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Executive summary 
 
The Western Australian wheatbelt is exhibiting an expansion of perennial tree crops, both as 
a means of diversifying incomes and for their environmental benefits. These tree crops may 
also augment the conservation reserves and privately owned woodlands of the region and 
thereby promote the survival and movement of native species. While there are a range of 
tree crops grown in the wheatbelt region, little is known about their ability to support native 
species. This report summarises a preliminary investigation into the habitat value of 
Sandalwood and Brushwood plantations in the Western Australian wheatbelt, using two 
focal taxa - birds and insects (primarily bees and wasps). These two animal groups vary 
greatly in our knowledge of their ecology, and potentially in their responses to land 
management practices. While birds are readily recognised, and widely appreciated, insects 
are less recognised, but play important roles in the function of ecosystems, with wasps 
being important natural enemies of many invertebrate crop pests. In other studies, wooded 
habitats have supported a number of these beneficial wasp species. In this study, it was 
found that Sandalwood plantations supported a wide variety of woodland-dependent bird 
species that are otherwise declining in the WA wheatbelt. This was true for Sandalwood 
plantations which contained one host species, and those that had a variety of host species. 
While the tree crops supported many wasp species, including families of relevance to 
biological control, annual crops (Lupin) also supported many species, and several groups 
associated with biological control were most common in Lupin. There was little support for 
the suggestion that the wooded habitats provided a seasonal refuge for insects once the 
Lupin was harvested – all habitats declined in wasp diversity during summer, and this was 
uniform across the different habitats. Further research should focus on realistic 
management practices which improve the habitat value of these tree crops for a range of 
taxa. The density of beneficial insects, including wasps, in annual crops should be 
investigated in relation to proximity and local density of native vegetation and tree crop 
systems. As the coverage by tree crops is likely to increase in the future, there is also an 
important need to develop the spatial prioritisation of plantings, taking account of both 
farmers’ needs, and optimising habitat benefits. 
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1. Introduction 
 
Since European settlement, around 93% of the Western Australian wheatbelt region has 
been cleared for agriculture (Saunders & Curry 1990), and less than 2 % of the region is 
contained within a formal reserve system. Reserve expansion is unlikely, and most 
conservation benefits in the future will be derived from an increase in the quality of the 
habitat matrix – the contiguous agricultural landscape in which natural habitat remnants are 
located (Åberg et al. 1995; Craig et al. 2000; Ricketts 2001; Vandermeer & Carvajal 2001; 
Haynes & Cronin 2003). 
 
An important means of increasing habitat conservation within agricultural landscapes is to 
increase their overall heterogeneity (Benton et al. 2003). The cultivation of perennial tree 
crops is one means of increasing habit diversity within agricultural land while still offering 
managers an income (Hobbs et al. 2003b). These tree crops not only increase habitat 
diversity over a landscape scale, but also provide increased structural diversity, which is 
known to increase habitat value for a range of taxa (MacArthur & MacArthur 1961; Lassau & 
Hochuli 2005). Apart from provision of more diverse habitat, tree crops also provide other 
environmental benefits, including reduction of ground water recharge and dryland salinity 
(Lefroy et al. 2005), and provision of shelterbelts. 
 
Previous research on tree crops 
 
Most research into the habitat value of tree crops within the WA wheatbelt has so far 
focussed on the contribution of oil mallee (Eucalyptus species).  Oil mallee plantings have a 
simpler structure, and lower floristic diversity than local woodlands (Smith 2009a). 
However, oil mallees still support the activity (feeding, foraging or sheltering) of several 
woodland-dependent bird species. For instance, in a survey of oil mallee, of the 33 bird 
species recorded, 22 were thought to be declining in the WA wheatbelt (Smith 2009b). Oil 
mallees also provide feed for Western Pygmy Possums (Short et al. 2009). Two unpublished 
theses have examined the insect habitat value of oil mallees. Leng (2006) found that the 
terrestrial beetle assemblages of oil mallee were quite distinct from those of nearby 
woodland, suggesting that oil mallee does not directly mimic woodlands, while Lyons (2009)  
showed that the diversity of insect orders was consistent over oil mallee and woodland, but 
composition of arboreal beetle assemblages highlighted a contrast between the oil mallees 
and natural woodlands. There is a clear need to investigate the value of other tree crop 
systems, reinforced by the fact that oil mallee is generally grown in narrow allies with little 
shrub layer, while other tree crops may be grown in consolidated plantations with a shrub 
layer, and that oil mallee species are often introduced (to WA) while other tree crops may 
be indigenous. 
 
Blue gum (Eucalyptus globulus) is another potential tree crop for some regions of Western 
Australia. Hobbs et al. (2003a) found that a broad group of vertebrates used blue gum 
plantation more so than open farmland, but less so than natural woodlands. In terms of 
insects, Cunningham et al. (2005) found that plantations supported fewer species and a 
different assemblage compared to that of woodland.   
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Overall, it would appear that tree crops tend to support significant numbers of native fauna, 
but do not mimic native woodland and do not possess a similar species assemblage. Little 
has been done to investigate precisely why this is the case, but a likely cause is the lack of 
plant species diversity and structural habitat complexity in these plantation systems. 
 
Focal taxa for biodiversity research 
 
It is virtually impossible to document the response of all biodiversity to any contrast in 
habitat value, so decisions need to be made as to which biological groups may provide an 
informative focus. This study has selected two groups which are of interest to landowners 
and managers, and which may provide complimentary information by responding to the 
landscape at varying scales and responding to different habitat elements. This study focuses 
on birds and insects. 
 
Birds 
 
Birds are a useful and popular animal group for biodiversity studies (Lambeck 1997; Barrett 
2000).  They are readily identified and quantified using standard protocols, and are one of 
the most familiar groups to the general public. They also perform important functional 
roles, including seed dispersal and may control or reduce arthropod pests (Gámez-Virués et 
al. 2007). The avifauna of the WA wheatbelt is well-studied and declines in bird species are 
well-documented (Saunders & Ingram 1995). Within Australia, birds have often been used 
to test the habitat value of plantations and revegetation on farmland (Munro et al. 2007; 
Hsu et al. 2010; Lindenmayer et al. 2010; Munro et al. 2011). Habitat requirements for 
particular species are also quite well understood, allowing managers to undertake habitat 
management practices which improve habitat for particular species (e.g., retention of tree-
hollows, shrubby vegetation etc.). 
 
Insects: Wasps and bees 
 
In contrast to birds, insects are far-less studied, and their ecologies far less understood. 
Despite this, insects such as bees and wasps are functionally very important. While bees are 
important pollinators, wasps are the most important natural enemies of many invertebrate 
pest species. Non-crop habitat can often support important pest-control agents (Landis et 
al. 2000) and woody vegetation near farms can support these natural enemies, and lead to 
increased control of particular pest species (Bianchi et al. 2008; Thomson & Hoffmann 2009, 
2010). Woody, non-crop habitats may be particularly important as seasonal refuges, when 
crop fields are being disturbed (e.g., during harvesting), are laid bare, or when climate is 
extreme and complex microclimate and habitats are required. According to Landis et al 
(2000), such woody habitats “provide resources such as food for adult natural enemies, 
alternative prey or hosts, and shelter from adverse conditions.” Tree crop plantations or 
alleys may well serve a role as season refuges and this possible role forms part of the 
investigations carried out here. 
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Tree crop types 
 
It is expected that at least 10 % of the Western Australian wheatbelt will be revegetated 
with perennial tree crops, (Pers. Comm., Ian Hall). It is therefore important to investigate a 
variety of tree crop systems that are likely to form part of this landscape.  The two tree 
crops of interest here are Brushwood and Sandalwood.  
 
Brushwood consists of eleven species within the Melaleuca uncinata group (Craven et al. 
2004), and is a shrub or small tree indigenous to much of Australia, including Western 
Australia. It is grown for the production of brush used in screening and fencing. Sandalwood 
(Santalum spicatum) is also indigenous to much of semi-arid Australia, including Western 
Australia. It is a relative of the Indian Sandalwood (Santalum album), and is harvested 
principally for its oils. Sandalwood is a hemiparasite, parasitising the vascular tissues of 
other plants in order to extract water and nutrients. Sandalwood therefore needs to be 
grown with a host plant. In a survey of Sandalwood in seven south western river catchments 
Woodall and Robinson (2003) recorded 68 different host species amongst a range of plant 
families. While farmers often grow Sandalwood with a single host species – usually Acacia 
acuminata, it is also grown with a diverse range of host species within one plantation. Up to 
40 host species are grown in one plantation. This provides a structural and biologically 
diverse habitat which may be more favourable to a range of biological diversity, particularly 
when compared to other Eucalyptus tree crops which often lack a complex shrub-layer. 
 
The aim of this study was to compare the habitat value of Sandalwood and Brushwood 
systems, with that of native woodlands and annual crops. The study used birds and insects 
as indicators of potential contrasts amongst habitats. 
 
2. Methods 
 
Site selection 
 
Sites were based on three main locations within the western wheatbelt, covering 
approximately 270 km north to south. The northern sites were located around Wongan Hills 
and New Norcia, the central sites around Northam, and the southern sites around Arthur 
River (Fig. 1). 
 
The aim was to sample each of five different habitats within each hub.  These habitats were: 
annual crop (Fig. 2), brushwood plantation (Fig. 3), sandalwood plantation with 1-2 host 
species (Fig. 4), sandalwood plantation with multiple host species (Fig. 5), and native 
woodland (Fig. 6). It was not possible to locate a diverse-host sandalwood plantation In the 
northern region, and instead a diverse host plantation was included in the Toodyay region 
(within 40 km to other central sites and of similar latitude, and therefore considered part of 
this group). Two single-host sandalwood plantations were included in the northern region. 
 
All three woodlands were privately owned and fenced-off. The northern woodland was 70 
ha, dominated by York Gum (Eucalyptus loxophleba) and Jam wattle (Acacia acuminata) 
(Fig.6A). The central woodland was 43 ha dominated by Wandoo (Eucalyptus wandoo) (Fig. 
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6B). The southern site was 96 ha dominated by Wandoo, Jarrah (E. marginata) and Banksia 
attenuata with a dense understory of Gastrolobium and Dryandra spp (Fig 6 C). 
 
Selection of the particular annual crop was somewhat arbitrary. Lupin was selected as it was 
unharvested at all sites (during the first survey) and was not treated with pesticides at any 
of the sites. Characteristics of all sites are summarised in Table 1. 
 
 
 
Fig 1.  Map of south-western Australia, including the three main study locations (Google Earth 2012). 
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Fig. 2. A typical lupin field. 
 

 
 
 
 
 
 
Fig 3.  A typical brushwood plantation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



10 
 

 
Fig 4. Four single host (Acacia acuminata) Sandalwood plantations A) Northern site 1, B) Northern 
site 2 , C) Central site,and  D) Southern site. 
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Fig. 5. 3 Diverse-host Sandalwood sites A) Central  
Site 1, B) Central Site 2, and C) Southern site  
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Fig. 6. Woodland sites, A) Northern Site, B) Central 
Site, C) Southern Site , including yellow pan trap 
and D) close-up of blue pan trap. 
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Table 1.  Summary of study sites. 
 

Zone Habitat Owner/Mngmt Label (graphs & Figures) Lat Long Year 
planted 

Area 
(ha) 

North Lupin Aaron Edmonds Lupin Nth 30.998 116.817 2010  

North Brushwood Maitland and Margaret 
Davey 

Brush Nth 31.008 116.811 1996 4 

North Single host sandalwood Aaron Edmonds Sandalwood Single1 31.045 116.590 2003 25 

North Single host sandalwood Rewards Group Sandalwood Single2 30.834 116.196 2000 900 

North Woodland Maitland and Margaret 
Davey 

Woodland Nth 31.008 116.788  70 

        

Central Lupin Ray Fulwood  Lupin Central 31.596 116.884 2010  

Central Brushwood Ray Fulwood  Brush Central 31.582 116.866 2000 5 

Central Single host sandalwood Paul Antonio Sandalwood Single Central 31.590 116.873 2006 1.5 

Central Multi host sandalwood Paul Antonio Sandalwood diverse 
Central1 

31.594 116.875 2006 6.5 

Central Multi host sandalwood Bethan Lloyd Sandalwood Diverse 
Central2 

31.518 116.544 2005 4 

Central Woodland Ray Fulwood  Woodland Central 31.598 116.883  43 

        

South Lupin James Scanlon Lupin Sth 33.451 117.007 2010  

South Brushwood Peter Morell Brush Sth 33.480 116.999 2003 5 

South Single host sandalwood FPC Sandalwood Single Sth 33.608 116.856 2004 6.7 

South Multi host sandalwood Geoff Woodall Sandalwood Diverse Sth 33.512 116.933 2005 130 

South Woodland Bernie Masters Woodland Sth 33.506 116.940  96 
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Habitat complexity 
 
Habitat complexity of each site was quantified based on modifications of the methods of 
Coops and Catling (1997) and Smith (2009a). A 50 m transect was run within each site and at 
each metre, a number of parameters were quantified. Below-canopy vegetation complexity 
was quantified by counting the number of contacts made by vegetation along a 2 metre 
pole, in each 50 cm interval. Presence of litter cover at the base of the pole was recorded.  
Mid- and upper-canopy cover was also estimated at 10 points along the transect.  Tree 
trunks, large rocks and coarse woody debris was counted in a 50 x 50 m quadrat, centred on 
the transect.  Overall plant species diversity was also estimated. Each of these parameters 
was scored with values 0-2 (low, medium, high) and these scores summed to produce an 
overall habitat complexity score.  
 
Bird surveys 
  
Birds were surveyed at each habitat type within each location using four 10 minute point 
counts during each visit. Points were located along a transect, separated by 50 m and all 
birds seen or heard within 25 m of each point were recorded. Each site was visited three 
times: Oct-Nov 2010 (Spring), Feb 2011 (Summer) and June-July 2011 (Winter).  
 
Wasp and bee surveys 
 
Wasp and bee sampling took place over two periods: Spring, Oct-Nov 2010, prior to crop 
harvesting and Summer (Feb 2011), after crop harvesting. Insects were sampled using a 
series of pan traps – circular bowls, 17 cm diameter and 7 cm deep (Fig. 6 A & B). Four traps 
were used per site, with the interior of two traps painted blue, two painted yellow. Traps 
were 2/3 filled with water and a small amount of detergent and were left open for 96 hours. 
Traps were placed in the centre of sites, or at least 30 m from habitat edges. Pairs of traps 
were separated by 10 m, and placed in a grid. Traps were covered with a coarse mesh in 
order to limit disturbance from stock and wild animals.  
 
Wasps were identified to Family using Stevens et al. (2007), while bee subfamilies were 
identified using CSIRO  (1991). Specimens were then classified to morphospecies, with some 
specimens described to genus or subfamily-level with the assistance of taxonomic 
specialists.  
 
 
Analyses 
 
All statistical analysis was carried out in R 2.1.30.  Variables such as habitat complexity and 
species diversity were compared amongst habitat types using generalised linear models. In 
the case of species diversity, a Poisson distribution, with a log-link function was specified.  
Multivariate comparisons of species assemblage was tested using ANOSIM within the Vegan 
package. The abundance and species diversity amongst the five habitat types was also 
tested separately for seven wasp families which are most important for biological control  
(Aphelinidae, Braconidae, Encyrtidae, Eulophidae, Ichneumonidae, Pteromalidae and 
Mymaridae; (Stevens et al. 2007)). 
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Indicator analysis was used to examine whether any of the wasp morphospecies were 
associated with particular habitats.  The software IndVal was used (Dufrene & Legendre 
1997). This software uses a randomisation process to determine whether the observed 
pattern of distribution of a given species diverges significantly from what would be expected 
randomly. Abundance data was included for each species, and 999 randomisations of the 
data were performed.  Several different comparisons were made: 1.) whether there were 
any indicators of Lupin, or all other (more complex) habitats as a whole; 2.) whether there 
were indicators of Lupin and Brushwood, or all other (wooded) habitats as a whole and 3.) 
whether there were indicators of any of the habitats, with each habitat treated separately. 
Spring abundance of Syrphidae (hoverflies), another important biological control agent was 
also compared amongst the five habitat types. 
 
3. Results 
 
Habitat complexity 
 
Vegetation density in the shrub layer (0-2 m) was highest in brushwood and diverse-host 
sandalwood (Fig 7A, Kruskal-Wallis Chi-squared = 10.728, df = 4, P = 0.030). Once elements 
such as canopy and ground-cover were considered, woodland is the most complex habitat, 
while sandalwood systems were also more complex than the other systems, owing to 
elements such as mid-level canopy, and ground cover, including coarse wood debris (Fig. 7B 
Kruskal-Wallis chi-squared = 13.760, df = 4, P = 0.008). Associations between animal 
assemblages and habitat complexity are described below. 
 
 
Birds 
 
A total of 42 bird species was recorded (Table 2). Of these, nine species were considered 
farmland species, while the other 33 were woodland-dependent species.  Twenty eight 
species were considered to be declining in the WA wheatbelt, while nine were increasing. 
Brushwood supported nine woodland-dependent species, while single host and multi host 
sandalwood supported 19 and 20 woodland-dependent species, respectively.  This 
compares favourably with woodland sites which supported 18 woodland dependent 
species.  Six woodland dependent species were only recorded in woodland. 
 
There was a significant difference in the woodland bird species richness amongst the five 
habitat types (Fig. 8 A & B; F4,15=11.195, P<0.001). The diverse-host sandalwood and 
woodlands had the highest (and similar) species richness, while brushwood supported less 
than half the number of species. The single-host sandalwood sites were capable of 
supporting the same number of species as woodland and diverse-host sandalwood, but 
exhibited particularly high levels of variation amongst sites, probably because of the larger 
variation in size and age of the single-host plantations (see Table 1).  
 
In terms of species composition, habitats varied significantly (Anosim R=0.2914, P=0.01), 
with Lupin having a different bird composition than all other habitats. Once Lupin sites were 
removed from the analysis there was no significant compositional differences between 
habitats (ANOSIM R= -0.2284, P= 0.954). 
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Figure 7 A). Habitat complexity scores for each site (see text for further details). B) Habitat 
complexity scores for vegetation density in the first 2m only. All graphs have the following colour 
coding of habits: yellow = Lupin, grey =  Brushwood, light blue = Single host Sandalwood, dark 
blue=Diverse host Sandalwood, green = Woodland. 
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Table 2. Summary of bird species records. Numbers in cells are the number of sites at which the 
species was recorded. Habitat relationships and status are based on Saunders and Ingram (1995). 
Priority species are based on Chapman (2004) and are defined as species that “will be lost from the 
landscape if nothing is done to protect and enhance their habitat”.  
 

Species Lupin Brush Sandal 
Single 

Sandal 
Multi 

Woodland Status 

Common Bronzewing 0 2 2 2 2 Declining 

Crested Pigeon 1 0 0 0 0 Increasing 

Galah 0 0 0 0 1 Increasing 

Red-capped Parrot 0 0 0 1 1 Declining 

Western Rosella 0 0 0 1 0 Declining 

Western Ringneck 1 3 2 3 2 Increasing 

Rainbow Bee-eater 0 0 0 0 1 No change 

Richard's Pipit 2 1 0 0 0 Increasing 

Black-faced 
Cuckooshrike 

0 1 0 0 1 No change 

Scarlet Robin 0 0 1 0 0 Declining 

Red-capped Robin 0 2 3 3 3 Declining 

Golden Whistler 0 0 0 2 0 Declining 

Rufous Whistler 0 1 2 0 2 Declining 

Grey Shrike-thrush 0 0 2 2 0 Declining 

Grey Fantail 0 0 2 2 1 No change 

Willie Wagtail 1 1 1 2 1 Increasing 

White-browed Babbler 0 0 2 1 1 Declining 

Splendid Fairywren 0 1 1 1 0 Declining 

Blue-breasted Fairy-
wren 

0 1 1 0 0 Declining 

White-browed 
Scrubwren 

0 0 0 1 0 Declining 

Weebill 0 0 1 2 2 Declining 

Western Gerygone 0 0 2 2 0 Declining 

Inland Thornbill 0 1 2 1 0 Declining 

Chestnut-rumped 
Thornbill 

0 0 1 0 0 Declining 

Yellow-rumped 
Thornbill 

1 1 3 3 2 Declining 

Western Thornbill 0 1 0 1 1 No change 

Red Wattlebird 0 0 1 0 0 Declining 

Spiney-cheeked 
Honeyeater 

0 0 1 0 0 Declining 

Singing Honeyeater 0 1 3 2 2 Increasing 

Brown Honeyeater 0 0 0 1 1 Declining 

New Holland 
Honeyeater 

0 0 0 1 1 No change 
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Species Lupin Brush Sandal 
Single 

Sandal 
Multi 

Woodland Status 

Yellow-plumed 
Honeyeater 

0 0 0 1 0 Declining 

Tawny-crowned 
Honeyeater 

0 0 0 0 1 Declining 

Western Spinebill 0 0 0 0 1 Declining 

Mistletoe Bird 0 0 0 0 1 Declining 

Striated Pardalote 0 0 0 0 1 Declining 

Silvereye 0 0 1 2 0 Declining 

Black-faced 
Woodswallow 

1 0 0 0 0 Increasing 

Grey Butcherbird 0 0 2 1 0 Declining 

Australian Magpie 1 0 0 1 0 Increasing 

Grey Currawong 0 0 0 0 1 Declining 

Australian Raven 0 0 0 0 1 Increasing 

       

 Lupin Brush Sandal 
Single 

Sandal 
Multi 

Woodland  

# farm birds 6 4 2 3 5  

# woodland dependent 
birds 

1 5 12 17 16  

# priority birds 0 4 7 3 2  

Declining 1 7 17 17 13  

Increasing  6 4 3 3 5  

No change 0 2 1 3 5  
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Figure 8 A) Woodland bird diversity in each habitat. Central lines represent the median value, the 
boxes are the central 50 % of values and the “whiskers” are the range of values. B) Woodland bird 
diversity for each site. Different colours represent the different habitat types. 
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Bird species richness was correlated with the habitat complexity score of the site (Adjusted 
R-squared: 0.303, F1,14 = 7.527,  P= 0.016). A similar relationship was demonstrated when 
only woodland birds were considered (Fig. 9, Adjusted R-squared: 0.288, F1,14 =7.073, P = 
0.019). 
 
 
 
 
 
 
Figure 9. Association between habitat complexity and woodland bird diversity. Each point represents 
a site, with colour denoting the habitat type (see Fig 7 for key to colours). See Methods for 
explanation of habitat complexity scores.  
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Wasps 
  
One hundred and one wasp morphospecies were recorded. There was a seasonal decline in 
wasp species (Dev =42.409, P<0.001); Species diversity in summer was more than 30 % less 
than in spring (Fig 10 A & B). This decline was reasonably uniform across the five habitats: 
there was no habitat-season interaction (Dev=36.344, P=0.194). In other words, no habitat 
type was differentially affected by season. Likewise, habitats did not vary significantly in the 
number of wasp species (Dev = 54.021, P= 0.542). 

Compositionally, the five habitats did not vary significantly in their wasp species 
composition (ANOSIM statistic R: 0.0817, P=0.27).   

Wasp species diversity across habitats was not correlated with that of birds (Fig. 11. 
Adjusted R-squared: -0.0613, F1,14 = 0.134, P = 0.720). Furthermore, species composition of 
birds and wasps was not correlated amongst sites (Mantel’s r= -0.053, p = 0.636).  Wasp 
species richness was not correlated with the habitat complexity score of the site (Fig. 12, 
Adjusted R-squared: 0.023, F1,14 = 1.356, P= 0.264). 
 
Nine indicator wasp species were identified (Table 3).  All were significantly associated with 
Lupin. No indicators of complex or wooded habitats as a whole, or any of the other habitats 
individually were identified as being species significantly associated with any of these 
habitats.  
 
Of the seven wasp families considered most important for biological control, two families 
exhibited a preference for the Lupin, while no family exhibited a preference for any of the 
other habitats. Braconidae abundance (Dev=42.156, DF4, 26, P<0.001) and species diversity 
(Dev= 14.106, Df 4,26, P= 0.007) was highest in Lupin, as was the abundance (Dev =297.66, 
Df 4,26, P<0.001 and diversity of Eulophidae (Dev=1.7705, Df 4,26, P=0.778).  No family 
exhibited a significant habitat x season interaction, suggesting that none of these families 
were refuging in the perennial wooded habitats during summer. 
 
Bees and Syrphids 
 
Thirteen native bee species were sampled. There was no habitat x season interaction (Dev = 
23.517    P= 0.818) and no significant difference in species richness amongst habitats (Fig. 
13, Dev= 25.068, P= 0.278). During spring, the abundance of Syrphids was significantly 
higher in Lupin crop (Dev = 38.764, P < 0.001). 
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Figure 10 A).  Wasp species diversity in each habitat in spring and summer. B) Wasp species diversity 
for each site. Different colours represent the different habitat types. 
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Fig. 11. Association between wasp species diversity and habitat complexity.  
 

 
 
 
Fig. 12. Association between wasp species diversity and bird species diversity.  
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Table 3.  Wasp indicator species. 
 

Family Type Genus Ecology (Hosts) 

Indicator of Lupin versus all other habitat  

Braconidae W11   Specific to subfamily 

Eulophidae w130   Leaf miners (Diptera & Coleoptera) 

Hymenoptera sp. W4   

Eulophidae W74   Leaf miners (Diptera & Coleoptera) 

Scollidae W9  Coleoptera (beetles) 

Scelionidae W3  Araneae (spiders) and most major insect groups including Orthoptera (grasshoppers and crickets), Mantodea 
(preying mantids), Embioptera (web spinners), Hemiptera (bugs), Coleoptera (beetles) and Lepidoptera (moths 
and butterflies). 

Braconidae W1   Specific to subfamily 

Sphecidae W10  Range of insect groups and spiders 

    

Indicator of Lupin and Brushwood versus all other habitat 

Scelionidae W3  See above 

Bethylidae W14 Rhabdepyris Coleoptera (beetles) and Lepidoptera (moths and butterflies) 

    

Indicators of 
Lupin 

   

Scelionidae W3  See above 

Braconidae W1   Specific to subfamily 

Sphecidae W10  Range of insect groups and spiders 
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4. Discussion  
 
The aim of this study was to carry out a preliminary investigation into aspects of the habitat 
value of sandalwood and brushwood systems. Conclusions tend to be contingent on the 
taxa studied, and the contrasts in the response of birds and wasps highlights the need to 
consider a broad range of taxa, and to interpret their responses individually. 
 
One of the most significant findings of this study is that sandalwood systems provided 
habitat for a range of woodland-dependent and regionally-declining bird species. These 
included Western Australian endemics such as Red Capped Parrot and Western Rosella, and 
declining species such as Rufous Whistler, Spiney cheeked Honeyeater, White-browed 
Scrubwren and Grey Shrikethrush. Brushwood was able to support a smaller subset of bird 
species, but did provide more habitat than that of the annual crop, supporting birds such as 
Fairy wrens, Red-capped Robin and Thornbills. All three of these groups are in decline in the 
wheatbelt and may be promoted by the structure of brushwood which consists of dense 
shrub alternating with strips of open ground. 
 
The presence of many of these woodland-dependent bird species highlights important 
structural habitat elements that these particular tree crops provide. For example, the 
White-browed Scrubwren is dependent upon the dense shrub layer provided by some 
sandalwood plantations. Likewise, species only found in woodlands indicate habitat 
elements that may be lacking in these crop systems. For example, the canopy leaf-gleaning 
Striated Pardalote requires Eucalyptus canopy; Tawny-crowned Honeyeater and Western 
Spinebill which were only found in woodlands were foraging on Dryandra flowers.  Diverse 
sandalwood plantations tend to emphasise a diversity of leguminous species, but may be 
able to increase habitat value by increasing numbers of nectar-rich Proteaceae species such 
as Dryandra. Some sandalwood plantations included scattered remnant Eucalyptus trees, 
and this may help to support species such as the parrots, Weebills and Gerygones. Another 
important finding is that the single-host sandalwood plantations supported similar numbers 
of woodland-dependent bird species to that in the diverse-host sandalwood. Often, the 
habitat complexity of these two habitats was similar (Fig. 7), and these findings suggest that 
habitat complexity and area may be more important habitat variables than plant species 
richness per se. Further research should focus on the effect of such habitat management 
within sandalwood plantations. 
 
Wasps did not respond to the contrast in habitats in the same way that birds did, and no 
correlations were found between the responses of these two groups. Wasps exhibited 
similar species diversity over all five habitats, and appeared to be homogeneously 
distributed over the landscape.  Several species, including those in families most associated 
with biological control of crop pests, exhibited a clear preference for the annual crop, and 
no species was clearly associated with the wooded habitats. Sommaggio (1999) has 
suggested that insects such as Syrphidae (Hoverflies) may be poor indicators of individual 
habitats due to their high levels of mobility. This may be the case for wasps which may 
respond to the landscape at a larger scale than that examined here (Thomson et al. 2010). 
There was also no indication that any of the species utilised the wooded habitats as a 
seasonal refuge once the Lupin had been harvested. Lack of a season x habitat interaction 
may be partially due to favourable rains over summer, which may have promoted weedy 
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herbs in farmlands. Much of southern Western Australia experienced above-average rainfall 
in January 2011 (BOM, 2011) which may have promoted this weedy vegetation in farms. 
Little work has been done on the indicator value of wasps in Australia, with Lassau (2005) 
being one of the few exceptions, and is obviously an area that we need to understand more 
thoroughly. In the current study, many species occurred infrequently, making comparisons 
amongst habitats less likely to produce clear results. Increased sampling may have improved 
this situation. However, processing and identification of the abundant wasp species was one 
of the more significant limitations in this study.  Giangrande (2003) has suggested that 
identifying invertebrate individuals to species level is “one of the greatest constraints in 
terms of time and costs in ecological studies”. This impediment is greatly reduced in birds, 
which are readily identified, and in this study, were shown to respond clearly to the contrast 
in habitat types and structures.  
 
A positive association between local habitat complexity and bird species richness is one of 
the oldest associations known to ecologists (MacArthur & MacArthur 1961) and, indeed, this 
is the association found here. Another Western Australian study did not find such an 
association within woodlands (Cousin & Phillips 2008) and this may be because the gradient 
studied here was very large – from lupin crop to native woodland, while the Cousin and 
Phillips study focussed on variability within one woodland type. It is likely that the complex 
structures and variety of food provided by these particular tree crops provides resources for 
a wider variety of bird species not otherwise supported in a simple annual crop. Unlike 
birds, we found no clear association between wasp diversity and habitat complexity; Again, 
this is counter to another study carried out in eastern Australia (Lassau & Hochuli 2005).  In 
the current study, Lupin supported as many wasp species as other habitats, despite its 
structural and biological simplicity. This is probably due to its availability of prey. Lassau & 
Hochuli, on the other hand, made direct comparisons between simple and complex 
structured habitat within the same site and woodland type. Wasp diversity may be driven 
more so by the simple availability of food, rather than habitat structure . 
 
 
Further research 
 
This study has been one of the first to examine the habitat value of Brushwood and 
Sandalwood systems and, in this regard, is a preliminary investigation. Expansion and 
development of these (and other) tree crop systems will be best guided by scientific 
research. 
 
The coverage by tree crops is likely to increase in the future and there is a need to develop 
spatial prioritisation of plantings which takes account of both farmers’ needs, and optimises 
habitat benefits. If tree crops were to cover 10 % of the wheatbelt, an obvious question is 
where this 10 % should be placed. Farmers generally place these crops in areas of low 
returns from annual crops. Brushwood, for instance, responds well to water-logged and 
saline sites. Large-scale planning of revegetation should take account of the best 
configuration for habitat management (e.g., Thomson et al. 2009), and some rules of thumb 
applied at the farm-scale have developed: plantings provide more habitat if they are large, 
block shaped, and adjacent remnant native vegetation (Lindenmayer et al. 2010). With 
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expansion of tree crops, there is a great opportunity to consider habitat and functional 
benefits of treecrop revegetation, and to spatially plan accordingly. 
 
Further research should also focus on managing the tree crop systems to improve their 
habitat value. In the current study, no clear differences were found between the single-host 
and diverse-host sandalwood plantations. This, perhaps surprising, result should be 
investigated further, with higher levels of replication (30-40 sites), and the significance of 
variables such as host diversity, plantation area and proximity of native vegetation tested. 
 
Due to 3-4 sample sites per habitat, the current project does not have the capacity to 
quantify the influence that the different habitats have on each other and how landscape 
context influences the fauna sampled from each site. For example, sandalwood plantations 
close to native vegetation may be better habitat than a plantation surrounded by crops. 
Also a crop surrounded by treecrops may possess more beneficial insects than one 
surrounded by other crops (e.g., Steffan-Dewenter 2002).  Adjacency of wooded habitats 
may not only effect insect composition on croplands, but may also affect control of pests 
(Bianchi et al. 2008). A possible approach would be to begin with the pest that requires 
control, then observe the parasitoid wasps that emerge from these pests, and investigate 
the habitat requirements of this particular wasp species. These research questions need far 
higher levels of replication than the current study – For instances Thomson (2010) surveyed 
44 different properties. Studies elsewhere have often produced a positive association 
between the extent of wooded habitats and the abundance of natural enemies. However, 
this has not been the case in Thomson and co-workers’ Australian study (2010), so the 
management of a variety of different landscapes needs far more attention.  
 
A study of two very different groups – birds and insects – has demonstrated the advantage 
in considering more than one biological group. This lends merit to the idea that a wider 
variety of taxa need to be studied. Vertebrate groups are particularly conducive to studies of 
movement and the potential use of these habitats as corridors. Anecdotally, reptiles such as 
Carpet Python, may be using crops such as brushwood as movement corridors between 
isolated woodland patches (A. Gove, pers. obs.). While this study has recorded the presence 
of woodland birds in several tree crop systems, we know little about the way in which these 
species use the tree crops – for example, do they use them as movement corridors, as 
feeding sites, or, most importantly, as breeding sites. This knowledge would highlight the 
conservation status of these species, and also help to identify management practices best 
able to improve the tree crop habitats. These are some suggestions as to how research can 
best guide the development and management of perennial tree crop systems in the 
wheatbelt region. It is by no means a comprehensive list and deserves further consideration 
and development. 
 
5. Acknowledgments 
 
Thanks to Monica Durcan and Ian Hall for assistance in development and execution of the 
project, and to members of the Entomology Lab at Curtin University: Jonathan Majer, Brian 
Heterick, Nihara Gunawardene and Christopher Taylor.  Thank you to the  owners and 
managers of properties: Aaron Edmonds, Margaret and Maitland Davey, David Groom of 
Rewards Group, Ray Fulwood, Paulo Antonio, Bethan Lloyd, Greg Hodgson of Forest 



29 
 

Products Commission, Geoff Woodall, Bernie Masters, James Scanlon and Peter Morell. This 
project was funded by a grant provided to Avongro Wheatbelt Treecropping by Lotterywest. 
 
 
6. References 
 
Åberg J., Jansson G., Swenson J.E. & Angelstam P. (1995). The effect of matrix on the occurrence of 

hazel grouse (Bonasa bonasia) in isolated habitat fragments. Oecologia, 103, 265-269. 
Barrett G.W. (2000). Birds on farms: Ecological management for agricultural sustainability. Birds 

Australia, Melbourne. 
Benton T.G., Vickery J.A. & Wilson J.D. (2003). Farmland biodiversity: is habitat heterogeneity the 

key? Trends Ecol Evol, 18, 182-188. 
Bianchi F., Goedhart P. & Baveco J. (2008). Enhanced pest control in cabbage crops near forest in The 

Netherlands. Landscape Ecology, 23, 595-602. 
Chapman G.V. (2004). Birds of the Central Wheatbelt. Greening Australia (W.A.), Optima Press. 
Coops N.C. & Catling P.C. (1997). Predicting the complexity of habitat in forests from airborne 

videography for wildlife management. International Journal of Remote Sensing 18, 2677-
2682. 

Cousin J.A. & Phillips R.D. (2008). Habitat complexity explains species-specific occupancy but not 
species richness in a Western Australian woodland. Aust J Zool, 56, 95-102. 

Craig J.L., Mitchell N. & Saunders D.A. (eds.) (2000). Nature Conservation 5: Conservation in 
production environments: managing the matrix. Surrey Beatty and Sons, Chipping Norton, 
New South Wales. 

Craven L.A., Lepschi B.J., Broadhurst L. & Byrne M. (2004). Taxonomic revision of the broombush 
complex in Western Australia (Myrtaceae, Melaleuca uncinata s.l.). Australian Systematic 
Botany, 17, 255-271. 

CSIRO (1991). Insects of Australia. Melbourne University Press, Melbourne. 
Cunningham S.A., Floyd R.B. & Weir T.A. (2005). Do Eucalyptus plantations host an insect community 

similar to remnant Eucalyptus forest? Austral Ecology, 30, 103-117. 
Dufrene M. & Legendre P. (1997). Species assemblages and indicator species: the need for a flexible 

asymmetrical approach. Ecological Monographs, 67, 345-366. 
Gámez-Virués S., Bonifacio R.S., Gurr G.M., Kinross C., Raman A. & Nicol H.I. (2007). Arthropod prey 

of shelterbelt-associated birds: linking faecal samples with biological control of agricultural 
pests. Australian Journal of Entomology, 46, 325-331. 

Giangrande A. (2003). Biodiversity, conservation, and the ‘Taxonomic impediment’. Aquatic 
Conservation: Marine and Freshwater Ecosystems, 13, 451-459. 

Haynes K.J. & Cronin J.T. (2003). Matrix composition affects the spatial ecology of a prairie 
planthopper. Ecology, 84, 2856-2866. 

Hobbs R.J., Catling P.C., Wombey J.C., Clayton M., Atkins L. & Reid A. (2003a). Faunal use of bluegum 
(Eucalyptus globulus) plantations in southwestern Australia. Agroforestry Systems, 58, 195-
212. 

Hobbs R.J., R.Floyd, Cunningham S., P.Catling & J.Ive (2003b). Hardwood Plantations Quantifying 
conservation and environmental service benefits. In. RIRDC/L&W Australia/FWPRDC Joint 
Venture Agroforestry Program 

Natural Heritage Trust Kingston, ACT. 
Hsu T., French K. & Major R. (2010). Avian assemblages in eucalypt forests, plantations and pastures 

in northern NSW, Australia. Forest Ecology and Management, 260, 1036-1046. 
Lambeck R.J. (1997). Focal species: A multi-species umbrella for nature conservation. Conservation 

Biology, 11, 849-856. 
Landis D.A., Wratten S.D. & Gurr G.M. (2000). Habitat management to conserve natural enemies of 

arthropod pests in agriculture. Annual Review of Entomology, 45, 175-201. 



30 
 

Lassau S.A. & Hochuli D.F. (2005). Wasp community responses to habitat complexity in Sydney 
sandstone forests. Austral Ecology, 30, 179-187. 

Lefroy E.C., Flugge F., Avery A. & Hume I. (2005). Potential of current perennial plant-based farming 
systems to deliver salinity management outcomes and improve prospects for native 
biodiversity: a review. Australian Journal of Experimental Agriculture, 45, 1357-1367. 

Leng M.C. (2006). Beetles and belts: Biodiversity of ground dwelling invertebrates (Coleoptera) 
associated with oil mallee plantings in the Western Australian wheatbelt. Honours Thesis. 
Curtin University, Perth, p. 66. 

Lindenmayer D.B., Knight E.J., Crane M.J., Montague-Drake R., Michael D.R. & MacGregor C.I. (2010). 
What makes an effective restoration planting for woodland birds? Biol Conserv, 143, 289-
301. 

Lyons A.M. (2009). Oil mallee plantings and arthropod biodiversity in the Western Australian 
Wheatbelt: Effects of host species, nutrition and leaf chemistry. PhD Dissertation. Curtin 
University, Perth, p. 215. 

MacArthur R.H. & MacArthur J.W. (1961). On bird species diversity. Ecology, 42, 594-598. 
Munro N.T., Fischer J., Barrett G., Wood J., Leavesley A. & Lindenmayer D.B. (2011). Bird's response 

to revegetation of different structure and floristics—Are “restoration plantings” restoring 
bird communities? Restoration Ecology, 19, 223-235. 

Munro N.T., Lindenmayer D.B. & Fischer J. (2007). Faunal response to revegetation in agricultural 
areas of Australia: A review. Ecological Management & Restoration, 8, 199-207. 

Ricketts T.H. (2001). The matrix matters: effective isolation in fragmented landscapes. Am Nat, 158, 
87-99. 

Saunders D.A. & Curry P.J. (1990). The impact of agricultural and pastoral industries on birds in the 
southern half of Western Australia: past, present and future Proceedings of the Ecological  
Society of Australia, 16, 303-321. 

Saunders D.A. & Ingram J.A. (1995). Birds of Southwestern Australia. An atlas of change in 
distribution oand abundance of the wheatbelt fauna. Surrey Beatty & Sons, Chipping Norton. 

Short M., Smith F.P. & Van Etten E. (2009). Oil mallees provide foraging habitat for the Western 
Pygmy Possum (Cercartetus concinnus) in the wheatbelt of Western Australia. Ecological 
Management & Restoration, 10, 233-236. 

Smith F.P. (2009a). Assessing the habitat quality of oil mallees and other planted farmland 
vegetation with reference to natural woodland. Ecological Management & Restoration, 10, 
217-227. 

Smith F.P. (2009b). Bird activity in oil mallee plantings in the wheatbelt of Western Australia. 
Ecological Management & Restoration, 10, 236-238. 

Sommaggio D. (1999). Syrphidae: can they be used as environmental bioindicators? Agriculture, 
Ecosystems & Environment, 74, 343-356. 

Steffan-Dewenter I. (2002). Landscape context affects trap-nesting bees, wasps, and their natural 
enemies. Ecological Entomology, 27, 631-637. 

Stevens N.B., Stephens C.J., Iqbal M., Jennings J.T., La Salle J. & Austin A.D. (2007). What Wasp is 
that? An interactive guide to the Australasian Hymenoptera. ABRS Identification Series. 
Australian Biological Resource Study Canberra ACT. 

Thomson J.R., Moilanen A.J., Vesk P.A., Bennett A.F. & Nally R.M. (2009). Where and when to 
revegetate: a quantitative method for scheduling landscape reconstruction. Ecological 
Applications, 19, 817-828. 

Thomson L.J. & Hoffmann A.A. (2009). Vegetation increases the abundance of natural enemies in 
vineyards. Biological Control, 49, 259-269. 

Thomson L.J. & Hoffmann A.A. (2010). Natural enemy responses and pest control: Importance of 
local vegetation. Biological Control, 52, 160-166. 



31 
 

Thomson L.J., McKenzie J., Sharley D.J., Nash M.A., Tsitsilas A. & Hoffmann A.A. (2010). Effect of 
woody vegetation at the landscape scale on the abundance of natural enemies in Australian 
vineyards. Biological Control, 54, 248-254. 

Vandermeer J. & Carvajal R. (2001). Metapopulation dynamics and the quality of the matrix. Am Nat, 
158, 211-220. 

Woodall G.S. & Robinson C.J. (2003). Natural diversity of Santalum spicatum host species in south-
coast river systems and their incorporation into profitable and biodiverse revegetation. Aust 
J Bot, 51, 741-753. 

 

 



7. Appendix 1. List of sampled wasp morphospecies. Highlighted groups are those likely to contain natural enemies of crop pests. 

Family Type Genus Ecology (Hosts) Lupin Brush S.Single S.Diverse Wood 

Aphelenidae W35   Hemiptera (Bugs), Orthoptera (Grasshopper) 0 0 0 1 0 

Aphelenidae W95   “” 0 1 1 1 0 

Aphelenidae W107   “” 0 0 1 0 0 

Bethylidae W14 Rhabdepyris Coleoptera (beetles) and Lepidoptera (moths and 
butterflies) 

2 1 0 0 0 

Bethylidae W40  “” 0 0 1 0 0 

Bethylidae W69 Goniozus Lepidoptera (moths and butterflies) 0 0 1 1 0 

Bethylidae W78  Coleoptera (beetles) and Lepidoptera (moths and 
butterflies) 

0 0 0 0 1 

Bethylidae W92 Sierola “” 0 1 0 0 0 

Bethylidae w125 Epyrinae “” 0 0 0 1 0 

Bethylidae w133  “” 0 0 1 1 0 

Bethylidae w136  “” 0 0 0 0 1 

Braconidae W1   Specific to subfamily 2 0 1 0 0 

Braconidae W5 Aphidius Aphids 2 1 3 1 0 

Braconidae W11   Specific to subfamily 2 0 0 0 0 

Braconidae W17 Apantales Lepidoptera, Pieris 1 1 0 0 0 

Braconidae W56 Cheloninae Lepidoptera 0 0 1 0 0 

Braconidae W110 Apantales Lepidoptera, Pieris 1 0 0 0 0 

Ceraphronidae W2  Diptera (flies), Lepidoptera (moths and butterflies), 
Thysanoptera (thrips) and Neuroptera (lacewings), 

2 3 3 1 2 

Ceraphronidae W50  “” 0 0 1 0 0 

Ceraphronidae W94  “” 0 2 1 1 0 

Ceraphronidae w121  “” 0 1 0 0 0 

Chalcididae W100 Haltichellinae Lepidoptera 0 0 1 0 1 

Cynipidae W6  Plant galls 2 1 2 2 1 

Diapriidae W15  Diptera (flies) 0 1 1 0 0 
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Family Type Genus Ecology (Hosts) Lupin Brush S.Single S.Diverse Wood 

Diapriidae W55  “” 0 0 1 0 0 

Diapriidae W58  “” 0 0 1 0 0 

Diapriidae W117  “” 0 0 0 1 1 

Dryinidae W88 Aphelopus? Hemiptera: Fulgoroidea (leafhopper)  1 0 0 0 0 

Elasmidae W108  Lepidoptera 0 0 0 0 1 

Encyrtidae W25   Hemiptera: Coccoidea (scale insects)  0 1 0 1 0 

Encyrtidae W60   “”  1 0 0 0 0 

Encyrtidae W75   “”  0 0 0 1 0 

Encyrtidae w138   “  0 0 0 1 0 

Encyrtidae w140   “”  0 1 1 0 0 

Eulophidae W16   “” 1 2 0 0 2 

Eulophidae W26 Chrysocharis Leaf miners (Diptera & Coleoptera) 0 1 0 1 0 

Eulophidae W29 Chrysocharis “” 0 1 0 0 0 

Eulophidae W30   “” 0 2 0 2 0 

Eulophidae W74   “” 3 2 3 2 2 

Eulophidae W77   “” 0 0 1 1 2 

Eulophidae W83   “” 0 0 0 1 1 

Eulophidae W91   “” 1 1 1 0 1 

Eulophidae W97 Chrysocharis “” 0 1 0 0 0 

Eulophidae W103   “” 0 0 1 0 0 

Eulophidae w127   “” 0 0 1 0 0 

Eulophidae w128   “” 0 0 1 0 0 

Eulophidae w129   “” 0 0 1 0 0 

Eulophidae w130   “” 2 0 0 0 0 

Eurytomidae W72 Eurytoma Plant galls 0 0 0 1 0 

Evaniidae W59   Blattodea (cockroach) 0 0 1 0 1 

Evaniidae W76   “” 0 0 0 0 1 

Ichneumonidae W87   Varied, Lepidoptera (moth and butterfly)  1 0 0 0 0 
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Family Type Genus Ecology (Hosts) Lupin Brush S.Single S.Diverse Wood 

Megalyridae W115  Wood-boring Coleoptera (beetles) 0 1 2 0 0 

Mutiliidae W86  Other wasps, bees 0 1 1 0 2 

Mutiliidae W116  “” 0 0 0 1 1 

Mutiliidae w123  “” 0 0 0 2 1 

Mymaridae W20   Diverse, most commonly Hemiptera (bugs) 0 1 0 0 0 

Mymaridae W46   “” 0 1 0 0 0 

Mymaridae W47   “” 0 1 0 0 0 

Mymaridae W112   “” 0 2 0 0 0 

Platygasteridae W21  Coleoptera (beetles) and Hemiptera (bugs), Diptera: 
Cecidomyiidae  

0 0 0 1 0 

Pompilidae W70  Spiders 0 1 0 1 0 

Pompilidae W81  “” 1 0 1 1 2 

Pompilidae W90  “” 1 1 0 2 2 

Pompilidae W119  “” 1 0 0 0 0 

Pteromalidae W24 Agamerion cockroaches 0 0 1 0 0 

Pteromalidae W49   Lepidoptera (moths and butterflies), Diptera (flies), 
Coleoptera (beetles) and Hymenoptera. 

0 0 1 0 0 

Pteromalidae W51   “” 0 1 1 0 0 

Pteromalidae W73   “” 0 0 0 1 0 

Pteromalidae W79   “” 0 0 0 0 1 

Pteromalidae W109   “” 0 0 0 0 1 

Pteromalidae W111   “” 1 0 0 0 0 

Scelionidae W3  Araneae (spiders) and most major insect groups 
including Orthoptera (grasshoppers and crickets), 
Mantodea (preying mantids), Embioptera (web 
spinners), Hemiptera (bugs), Coleoptera (beetles) 
and Lepidoptera (moths and butterflies). 

3 2 2 2 1 

Scelionidae W8  “” 1 0 0 1 0 

Scelionidae W13  “” 1 0 0 0 0 
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Family Type Genus Ecology (Hosts) Lupin Brush S.Single S.Diverse Wood 

Scelionidae W32  “” 0 1 0 0 0 

Scelionidae W34  “” 0 1 0 0 1 

Scelionidae W52  “” 0 1 1 0 0 

Scelionidae W57  “” 0 0 1 0 0 

Scelionidae W84  “” 0 1 0 2 1 

Scelionidae W105  “” 0 0 1 0 0 

Scelionidae w131  “” 0 0 0 1 0 

Scelionidae w137  “” 0 0 0 0 1 

Scollidae W9  Coleoptera (beetles) 3 1 1 0 1 

Sphecidae W10  Range of insect groups and spiders 3 1 3 0 1 

Sphecidae W33  “” 0 1 0 0 0 

Sphecidae W80  “” 0 1 1 0 1 

Sphecidae W102 Sceliphron Spiders 0 0 1 0 0 

Sphecidae W106  Range of insect groups and spiders 0 0 1 1 0 

Sphecidae w124 Nyssoninae sp. “” 0 0 0 0 1 

Sphecidae w126  “” 0 1 0 0 0 

Tiphiidae W27  Coleoptera (beetles) 0 1 0 0 0 

Tiphiidae W99  “” 0 0 1 0 0 

Tiphiidae W113  “” 0 0 2 1 0 

Tiphiidae W114 Anthoboscinae “” 0 0 1 0 0 

Torymidea W65 Megastigminae Gall inducing insects 0 0 1 0 0 

Trichogrammatidae W7  Hemiptera (bugs), Lepidoptera (moths and 
butterflies), and Coleoptera (beetles) 

1 1 1 0 0 

Trichogrammatidae W96  “” 0 1 0 0 0 

Trichogrammatidae w132  “” 1 1 0 1 0 

Unknown W4   3 3 3 2 3 

Unknown w139   0 0 1 1 0 



 

Appendix 2.  Photos of selected bee and wasp morphospecies, with an emphasis on those 
wasp families which contain important natural enemies of crop pests. 
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Fig 1. A selection of bee morphospecies sampled. 
A) Amegilla sp. (Blue banded bee) B) Nomia sp. 
C) Sphecodes sp. D) Colletidae sp. E) Lasioglosum 
sp. 
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Fig 2 Braconidae morphospecies  A) Braconidae sp. W1, B) Braconidae sp. W11, C) Apantales sp. 
W17,D) Apantales sp. W110 E) Cheloninae sp. W56, F) Aphidius sp. W5 
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Fig. 3 Aphelinidae species.  A) Aphelinidae sp. W35 
B) Aphelinidae sp.W 95; C) Aphelinidae sp. W107                                                                       
                                                                                               
 
 
 
 
 
 
 
 

              
 
 
 
 
 
Fig. 4 Ichneumonid sp. W87 (right) 
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Fig. 5 Pteromalidae morphospecies. A) Pteromalidae W109, B) Pteromalidae W79 C) Pteromalidae W 
73, D) Pteromalidae W 51, E) Pteromalidae W 49 F) Pteromalidae W11. 
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Figure 6. Eulophidae morphospecies. A) Eulophidae Sp. W129 B) Eulophidae W127 C) Eulophidae Sp. 
W103, D) Chrysocharis Sp. W97, E) Eulophidae Sp. W91, F) Eulophidae Sp. W77,  G) Chrysocharis Sp. 
W29, H) Chrysocharis Sp. W26. I) Eulophidae Sp. W16, J) Eulophidae Sp. 
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Fig 6 (cont)  
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Fig. 7. Trichogrammatidae morphospecies. A) 
Trichogrammatidae sp. W7, B) Trichogrammatidae 
sp. W 96, C) Trichogrammatidae sp. W 132 
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Fig. 8.   Mymaridae morphospecies A) 
Mymaridae sp. W20, B) Mymaridae sp. 
W112, C) Mymaridae sp.W46 
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Fig. 9. Scelionidae species. A) Scelionidae 
sp. W131, B) Scelionidae sp. W105, C) 
Scelionidae sp. W84, D) Scelionidae 
sp.W57, E) Scelionidae sp.W34, F) 
Scelionidae sp.W13, G) Scelionidae 
sp.W137 
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