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Introduction 

The re-introduction of native woody perennials into the Australian agricultural landscape is 
urgently required in order to halt the degradation of biological integrity, restore the 
hydrological balance and mitigate increasing levels of salinisation in land and waterways. 
Profitable perennial revegetation options that can compete with and be integrated into the 
current wheat-sheep agricultural system are needed in order for these landscape scale benefits 
to be achieved (Bartle 1991). Because of this, a number of Australian woody perennial 
species that are well adapted to the wheat-sheep zone are being developed for use as 
agroforestry cultivars. It is envisaged that these perennial agroforestry crops produce large-
scale, low-value bulk biomass products such as composite wood products, chemical feed 
stocks and bio energy (Olsen et al. 2004). The development of new agroforestry cultivars may 
allow diversification into new markets and products for the agricultural industry and see 
profitable revegetation occur over large areas. 

However, the revegetation of large areas of the agricultural landscape with native perennial 
species may pose some risks to existing natural biodiversity and natural ecosystems. Native 
perennials developed for agroforestry may pose threats via direct invasiveness, by supporting 
increased incidences of pests, disease, and feral animals, and via gene flow into remnant 
natural populations and hybridisation with closely related taxa (Byrne and Millar 2004). Gene 
flow and hybridisation may occur in tree species via pollen dispersal and may arise in natural 
populations when populations of a similar species, or genetically divergent populations of the 
same species are planted nearby. If the floral phenologies of divergent populations overlap 
and they are interfertile gene flow via pollen dispersal may result in the production of inter-
specific, inter-subspecific or inter-provenance hybrid progeny. Such genetic contamination 
may have an adverse affect on the adaptation and long-term viability of native populations, 
particularly small remnant populations that are common in agricultural landscapes. 

Analysis of the likelihood and possible impacts of genetic contamination occurring in natural 
remnant populations should be conducted for native species being developed for use as 
agroforestry cultivars. This will ensure that the environmental and economic impact of these 
revegetation systems are environmentally sustainable and pose no further risks to 
biodiversity. Eucalyptus loxophleba and Acacia saligna are two woody species being planted 
in agroforestry programs to address amelioration of dryland salinity in the agricultural region 
of Western Australia. Both species have widespread distributions in Western Australia and 
significant levels of morphological and genetic variation that is represented in subspecies. 
The large-scale use of these native species as agroforestry cultivars may involve some risk of 
genetic contamination of native populations. The objectives of this study were to investigate 
the levels and distances of pollen-mediated gene flow from nearby planted stands occurring in 
genetically divergent remnant natural populations for each of these taxa. 

Materials and methods 

The Acacia saligna species complex consists of four main variants to be formally described 
as subspecies (McDonald MW and Maslin BR ms). Acacia saligna subsp. saligna is native to 
the coastal areas around Perth and on the south coast; it shows the greatest biomass and floral 
fecundity of the four subspecies and is likely to be the variant most commonly utilised for 
agroforestry. Acacia saligna subsp. lindleyi is the most widespread of the subspecies and 
occurs across the inland “wheat and sheep belt” area of Western Australia, which is the target 
area for revegetation. It has a spindly form with little biomass and limited terminal flowering. 
Eucalyptus loxophleba is a tree or mallee species common throughout the agricultural region 
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of Western Australia. The mallee forms, subsp. lissophloia and subsp. gratiae, are planted for 
oil and energy production within the distribution of the tree forms, subsp. supralaveis and 
subsp. loxophleba. 

Pollen dispersal was investigated in remnant populations of A. saligna subsp. lindleyi located 
near a planted stand of subsp. saligna and in two remnant populations of E. loxophleba subsp. 
Supralaevis located near a planted population of subsp. lissophloia (Figure 1). Selected 
maternal trees from the remnant stands and a subset of their seed progeny were genotyped 
using 5-6 microsatellite loci. The locations of all maternal trees and a subset of possible 
paternal trees were obtained using a differential GPS system. Paternity assignment was 
conducted using maximum likelihood methods implemented in CERVUS 2.0 or exclusion 
methods implemented in NEWPAT. The patterns of pollen dispersal within and between trees 
were evaluated by determining the distance between mother trees and pollen source for each 
of the seed progeny. 

Results 

The subspecies of both Acacia saligna and Eucalyptus loxophleba studied here displayed 
sufficient overlap in floral phenologies and were suitably interfertile for inter-subspecific 
hybridisation to occur. In A. saligna pollen contamination into subsp. lindleyi from the 
planted stand of subsp. saligna was detected for 32% of outcrossed progeny and inter-
subspecific pollination distances ranged from 42 m to 1607 m (Millar et al. 2007). In E. 
loxophleba pollen contamination into two subsp. Supralaevis populations from the planted 
stand of subsp. lissophloia totalled 32% and 53% of outcrossed progeny and inter-subspecific 
pollen dispersal was detected over distances almost 2km (Sampson and Byrne 2007). 

In both species a pollen swamping effect was observed in the remnant populations. Pollen 
immigration into the remnant study populations from the planted stands was significantly 
greater than that from other nearby remnant populations. This effect was due to greater floral 
fecundity of the planted subspecies in A . saligna, and the very large numbers of planted trees 
in E. loxophleba (~20 000). 

 
Figure 1  Map of study sites for investigation of pollen dispersal from planted stands into 

remnant populations of a) Acacia saligna and b) Eucalyptus loxophleba. 

Discussion 

High levels of inter-subspecific hybridisation were detected for remnant roadside populations 
of A. saligna and E. loxophleba, and pollen dispersal into remnant populations was significant 
over large distances. Previous understanding of pollen movement has come from non-
molecular studies and has led to descriptions of a skewed leptokurtic dispersal pattern, where 
the majority of pollen is dispersed over a relatively localised area and long distance dispersal 
events are limited. More recent molecular studies, such as the ones described here, have 
highlighted the fat tailed nature of the dispersal curves with substantial long distance pollen 
movement. 

The results indicate that genetic contamination between the subspecies of both A. saligna and 
E. loxophleba will be an issue that needs to be considered in their sustainable use as 
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agroforestry crops throughout the agricultural region in southern Western Australia. At 
present, the fitness of intersubspecific or inter-provenance hybrid progeny, relative to parental 
genotypes, has not been assessed for these two taxa. 

The long-term impacts of inter-subspecific or inter-provenance gene flow in remnant 
populations are also unknown. The hybrid progeny of genetically differentiated populations, 
such as natural remnants and populations planted for agroforestry, may display outbreeding 
depression and fail to persist in the environment over the long term. Alternatively, hybrid 
progeny may display heterosis outperforming both parental populations and becoming 
established in the landscape. Studies that assess the relative fitness and long-term viability of 
hybrid progeny are required for taxa to be used as agroforestry crops where inter-subspecific 
or inter-provenance crossing is likely to occur. 

Regardless of the relative fitness of hybrid progeny, it is likely that the impacts of genetic 
swamping from large genetically divergent planted stands will be detrimental to the 
persistence of small natural remnant populations. Pollen swamping will result in the 
production of fewer true progeny in small remnant populations and this may be associated 
with adverse genetic consequences such as inbreeding depression. The effects of inbreeding 
depression in small remnant populations may be manifest in reduced seed set, and reduced 
viability and vigour in true progeny, further threatening the adaptive potential and persistence 
of natural populations in the long term. 

Both the likelihood and impacts of pollen dispersal should be assessed in the context of a risk 
management framework. Risk assessments should be conducted for specific scenarios of 
pollen dispersal into natural remnant populations from agroforestry populations. Once the 
risks posed by pollen dispersal are identified for a given scenario or remnant population, 
cost/benefit assessment can be used to determine whether the benefits of agroforestry 
plantings outweigh any risks. Such risk assessments will allow adaptive management to be 
applied for agroforestry populations planted in the natural range of interfertile remnant 
populations. 

Cultural management practices that aim to reduce the risk of pollen dispersal into natural 
remnant populations are also available, although the practicality and efficacy of these 
management practices would need to be assessed for each taxon. Cultural management 
practices may include restricting germplasm used for agroforestry to that with flowering times 
that do not overlap with those of natural populations or harvesting trees planted for 
agroforestry before flowering and pollen production commences. The most reliable practice 
to limit pollen-mediated gene flow in the short-term for a range of taxa may involve isolation 
of agroforestry crops from small natural populations by distance or by the use of barrier or 
guard rows. Given the large distances over which pollen dispersal was detected for the two 
taxa studied here isolation distances will in most cases need to be large, to prevent significant 
levels of gene flow into natural populations. 
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