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Abstract 

The arrangement of plants within revegetated sites is rarely considered an important 

characteristic of these communities. However, in natural systems, plant spatial arrangements 

can influence a range of ecological processes, including pollination and seed set. Pollinators 

tend to preferentially visit larger and/or more closely spaced populations, with plants in these 

populations generally receiving more outcrossed pollen, resulting in increased seed set and 

better quality seed. Similar trends may occur in revegetated populations, but little is known 

about the influence of planting arrangement on seed production in restored systems. Here we 

quantified the effect of plant abundance (number of conspecifics within 100 m) and distance 

to nearest reproductive conspecific on the level of seed set for six eucalypt species (n = 422 

trees in total) in one year and for one of these species (Eucalyptus leucoxylon), across three 

additional years. Seed number per fruit was highly variable both between individuals and 

within individuals across years. Despite this variability, there was a consistent trend of higher 

seed production (seed number per fruit) when another reproductive conspecific was within 

20 meters. In contrast, plant abundance had little influence on seed production. Further 

investigation of nearest neighbor arrangements found the distance to either the first, second, 

third or fourth reproductive neighbors were the key predictors of seed production. Therefore, 

revegetation designs that consider plant spacing and aggregation, rather than only planting to 

overall density criteria (i.e. trees/ha), at least for the eucalypts studied here, has the potential 

to improve seed production in revegetated populations. 

 

Key words 

This article is protected by copyright. All rights reserved.



4 
 

Ecosystem function, nearest neighbor distance, plant spatial pattern, pollination, 

reproduction, restoration planting. 

  

This article is protected by copyright. All rights reserved.



5 
 

Implications for practice  

• Using a standard number of plants per hectare to guide revegetation, without 

consideration of the spatial arrangement of those plants, may limit the reproductive 

output of restored populations.  

• Planting designs that consider the spacing between conspecifics (avoiding large 

distances between plants) and conspecific aggregation, have the potential to increase 

seed production and seed quality in revegetated populations. 

• Aggregated arrangements are common in natural systems, so planting designs that 

mimic natural patterns of conspecific spacing and aggregation may improve seed 

production and the self-sustaining nature of revegetated populations. 
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Introduction 

Revegetation is the most common method used to restore degraded land, especially where 

there has been extensive clearing (Wortley et al. 2013). Increasing the cover of native 

vegetation has the potential to mitigate land degradation and reverse biodiversity loss (Munro 

et al. 2009). However, revegetation goals are often poorly defined, with success generally 

measured by the number of plants established or the total area planted, rather than ecological 

outcomes (Corr 2003; Wortley et al. 2013; Thomas et al. 2014). As a result, revegetation may 

create simplified plant communities (Bartha et al. 2004), and concerns have been raised about 

the ability of these replanted systems to become self-sustaining and resilient to environmental 

change (Ruiz-Jaén & Aide 2005a; McCallum et al. 2018a).  

 

Restoring ecosystem functions (e.g. pollination, seed dispersal, nutrient cycling), is vital to 

create self-sustaining revegetated populations, and studies in natural systems have shown that 

the spatial arrangement of plants may influence these functions (Ruiz-Jaén & Aide 2005b; 

Miller et al. 2010; Menz et al. 2011; Munro et al. 2012; McCallum et al. 2018a). In natural 

systems, plants often display aggregated spatial patterns (Condit et al. 2000; Perry et al. 

2008) due to environmental (e.g. climate, soil type, topography) and ecological factors (e.g. 

dispersal, facilitation, recruitment) (Bartha et al. 2004; Alados et al. 2009; Gaston & Garcia-

Vinas 2013). However, revegetation designs rarely consider the fine-scale spatial layout of 

plants, which is a concern since the position of individual plants in revegetated systems are 

largely determined by on-ground implementation methods (SERI 2004; Miller et al. 2010). 

Plantings are often done in a haphazard or linear way (Jonson 2010; Munro & Lindenmayer 
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2011), and this can cause revegetated populations to be more regularly spaced or dispersed 

than natural populations (Zhao et al. 2015; McCallum et al. 2018b). Consequently, the 

ecological function of revegetated populations may be compromised under such current 

practices. 

 

In natural systems, individuals in higher density or aggregated populations generally receive 

a greater diversity of pollen because pollinator movements between plants are more common 

(Kunin 1993; Yates et al. 2007; González-Varo et al. 2009a; Breed et al. 2012). Similarly, 

plants with more mobile pollinators, such as birds, may receive a higher diversity of pollen, 

because these pollinators can forage over greater distances (Ottewell et al. 2009; Breed et al. 

2015a; Krauss et al. 2017). A greater diversity of pollen and higher levels of outcrossing tend 

to correlate with higher seed production, seed quality and offspring fitness (Burrows 2000; 

González-Varo et al. 2009b; Breed et al. 2012, 2014). In contrast, plants in small or low 

density populations often suffer from elevated inbreeding, which can lower fruit set and seed 

production due to inbreeding depression (Wilcock & Neiland 2002; González-Varo et al. 

2009b). In some small or dispersed populations, regeneration may be limited by insufficient 

seed production, putting populations at risk of extinction (Lamont et al. 1993). Species loss 

and subsequent declines in species diversity are risks if seed production and seed quality are 

limited in revegetated populations, but at this stage, the reproductive output of revegetated 

populations has rarely been assessed (McCallum et al. 2018a).    
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Here, we examine the role of fine-scale planting arrangements on seed production in a 

revegetated eucalypt woodland. We expect that individuals growing in areas with a higher 

number of conspecifics and/or closer neighbors will produce more seeds per fruit, while seed 

production will be limited in individuals with fewer conspecifics nearby. In addition, we 

predict that these responses will vary between species with potentially different pollen 

vectors and between flowering seasons, if floral production varies from year to year.  

 

Our specific research questions are: (1) Does plant abundance and the distance to the nearest 

reproductive neighbors influence seed production (seeds per fruit) in eucalypts? (2) Are these 

trends consistent across species with different floral morphologies and therefore potentially 

different pollinators? (3) Are these trends consistent across years, where it is common for 

flowering intensity to vary from season to season?  

 

Methods 

Study system  

We studied the influence of fine-scale spatial arrangements on seed production of six 

eucalypt species planted at the Monarto Woodlands, approximately 70 km south-east of 

Adelaide, South Australia (139.1°E, 35.1°S). This area was cleared and used for agriculture 

before being revegetated in the mid to late 1970s by the South Australian Government. 

Approximately 1850 ha were revegetated with a mix of 250 species (largely eucalypts), 

making it the most extensive revegetation project in South Australia. The area was 

revegetated with a mix of local endemics, Australian natives planted outside their natural 
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range, and exotic species (Paton et al. 2004a, 2010), but little information is available 

regarding seed sourcing for the project.  

 

Planting of tubestock was undertaken at 4 - 6 m spacing along lines spaced 4 - 6 m apart, 

resulting in a density of approximately 400 plants/ha at establishment. Although there has 

been recruitment and mortality in the system (current density ca. 200 plants/ha), these linear 

plantings were still evident at the time of sampling (Fig. 1). Recruitment of Eucalyptus sp. 

has been rare in the Monarto revegetation and mortality of planted individuals is generally 

much greater than establishment of new individuals (Paton unpub. data).  

 

Study Species 

Eucalyptus species were chosen as the focus of our research because these long-lived trees 

are widely used for revegetation across southern Australia (Broadhurst 2013). Eucalypts have 

a high reproductive capacity and individual trees often produce large numbers of flowers 

(Ottewell et al. 2009), but flowering intensity is known to vary from year to year (Paton 

2008). Eucalypt flowers are relatively unspecialized and although some species are 

predominantly bird or insect pollinated, it is common for eucalypts to be pollinated by a 

range of generalist bird and insect pollinators (Hopper & Moran 1981; Ottewell et al. 2009).  

 

Our study was largely focused on Eucalyptus leucoxylon (South Australian blue gum or 

yellow gum). Eucalyptus leucoxylon grows as a small, multi-stemmed mallee tree in more 

arid areas (such as Monarto) and to a large single-stemmed tree up to 30 m in height in more 
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mesic areas (Nicolle 1997). Individual trees often produce heavy flower crops, with medium 

sized flowers, which range in color from cream through to red (Ottewell et al. 2009). The 

species flowers predominantly in winter and spring but has been recorded to flower year-

round in the Adelaide region (Paton et al. 2004b; Merigot & Paton 2018). 

Eucalyptus leucoxylon is primarily bird pollinated (e.g. honeyeaters and lorikeets) but is also 

visited by a range of insects, particularly the introduced honeybee, Apis mellifera (Paton & 

Ford 1977; Paton 2008; Ottewell et al. 2009).  

 

In addition to E. leucoxylon, we also characterized seed production of five other eucalypts – 

E. caesia, E. incrassata, E. platypus (subsp. platypus and subsp. congregata), E. stoatei and 

E. woodwardii. These six study species were chosen to represent a range of flower sizes and 

colors (Fig. 2). All species are from the subgenus Symphyomyrtus, with E. leucoxylon in 

Section Adnataria, E. incrassata, E. stoatei and E. woodwardii in section Dumaria and 

E. caesia and E. platypus in section Bisectaria. 

 

Eucalyptus incrassata is native to the Monarto region and occurs across the arid southern 

parts of Australia. Eucalyptus incrassata grows as a multi-stemmed mallee up to 8 m in 

height, and has small cream and pink flowers, which occur in clusters of seven. It is primarily 

pollinated by honeyeaters and to a lesser degree insects (Bond & Brown 1979; Breed et al. 

2015a). The four other species – E. caesia, E. platypus (subsp. platypus and subsp. 

congregata), E. stoatei and E. woodwardii – are endemic to Western Australia and were 

planted outside their natural range (Fig. 2). Eucalyptus caesia often has a weeping form and 
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grows to 6 m in height, with a relatively open canopy. It flowers during winter and produces 

large, pink flowers, which are predominantly pollinated by birds (Hopper 1981; Bezemer et 

al. 2016). Eucalyptus platypus generally grows as a mallee and can reach 10 m in height. It 

produces clustered, white to cream-yellow-green flowers and is visited by insects and birds 

(Paton 2008; DPAW 2017). Eucalyptus stoatei is a slender tree, growing to 8 m in height and 

its flowers are predominantly bird pollinated. It flowers intermittently throughout the year, 

with peak flowering from spring to autumn. Eucalyptus stoatei produces single yellow 

flowers, but the bright red hypanthium is the main attractant (Hopper & Moran 1981). 

Eucalyptus woodwardii is a slender tree, reaching heights of 6 to 15 m. It flowers during 

winter and spring and has large, bright yellow, clustered flowers which are visited by birds 

and insects (DPAW 2017).  

 

Sample collection  

We recorded the spatial position of individuals of the six target species in ca. 300 ha of 

Monarto Woodlands with a hand-held Garmin GPSmap 62, recording the position of ca. 2500 

trees and their reproductive status. Trees were considered as reproductive if they held fruits 

from the previous flowering season. The target species occurred within a matrix of other 

species (predominantly eucalypts), but as we only assess population level arrangements here, 

the position of all other species within the survey area were not recorded as part of this study. 

The density (reproductive trees/ha) of the target species varied across the survey area, with 

E. leucoxylon ranging from ca. 0-35 trees/ha, E. caesia from 0-10 trees/ha, E. incrassata from 

This article is protected by copyright. All rights reserved.



12 
 

0-13 trees/ha, E. platypus from 0-10 trees/ha, E. stoatei from 0-12 trees/ha and E. woodwardii 

from 0-8 trees/ha.  

 

Previous research has shown that eucalypt pollen is often dispersed within 100 m (Potts et al. 

2003), so abundance was estimated as the number of reproductive conspecifics within a 

100 m radius. Study trees were selected across the range of abundance values (range = 0 to 

125 trees within 100 m) and nearest neighbor (NN1) distances (range = 4 to 120 m to nearest 

reproductive conspecific) available. Surveys were completed within a 100 m radius of each 

study tree or until the nearest five reproductive neighbors (NN1-NN5) were recorded. 

Isolated trees (nearest neighbor >50 m) were uncommon across all six species, so only fruits 

from one to thirteen isolated individuals could be collected per species.    

 

Fruits were collected from across the canopy of each study tree with extendable loppers (up 

to 6 m), with only mature fruits from the previous flowering season collected (refer to Table 

1 for sample sizes). Diameter at breast height (DBH), % canopy cover (percent of branches 

with foliage - as an indicator of tree health), and fruit crop (number of fruit from the last 

flowering season) were recorded for every tree sampled. Fruit crop varied widely between 

individuals within species (>10 to 10,000s), so crop size was estimated by counting the 

number of fruits on an average branch and multiplying this by the number of branches on the 

tree that held fruits. Fruits were collected over four years for E. leucoxylon (2014-2017), and 

one year (2016) for E. caesia, E. incrassata, E. platypus, E. stoatei, and E. woodwardii 

(Table 1). Fruits collected from each tree were stored in individually labelled paper bags and 
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left to dry at room temperature until open. Fruits were placed in a plastic container and 

shaken vigorously to expel contents, and each fruit was then examined to ensure all contents 

had been released. Seeds were separated from chaff and capsule material by hand, with seeds 

distinguishable from chaff based on shape, size and color. Seeds were counted and mean seed 

number per fruit determined for each study tree.  

 

Data analysis 

We used generalized linear models (GLMs) to estimate the effect of spatial arrangements and 

other plant characteristics on seed production (variables described below). We used a 

negative binominal link function in R v. 3.4.4 (R-Core Team 2018) for the seed number per 

fruit data because this count data was over-dispersed (i.e. variance exceeded the mean) (Ver 

Hoef & Boveng 2007). Seed number per fruit was the response variable in all models, and 

nearest neighbor distance (distance to the nearest reproductive conspecific, NN1), abundance 

(number of reproductive conspecifics within 100 m), DBH (diameter breast height), health 

(percent of branches with foliage) and fruit crop (number of fruit from the last flowering 

season) were the predictor variables. Nearest neighbor distance (NN1) and abundance were 

somewhat correlated (r2 = 0.4) but since we were interested in testing their relative 

importance, we included both predictors in our model set. All trees were planted at about the 

same time, but since tree size, health and reproductive output varied, these variables were 

also included in our model set.  
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A multivariate model with all predictor variables was run for all species and for each year of 

the E. leucoxylon data because the number and spatial arrangement of reproductive trees 

varied across seasons. Following this, a backwards elimination procedure was used to obtain 

the final models based on the step-wise elimination of terms that were not significant at P = 

0.05 (Brys et al. 2008; Dalgaard 2008). The models were re-run (removing one non-

significant term at a time) until all non-significant terms were removed. ANOVAs were run 

on each model using the Ç² argument to justify model reductions and to rank the significant 

values based on the variance explained (Dalgaard 2008).   

 

Following this, general linear models with a maximum likelihood, multi-model inference 

framework (Burnham & Anderson 2002) were run in the base statistics package in R v. 3.4.4 

(R-Core Team 2018) to further investigate nearest neighbor arrangements. This method was 

chosen because it is able to handle correlated predictor variables and rank their relative 

importance. A separate model was run for each species and for each year of the E. leucoxylon 

data. The response variable was seed number per fruit and the predictor variables were the 

distance to the nearest neighbor (NN1) and the distance to the second (NN2), third (NN3), 

fourth (NN4) and fifth (NN5) nearest neighbors (m). We estimated Akaike’s Information 

Criterion corrected for small sample sizes (AICc) and Akaike weights (wAIC) for each model 

(Burnham & Anderson 2002). To assess relative importance of each of the nearest neighbor 

predictor variable, we derived the index of the relative importance of predictor variable i 

(AICi), which is the sum of Akaike weights for all models that included parameter i 

(Burnham & Anderson 2002; Giam & Olden 2016). Greater AICi (where AICi varies 0-1) 
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implies parameter i has greater importance in predicting variation in response variable j 

(seeds/fruit) than parameters with smaller AICi. The data sets were square-root transformed 

to meet assumptions of normality of model residuals. 

 

Results 

Inter-species trends for 2016 

Seed production, as measured by seed number per fruit was highly variable, but the highest 

values were recorded when there was another reproductive conspecific within 20 m for all six 

species (Fig. 3). Nearest neighbor distance was a better predictor of seed production than 

abundance in all species and was the strongest predictor of seed production in all six species 

studied (Fig. 3; Table S1). There was a negative relationship between seed count and 

increasing nearest neighbor distance. However, seed production was more variable at shorter 

distances (ca. 0-50 seeds/fruit) and became less variable with increasing neighbor distances 

(ca. 0-10 seeds/fruit).  

 

In addition to these spatial variables, DBH was a significant negative predictor of seed 

production in E. leucoxylon and E. platypus, health was a significant positive predictor for 

E. caesia and E. platypus and fruit crop was a significant positive predictor in E. incrassata, 

E. platypus and E. stoatei (Table S1).  

 

Further analysis of nearest neighbor arrangements found that the distance to the first nearest 

neighbor was the strongest predictor of seed production for E. incrasssata, E. platypus and 
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E. stoatei, the distance to the second nearest neighbor was the key predictor for E. caesia and 

the distance to the fourth neighbor was the strongest predictor for E. leucoxylon and 

E. woodwardia (Table S2).   

 

Inter-year trends in Eucalyptus leucoxylon 

Seed production was highly variable for E. leucoxylon individuals across years, with average 

seed number per fruit varying by up to 30 seeds per fruit on an individual tree basis. Despite 

the highly variable nature of seed production, similar overall trends with planting 

arrangement were observed in E. leucoxylon across the four years (Fig. 4). Nearest neighbor 

distance was the strongest predictor of seed production in each year, whereas abundance was 

not a significant predictor in any of the years (Table S3). However, seed production was 

consistently lower for E. leucoxylon when there were fewer than 20 conspecifics within 

100 m (Fig. 4). 

 

Analysis of the five reproductive nearest neighbor distances showed that the relative 

importance of these arrangements varied between the years. In 2014 the distance to the 

nearest neighbor (NN1) was the strongest predictor of seed number, compared to the distance 

to the third nearest neighbor (NN3) for 2015, the fourth neighbor (NN4) for 2016 and the 

second neighbor (NN2) for 2017 (Table S2). 

 

Discussion 
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Plant-pollinator interactions are sensitive to both the number and spatial arrangement of 

plants within populations, and although these measures are often correlated, they can 

influence pollination differently (Kunin 1997; Mustajarvi et al. 2001). In some populations, 

the number of individuals may have little influence on pollination, with spacing between 

individuals a more important variable (Kunin 1997). Our findings support this observation 

and highlight that similar trends are evident in the revegetated Monarto woodlands, across 

species and years. To the best of our knowledge, this is the first work to document this trend 

in a revegetated system. We found that nearest neighbor distance was a better predictor of 

seed number per fruit than overall plant abundance (number of conspecifics within 100 m). 

We observed a consistent trend for seed production to be highest when there was another 

reproductive conspecific within 20 m and then decrease with increasing nearest neighbor 

distance, despite differences in floral morphology, natural distribution (species native to 

South Australia or Western Australia) and overall abundance of the six eucalypt species 

studied. Consequently, in order to promote pollination and seed production in revegetated 

stands, we recommend that revegetation designs consider conspecific spacing (avoiding large 

distances between conspecifics), rather than simply aiming for an overall number of 

individuals within an area to promote seed production and potentially improve the long-term 

sustainability of revegetated populations.  

 

Reductions in seed set with increasing nearest neighbor distances have also been recorded in 

natural Eucalyptus populations. For example, in Eucalyptus melliodora, trees separated by at 

least 50 m produced half the number of seeds per fruit of closely spaced woodland trees 
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(Burrows 2000). Similar trends are also evident in a range of other species from around the 

world, with examples of wind and animal pollinated species, across plant types (i.e. herbs, 

shrubs, trees), and from multiple biomes (e.g. Ghazoul et al. 1998; Tomimatsu & Ohara 

2002; Severns 2003; Burgos et al. 2008). Accordingly, planting arrangement has the potential 

to influence reproduction not only in eucalypts but also a range of other species used for 

revegetation around the world. Furthermore, research has shown that reproduction in 

eucalypts can be more resistant to the impacts of fragmentation than other species because of 

strong outcrossing and regular long-distance pollen flow (Byrne et al. 2008; Breed et al. 

2015a). Therefore the influence of dispersed planting arrangements may be more pronounced 

in other species, particularly those with less mobile pollinators. On-going research is now 

required to examine whether the patterns observed here hold true for other species and other 

systems.  

 

In natural communities, some plant species appear more resistant to the effects of dispersed 

or fragmented arrangements (Krauss et al. 2007; Ottewell et al. 2009; Vesk et al. 2010; Breed 

et al. 2015b), and one potential reason for this is pollinator mobility, with different responses 

appearing in bird and insect pollinated species (Breed et al. 2015a, b; Krauss et al. 2017). 

More mobile bird pollinators can forage over greater areas and cover larger distances 

between plants, allowing similar levels of seed production to be maintained in more dispersed 

populations (Breed et al. 2015b; Lowe et al. 2015; Krauss et al. 2017). Floral syndromes, 

such as flower color, shape and size have evolved to attract specific groups of pollinators 

(Baker et al. 1998; McCallum et al. 2013). However, despite differences in floral 
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morphology, we detected similar trends in seed production with spatial arrangement across 

all six species (flowers ranged from small, white and clustered (presumably insect pollinated) 

to large, single and pink (presumably bird pollinated)). We found that the presumably insect 

pollinated species appeared to show the same pattern as those pollinated by insects and birds 

and those species considered predominantly bird-pollinated. As such, our results suggest that 

the six eucalypt species included here were probably visited by a similar suite of generalist 

pollinators, with pollinator movements that seem to be most common between plants 

separated by < 20 m.  

 

The number of flowers produced by eucalypts often vary from year to year on an individual 

tree and population basis (Paton 2008), and this may influence pollinator foraging behavior 

because pollinators often forage more widely when less flowers are available (Carthew 

1994). We found nearest neighbor distance to be a stronger predictor of seed production than 

abundance across all four years of E. leucoxylon data. However, the relative importance of 

the distance to the first to fifth nearest neighbors differed across the four seasons. This 

suggests that pollinator foraging behavior varied across the years in response to resource 

availability, at a fine scale, but despite this variation, the distance between conspecifics 

remained a better predictor of seed production than abundance.  

 

In order for revegetated sites to become self-sustaining, it is not only pollination and seed set 

that need to occur, but also regeneration (Godefroid et al. 2011). In the Monarto Woodlands, 

eucalypts have been flowering and setting fruit for at least 20 years, but recruitment is rare 
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(Paton et al. unpubl. data), and a lack of recruitment has also been observed in other 

revegetated systems (Schneemann & McElhinny 2012; Nelder & Ngugi 2017). While 

manipulating planting arrangements can have positive benefits for reproductive output, it will 

only be worthwhile if recruitment failure in these systems is also addressed. Therefore, to aid 

in the creation of self-sustaining systems, on-going research into both reproductive output 

and the recruitment dynamics of revegetated populations is required. 

 

Implications for revegetation 

Here we show that, at least for our study species, using a standard number of plants per 

hectare, without consideration of their spatial arrangement, to guide revegetation may fail to 

produce reproductively healthy, and therefore self-sustaining populations. We show that seed 

production in our six eucalypt species is improved by planting conspecifics close together. 

However, this recommendation needs to be tempered by the effect of very close plantings (<4 

m), which can affect tree structure (Alcorn et al. 2007) and reduce reproductive output due to 

strong competition (Williams et al. 2006; Paton 2008). The genetic quality of seed also needs 

to be considered and planting in pairs or planting conspecific individuals very close together 

(i.e. canopies touching) may result in seed crops being dominated by one pollen donor 

(Krauss 2000), reducing seed quality and offspring fitness (Breed et al. 2012, 2014).  

 

In natural eucalypt woodlands it is common for individuals to have a neighbor of the same 

species and many conspecifics nearby (McCallum et al. 2018b). Spatial aggregation is also 

commonly observed in a range of other ecosystems around the world (e.g. Condit et al. 2000; 
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Davis et al. 2005; Miller et al. 2010). Therefore, planting designs that mimic natural patterns 

of conspecific spacing and aggregation have the potential to facilitate pollinator movements 

between conspecifics increasing both the quantity and quality of seed produced. Although on-

going research is required, aggregated arrangements may also help maintain community level 

diversity, limit weed invasion and improve habitat value in restored systems (McCallum et al. 

2018a).   

 

Aggregated arrangements will be easier to achieve with tubestock planting, as the position of 

every plant can be controlled (Jonson 2010). However, tubestock plantings may not be a 

viable option for some large-scale revegetation projects (Corr 2003; Munro & Lindenmayer 

2011), and in these cases, a combination of direct seeding and tubestock planting may be 

most cost-effective (Jonson 2010). Direct seeding of common species may be adequate 

because individuals are more likely to have conspecifics nearby, simply because they are 

more abundant (although thinning may be required if high density stands establish). On the 

other hand, tubestock planting may be the best option for rare species, because large distances 

between conspecifics can be avoided.  
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Table 1 Study species information, showing the number of study trees sampled per year, the 

mean number and range of fruit collected and the mean number and range of seeds per fruit.  

Species Year 

collected 

Number 

of trees 

sampled 

Mean number of 

fruits collected 

per tree (range) 

Mean number of 

seeds per fruit 

(range) 

Eucalyptus caesia 2016 50 15 (1-44) 29.8 (0.8-83.5) 

Eucalyptus incrassata 2016 54 40 (3-151) 1.9 (0.1-7.9) 

Eucalyptus leucoxylon 2014 75 40 (2-139) 7.4 (0-33) 

Eucalyptus leucoxylon 2015 48 25 (1-70) 7.2 (0.5-29) 

Eucalyptus leucoxylon 2016 148 30 (1-140) 9.0 (0-49) 

Eucalyptus leucoxylon 2017 112 20 (1-75) 8.4 (0-40) 

Eucalyptus platypus 2016 84 75 (6-256) 3.9 (0-11.6) 

Eucalyptus stoatei 2016 71 10 (1-24) 8.7 (0.5-40.1) 

Eucalyptus woodwardii 2016 60 25 (1-106) 5.2 (0.3-20.6) 
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Figure 1 The revegetated Monarto Woodlands during the study, showing clear signs of the 

linear planting arrangements despite being planted in the 1970s (>40 years ago). [photo 

credit: Kimberly McCallum, 2016] 
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Figure 2 Natural distribution and flowers of the six Eucalyptus study species. Distributions 

are approximate and based on occurrence records from the Atlas of Living Australia 

(www.ala.org.au; accessed 22 August 2017). Distribution data were used to show the natural 

distribution relative to the revegetation site. The position of the revegetated Monarto 

Woodlands, South Australia, is shown as ‘M’. The white bars on top right of the photos 

represent a 10 mm scale bar [photo credits: Kimberly McCallum]  
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Figure 3 Seed production (seed number per fruit) against nearest neighbor distance (m) and 

abundance (conspecifics within 100 m) for all six of the Eucalyptus species sampled in 2016. 
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Fitted lines show significant linear correlations between seed number and arrangement (solid 

line: P <0.05; dashed line: P = 0.05-0.1; S1). Note E. leucoxylon occurs over a greater 

abundance range (ca. 0-125), than the other five species (ca. 0-40).  

 

Figure 4 Seed production for Eucalyptus leucoxylon individuals across the four years 

sampled (2014-2017). Seed production against nearest neighbor distance – the distance from 

the study tree to the closest reproductive E. leucoxylon (A); and abundance – the number of 

reproductive E. leucoxylon within a 100 m radius (B).  
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