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Abstract
1. Semi- natural features among farmland have a key role in maintaining wildlife in 

rural landscapes. Practical conservation requires knowledge of which combina-
tions of features are of greatest value and whether this differs among faunal 
groups. We used a ‘landscape’ approach to investigate the relative importance 
to birds and insects (bees, flies, wasps) of combinations of three wooded fea-
tures typical of farmland in south- eastern Australia: scattered trees, wooded 
roadsides and wooded streamside vegetation.

2. We selected 44 landscapes (1 km diameter) representing four combinations: 
(a) landscapes with all three features present, (b) landscapes lacking scattered 
trees, (c) lacking wooded roadsides and (d) lacking wooded streamsides. We sur-
veyed birds and selected insects, and compared mean alpha (α, site), beta (β, 
between site) and gamma (γ, landscape) diversity for each taxon between land-
scape types; and gamma (γ) diversity of bird species displaying breeding activity.

3. Mean α- diversity of birds was reduced in landscapes lacking wooded roadsides 
or streams, relative to those with all three wooded features; while species differ-
entiation (β- diversity) increased in these landscapes. Loss of streamside vegeta-
tion had the greatest landscape- scale impact, reducing γ- diversity by ~33% for 
all land- birds and ~50% for woodland birds. Bird breeding activity declined by 
~50% in landscapes lacking wooded streamsides. In contrast, insects showed lit-
tle response, except bees for which mean α- diversity was greater in more open 
landscapes lacking scattered trees or wooded roadsides, compared with those 
containing all wooded features. This did not lead to differences in landscape- 
level (γ) diversity.

4. Synthesis and applications. Birds and insects respond differently to combinations 
of semi- natural features in rural landscapes, highlighting the need to better meet 
the requirements of multiple faunal groups in nature conservation activities. 
Wooded features, especially streamside vegetation, are critical for maintaining 
diversity and breeding activity of woodland birds. Given a general lack of knowl-
edge of the insect fauna in some regions and varied results here, a prudent ap-
proach is to foster a diverse farmland mosaic comprising semi- natural habitats 
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1  |  INTRODUC TION

Crops, pastures and other agricultural lands currently occupy ~40% 
of the Earth's land surface and continue to expand (Foley et al., 2005; 
Tilman et al., 2001). Their vast extent means that conservation in 
agricultural landscapes is vital for global biodiversity in the 21st cen-
tury (Kremen & Merenlender, 2018; Mendenhall et al., 2016). These 
landscapes typically are comprised of a mosaic of human land uses 
(e.g. pastures, roads, crops) together with strips and patches of semi- 
natural vegetation (e.g. hedges, small remnants, scattered trees) 
(Bennett et al., 2006; Sirami et al., 2019). A key challenge for land 
managers worldwide is to determine the most effective way in which 
such landscape features can support biodiversity conservation in ag-
ricultural environments.

Semi- natural features in rural landscapes are well documented as 
having an important role in conserving and connecting biodiversity 
(Harvey et al., 2006; Siqueira et al., 2021), and moderating ecosys-
tem processes (Garibaldi et al., 2011; Kennedy et al., 2013). Scattered 
trees, for example, contribute disproportionately to species diversity 
in open landscapes and act as stepping stones to enhance disper-
sal (Fischer et al., 2010). Hedgerows (Gelling et al., 2007; Hinsley & 
Bellamy, 2000), ditches and roadsides (Saarinen et al., 2005; Vanneste 
et al., 2020) provide habitat for a wide range of species, including 
pollinators that move into adjacent crops and pastures (Gardner 
et al., 2021). Streamside vegetation typically harbours distinct faunal 
communities (Sabo et al., 2005) and can act as a refuge for species 
during climatic extremes such as drought (Nimmo et al., 2016).

The importance of spatial heterogeneity in rural landscapes 
(Benton et al., 2003; Fahrig et al., 2011) suggests that both the 
unique and complementary roles of such features are important for 
landscape- scale conservation of biota. The effectiveness of mea-
sures to maintain existing biodiversity in agricultural landscapes and 
the planning of restoration actions in these environments both de-
pend on understanding which combinations of landscape features 
are most important and the likely consequences of their loss.

Birds and insects (e.g. bees, flies, wasps) are ubiquitous taxa 
in agricultural landscapes, with many involved in ecosystem func-
tions such as nutrient cycling, pest control and pollination (Pejchar 
et al., 2018; Zhang et al., 2007). To perform these functions, species 
require suitable habitat in which to persist. However, habitat values 
may vary between taxa. Native tree cover, for example, provides re-
sources that woodland birds require for foraging and feeding (e.g. 

bark and foliage substrates, invertebrates, fruits) and for breeding 
(e.g. cavities, dense foliage). For flies and bees, diversity may be 
enhanced by features within the landscape that provide floral re-
sources, such as flowering crops or wildflower meadows (Sirami 
et al., 2019; Warzecha et al., 2021). An approach that compares mul-
tiple taxa and their response to different combinations of landscape 
features is therefore particularly relevant for gaining insight into ef-
fective landscape design and conservation.

Here, we investigated the importance to multiple taxa— terrestrial 
birds and selected insect groups— of three types of semi- natural 
features typical of farmland in southern Australia and the focus of 
conservation and restoration activities; scattered trees, roadside 
vegetation and streamside vegetation. First, we examined variation 
in species diversity for each taxon in relation to these three types 
of semi- natural vegetation and to open (nonwooded) sites. Second, 
using a whole- of- landscape design (sensu Bennett et al., 2006), we 
examined the impacts on species diversity of removing, in turn, one 
of each of these semi- natural features from the agricultural land-
scape. Such whole- of- landscape studies are rare (Fardila et al., 2017), 
yet provide unique insights by allowing direct comparison of land-
scapes that differ in spatial configuration and composition, and an 
ability to determine the relative contribution of different landscape 
features to both site-  and landscape- level diversity.

We posed three main questions:

a. How does the diversity of birds and insects vary among sites 
comprising different types of wooded landscape feature and 
open nonwooded habitat?

b. Does alpha (site), beta (between- site) and gamma (landscape) di-
versity of taxa vary among whole landscapes which have differ-
ent combinations of the three wooded features?

c. Do birds and insects show similar responses to these different 
landscape combinations?

2  |  MATERIAL S AND METHODS

2.1  |  Study area

The study was conducted in a rural region of ~11,550 km2 in north- 
central Victoria, Australia (Figure 1a). Formerly covered by eucalypt 
forests and woodlands, extensive clearing for agriculture over the 

together with floristically rich, modified features that provide temporally dy-
namic resources. These combined landscape features are important for faunal 
conservation, while also supporting farm productivity and ecosystem services.

K E Y W O R D S
pollinators, riparian, roadside vegetation, whole- of- landscape, woodland birds, α- diversity, 
β- diversity, γ- diversity

 13652664, 2022, 10, D
ow

nloaded from
 https://besjournals.onlinelibrary.w

iley.com
/doi/10.1111/1365-2664.14266 by C

harles Sturt U
niversity, W

iley O
nline L

ibrary on [30/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



2656  |   Journal of Applied Ecology HALL et al.

last 150 years has removed >80% of native vegetation (Figure 1b) 
(ECC, 2001). Remnant native vegetation typically is dominated by 
grey box Eucalyptus microcarpa, with river red gum E. camaldulensis 
along drainage lines and streams. Farming practices include crop-
ping (wheat, oats, canola, legumes) and grazing (sheep and cattle). 
Mean annual rainfall ranges from ~550 to 604 mm and mean daily 
maximum temperatures range between ~12°C in winter (July) and 
~32°C in summer (January).

2.2  |  Study design

Study landscapes, each 1 km in diameter, were selected to repre-
sent farmland with different combinations of three features char-
acteristic of rural landscapes in this region: roadside vegetation, 
streamside (riparian) vegetation and scattered trees in farmland. 
Forty- four landscapes were selected for bird surveys, and a subset 
of 24 of these were employed for insect surveys. An equal number 

of replicates was selected for each of four ‘landscape types’: (a) 
landscapes with wooded vegetation along roadsides and streams, 
and scattered trees in farmland; (b) landscapes with wooded veg-
etation along roadsides and streams, but lacking scattered trees; (c) 
landscapes with wooded vegetation along streams, scattered trees, 
but with roadsides lacking wooded vegetation; and (d) landscapes 
with wooded vegetation along roadsides, scattered trees, but with 
streams lacking wooded vegetation (Figure 1c).

The total extent of wooded vegetation in each landscape (i.e. na-
tive eucalypt forest and woodland), determined from aerial imagery 
(DELWP, 2015), ranged from 5% to 28% cover which is typical of 
the region (Figure 1c). The mean cover for landscapes containing all 
three wooded vegetation features (ALL) was 14.1%, for landscapes 
lacking scattered trees (NST) 13.8%, for landscapes lacking wooded 
roadside vegetation (NWR) 11.5% and for those lacking wooded 
streamside vegetation (NWS), a mean of 9.3%.

In each landscape, 12 survey sites were selected for birds, three 
in each feature (i.e. roadside, streamside, scattered trees, open 

F I G U R E  1  (a) Study area in north- central Victoria, Australia, showing the location of 44 study landscapes (all filled circles, main box) for 
birds and 24 landscapes (blue filled circles) for insects. Shaded areas represent wooded vegetation. (b) The region is dominated by farmland, 
patterned with intersecting strips of wooded vegetation along roadsides and streams, and scattered trees within farmland. (c) Study 
landscapes represent four ‘landscape types’, each with different combinations of these wooded features. Group 1: Landscapes with wooded 
vegetation along roadsides and streams, and patches of scattered trees. Group 2: Similar, but lacking scattered trees. Group 3: Lacking 
wooded roadside vegetation. Group 4: Lacking wooded streamside vegetation. (d) Blue and yellow vane traps were hung from poles (in open 
features) or branches (in wooded features) for insect sampling

0 9 18 27 364.5
Kilometers
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farmland). Eight sites were selected for insects, comprising two in 
each feature (Figure 1c). Thus, each site (n = 528 for birds, n = 192 for 
insects) was located in one of six site types: open farmland, scattered 
trees, wooded roadside, wooded streamside, treeless roadside and 
treeless streamside. The hierarchical design of the study, with sites 
nested within landscapes, is well suited for assessing how different 
combinations of these common wooded features affect species diver-
sity, including at the site (α), between- site (β) and landscape (γ) levels.

2.3  |  Data collection

Surveys were carried out under La Trobe University animal ethics 
permit AEC15- 27. No additional licences or permits were required to 
carry out the field study.

2.3.1  |  Point counts for birds

Birds were surveyed at each site (n = 12) in each landscape (n = 44) 
using a 5- min point count. All birds detected visually or aurally within 
20 m from the survey point were recorded. Surveys were conducted 
four times at each site; twice in spring 2014, once during autumn/win-
ter 2015 and once in spring 2015, by the same observer (MH). Each 
site was surveyed once in each of four time periods (early morning, 
mid- morning, mid- afternoon, late afternoon). Records across sampling 
periods were pooled for analyses; no seasonal comparisons are made.

2.3.2  |  Breeding records for birds

To compare the role of each landscape feature (and their combina-
tion within landscapes) in enhancing functional bird populations, we 
recorded breeding activity, both while undertaking surveys and while 
walking between points within the landscape. A final systematic 
search (2 hr) of the entire landscape was conducted in spring 2015. 
Each observation of a breeding activity was assigned to 1 of 13 be-
haviours, scored according to the strength of evidence to indicate 
breeding success (after Mac Nally, 2007; see Table S1). For each spe-
cies at each site, the breeding activity with the highest score was used 
for analysis regardless of whether more than one breeding event was 
recorded (Table S2). Species richness of breeding birds (i.e. those dis-
playing breeding activity) at a site or for a landscape was measured as 
the number of species with a score ≥5 (e.g. adult on a nest, presence 
of juveniles, feeding of young in the nest) (Table S2). Activities with 
scores <5 (e.g. a past breeding season nest, gathering nesting material) 
were judged to not provide sufficient evidence of current breeding.

2.3.3  |  Sampling insects

Three groups of insects (bees, flies and wasps), considered benefi-
cial particularly for their contribution to pollination, were sampled 

at each site (n = 8) within each landscape (n = 24). Vane traps 
(SpringStar Inc.) were hung from a tree branch or pole at ~2 m height 
(Figure 1d). A single vane trap per site (blue traps only) was deployed 
for 1 week between October 2014 and January 2015 (austral spring 
and summer); and two vane traps per site (one blue, one yellow) 
again for 1 week between October and November 2015 (spring). No 
pheromones, liquids or killing agents were used in traps. Insect sam-
ples from both years were pooled for analysis.

Samples were collected, stored in 70% ethanol, then mounted 
for identification. Species- level identification of bees was con-
ducted by MH and an expert taxonomist (see Hall, 2018). Flies 
and wasps were identified to the highest taxonomic level possible 
(see Hall & Reboud, 2019). Individuals not categorically identified 
to species were assigned a name based on the nearest conge-
ner (using the prefix cf. before species name) or were considered 
morphospecies.

2.4  |  Data analysis

We recognised two response groups for birds: all land- birds (i.e. ex-
cluding waterbirds and exotic species) and woodland birds, a sub-
set of land- birds of particular conservation concern (after Radford 
et al., 2005). There were four groups for insects: all species com-
bined, all bee species, all wasp species and all fly species. We carried 
out a series of analyses to examine: (a) variation in species rich-
ness of each response group between site types within landscapes 
and (b) a comparison of diversity measures (see below) for each 
group (including bird breeding activity) between landscape types 
that represented different structural combinations of habitats. 
Abundance measures were not used as these are often skewed 
toward a few species, particularly for insect taxa like bees (Hall 
et al., 2019).

All statistical analyses were performed in R version 3.6.1  
(R Core Team, 2020), using the packages: stats (v.3.6.1), mbi (v.1.0, 
Chen, 2013), nlme (v.3.6, Pinheiro et al., 2013) and lme4 (v.1.1- 24, 
Bates et al., 2014).

2.4.1  |  Factors influencing site- level diversity

We first compared the richness of response groups (including bird 
breeding activity richness) between site types; namely, the three 
wooded components (i.e. scattered trees, wooded roadsides, 
wooded streams) and open sites (all farmland and nonwooded road-
side and stream sites). We also included percentage wooded cover in 
the landscape as a fixed factor to account for variation in the context 
of sites. We used a linear mixed model (LMM), assuming a Gaussian 
distribution for each bird response group. The study ‘landscape’ was 
set as a random effect to account for multiple sites clustered in each 
landscape. To model the richness of insect groups (including each 
taxa separately), we used a generalised linear mixed model (GLMM), 
assuming a Poisson distribution.
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2.4.2  |  Factors influencing alpha, beta and gamma 
diversity in landscapes

We used three diversity measures to characterise bird and insect re-
sponse groups at the landscape scale. Mean alpha diversity (α, within- 
site diversity) was calculated as the average species richness per site 
in each landscape for birds (12 sites per landscape), and insect groups 
(8 sites per landscape). Beta diversity (β, between- site diversity) was 
calculated as the average of the Sørensen pairwise dissimilarity index 
across all pairs of sites in a landscape. Gamma diversity (γ, landscape di-
versity) was calculated as the total species richness within a landscape.

For each of these diversity measures (for birds and insect groups, 
with data pooled across sampling periods), we modelled the relation-
ship with three predictor variables: landscape type (categorical vari-
able representing one of the four types described above), percentage 
wooded cover (cover of predominantly native eucalypt vegetation 
within the landscape) and northing (geographic coordinate reflecting 
the rainfall gradient across the region).

For each diversity measure, we first checked for homogeneity of 
variances (by using the Bartlett test) in relation to levels of the cate-
gorical variable ‘landscape type’. There were marked differences in 
variance between levels for some diversity measures (Table S3). To 
account for this, and to help normalise residuals for these measures 
(Zuur et al., 2009), we used generalised least squares models (GLS) to 
include a variance function (models specified in Table S3). For diver-
sity measures that did not differ in variance between levels, we used 
either linear models (LM) assuming a Gaussian distribution or gener-
alised linear models (GLM) assuming a Poisson distribution, after as-
sessing the normality of residuals of the fitted model. If overdispersion 
was detected, a GLS model was used to account for this (Table S3).

2.4.3  |  Diversity of bird species showing 
breeding activity

We used the gamma (γ) diversity measure to characterise bird breed-
ing at the landscape scale. The response variable was the number of 
species engaged in breeding activity (score ≥5), and predictor varia-
bles were landscape type, percentage wooded cover and northing. Again, 
we checked for homogeneity of variances and based on these results 
used a GLM for land- birds and a GLS for woodland birds, respectively.

3  |  RESULTS

In total, 70 species of land- birds, including 38 woodland species, 
were recorded ‘on site’ (i.e. within 20 m of the survey point) at sites. 

The frequency of occurrence of these species, as well as those re-
corded ‘off site’ only (>20 m), is given in Table S4. For insect groups, 
59 bees, 57 flies and 35 wasp taxa were recorded (see Table S5 for 
the abundance of each taxon).

3.1  |  Factors influencing site- level diversity

For both land- bird and woodland bird species, mean site- level rich-
ness was consistently higher at wooded site types (particularly 
wooded roadsides and streamsides) compared with open sites (i.e. 
farmland or nonwooded roadsides and streams); and for land- birds 
was greatest at wooded streamside sites (Figure 2a,c; Tables S6 and 
S7). For both groups, the mean richness of species displaying breed-
ing activity was highest along wooded streamsides, and for land- 
birds was also higher in scattered trees and wooded roadsides than 
open sites (Figure 2b,d; Tables S6 and S7).

In contrast, mean site- level richness of all insects combined, 
as well as the richness of bee species, was greatest in open sites 
(Figure 2e,f; Tables S6 and S7). For bees, wooded streams had higher 
site- level richness than scattered tree and wooded roadside sites, 
but lower than open sites (Figure 2f). Fly species richness was lower 
in wooded roadsides than open sites, while wasp species richness 
was greater in scattered tree sites than open sites (Figure 2g,h; 
Tables S6 and S7).

The percentage wooded cover in the landscape was not an im-
portant influence on any measure of site- level richness (Table S6).

3.2  |  Factors influencing alpha, beta and gamma 
diversity in landscapes

3.2.1  |  Birds

Mean alpha (α) diversity of all land- birds and of woodland birds dif-
fered between landscape types. For all land- birds, alpha diversity 
was reduced in landscapes lacking scattered trees, roadside or 
streamside vegetation; and for woodland birds in landscapes lack-
ing roadside or streamside vegetation, compared with landscapes 
containing all three wooded features (Figure 3a, d, Table S8). The 
alpha diversity of land- birds was also influenced by geographic loca-
tion (i.e. northing), with diversity decreasing at sites further north 
(Table S8).

Mean β- diversity increased (i.e. greater dissimilarity between 
sites) for land- birds in landscapes lacking scattered trees, roadside 
or streamside vegetation compared with landscapes containing 
all three wooded features and was also influenced by geographic 

F I G U R E  2  The influence of site type on the species richness and breeding activity of birds, and richness of bees, flies and wasps in rural 
landscapes in northern Victoria, Australia. Model results are shown for: (a) richness of land- birds, (b) richness of land- birds showing breeding 
activity, (c) richness of woodland birds, d) richness of woodland birds showing breeding activity, (e) richness of all insect groups, (f) richness 
of bees, (g) richness of flies and (h) richness of wasps. Dots represent the mean and bars represent the 95% confidence intervals (CI). When 
comparing between site types, they can be considered different if the 95% CI does not overlap the mean of other sites.
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location. For woodland birds, β- diversity was greater in landscapes 
lacking wooded streams (Figure 3b,e; Table S8).

Landscape- level diversity (γ- diversity) for land- birds and 
woodland birds was also influenced by landscape type (Table S8). 
Compared with landscapes containing all three wooded features, 
diversity for both bird groups was markedly reduced in landscapes 
lacking wooded vegetation along streams (~33%– 50% decline), and 
for woodland birds was also reduced by ~33% in landscapes lacking 
wooded roadsides (Figure 3c,f).

3.2.2  |  Insects

Mean alpha (α) diversity of bees was influenced only by landscape 
type (Table S8). Compared with landscapes containing all three 
wooded features, alpha diversity was greater in landscapes that 
lacked scattered trees or wooded roadsides but did not differ for 
those lacking wooded streamsides (Figure 3g). Mean alpha diver-
sity of wasps was influenced by geographic position of landscapes 
(but not landscape type), with decreased diversity at sites further 
north (Table S8). For all insects combined and flies, mean alpha di-
versity was not influenced by landscape type or geographic position 
(Figure S1; Table S8).

The mean β- diversity of flies increased (more dissimilarity) in 
landscapes further north and with a greater extent of wooded veg-
etation in a landscape (Table S8). Mean β- diversity of other insect 
groups did not vary in relation to landscape attributes (Figure S1).

The γ- diversity of all insect groups, and bees, flies and wasps 
independently, was not influenced by landscape type, geographic 
position of the landscape (except for wasps showing reduced γ- 
diversity further north) or percent wooded vegetation in a landscape 
(Figure 3h,i, Figure S1; Table S8).

3.3  |  Diversity of bird species displaying 
breeding activity

Landscape- level diversity (γ- diversity) of land- birds and woodland 
birds observed displaying breeding activity varied among landscape 
types and in relation to geographic location (Figure 4a,b; Table S8). 
For land- birds, the number of species showing breeding activity 
was reduced in landscapes lacking wooded vegetation along road-
sides or streams (by ~40%– 50%) when compared with landscapes 
with all three wooded features (Figure 4a), and also declined in the 
north (Table S8). For woodland birds, the number of species showing 

breeding activity was most influenced by the loss of wooded stream-
side vegetation, with almost no breeding activity occurring in these 
landscapes (Figure 4b).

4  |  DISCUSSION

By undertaking systematic comparison of birds and insect groups 
in landscapes representing different combinations of wooded, semi- 
natural features, we found that these diverse faunal groups respond 
in markedly different ways to the composition of rural landscapes. 
The diversity and breeding activity of birds were strongly related 
to the presence, and combination, of wooded features present. In 
contrast, for three groups of insects, there was little evidence that 
diversity varied in a consistent way among landscapes with differ-
ing combinations of wooded features. These contrasting responses 
have important implications for nature conservation in agricultural 
landscapes. While some taxa, like birds, will clearly benefit from a 
focus on protecting and restoring semi- natural wooded habitats, 
other taxa will likely benefit more from provision of complemen-
tary, nonwooded, farmland features that supply particular resource 
requirements.

4.1  |  Birds and insects show contrasting responses 
to landscape composition

Globally, birds show strong responses to small wooded features 
in farmland (Fischer et al., 2010; Harvey et al., 2006; Hinsley & 
Bellamy, 2000). Here, at the site level, wooded features supported 
greater diversity than open (nonwooded) sites, and breeding activ-
ity was greater in wooded roadsides and streamsides than in open 
habitats. Streamside vegetation was particularly important for birds, 
especially woodland birds, as has been reported elsewhere (Bennett 
et al., 2014; Lees & Peres, 2008). At the landscape level, diversity 
for both land- birds and woodland birds was greatest in landscapes 
with all three types of wooded feature present: notably, the loss of 
wooded streams from landscapes led to >33% decline in diversity of 
all land- birds, >50% decline in woodland birds and reduced breeding 
activity for both groups. Bird communities were also more similar 
(homogenised) across sites in landscapes lacking wooded stream-
sides compared with those containing all wooded features.

Studies of the influence of woodland and forest cover on bird 
communities at the landscape scale have often given attention to 
the relative importance of the overall extent versus configuration 

F I G U R E  3  The influence of landscape type on the α- , β-  and γ- diversity of birds and insects in rural landscapes in northern Victoria, 
Australia. Model results are shown for all land- birds (a– c), woodland birds (d– f) and bees (g– i). Landscape types are: Those containing all 
three wooded vegetation features (1 = ALL), landscapes lacking scattered trees (2 = NST), landscapes lacking wooded roadside vegetation 
(3 = NWR) and those lacking wooded streamside vegetation (4 = NWS). Dots represent the mean and bars represent the 95% confidence 
intervals (CI). When comparing between landscape types, they can be considered different if the 95% CI does not overlap the mean of other 
landscapes. For results of all insects combined, flies and wasps, see Figure S1.
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of the wooded cover (Mortelliti et al., 2010; Radford et al., 2005; 
Villard et al., 1999). Here, while controlling for the extent of wooded 
cover in study landscapes, we found that the types of wooded cover 
are an important determinant of bird communities: the loss of par-
ticular types, notably wooded streamside vegetation, had a dispro-
portionate effect on bird diversity and breeding activity. The value 
of streamside vegetation can be attributed to at least three ways it 
influences wider landscape function: (a) by supporting distinct avi-
faunal assemblages compared with other vegetation types (Palmer & 
Bennett, 2006; Sabo et al., 2005); (b) by serving to buffer the effect 
of dry periods and drought in rural landscapes (Nimmo et al., 2016); 
and (c) by providing natural connectivity for bird populations across 
landscapes (e.g. Haas, 1995).

The selected insect groups showed a marked contrast to birds 
in their response to differing combinations of wooded semi- natural 
features. At the site level, open (nonwooded) habitats typically 
supported either a greater diversity than wooded habitats (e.g. all 
insects combined, bee species) or comparable diversity to most 
wooded habitats (flies, wasps). In these same landscapes, Hall 
et al. (2019) found that species richness, abundance and functional 
diversity of bees were greater at sites containing little or no tree 
cover; although there were complex associations of bee traits with 
different site types. As floral specialists, the greater abundance of 
bees at nonwooded sites likely reflects the availability of mass flow-
ering plants (e.g. Brassica napus), often planted as crops in the study 
area, and greater floral diversity of open roadsides enhanced by agri-
cultural weeds. Throughout the world, a diverse range of open mod-
ified habitats, such as cereal crops, planted flower strips and treeless 
roadsides, support diverse assemblages of beneficial insects (Phillips 
et al., 2020; Sirami et al., 2019; Winfree et al., 2015). Equally, on-
going habitat fragmentation and loss may have led to a reduction 
in forest- specialist and wood- nesting species across the landscape 
(Hall et al., 2019; New et al., 2021; Smith et al., 2021), leaving a 

more persistent generalist insect population. This is evidenced by 
the lack of species differentiation between sites across landscape 
types here, even where alpha diversity increased. However, where 
specialist species persist, populations may recover as forest amount 
increases in landscapes (Smith et al., 2021). While it is possible that 
vane traps are more attractive to insects in open sites, there is little 
evidence to support this. Here, wooded sites were relatively open 
and the traps were highly visible.

The site- level results were reflected at the landscape level: 
The absence of particular wooded features did not result in a de-
cline in landscape richness for any of the insect groups. Globally, 
studies of invertebrate taxa in ‘whole’ agricultural landscapes have 
emphasised the role of nonwooded agricultural features in the land-
scape (such as croplands and grasslands), and their complementar-
ity with semi- natural habitats, as drivers of γ- diversity (Hendrickx 
et al., 2007; Martin et al., 2020; Sirami et al., 2019). For example, 
Sirami et al. (2019) identified cropland heterogeneity— including 
both compositional heterogeneity (different crop types) and con-
figurational heterogeneity (field size)— and its interaction with semi- 
natural habitats, as a key influence on the multifunctional diversity 
of taxa (including bees, butterflies, carabids, hoverflies and spiders) 
in agricultural landscapes across two continents. Semi- natural 
habitats, such as hedgerows provide temporally stable resources, 
whereas adjacent farm fields typically offer temporally dynamic 
resources (e.g. mass flowering crops) through the year. Of course, 
even single landscape features influence where faunal species occur 
(Pustkowiak et al., 2021).

4.2  |  Implications for conservation

The markedly different responses by birds and insects to combinations 
of wooded features in farm landscapes have important implications 

F I G U R E  4  The influence of landscape 
type on the diversity of birds showing 
breeding activity in rural landscapes 
in northern Victoria, Australia. Model 
results are shown for all land- birds (a) and 
for woodland birds (b). Landscape types 
are those containing all three wooded 
vegetation features (1 = ALL), landscapes 
lacking scattered trees (2 = NST), 
landscapes lacking wooded roadside 
vegetation (3 = NWR) and those lacking 
wooded streamside vegetation (4 = NWS). 
Dots represent the mean and bars 
represent the 95% confidence intervals 
(CI). When comparing between landscape 
types, they can be considered different if 
the 95% CI does not overlap the mean of 
other landscapes.
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for nature conservation. First, it is evident there is not a ‘one size 
fits all’ approach that will cater for all taxa. While wooded habitats 
clearly are beneficial for birds, complementary resources for inver-
tebrate taxa often are more accessible or abundant in nonwooded 
habitats (e.g. crops, pastures, modified grasslands, verges) (Gardner 
et al., 2021; Hall et al., 2019; Lentini et al., 2012; Phillips et al., 2020). 
However, the primary emphasis in nature conservation on farms in 
southern Australia relates to management or restoration of wooded 
habitats (typically trees and shrubs) (Campbell, 1994; Lindenmayer 
et al., 2011). A key question is ‘should specific measures be under-
taken for the conservation of beneficial insects among farmland’? 
In other regions, particularly Europe, two main approaches are fol-
lowed: first, active provision of specific resources or source habitats 
for invertebrates within farms, such as wildflower strips and beetle 
banks (e.g. MacLeod et al., 2004; Warzecha et al., 2021), and sec-
ond, managing the spatial mosaic in farm landscapes (e.g. field sizes, 
crop types, proximity and amount of semi- natural habitats) to ensure 
provision of food, nesting and shelter resources (Carrié et al., 2018; 
Fahrig et al., 2011; Sirami et al., 2019). Where limited knowledge 
of insect communities remains (i.e. taxonomy, foraging and nesting 
requirements, conservation status; Batley & Hogendoorn, 2009), 
given the known benefits of heterogeneous farm mosaics (Bennett 
et al., 2006; Benton et al., 2003), a prudent goal is to foster a diverse 
landscape that includes both natural wooded features and floristi-
cally and structurally diverse modified habitats.

A second implication for conservation is the practical recognition 
that different types of farmland features have varied, complemen-
tary values (e.g. Hall et al., 2018; Harvey et al., 2006). Where those 
with particular values at the landscape level can be recognised, such 
as wooded streamside vegetation (this study; Bennett et al., 2014; 
Lees & Peres, 2008; Nimmo et al., 2016), they can receive priority 
in landscape management. Protection and restoration of vegeta-
tion along drainage lines and streams, many having only intermit-
tent flows, has multiple benefits in addition to habitat values (e.g. 
reducing streambank erosion, protecting water quality and aquatic 
environments) and commonly is a focus of action by landowners and 
community groups. We did not identify features that had particular 
value at the landscape scale for insects, but further systematic com-
parison of landscapes with different types or configurations of open, 
floristically rich features, would be instructive.

Third, the three types of semi- natural wooded features inves-
tigated here, like others in rural landscapes worldwide (e.g. hedge-
rows, fencerows, live fences, single trees), have disproportionate 
value for biodiversity relative to the area they occupy (e.g. Fischer 
et al., 2010; Harvey et al., 2006; Hinsley & Bellamy, 2000; Siqueira 
et al., 2021; Vanneste et al., 2020). Many, like roadsides, are under 
threat from land clearing, burning and removal of woody debris, im-
pacting insect communities, particularly rare or threatened species 
reliant on resources found within these habitats (New et al., 2021). 
From a practical perspective, retaining, restoring and expanding 
such wooded features can typically be undertaken as part of farm 
management. Their benefits extend beyond their value for biodi-
versity, to include enhanced farm production (e.g. shelter for stock), 

ecosystem services (e.g. soil protection, carbon storage) and aes-
thetic values.
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