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Abstract 
As a tool of land management and conservation there are a number of applications for which fire is poorly 

developed. One of those applications is the management of ecosystem services such as pollination and pest 

control that are provided by mobile organisms. Pollination in particular is an ecosystem service that requires 

improved management, in response to global declines in pollinators that present a threat to the plants that are 

dependent on them for reproduction. Much recent attention has been given to the effects of land use and land 

management generally on pollination, but little to fire as a particular form of land management. Here we develop 

a conceptual model describing hypothesised causal chains linking fire to pollination, and then report the initial 

findings of a study investigating fire effects on pollination as informed by this model for an orchid species 

native to Australia. 
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 Introduction 

  

Fire is a tool with a wide variety of applications in land management and conservation. One potential 

application that has received little attention is as a means to manage ecosystem services provided by 

mobile organisms, such as pollination and pest control. Fire can influence the population and 

community dynamics of mobile organisms (Whelan et al. 2002), so it might be used to manage the 

services they provide. There is an urgent need to improve management of pollination services as recent 

declines in pollinators across the globe (including fire-prone regions) raises concerns over the loss of 

pollination services to crops and wild plant populations (Potts et al. 2010; Vanbergen and IPI 2013). 

Pollinators and consequently pollination services are affected by habitat conditions at the landscape-

scale (Kremen et al. 2007) and fire is a relatively inexpensive tool for managing habitat at this scale. 

Recent research has indeed demonstrated the role of fire in structuring pollinator communities through 

habitat alteration (e.g. Potts et al. 2003a, b, 2005, 2006). However, pollination rate can be determined 

by factors other than pollinator population and community dynamics (Kremen et al. 2007); so it is 

important to consider whether fire might influence pollination through additional pathways to avoid 

unintended consequences of management. No single study has considered all the possible pathways 

through which fire might influence pollination.  

A conceptual model describing hypothesised causal chains linking fire to pollination is developed here 

to guide research into the effects of fire on pollination. A general model of the effects of land use and 

land management on pollination has recently been developed (Kremen et al. 2007) and underpinned a 

recent quantitative model of pollination services across landscapes that performed well when evaluated 

against independent data (Lonsdorf et al. 2009). Within this tested framework the conceptual model 

of interactions between fire (as a particular component of land management) and pollination services 

is developed by combining the body of research in pollination ecology underlying Kremen et al.’s 

model with the relevant body of research in fire ecology. Kremen et al. propose that land 

use/management influences pollination by affecting the target plant to which pollination services are 

of interest (at the individual, patch, and population level), the plant community (with which the target 

plant interacts in competition or facilitation through shared pollinators), the pollinator community, and 

the biotic and abiotic factors that influence these groups. The model developed here (Figure 1) 
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describes the mechanisms (Blue boxes) linking fire (Orange box) to groups (Green boxes) to 

pollination (Yellow box). The mechanisms linking fire to groups can be direct (e.g. direct mortality) 

or indirect (e.g. alteration of nesting sites) effects that are immediate and/or occur along a time-since-

last-fire trajectory (Dafni et al. 2012). 

Kremen et al. (2007) highlight the importance of both local-scale changes in groups and their 

aggregation into landscape structure in influencing pollination. That is, there are multiple spatial scales 

at which changes in groups can influence pollination, which might be of particular relevance to fire 

management of pollination services. For example, flower visitation by bumblebees is related to the 

abundance of co-flowering plants within an area of 100-500 m2, but not at larger or smaller scales 

(Thomson 1981; Johnson et al. 2003). Flower visitation by bumblebees is related to bumblebee habitat 

conditions within an area several orders of magnitude larger, corresponding to the bumblebees’ home 

range (Westphal et al. 2006). The implication is that the size of a fire might determine its impact on 

pollination by determining the degree to which different pathways influencing pollination are affected; 

a fire that is 500 m2 might alter competition or facilitation for pollination with little effect on pollinator 

populations, whereas a larger fire might impact both. 

  

 

Figure 1. Conceptual model outlining hypothesised pathways of the relationships between fire and pollination. Fire 

may influence groups (Green boxes) through a range of mechanisms (Blue boxes). Groups may influence pollination 

directly (black arrows) or indirectly via a number of biotic interactions (blue arrows) through a second set of 

mechanisms (Blue boxes). 

This model has been used to guide a PhD research project (J. Brown) into the effects of fire on 

pollination in a species of the Orchidaceae family (Caladenia tentaculata). There is a need to learn 

about fire effects on pollination in orchids because many inhabit fire-prone environments across the 

globe (Naveh et al. 1994; Swarts and Dixon 2009; Lamont and Downes 2011) and fecundity is 

generally limited by pollen (Trembley et al. 2005). A group of particular concern in Australia is the 

sexually-deceptive orchids that achieve pollination through mimicry of the sex pheromones of female 

insects. They occur in some of the most flammable ecosystems in the country (e.g. heathy woodlands) 

and are one of the most pollen-limited orchid groups (Tremblay et al. 2005; Phillips et al. 2009). The 

critically threatened status of a number of sexually-deceptive orchids has been attributed to the highly 

specialised, and so sensitive to ecological change, pollination system characteristic of this group 

(Swarts and Dixon 2009). Many sexually-deceptive along with other groups of terrestrial orchids are 
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stimulated to flower by fire (Jones 2006; Coates and Duncan 2009; Duncan 2012), and the promotion 

of flowering and emergence through regular burning is a common management recommendation for 

these plants (Cropper et al. 1989; Lunt 1994; Coates et al. 2006; Coates and Duncan 2009). However, 

the effects of fire on pollination through any of the possible pathways is unknown, so there is no way 

of predicting the effect of regular burning on pollination and determining to what extent this will 

depend on fire size. Reported here are the findings from the pilot study of a PhD project (J. Brown) 

investigating the effects of fire on pollination in the sexually-deceptive orchid C. tentaculata. 

 

 Methods 

 

 Study System 

The study landscape was an area of approximately 15,000 km2 in south-west Victoria, Australia 

(Figure 2). The area encompassed the Grampians National Park and numerous forests on public land 

between the National Park and the South Australian border. The native vegetation consists of 

sclerophyllous heaths, shrub lands, and woodlands interspersed with open grasslands (Gibbons and 

Downes 1964; Dodson 2001). The area has a Mediterranean-type climate (hot dry summers and mild 

wet winters), and has experienced recurring fires throughout the Holocene (reviewed in Dodson 2001). 

Prescribed fire is currently applied to vegetation on public land in an attempt to protect lives and 

property and achieve ecological objectives (DEPI 2013a, b). The area was chosen because the orchid 

and its pollinator have been detected at a number of localities in this area (Bower 2009), there is a 

broad range of fire histories, and minimal topographic variation between sample locations. In order to 

cover a wide range of post-fire successional stages this research was based on a chronosequence of 52 

heathy woodland sites ranging from several months since last fire to several decades since last fire. 

 

 

Figure 2. Area (yellow rectangle) of south-west Victoria within which all samples were collected. Green and brown 

areas are native vegetation (National Park and State Forest respectively), blue areas water bodies, and white rural and 

residential. 

The native orchid C. tentaculata has been chosen for this study for a number of reasons. It is stimulated 

to flower by fire (Jones 2006; Duncan 2012). It is also known to be pollinated by a single species of 

parasitoid wasp from the thynnine subfamily – Thynnoides pugionatus – by sexual deceit (Peakall and 

Beattie 1996; Jones 2006). Both plant and pollinator are widespread and common in south-east 

Australia (Jones 2006; Bower 2009), allowing for relatively large sample sizes.  

 
 Data collection 
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The main response variable of interest was the visitation rate of T. pugionatus to C. tentaculata flowers. 

The pollinators of C. tentaculata respond rapidly to the presentation of its flowers (Peakall and Beattie 

1996), so at each of the 52 sites four C. tentaculata flowers (growing in pots) were placed at a single 

location for 10 minutes and the number of times pollinators made contact with (visited) the flowers 

was observed (sexually-deceptive orchids typically exhibit one-to-one relationships with their 

pollinators and the pseudo-copulatory flower visiting behaviour is distinct [Gaskett 2011], such that 

pollinators could be identified by observing visitation). This was done multiple times at each site to 

allow for the development of a model that accounts for the probability of detecting the pollinator (i.e. 

number of visits being greater than zero) given its presence. Also obtained at each location was the 

time-since-last-fire (TSLF) at the site (sites 55 years or greater were classified as 55 years old which 

corresponds roughly to senescence for heathy woodlands [Cheal 2010] and the limits of accurate fire 

records for this region) from GIS layers provided by the Department of Environment and Primary 

Industries, temperature (since this is known to influence wasp activity) at the time of pollinator 

sampling, and for the recently burnt sites (less than three years before the time of sampling) the 

distance to the nearest edge of the burnt site (i.e. distance to nearest unburnt vegetation).  

 
 Data analysis 

Only observations made above the critical temperature threshold for wasp activity of 17°C (determined 

using repeat observations at sites to model the probability of detecting the pollinator given its presence 

as a function of temperature, which is not presented here) were used for the analysis presented here. 

Zero visits were observed at a large proportion of the sites, so logistic regression was first used to 

model pollinator presence/absence (i.e. greater than zero visits/zero visits respectively) as a function 

of TSLF, and simple linear regression was used to model the maximum number of visits observed at 

each site where pollinators were present (that is, excluding sites where no pollinators were observed) 

as a function of TSLF. For the logistic regression, R2 was calculated using the method developed in 

Nakagawa and Schielzeth 2013). For the subset of the data corresponding to recently burnt sites, simple 

linear regression was used to model the maximum number of visits observed at each site as a function 

of distance to the nearest edge of the burnt site. All analyses were performed in the R statistical 

environment (R Development Core Team 2011).   

 
 Results 

 
The model of pollinator presence/absence as a function of TSLF was a poor fit to the data (R2 = 0.00). 

When the maximum number of T. pugionatus visits to C. tentaculata observed at each site was 

modelled as a linear function of TSLF, the model explained a negligible amount of the variation (R2 = 

0.02). The relationship between the maximum number of visits and TSLF is shown in Figure 3 below, 

and it can be seen that unusually high visitation values were observed in two very recently burnt sites 

and one long unburnt site, but that lower values were observed across all sites (thus explaining the 

poor model fit). 
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Figure 3. Show the maximum number of visits to C. tentaculata flowers by thynnine wasps at each site as a function 

of the number of years since the last fire at each site. 

The model of the maximum number of visits to flowers at recently burnt sites as a linear function of 

distance from the nearest edge of the burn site was also a poor fit to the data (R2 = 0.00). Figure 4(a) 

shows that this can be attributed to an extreme outlier. With this outlier removed (Figure 4(b)), model 

fit improved substantially (R2 = 0.45). Inspection of Figure 4(b) suggests that inclusion of polynomial 

terms would further enhance model fit, though there were not enough observations to allow the 

addition of further parameters.  

 

 

Figure 4. Shows the maximum number of visits to C. tentaculata flowers by thynnine wasps at (a) each recently burnt 

site and (b) each recently burnt site except for the outlier site, as a function of the distance of the flowers from the 

nearest edge of the burn site  

 
 Discussion 

 
Statistical models developed here were generally poor fits to the data. Pollinator presence or visitation 

rate showed no clear relationship with TSLF, and visitation rate in recently burnt sites only showed a 

relationship to distance from the nearest edge of the burn site when an outlier was removed. The value 

of this pilot study lies in the potential explanations for the failure of fitted models to explain observed 

variation.  

The outlier in the data pertaining to the recently burnt subset of sites is interesting. It lay approximately 

1,700 m from the burn perimeter, which is well beyond the distance from the perimeter where the 

model without the outlier predicts zero visitation. It has been suggested that some thynnine wasps (the 

subfamily to which T. pugionatus belongs) might be capable of travelling up to 1,600 m, but most are 
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thought to be restricted to distances of 800 m (Ridsdill-Smith 1970) and the greatest distance T. 

pugionatus has been observed to travel between C. tentaculata flowers was 58 m (Peakall and Beattie 

1996). Thus, either the observed outlier extends the known foraging range of thynnine wasps, or the 

wasps were resident in the recently burnt site. The TSLF GIS layer used in this analysis does not 

include information about variation in fire severity within fire perimeters, which may provide faunal 

refugia that allows fire-sensitive animals to be present immediately after fire (Whelan et al. 2002; 

Penman et al. 2007). Alternatively, the wasps are capable of rapidly recolonizing from surrounding 

unburnt vegetation or surviving the passage of fire of any severity. 

Although models were generally poor fits to the data, the patterns observed are interesting in the 

context of the conceptual model developed in the introduction. From the patterns shown in Figure 3 

and Figure 4(b) it would appear as though when C. tentaculata flowers in the early post-fire 

environment (as it tends to do) it is capable of attracting more visits from its pollinators compared to 

other post-fire seral stages (except perhaps for very long unburnt sites), provided it is not too far from 

unburnt vegetation. In other words, small fires centred on the orchid may enhance pollination, but as 

fire size increases the pollination benefits may eventually disappear such that visitation is equal to or 

less than what is experienced in later seral stages. Thus, the size of a fire may be important in 

determining its impact on C. tentaculata pollination. However, this requires more formal testing as the 

data presented here are suggestive at best. 

Although this tentative model is yet to be tested, it is interesting to consider the underlying 

mechanisms. Petit and Dickson (2005) found that the pollination rate of a sexually-deceptive orchid 

decreased as the amount of vegetation within close proximity increased, which they attributed to 

increased difficulty for pollinators in locating orchid flowers. In the heathy woodland system studied 

in the present paper, vegetation structure is low in the early post-fire environment, gradually increasing 

to a maximum in mid successional stages, and then declining again late in succession (Cheal 2010; 

Brown 2013). Thus, the highest potential (depending on other factors such as perhaps distance from 

burn edge) pollination rates would be expected in recently burnt sites, and then again much later in 

succession, which is what was observed in the present study. A decrease in visitation in recently burnt 

sites with increasing distance from unburnt vegetation might occur if pollinators are incapable of 

inhabiting or otherwise avoid recently burnt sites, entering only when enticed by a signal (in this case 

indicating the possibility of a mating opportunity, since the orchids are sexual mimics) that presumably 

decreases in strength with greater distance from the source (the ability of an insect to detect a sex 

pheromone decreases as a logarithmic function of distance from the odour source [Andersson et al. 

2012]). Further work is required to investigate these possible mechanisms in the study system. 

The next stage of the PhD project is to explore some of the possible interpretations of the data presented 

here. The main focus will be on determining the relationship between visitation and distance from the 

edge of the burn site. Observations will be made of visitation to C. tentaculata flowers placed at a 

number of fixed distances from the fire perimeters of a number of recently burnt sites, and attempts 

will be made to control for burn severity. Processes operating at different spatial scales will also be 

explored. In particular, relationships between C. tentaculata pollination and vegetation structure (and 

co-flowering heterospecifics) measured within close proximity to the orchid, and between pollinator 

activity and seral stage composition at the landscape scale. Together the findings from this research 

will contribute to the knowledge base required to effectively use fire to manage C. tentaculata and 

other sexually-deceptive orchids with fire-stimulated flowering, which are among the most threatened 

in Australia (Victoria Flora and Fauna Guarantee Act 1988).   
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