

rate of seed removal, and the abundance of R. violacea and the rate of elaiosome removal 

(parasitism) in our study region. We then used stepwise regression to examine the 

relationship between the number of Acacia blakelyi seeds removed and site topography class, 

average and maximum vegetation height, percent ground cover, time since last fire, plant 

species richness, ant species richness, and the occurrence of a suite of ant species that are 

known to interact with seeds, either as a disperser or as a cheater. We performed another 

regression analysis to examine the relationship between parasitism rates and the same set of 

abiotic and biotic variables. 
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Results 

Seed removal rates are governed by Rhytidoponera violacea 
 

Rhytidoponera violacea was widespread but not abundant across the landscape. It 

occurred at 47% of the study sites (n=30) and in 25% of the total pitfalls (total n=600) and 

made up a small fraction (0.4 %) of individual ants sampled. Even when present, R. violacea 

was not consistently abundant. At the 14 sites where R. violacea was recorded as present, 

individuals occurred in 62% of the pitfalls (n=240), but made up only 2% of the individual 

ants. Rhytidoponera. violacea is thus patchily distributed on the landscape and uncommon 

even when present. 

Given that Rhytidoponera violacea was neither widespread nor abundant in the 

Eneabba study region, they might be expected to disperse only a small proportion of 

myrmecochorous seeds, particularly if the relationship between ants and seeds is generalized 

(many seed dispersing ant species). Instead, R. violacea dispersed over 95% of the seeds that 

were removed during observations (Figure 1), with a mean seed dispersal distance of 3.15 

meters. A linear regression of R. violacea abundance and seed removal rates was highly 

significant (F1,27=45.6, R2=0.64, p=<.0001; Figure 2a) and accounted for 64% of the 

variation in seed removal rate (Note: One site was excluded from this analysis due to a very 

recent burn. A large Iridomyrmex greensladei colony at the site took every seed set out. We 

considered this a unique scenario, in which vegetation was absent and food sources were 

extremely limited. The same species did not interact with seeds during any of our other 
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observations. The regression was significant even when this site was not excluded from the 

analysis). Abundance is a function of nest density, and a linear regression of R. violacea nest 

density and seed removal rates was significant (F1,6=11.74, R2=0.70, p=0.0187; Figure 2b) 

for the subset of sites at which nests locations were mapped by following seeds removed by 

ants (mean density of R. violacea colonies = six colonies/site). Removal rates were greater at 

sites where R. violacea was present (54% mean removal rate) than at sites were R. violacea 

was absent (22% mean removal rate). Further, stepwise multiple regression produced a 

model that included only R. violacea occurrence and two other variables to explain seed 

removal rates (Table 1). Seed removal rates were not driven solely by the presence of R. 

violacea, but rather its occupancy/abundance at sites. Ant species richness was not associated 

with seed removal rates (r=0.09, n=29, p=0.105). The only other variables that were included 

in final models were the occurrence of one cheater, Iridomyrmex chasei (a negative variable) 

and species of one granivorous ant genus, Melophorus (Table 1). The occurrences of species 

of other locally abundant genera (Iridomyrmex, Monomorium, and Crematogaster spp) were 

not correlated with seed removal rates. 
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Figure 1.  Percent of Acacia blakelyi seeds dispersed (n=84) from seed depots by ant species 
during observation periods. 
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Figure 2a.  Seed removals increased with increasing Rhytidoponera violacea abundance. 
Best-fit regression line fit to the subset of 14 sites where R. violacea was recorded as present 
(filled circles). 
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Figure 2b.  Seed removal rates increased with increasing Rhytidoponera violacea nest 
density. Figure shows the subset of sites (seven in total) at which we searched for and 
mapped individual nests of R. violacea. 
 

Table 1.  Stepwise multiple regression final model for seed removal rate 

Variable Estimate SE t value P value 

R. violacea occurrence 1.35 0.21 6.41 <0.001 

I. chasei occurrence -0.68 0.33 -2.05 0.05 
Melophorus occurrence 0.51 0.41 1.26 0.22 

Total variance R2   = 69%    
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Removal rates of seeds on the ground are not influenced by vertebrates 
 

Acacia blakelyi has a relatively large seed that may be attractive to vertebrates, such 

as birds or rodents. There was not a significant difference, however, between the number of 

seeds removed in open depots (where vertebrates could access seeds) and depots covered by 

wire cages, which excluded vertebrates from seeds (Two-sample Student’s t-test, p= 0.52). 

Parasitism rates were also unaffected (Two-sample Student’s t-test p = 0.81). Additionally, 

during the 20 observation periods conducted at sites, there were no vertebrate-seed 

interactions observed.  

 

Parasitism increases when Rhytidoponera violacea is rare or absent 
 

In situ elaiosome removal rates varied among sites (mean parasitism rate = 42% of 

unremoved seeds). At sites where Rhytidoponera violacea was present and seed removal 

rates were greater, fewer seeds were available for parasitism. A linear regression of R. 

violacea abundance and elaiosome parasitism rates was highly significant (F1,27=12.4, 

R2=0.31, p=0.002, Figure 3). Elaiosome removal rates were negatively correlated with R. 

violacea abundance. The mean parasitism rate at sites with R. violacea was 28% and 

increased to 54% when R. violacea was absent. A stepwise multiple regression model for 

parasitism rates included the occurrence of three species with significant effects on 

parasitism (R. violacea (negative value), I. chasei concolor, and Crematogaster frivola) 

(Table 2). Occurrence of all other locally abundant species was not significant in the model. 
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Figure 3.  Seed parasitism rates decreased with increasing R. violacea abundance. 
 

Table 2.  Stepwise multiple regression final model for elaiosome removal rate 

Variable Estimate SE t value P value 

R. violacea occurrence -0.76 0.26 -2.92 0.007 

I. chasei concolor occurrence 0.82 0.27 3.07 0.005 
C. frivola occurrence 0.62 0.27 2.29 0.031 

Total variance R2   = 52%    
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What governs Rhytidoponera violacea occurrence and abundance? 
 

A neutral model or a model with dispersal limitation for R. violacea would predict 

patchiness on the landscape without, necessarily, strong correlates of abundance. In contrast, 

the fire model presented by Andersen (1991) suggests that recently fire-disturbed sites will 

have a greater abundance of Rhytidoponera species. The final stepwise model with R. 

violacea occurrence as a dependent variable included three environmental variables, average 

and maximum vegetation height and time since last fire (Table 3). However, only 39% of 

variation in R. violacea occurrence was explained by these variables. Visually however, older 

sites (15+ years since fire) appear to be different (Figure 4), with R. violacea either rare or 

absent at those sites. 

 

Table 3.  Stepwise multiple regression final model for R. violacea occurrence 

Variable Estimate SE t value P value 

Average vegetation height 0.12 0.04 2.98 0.009 

Time since fire -0.39 0.19 -2.06 0.05 
Max vegetation height 0.02 0.01 1.72 0.10 

Total variance R2   = 39%    
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Figure 4.  Rhytidoponera violacea occurs at a subset of sites that have been disturbed by fire 
within the last 15 years. They become rare or absent at older sites. 
 

Discussion 

In our study region, any number of aspects of ecological communities could affect 

seed dispersal, including local microclimates, species composition of plants, species 

composition of ants, and soils. However, we find that the abundance of a single species, 

Rhytidoponera violacea, explains nearly all of the variation in seed removal rates among 

sites. The Eneabba sandplains have a diverse ant community that includes a suite of ant 

genera which are known to take seeds. Even so, Rhytidoponera violacea disperses the 
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majority of myrmecochorous seeds. Although myrmecochory is considered a diffuse 

mutualism in terms of the number and identity of ant partners, our results support the idea 

that the mutualism is unevenly diffuse (when one partner species is particularly important). 

Although Gove et al. (2007) found that seed removal rates along a latitudinal moisture 

gradient and at the continental scale were strongly influenced by the presence of the genus 

Rhytidoponera, our results suggest that at it is not simply the genus that matters, but actually 

the species. Our study suggests that to an even greater extent than previously appreciated 

(Majer 1982, Hughes & Westoby 1992, Christian & Stanley 2004, Gove et al. 2007, 

Zelikova et al. 2008, Ness & Morin 2008), myrmecochory is often an unevenly diffuse 

mutualism with several, or in this case just one, key ant partner (though many species of 

plants).  

Ness & Morin (2008) have suggested that keystone seed dispersers may tend to be 

those species that are most abundant in local communities. However, in our study system, 

Rhytidoponera violacea only makes up a tiny proportion (0.4%) of the ants sampled. 

Rhytidoponera violacea has a very patchy distribution across space, but even at the sites 

where R. violacea does occur, they still make up fewer than 2% of individuals sampled. Not 

only does R. violacea remove more seed than what would be expected for a single partner in 

a diffuse mutualism, it also removes a disproportionate percentage of seeds compared its 

small population size. The relationship between R. violacea and seed removal is not simply 

due to the absence of seed removal when R. violacea is absent. Instead, seed removal rates 

increase significantly with greater R. violacea abundance. These findings contrast past views 
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that suggest several ant partners should be involved in a generalized seed dispersal 

mutualism (Garrido et al. 2002). In the highly diverse plant community of Eneabba, where 

over 30% of the species are myrmecochores (Ben Miller unpublished, Berg 1975, Calviño-

Cancela et al. 2008), one might predict a large subset from the diverse ant community would 

function as dispersers. Several genera within the sampled community are known to take seed 

(Iridomyrmex, Melophorus, Pheidole), and the myrmecochorous community produces a 

broad range of seed sizes, shapes, and elaiosome rewards. We cannot rule out the possibility 

that other ant species are important for dispersing other plant species, but to date our results 

for Acacia blakelyi and for other plant species (Dunn unpublished) points to R. violacea as 

the key disperser of seeds.  

Variation in Rhytidoponera violacea abundance also explains rates of elaiosome 

robbery. At the sites where seed removal rates were high, elaiosome robbery rates were 

lower. In large part this was simply because seeds at these sites were not available for 

parasitism because they had been removed by R. violacea. Hence, the same factor that 

governs seed removal, R. violacea occurrence, is also the primary factor governing elaiosome 

robbery rates. Consequently, when R. violacea is absent, elaiosome robbery rates tend to be 

high, largely independent of which other species are present. Our seed removal experiments 

showed that if R. violacea isn’t present to disperse available seeds into their nests, a seed is 

likely to be robbed of its elaiosome. Of all seeds not removed during the first 24 hours, 

almost 70% of them were parasitized. At sites where R. violacea occurred, 56% of seeds not 

removed during the initial 24 hours were robbed of their dispersal reward, greatly reducing 



20 
 

their chance of being taken into a soil nest. In contrast to the disperser community, several 

genera (Iridomyrmex, Monomorium, Meranoplus, and Crematogaster) and a wide variety of 

species were observed parasitizing elaiosomes.  A few species were important in parasitism 

rates, and certain species were much more likely to parasitize the elaiosome than others. 

Overall however, elaiosome robbery occurred at all sites, regardless of the community 

composition. In some seed interaction observations, a single elaiosome-robbing species 

dominated an entire site (e.g., Iridomyrmex chasei).   

If variation in the abundance of Rhytidoponera violacea determines the rate of seed 

removal of myrmecochorous plants throughout the Eneabba sandplains, it is important to 

understand what governs the distribution and abundance of this species. At a continental 

scale, the genus Rhytidoponera is widespread and can be found in a broad range of 

environmental conditions and habitats, including urban environments, but also deserts and 

rain forest (Shattuck 1999). One can imagine that any of a variety of environmental and 

biotic factors (topography, vegetation structure, plant community composition, openness, soil 

characteristics, etc) may govern the abundance of this species. Rhytidoponera species are 

often classified as disturbance specialists (Hoffmann & Andersen 2003), and are common in 

urban settings and in abandoned agricultural fields and mine sites (Majer 1982). The most 

important natural disturbance in the sandplains (and across Australia) is fire, and Andersen 

(1991) demonstrated that recently fire-disturbed sites will have a greater abundance of 

Rhytidoponera species. Our sampling efforts showed that R. violacea was most abundant in a 

subset of sites that had been burned within the past 15 years, and were rare or absent in older 
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sites. However, even after accounting for differences in time since fire among sites, much of 

the variation in the abundance of R. violacea was still unexplained.  It may simply be that R. 

violacea, a species that reproduces in part, if not exclusively via the budding of colonies, 

exists in a dynamic metapopulation in which many suitable patches remain uncolonized due 

to dispersal limitation.   

Several characteristics make Rhytidoponera violacea effective as a generalist, non-

specialized seed dispersal partner. Physically, R. violacea is a large ant, able to carry both 

small seeds and the larger Acacia species. Behaviorally, R. violacea is subordinate to other 

ants, and was often observed being competitively dominated by much smaller elaiosome-

robbing species. In order to avoid interference competition, many Rhytidoponera species 

forage during cooler temperatures and remove food items (seeds) rapidly to their nests 

(Andersen 1986). Rapid removal to a soil nest and subsequent discarding into a subterranean 

garbage chamber provides several benefits to the dispersed plant. Plant fitness improves if 

you are collected by an ant and removed from the soil surface (Hughes & Westoby 1992). If 

a seed is not removed from the ground by a seed disperser, its possible fates may be 

predation, desiccation, or destruction by fire. At the very least, the seed is not dispersed away 

from the parent and it does not end up in the soil where germination probabilities appear to 

be highest. Seeds dispersed into an ant nest and discarded into chambers at an appropriate 

depth (Christian & Stanley 2004) will have an improved chance of germinating after the next 

passing fire (Hughes & Westoby 1992). 
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Given that Rhytidoponera violacea dominates the dispersal of seeds in the study 

landscape and species of Rhytidoponera seem disproportionately important more generally, a 

key remaining question becomes how the population dynamics of R. violacea (or 

Rhytidoponera in general) influence plant demographics or distribution. At the moment, we 

find modest support for the idea that R. violacea is most common at intermediate times since 

fire. Interestingly, these times since fire match well with what is predicted to be the optimal 

fire interval of 10-12 years, based on plant demographic models (Enright et al. 1996).  Our 

data offer support for a model in which plants have evolved to maximize seed production at 

the same point at which the abundance of R. violacea seems highest.  Whatever the causes of 

these similar patterns for plants and ants, they have the consequence that population level 

demand for seeds by ants are high at the same time that the benefits of seed dispersal for 

plants are greatest. Fire appears to play a central role by creating a spatial and temporal 

mosaic of plant communities across the landscape, influencing the distribution of a keystone 

disperser, and potentially driving the spatial variation of an important seed dispersal 

mutualism. 



 

23 
 

REFERENCES 

Andersen, A.N. (1988a) Dispersal distance as a benefit of myrmecochory. Oecologia, 75, 
507-511. 

 
Andersen, A.N. (1988b) Immediate and longer-term effects of fire on seed predation by ants 

in sclerophyllous vegetation of southeastern Australia. Austral Ecology, 13, 285 - 
293. 

 
Andersen, A.N. (1991) Responses of ground-foraging ant communities to three experimental 

fire regimes in a savanna forest of tropical Australia. Biotropica, 23, 575–585. 
 
Andersen, A.N., Hertog, T., & Woinarski, J.C.Z. (2006) Long-term fire exclusion and ant 

community structure in an Australian tropical savanna: congruence with vegetation 
succession. Journal of Biogeography, 33, 823-832. 

 
Beard, J.S. (1980) A new phytogeographic map of Western Australia. Research notes of the 

Western Australian Herbarium, 3, 37-58. 
 
Berg, R.Y. (1975) Myrmecochorous plants in Australia and their dispersal by ants. 

Australian Journal of Botany, 23, 475-508. 
 
Bradstock, R.A., Williams, J.E., & Gill, A.M. (2002) Flammable Australia: The Fire 

Regimes and Biodiversity of a Continent Cambridge University Press, Cambridge, 
UK. 

 
Bronstein, J.L. (1998) The contribution of ant-plant protection studies to our understanding 

of mutualism. Biotropica, 30, 150-161. 
 
Bronstein, J.L. (2001) The exploitation of mutualisms. Ecology Letters, 4, 277-287. 
 
Calviño-Cancela, M., He, T., & Lamont, B.B. (2008) Distribution of myrmecochorous 

species over the landscape and their potential long-distance dispersal by emus and 
kangaroos. Diversity and Distributions, 14, 11–17. 

 
Christian, C.E. & Stanton, M.L. (2004) Cryptic consequences of a dispersal mutualism: seed 

burial, elaiosome removal, and seed-bank dynamics. Ecology, 85, 1101-1110. 
 
Enright, N.J., Lamont, B.B., & Marsula, R. (1996) Canopy seed bank dynamics and optimum 

fire regime for the highly serotinous shrub, Banksia hookeriana. Journal of Ecology, 
84, 9-17. 

 



24 
 

Gammans, N., Bulloc, J.M., & Schönrogge, K. (2005) Ant benefits in a seed dispersal 
mutualism. Oecologia, 146, 1432-1939. 

 
Garrido, J.L., Rey, P.J., Cerdá, X., & Herrera, C.M. (2002) Geographical variation in 

diaspore traits of an ant-dispersed plant (Helleborus foetidus): are ant community 
composition and diaspore traits correlated? Journal of Ecology, 90, 446-455. 

 
Giladi, I. (2006) Choosing benefits or partners: a review of the evidence for the evolution of 

myrmecochory. Oikos, 112, 481-492. 
 
Gove, A.D., Majer, J.D., & Dunn, R.R. (2007) A keystone ant species promotes seed 

dispersal in a “diffuse” mutualism. Oecologia, 153, 687-697. 
 
Hoffmann, B.D. & Andersen, A.N. (2003) Response of ants to disturbance in Australia, with 

particular reference to functional groups. Austral Ecology, 28, 444-464. 
 
Hughes, L. & Westoby, M. (1992) Fates of seed adapted for dispersal by ants in Australian 

sclerophyll vegetation. Ecology, 73, 1285-1299. 
 
Keith, D.A., McCaw, W.L., & Whelan, R.J. (2002). Fire regimes in Australian heathlands 

and their effects on plants and animals. In Flammable Australia: the fire regimes and 
biodiversity of a continent (eds R.A. Bradstock, J.E. Williams & A.M. Gill), pp. 199–
237. Cambridge University Press, Cambridge, UK. 

 
Lamont, B.B., Downes, S., & Fox, J.E.D. (1977) Importance−value curves and diversity 

indices applied to a species-rich heathland in Western Australia. Nature, 265, 438 - 
441. 

 
Majer, J.D. (1982). Ant-plant interactions in the Darling Botanical District of Western 

Australia. In: Buckley RC (ed) Ant-plant interactions in Australia. In Ant-plant 
interactions in Australia (ed R.C. Buckley), pp. 45-61. Junk Press, The Hague. 

 
Manzaneda, A.J., Fedriani, J.M., & Rey, P.J. (2005) Adaptive advantages of myrmecochory: 

the predator-avoidance hypothesis tested over a wide geographic range. Ecography, 
28, 583 - 592. 

 
Milewski, A.V. & Bond, W.J. (1982). Convergence of myrmecochory in mediterranean 

Australia and South Africa. In Ant-plant interactions in Australia (ed R.C. Buckley), 
pp. 89-98. Junk Press, The Hague. 

 
Myers, N., Mittermeier, R.A., Mittermeier, C.G., da Fonseca, G.A.B., & Kent, J. (2000) 

Biodiversity hotspots for conservation priorities. Nature, 403, 853-858. 



25 
 

 
Ness, J.H. & Morin, D.F. (2008) Forest edges and landscape history shape interactions 

between plants, seed-dispersing ants and seed predators. Biological Conservation, 
141, 838-847. 

 
Searle, P.A. (1978) The ecology of the seed feeding ant, Rhytidoponera violacea, Curtin 

University of Technology, Perth, Western Australia.  
 
Shattuck, S.O. (1999) Australian Ants: Their Biology and Identification CSIRO Publishing, 

Melbourne. 
 
Stanton, M.L. (2003) Interacting Guilds: moving beyond the pairwise perspective on 

mutualisms. The American Naturalist, 162, S10-S23. 
 
Thompson, J.N. (2005) The Geographic Mosaic of Coevolution The University of Chicago 

Press, Chicago. 
 
Whitney, K.D. (2002) Dispersal for distance? Acacia ligulata seeds and meat ants 

Iridomyrmex viridiaeneus. Austral Ecology, 27, 589-595. 
 
York, A. (2000) Long-term effects of frequent low-intensity burning on ant communities in 

coastal blackbutt forests of southeastern Australia. Austral Ecology, 25, 83-98. 
 
Zelikovaa, T.J., Dunn, R.R., & Sanders, N.J. (2008) Variation in seed dispersal along an 

elevational gradient in Great Smoky Mountains National Park. Acta Oecologica, 34, 
155-162. 

 



 

26 
 

CHAPTER 2 

Introduction 

Seed dispersers can play a dynamic role in shaping plant communities (Willson & 

Traveset 2000). This role, beginning with the initial dispersal of a seed, can potentially have 

broad impacts on plant populations by influencing species distributions (Hanzawa et al. 

1988), community composition (Willson & Traveset 2000), and the regeneration of 

populations following disturbance (Andersen & Morrison 1998). In seed dispersal 

mutualisms, animal partners direct plant fate by moving seeds and placing them in an 

ecological context which sets the stage for all subsequent environmental and ecological 

interactions that a plant will experience at subsequent life stages (Vander Wall et al. 2005). 

More importantly, animal partners and their behaviors influence seed fitness at multiple 

stages in seed life history. The seed fate pathway can be complex and quite variable 

depending on the animal partner. Seed dispersal mutualisms are often ‘diffuse,’ meaning a 

plant may have several dispersal partners (Gove et al.2007). All partners are not equal, and 

benefits often vary as a consequence of which animal species disperses seeds (Reid 1989). 

Benefits might also vary, however, as a function of where animals put seeds, which might 

vary among individual animals, species, or circumstances. For example, in nut-caching 

rodents, it is only those nuts that are not recovered that receive the benefits of the mutualism. 

All other nuts experience a relationship much closer to parasitism or predation (Theimer 

2005). A key question then is how traits of individual animals, such as how they forage and 

nest, influence the probability that a seed will germinate, emerge and become established. 
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Myrmecochory, the dispersal of seeds by ants, is an excellent system in which to 

examine seed fate pathways because ants disperse seeds relatively short distances and so the 

trajectories of individual seeds can reasonably be followed. In addition, the final location of 

seeds can be experimentally manipulated at ecologically realistic spatial scales to understand 

the consequences of differences in seed placement. Myrmecochory occurs across the globe in 

a variety of habitats (Berg 1975, Bond & Slingsby 1983, Culver & Beattie 1978), and is the 

main form of zoochory in several Mediterranean-type regions (Berg 1975, Milewski and 

Bond 1982). The characteristic adaptation that most myrmecochorous seeds have is called an 

‘elaiosome,’ a small, lipid-rich appendage on the seed that is attractive to ants (Marshall et al. 

1979, Espadaler & Gomez 1997). Myrmecochory occurs when ground-foraging ants collect 

these seeds and transport them back to their nests, where the elaiosome is consumed and the 

seed is discarded unharmed onto a surface midden or into a subterranean garbage chamber 

(Beattie & Culver 1981). While we now know a great deal about how differences in foraging 

behavior and other traits such as body size among ant species influence the movement of 

seeds (Ness et al. 2004), relatively little is known about how variation in where ants place 

seeds influences their fitness, particularly in Australia, where perhaps as many as half of all 

ant-dispersed plant species are found (Berg 1975, Milewski and Bond 1982). 

There have been relatively few studies that tracked the fate of ant-dispersed seeds 

beyond their initial dispersal. This may be because the pathways that seeds follow to 

germination are diverse and difficult to observe. To begin, seeds are transported into an ant 

nest, where three alternate pathways exist. Seeds will either be 1) milled, 2) buried, or 3) 
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discarded back onto the surface. Dispersal across the soil surface, the horizontal component 

to seed dispersal, often overshadows the impact of burial, the vertical component of seed 

dispersal. And burial may be extremely important in the two regions where myrmecochory is 

most common, South Africa (Bond & Slingsby 1983) and southwestern Australia (Berg 

1975). Here, there are fire-prone environments and a diverse community of myrmecochores 

that rely on a soil seed bank and fire-cued stimuli for germination (Auld et al. 2000). Burial 

by ants may provide both short and long-term benefits to the seed, including protection from 

seed predators (Beattie 1985, Christian & Stanton 2004), escape from destructive fires 

(Hughes & Westoby 1992), and a potential long-term soil seed bank (Ireland & Andrew 

1995). Depth may also have negative effects if seeds are placed too deep in the soil to emerge 

(Christian & Stanton 2004). There may be great variability in the burial depth of individual 

seeds, depending on the nesting and discarding behavior of the dispersal partner (Auld 1986, 

Hughes & Westoby 1992). Again, seed placement sets the context in which a seed interacts 

with competitors, predators, and the environment. Therefore, burial depth may exert a strong 

influence on seed fate and success in terms of germination, emergence, and seedling fitness. 

In short, the costs and benefits of burial at different depths lead to an optimal depth, which 

may be dependent upon the presence or absence of the elaiosome. This optimal depth may or 

may not coincide well with where seeds are placed in ant nests.  

In this study, we were interested in the effects of seed burial depth and elaiosome 

removal on seeds dispersed by ants in a fire-prone system. Our study took place in the 

Eneabba sandplains of southwestern Australia. We began by excavating nests in the study 
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region to estimate the number and identity of plant species which were dispersed by the 

keystone seed dispersing ant species, Rhytidoponera violacea, and we compared these nest 

excavations to excavations of local control soil. We then mimicked the process of an ant-

dispersed shrub, Acacia blakelyi, being dispersed into the nests of Rhytidoponera violacea by 

combining simulated burial by ants with a managed fire to observe the fate of seeds dispersed 

by ants and to address the following questions: 1) How does burial depth affect seedling 

emergence in post-fire conditions 2) Does elaiosome removal affect seedling emergence and 

seedling fitness? 3) Is there an optimal burial depth for seedling emergence and fitness of 

Acacia blakelyi and does it vary depending on the presence/absence of the elaiosome? and 4) 

How does the optimal burial depth relate to actual burial depths? 

 

Methods 

To understand the fate of myrmecochorous seeds dispersed into the soil nests of ants, 

we focused our study on a model plant species, Acacia blakelyi, in a region characterized by 

high myrmecochore diversity. Here, Acacia blakelyi seeds, like other ant-dispersed seeds in 

the plant community, are most often taken by the local keystone seed disperser, 

Rhytidoponera violacea (Gove et al. 2007).  

 

Study Site 

We established our study site in sandplain shrubland (Kwongan) in the Southwest 

Botanic Province of Western Australia. We conducted our research on a private reserve 
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(Western Flora Caravan & Tourist Park) located in the Eneabba Sandplains, approximately 

300 km north of Perth (29.63 S, 115.22 E). The region experiences a Mediterranean-type 

climate, with dry, warm summers and cool, wet winters. Mean annual rainfall in Eneabba is 

513 mm (Enright & Lamont, 1989), most of which occurs during the winter months (June – 

August). The sandplains are characterized by a system of subtle dunes and swales made up of 

uniform deep, nutrient-poor, sandy soil. Despite the infertile soil and harsh conditions, the 

region supports a very diverse, species-rich plant community (Lamont et al. 1977, Myers et 

al. 2000). One of the unique attributes of the plant communities of this area is the high 

proportion of species that are ant-dispersed (Berg 1975, Milewski and Bond 1982, Dunn et 

al. 2006). 

 

Acacia blakelyi 

Acacia blakelyi is a myrmecochorous shrub that is endemic to the northern edge of 

the Southwest Botanic Province of Western Australia. A. blakelyi has a patchy distribution 

within its range, though it often grows in dense thickets. It produces dark, oblong, relatively 

large (4-5 mm) hard-coated seeds that ripen and fall during the summer months. The seeds 

have light-colored elaiosomes that are approximately 1/3 the size of the seed. Although A. 

blakelyi lives in a very fire-prone system, it is killed by fire and lacks the ability to resprout 

in post-fire conditions (Bellairs & Bell 1990). Instead, A. blakelyi is an obligate seeder, 

relying on dormant seeds in the soil seed bank to regenerate post-fire populations (Bellairs & 

Bell, 1990). Once beneath the soil surface, dormant seeds can remain viable over time in a 
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seed bank. Although estimates of the longevity of A. blakelyi seeds are lacking, other arid-

zone Australian species are known to be able to persist for several decades (Auld et al, 2000, 

Wills & Read 2007). Post-fire germination and seedling emergence occurs after the first 

winter rains arrive.  

 

Dispersal and Burial by Ants 

Eneabba has a diverse ant community, but one species, Rhytidoponera violacea, is 

responsible for dispersing the majority of Acacia blakelyi seeds (Dunn et al. 2006, Gove et 

al. 2007). Rhytidoponera violacea foragers are attracted to the lipid-rich elaiosomes on the 

seed, which they collect and bring back to their soil nest (mean dispersal distance = 3.15 m; 

McCoy et al. in prep.). The elaiosome is removed and eaten within the nest, and the intact 

seed is discarded into either a subterranean or surface garbage pile (Beattie 1985). The nest is 

known to be composed of a central vertical tunnel with several chambers extending from the 

tunnel at a series of depths (Searle 1978, Lubertazzi et al. in prep). Garbage piles can be 

located in any of these large side chambers (Searle, 1978). We excavated nests of 

Rhytidoponera violacea and R. metallica to determine if Acacia blakelyi seeds do indeed 

remain buried in nests, and where in the nest they are typically located. We also reanalyzed 

data collected in a previous study (Dunn et al. 2006) that included seed burial depth in R. 

violacea nests, and determined that 79% of seeds occurred in the top 5cm, 86% of seeds 

occurred within the top 10cm, and the remaining 14% occurred from 11-40cm, with a small 

spike in numbers at the deepest chamber (typically 30cm). 
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Study Design 

We designed our field experiment to test seedling emergence success at a series of 

depths where they are likely to be buried within a Rhytidponera violacea nest. We 

established our study site in a 1-ha area of natural shrubland vegetation that had not been 

disturbed by fire in 40+ years (Alan Tinker, personal communication). The plant community 

was representative of the larger area, but the site did not contain any Acacia blakelyi 

individuals. The experiment was designed to test the effects of seed burial depth and 

elaiosome removal on the success of seedling emergence. The A. blakelyi seeds were 

collected locally during the previous fruiting season and stored in a cool, dry container. For 

the “no elaiosome” treatments, the elaiosomes were removed manually with an X-acto blade. 

We chose 4 depths to represent where seeds may end up in R. violacea nests (1, 3, 6, 

and 12 cm), and two elaiosome treatments (elaiosome intact, elaiosome removed) for a total 

of 8 possible treatment combinations of 10 replicates (seeds) each, replicated across ten 

blocks. Each possible treatment combination (depth and +/- elaiosomes) was assigned 

randomly to baskets within a block. Each block was composed of 8 adjacent open-ended 

baskets (2 x 4 arrangement) made from window screen (dimensions 11 x 11 x 15 cm). We 

dug a 15 cm hole for each block and set the 8 baskets in so that the open tops were flush to 

the soil surface. The hole was re-filled with soil after planting 10 seeds (2 cm apart) at the 

assigned depth in each basket treatment (10 seeds x 8 treatment levels x 10 blocks = 800 total 

seeds, 80 replications of each treatment). The 10 blocks were buried in a scattered 



33 
 

arrangement throughout the 1-ha site. Immediately after planting, we placed a predator 

exclusion wire cage (30 x 80 x 15 cm) over each block. 

Planting occurred on May 18, 2007, and on May 19 the 1-ha site was burned in a 

prescribed fire. Due to the seasonal timing and vegetation fuel load, the fire was 

characterized as ‘moderate’ in intensity. The day after the fire each plot was lightly watered. 

From that point on, plots were left alone except for observation and record-keeping. Seedling 

emergence was recorded at 3 weeks, 3 months, and 6 months after planting. At the final 6-

month observation, a seedling size/health class (small, intermediate and robust) was assigned 

to each emerged seedling and used as a relative measure of fitness. “Small” seedlings were 

characterized by thin stems and a small number (1-5) of leaves, which were both small and 

thin (max height < 10cm). “Robust” seedlings were much larger and stronger comparatively, 

with thicker stems, thicker and more abundant leaves (>10), and greater overall height (mean 

max height = 21 cm). “Intermediate” seedlings fell between the small and robust stages.  

Pot Experiments—In addition to the field plots, we established a second experiment 

to compliment the burial depth experiment. In the same 1-ha plot described above, we 

planted Acacia blakelyi seeds (both +/-elaiosome) at 4 depths (1, 3, 6 and 12 cm) and 

retrieved them after the prescribed burn. The seeds were then replanted in pots (using soil 

from the burned area) at a uniform depth of 3cm so that we could test whether fire-cued 

germination success varied by depth. Here the expectation is that if the difference in 

germination among depths is solely due to differences in the abilities of seeds at different 

depths to detect fire cues then the emergence of replanted seeds should resemble that of seeds 
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still in the ground. Conversely, if emergence varies with depth because of the some aspect of 

the difficulty of reaching the soil surface, then the depth effect should be diminished when 

seeds are replanted at a common depth. Wire exclusion cages were fit over the tops of pots 

and seeds were watered initially in the same manner as the first experiment. Seedling 

emergence was recorded at 3 weeks and 3 months after planting. 

 

Analyses 

A two-way ANOVA was performed to compare the effects of seed burial depth, 

elaiosome, and block on the proportion of seedlings that emerged after six months. A two-

sample Student’s t-test was performed to compare the mean seedling emergence between 

seeds with elaiosomes and seeds without elaiosomes. A series of two-sample Student’s t-tests 

were performed to compare the mean seedling emergence between two groups of seeds 

treated with fire cues at each depth (1, 3, 6, and 12 cm), but then one group reburied at 3cm. 

For example, we used this analysis to compare seedling emergence between seeds buried 

(and left) at 1cm for a managed fire, to seeds buried at 1cm for the fire, and then reburied at 

3cm after the fire (to isolate the effects of fire cues at different depths). We repeated the same 

analysis between each set of seeds buried at 3cm, 6cm and 12cm. Finally, an additional two-

way ANOVA was performed to compare the effects of seed burial depth, elaiosome and 

seedling density on the proportion of emerged seedlings that were classified as Robust.  
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Results 

Natural variation in seed burial depth  
 

A typical Rhytidoponera violacea nest contains seeds buried at a range of depths from 

1 to 30cm. Plaster nest casts and nest excavations revealed that Acacia blakleyi and other 

myrmecochorous seeds are present in subterranean garbage chambers located at a variety of 

depths along the central vertical tunnel of the nest. Our observations support earlier records 

(Dunn et al. 2006) that A. blakeyi seeds, like those of many other myrmecochorous plant 

species, often remain within the soil nests of R. violacea. Importantly, the depths of seeds 

found in nests were similar to those in our experimental seed burials, with the key difference 

being that seeds were sometimes found in nests at depths greater than 12 cm.  

 
Seed burial depth and elaiosomes 
 

Post-fire seedling emergence was relatively high. 271 Acacia blakelyi seedlings were 

recorded from a total of 800 seeds buried (34% success rate). Seed burial depth and the 

presence of an elaiosome both had a significant effect on the emergence of seedlings after the 

prescribed fire (Table 1). Seed burial depth had the strongest effect on seedling emergence 

(two-way ANOVA, F1,67 = 68.24, P < 0.001). The proportion of seedlings that emerged was 

greatest from the 1cm depth (67% emerged after 6 months) and decreased with increasing 

seed burial depth (Figure 1). The presence or absence of an elaiosome also had a significant 

effect on the proportion of seedlings that emerged over time (two-way ANOVA, F1,67 = 8.17, 

P = 0.006). After 6 months, the mean seedling emergence from seeds with elaiosomes was  
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significantly greater (38% vs 25%) than from seeds without an elaiosome (two-sample 

Student’s t-test, P = 0.02, Figure 2). There was not a significant block effect, and there was 

no significant interaction effect between seed burial depth and the presence of an elaiosome 

on seedling emergence (two-way ANOVA, F1,67

 

= 2.55, P = 0.12). 

 
Figure 1.  The proportion of Acacia blakelyi seeds that emerge after a managed fire (by 
burial depth). 
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Figure 2.  The presence of an elaiosome increases the proportion of seedlings that emerge 
from seeds buried (N = 800) in soil and treated with a fire. 
 

Seed burial depth and fire 

 Seed burial might influence seedling emergence either because of the effect of depth 

on survival or because of the effect of depth on the ability of seeds to detect temperature cues 

and germinate. If differences in the ability of seeds to detect smoke signals alone accounts for 

the proportion of seeds that germinate and emerge, then effect of depth is actually an effect 

of the strength of a fire-cue. Table 1 presents the proportion of seedlings that emerged from 

each depth (Table 1a) and the proportion that emerged when receiving fire cues at each of  
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those depths but were then planted at the  uniform depth of 3cm (Table 1b). A two-sample t-

test comparison of means between each set showed there is no significant difference between 

mean seedling emergence in the two experiments. Seeds that received a fire signal at a series 

of depths but were later buried at a single depth maintained similar proportions of seedling 

emergence as seeds that remained at their original burial depth, which illustrates that the 

effect of depth is due to the strength of fire signal a seed receives (Figure 3). 

 

 

Table 1.  Proportions of seedlings that emerged after three months when a) reburied at a 
uniform depth of 3cm after receiving a fire signal at one of 4 depths and when b) buried at a 
series of 4 depths and left buried at those original depths after the fire. 

Burial depth Fire signal Proportion emerged 
3cm 1cm .50 
3cm 3cm .30 
3cm 6cm .33 
3cm 12cm .13 

 

Burial depth Fire signal Proportion emerged 
1cm 1cm .57 
3cm 3cm .34 
6cm 6cm .20 
12cm 12cm .11 
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Figure 3.  Seeds received fire cues at 4 depths and were then reburied at one depth (3cm). 
After 3 months, seedlings emerged at a similar proportion as seedlings from seeds that 
remained buried at their original 1, 3, 6 and 12cm depths, showing that fire signal is the 
significant effect of depth on seedling emergence. 

 

Depth effect on seedling fitness  

After 6 months, 251 seedlings emerged in the post-fire field plots. Seedlings were 

placed in 3 separate size classes that represent a measure of plant health and fitness. The size 

class distribution of seedlings was 27% Small, 37% Intermediate and 34% Robust (2% 

mortality). There was a significant effect of seed burial depth on the proportion of total 

emerged seedlings that were classed Robust and were considered to have the greatest fitness, 
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with the proportion of Robust seedlings decreasing with increasing seed depth (ANOVA, P = 

0.035, Figure 4).  The effects of seedling density and elaiosome presence were included in 

the model, but were not significant. 

 

 

Figure 4.  The proportions of total emerged seedlings after 6 months that were classified as 
Robust (by seed burial depth). 
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Discussion 

The benefits of horizontal dispersal to ant-dispersed seeds are already well-

documented (Andersen 1988, Whitney 2002, Giladi 2006). In this study, we investigated the 

costs and benefits of vertical dispersal into the soil by a keystone seed disperser and the 

influence such dispersal has on the fate of ant-dispersed seeds. We focused on the two 

important ant-seed interactions that take place once a seed is dispersed into a Rhytidoponera 

violacea nest, which are 1) removal of the elaiosome and 2) placement of the intact seed 

either into a subterranean chamber or onto the surface mound. 

Once seeds had arrived at our simulated nests, the first simulated effect of ants, 

elaiosome removal, actually posed a net cost for our model plant species, Acacia blakelyi. In 

our field experiments, a significantly greater proportion of seedlings emerged from seeds that 

retained their elaiosome than from seeds that had their elaiosome mechanically removed 

before burial. One other tropical forest system study also found a positive effect of elaiosome 

presence on seedling emergence (Horvitz & Schemske 1994). On the other hand, other 

studies have reported either negative effects of elaiosome presence on germination (Hughes 

& Westoby 1992) and seed survival (Christian & Stanton 2004) or no effect of elaiosome on 

seedling emergence rates (Christian & Stanton 2004). Overall, the benefits of elaiosome 

presence in the soil or in ant nests seems conditional on some additional set of factors, but 

just what those factors might be remains unclear. In practice, very few of those seeds that 

find their way to ant nests will retain their elaiosomes, the rare exceptions perhaps being 

cases in which seeds are lost or buried in ant nests. In over 30 excavations of Rhytidoponera 
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metallica and R. violacea nests, all A. blakelyi seeds uncovered were missing their elaiosome. 

The most common situation in which seeds make their way into the soil with their 

elaiosomes is when they go undispersed under or near their parent plant, in which case the 

fitness benefits of having an elaiosome may be small relative to the costs of competition or 

pathogens associated with close proximity to the parent plant (Willson & Traveset 2000). 

Even this scenario is extremely unlikely considering that the majority of A. blakelyi seeds 

that are not dispersed still lose their elaiosomes to cheaters.   

Once an elaiosome is removed and eaten, the seed is discarded within the nest or onto 

the surface mound.   Where seeds are placed, either in or near the nest, sets the stage for all 

subsequent steps of the seed fate pathway, including seed survival, germination, emergence, 

fitness, and future competitive interactions. The placement of seeds may vary greatly, both 

within and among ant nests. We observed natural variation in the burial depth of 

myrmecochorous seeds in Rhytidoponera violacea nests, ranging from 1cm to 30cm. 

Although seed density appeared to decline with increasing depth, seeds could be found 

discarded at any depth throughout the vertical range of the nest. The percentage of seeds 

found in R. violacea nests peaked in the top 5cm (79%) and declined rapidly until a small 

spike in the number of seeds in the deepest chamber (Dunn et al. 2006). We simulated seed 

burial depth variation using four depths (1, 3, 6, and 12cm) within the range of depths at 

which seeds are found in R. violacea nests. In these experiments, burial depth had a 

significant effect on the emergence of seedlings from our model seed species, Acacia 

blakelyi. Seeds discarded at greater depths have a lower proportion of seedlings emerge than 
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seeds that are discarded closer to the surface. For example, 66.5% of seeds buried at 1cm 

emerged as seedlings, compared to only 6.5% of seeds buried at 12cm. Additionally, 

seedlings that emerged from the top 6 cm of soil were more likely to be Robust than 

seedlings from greater depths, as a significantly smaller proportion of seedlings from 12 cm 

seeds were classified as Robust (36% vs 13%). This suggests that there is a fitness cost to 

seeds buried as deep as 12 cm.  

We examined two possible explanations for the effect of depth on seedling 

emergence. The first explanation is simply that germinated seedlings are unable to reach the 

soil surface due to the energetic costs associated with growing from greater depths (Ren et al. 

2002). Alternatively (though not mutually exclusively), seedlings might be less likely to 

emerge from greater depths because temperature cues associated with fire decrease with 

depth and therefore deep seeds cannot break dormancy and germinate (Thomas et al. 2007).  

By burying seeds at four depths (1, 3, 6, 12cm) and treating them with fire-cues, and then 

reburying them at a uniform depth of 3cm, we determined that the true effect of depth was a 

seed’s ability to receive the fire cues necessary to break dormancy and germinate. Seedlings 

from seeds reburied at 3cm emerged in proportions nearly identical to seedlings germinating 

from seeds left at their original depths, demonstrating that emergence depends on the depth at 

which a seed receives fire-cues. Many Australian Acacia species require heat-shock and 

smoke to break dormancy, both of which are fire-cues that decline with soil depth (Auld 

1986, Tozer 1998, Auld & Denham 2006, Kulkarni et al. 2007). In the context of an ant nest, 
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seeds discarded in chambers closer to the surface will emerge in greater proportions 

following a fire and first rain.  

In the context of our moderately-intense managed fire, the optimal depth for Acacia 

blakeyi seeds is in the first few centimeters of soil. We did not consider seeds on the soil 

surface, but ample evidence (Bell et al. 1984, Bond & van Wilgen 1996) suggests that such 

seeds have very high rates of mortality due to the direct consequences of fires. Seeds may 

arrive at depth a few centimeters below the soil surface either by being discarded by ants into 

a soil chamber near the surface, or by being discarded onto the surface mound and getting 

reburied shallowly by soil excavated from the nest. In more intense fires, we would expect 

seeds at this depth to suffer high mortality, and the optimal burial depth to increase, with 

increased seedling emergence from seeds buried at 3, 6 and 12 cm. For less intense fires, 1 

cm would continue to be the optimal depth, and we would expect an even smaller proportion 

of seedlings to emerge from the 12, 6 and even 3 cm depths.  

In a fire-prone ecosystem like the Eneabba sandplains, many myrmecochorous plant 

species, including Acacia blakelyi, are obligate seeders that rely on a soil seed bank to 

maintain their populations (Gill 1981, Bellairs & Bell 1990). In Eneabba, the historic fire 

regime is 10-12 years (Groeneveld et al. 2002), and although fire is a regular disturbance on 

the landscape, there is a great deal of variability in the intensity, frequency, distribution 

patterns and timing of fires (Bradstock et al. 2002). Such variation both within and between 

fires means that there is not a consistent “optimal” burial depth for ant-dispersed seeds. A 

low intensity fire may only allow seeds very near the surface to break dormancy and 
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germinate, while a high intensity fire may kill those same seeds and stimulate germination of 

seeds buried much deeper. The effect of depth is significant even in the short distance 

between 1 cm and 3 cm, which demonstrates how even a small change in depth may mean 

the difference between germinating and not germinating. One consequence of the variation in 

fire frequencies and intensities and variation in the burial depths of seeds is that in any given 

fire a large proportion of the seed bank may remain unaffected by fire cues. These seeds have 

the potential to serve as long-term seed banks that, if deep enough, may survive many fires. 

Given that hard-coated Acacia seeds in particular can persist for very long periods of time as 

a soil seed bank (Auld & Denham 2006), such long-term storage of seeds may serve to buffer 

populations against local extinction. Historically, soil disturbance  by vertebrates (echidnas, 

bandicoots, kangaroos, etc) while digging foraging pits or burrowing (Garkaklis et al. 2004) 

would be one way in which dormant seeds in the soil seed bank were brought closer to the 

soil surface . Today, introduced vertebrates such as foxes, rabbits and pigs and common 

human-related disturbances, like road-cuts and mining tails, may expose ant-buried seed 

banks at an even greater rate. While the fate of deep seeds and their consequences for both 

population dynamics and the dynamics of diversification are nearly impossible to study 

empirically, they may constitute an important aspect of the dynamics of heathland 

communities. 
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