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Abstract The value of insectivorous birds as agents for biological control of arthropod pests has been little
studied, especially in Australia. This paper reports on the extent to which arthropods from various pest
and non-pest taxa feature in the diets of birds captured in farm shelterbelts in central western New
South Wales. The parameters examined were the types of arthropod fragments in bird faeces and
percentage volume and frequency of occurrence of each component. The faecal data were compared
with samples of the arthropod fauna trapped in shelterbelts during the period the birds were captured.
In 26 of 29 faecal samples, arthropod fragments were the predominant components, the most common
being from Coleoptera, Hymenoptera (especially Formicidae), Orthoptera and Araneae. The recogn-
isable pest taxa in faecal samples were Scarabaeidae and wingless grasshopper Phaulacridium vittatum
(Sjöstedt) (Orthoptera: Acrididae). The results indicate that the native bird species common in farm
shelterbelts preyed on a range of arthropod taxa including several that are pests of crops and pastures.
Accordingly, conservation of birds in farmlands could contribute to suppression of arthropod pests.

Key words biological control, bird diet, faecal analysis, shelterbelt.

INTRODUCTION

The extent to which birds contribute to pest suppression in
agroecosystems is an important issue but remains unclear,
especially for Australian systems. Several studies around the
world have demonstrated that birds can reduce the abundance
of pest species including rodents in Toronto, Canada (Baker &
Brooks 1982) and weeds such as quackgrass, Agropyron
repens, in Alaska, USA (Wurtz 1995). In the case of arthropod
prey, the great tit, Parus major (L.), significantly reduced
damage caused by four species of caterpillars to apple
orchards, thus increasing fruit yield in an experimental orchard
at Kesteren in the Netherlands (Mols & Visser 2002). The
woodpeckers Picoides pubescens (L.) and P. villosus (L.)
foraged selectively on larvae of codling moth Cydia pomonella
(L.) (Lepidoptera: Tortricidae) in apple orchards in Nova
Scotia, Canada, and a positive relationship between the extent
of forests around the orchards and the degree of predation by
woodpeckers was found (MacLellan 1959). Indirect effects on
plant growth of predation of leaf-chewing insects by birds
were demonstrated in a deciduous forest of white oak Quercus
alba (Fagaceae) in Missouri, USA (Marquis & Whelan 1994).
Bird predation reduced abundance of Lepidoptera and levels of
herbivory but did not increase biomass production in saplings

of sugar maple Acer saccharum (Aceraceae) in New Hamp-
shire, USA (Strong et al. 2000).

On-farm conservation of birds may be necessary for achiev-
ing ecosystem services such as arthropod predation (Kirk et al.
1996), but in Australia evidence for them feeding on pests
comes primarily from studies of forests, rather than farms. A
study of the effects of bird predation on canopy arthropods in
Eucalyptus wandoo (Myrtaceae) saplings in Western Australia
indicated that birds had limited effects on temporal variation in
arthropod abundance. Birds did, however, reduce abundance
of Araneae, adult Coleoptera and Lepidoptera larvae, thus
affecting the size and trophic composition of the entomofauna
(Recher & Majer 2006). In an open forest dominated by E. ra-
diata in Victoria, the removal of a colony of bell miners Mano-
rina melanophrys (Latham) that communally defend their
territory (Loyn et al. 1983; Poiani et al. 1990) had a positive
effect on the diversity and abundance of other insectivorous
birds (Grey et al. 1997; Clarke & Schedvin 1999). When
M. melanophrys were removed, an existing infestation of Gly-
caspis sp. (Hemiptera: Psyllidae) on E. radiata was reduced
via predation by colonising insectivorous birds of other
species. Once M. melanophrys recolonised, populations of
Glycaspis sp. returned to levels close to its original density
(Clarke & Schedvin 1999). Better information on the role of
birds as predators of arthropod pests in farmlands would help
direct habitat manipulation to maximise this ecosystem service
while helping to conserve avifauna outside reserve systems.
There is scope for conserving even forest-inhabiting birds on
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farms as a result of the increasing practice of establishing
shelterbelts or windbreaks. These linear plantations are
common in temperate Australia for sheltering crops and live-
stock from weather, managing hydrology and timber produc-
tion. Native shelterbelts and other farm tree plantings help bird
conservation by providing many bird species with appropriate
habitat, foraging sites and food (Johnson & Beck 1988; Haas
1995; Hinsley & Bellamy 2000; Majer et al. 2000; Ryan 2000;
Kinross 2004).

This study aimed to provide initial data on the species of
shelterbelt-associated birds and their arthropod prey, thereby
identifying the bird species that may contribute to the suppres-
sion of pest arthropods of shelterbelts and adjacent crops and
pastures.

MATERIALS AND METHODS

Study area

Five shelterbelts (Table 1) were studied on the property ‘Bel-
gravia’, located between Orange and Molong in central
western NSW (centred on 33°07′36′′S; 149°02′58′′E). The
shelterbelts were distributed over an area of 3 km2 between 75
and 1560 m apart. They included only native trees dominated
by Eucalyptus albens, E. blakelyi, E. bridgesiana, E. mel-
liodora, E. polyanthemos, E. rossii, E. viminalis (Myrtaceae),
Acacia dealbata, A. decurrens, A. implexa and A. vestita
(Mimosaceae), which are local indigenous species (Tame
1992; Bower & Semple 1993; Sivertsen & Clarke 2000). Two
unidentified eucalypt species (E. sp.1 and E. sp.2), E. cam-
aldulensis, E. populnea, A. longifolia and Hakea salicifolia
(Proteaceae), were also present.

Sampling

Samples were taken within a 3000 m2 area marked out in each
shelterbelt. Arthropods were sampled using sticky, pitfall and
light traps in February 2005. These traps are biased towards
flying insects, epigeic and nocturnal arthropods, respectively
(New 1998). Sticky traps were made using Petri dishes
(90 mm diameter) with tangle-trap coating the inner surface.
Three pairs of sticky traps, each pair consisting of one yellow
and one white, were placed 100 cm from ground level on
separate wooden sticks and removed after 5 days. The use of
both colours was to maximise the attractiveness to a range of
taxa (New 1998). Pairs of sticky traps were uniformly distrib-
uted over a 45 m length of each shelterbelt’s sample area.
Pitfall traps were made of plastic containers (250 mL) which
were sunk into the soil, so the mouth of the container was flush
with ground level. Three pitfall traps were used in each shel-
terbelt, each one next to a pair of sticky traps and removed
after 5 days. Light traps were made with opaque-white plastic
containers (27.5 ¥ 35 ¥ 19 cm) lit with a battery operated (4D-
size alkaline batteries ¥ 1.5v) lantern. A transparent sticky film
(20.5 ¥ 29.5 cm) was placed on the lid of each light trap to
collect arthropods. Lamps were turned on at 18:00 h and off
the next morning at 07:00 h. One light trap was used in each

shelterbelt and was operated for two consecutive nights. All
arthropods were preserved in 70% ethanol.

During the arthropod-sampling period, birds were trapped
from the same shelterbelt using mist nets with varying mesh
sizes (16–31 mm). Nets were operated between 07:30 and
13:00 h for 130 min per shelterbelt. Trapped birds were held
individually in cardboard cartons (15 ¥ 15 ¥ 10 cm) and
released at the same site after 60 min. Faecal droppings within
the cartons were preserved in 70% ethanol. Christidis and
Boles’s (1994) nomenclature for birds was followed.

Faecal analysis

A reference collection of fragments was created for frequently
trapped arthropods. Individuals were ground in 5 mL of 70%
ethanol using steel-ball bearings (1.5 cm diameter) in a plastic
container by shaking vigorously by hand for 30 s. The result-
ing fragments were similar to those present in bird faeces.
Selected fragments were air-dried at room temperature (18–
22°C) for 24 h then gold-coated (Microvac PM323A) and
photographed under a scanning electron microscope (JEOL
T200, 15 kV) between 75¥ and 350¥.

Analysis of bird faeces followed the method of Whitaker
(1988). Each ethanol-preserved sample was spread over the
base of a Petri dish and examined using a stereo-binocular
microscope (10–80 ¥ magnification). Faecal material was
sorted into components based on morphological features (e.g.
colour, texture). Diet components were initially categorised
into arthropod and non-arthropod fragments (e.g. seed frag-
ments). Arthropod fragments were sorted and identified using
Comstock (1918), Borror and DeLong (1971), Naumann
(1991) and Lepley (1994), as well as the reference fragments.
Volumetric proportions (‘percentage volume’) and frequency
of occurrence of every arthropod and non-arthropod type were
recorded following Rosenberg and Cooper (1990). A canonical
variate analysis (CVA) in GenStat® 8.1 was used to explore
percentage volume and frequency of occurrence values.

RESULTS

Twenty-nine faecal samples were obtained from 11 bird
species (Table 1). All bird species were native to Australia with
the exception of the house sparrow, Passer domesticus. Arthro-
pod fragments obtained from bird faeces matched the body
parts of Acarina, Araneae, Coleoptera, Diptera, Heteroptera,
Hymenoptera, Isoptera, Lepidoptera, Neuroptera and Ortho-
ptera (Table 2). For 26 of the faecal samples, arthropod
fragments dominated, although some categorised as ‘undeter-
mined’ were too small to designate to taxa.

A total of 28 arthropod taxa were recognised within the
faecal samples. The maximum number of taxa recognised in
the faecal sample of a single bird was seven (Rhipidura leu-
cophrys). Sixteen faecal samples contained fragments from
five or six arthropod taxa. The most frequent prey taxon was
Coleoptera, followed by Hymenoptera, Araneae and Ortho-
ptera (Table 2). Fragments of Acarina, Heteroptera and
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Isoptera were the lowest in overall frequency of occurrence.
Neuroptera, Lepidoptera and Diptera were also recognised in
the samples. The majority of the arthropod taxa on which birds
fed were caught in the shelterbelts (Tables 1,2). This was espe-
cially evident in the overall faecal analysis of the birds trapped
in shelterbelt 5 probably as a consequence of the bird sample
size (12 individuals of four species). However, all the trapped
birds appeared to feed in a selective fashion.

The CVA generated several distinct clusters of bird species
that were statistically separated according to their dietary com-
ponents. This resulted in 78% of the variation in diet compo-
sition being explained using the first two canonical variates
(Fig. 1).

Faecal samples from the bird cluster comprising Colluricin-
cla harmonica, Anthus australis, Cincloramphus mathewsi,
Neochmia temporalis and R. leucophrys, all of which forage
extensively on the ground (Cameron 1985; Ford 1985; Recher
& Holmes 1985; Adriano & Calver 1995; Martin et al. 2004)
(Fig. 1, centre), were characterised largely by fragments from
adult Scarabaeidae (Table 2). These nine individual birds were
caught in shelterbelts 1, 3 and 4 (Table 1). All birds contained
fragments of Scarabaeidae in their faeces despite these insects
being relatively rare in the shelterbelts at the sampling time. Of
the 989, 616 and 1554 individual arthropods caught from
shelterbelts 1, 3 and 4, respectively, only one, eight and two of
them were Scarabaeidae (Table 1). The apparently dispropor-
tionate representation of scarabs in the diet of these birds may
have implications for pest management. Although the faecal
fragments were too small to allow definitive identification, all
of the beetles trapped were from herbivorous families
Melolonthinae (root and foliage feeders) and Rutelinae (pests
of grasses and eucalypts).

Rhipidura leucophrys was statistically separated from this
cluster because, unlike the foregoing list of species, this indi-
vidual did not include fragments of the wingless grasshopper
P. vittatum, despite these insects being present in shelterbelt 4
where R. leucophrys was caught (Table 1).Ants (Hymenoptera:
Formicidae) were the predominant component in the faeces of
R. leucophrys, which was consistent with the abundance of
these insects in the study site. Of 1554 individual arthropods
caught from shelterbelt 4, 1390 were Formicidae (Table 2). In
contrast to R. leucophrys, the acridid P. vittatum was the domi-
nant diet component of the three N. temporalis (61.3%;
Table 2), although none of these insects was trapped within
shelterbelt 3 where these birds were caught (Table 1). In the
case of A. australis, C. harmonica and C. mathewsi, this
acridid occupied between 12% and 47.2% of volume (Table 2).
Twelve mandibles of P. vittatum were found in the faeces of a
single A. australis.

Faecal samples from birds in the second cluster comprising
P. striatus and L. penicillatus, both canopy foliage gleaners
with a dependence on lerps (Hemiptera: Psyllidae) (Recher &
Holmes 1985; Woinarski 1985) (Fig. 1, left), were not domi-
nated by any single component, rather fragments from various
arthropod taxa occurred in their faeces. The bird species best
represented was L. penicillatus (13 individuals) and this may
account for it exhibiting the widest diet range including arthro-
pods from seven orders and seeds (Table 2). The coleopteran
families Carabidae, Chrysomelidae and Scarabaeidae com-
prised the largest fraction of faecal remains, though
Hymenoptera and Lepidoptera were also common for P. stria-
tus and L. penicillatus.

Psephotus haematonotus and S. guttata, principally seed
feeders (Higgins 1999; Martin et al. 2004; Higgins et al.
2006), were caught in shelterbelt 5 (Table 1). These two bird
species formed a distinct cluster in the CVA (Fig. 1, top right).
P. haematonotus was the only non-passerine caught. This indi-
vidual had been feeding extensively on Coleoptera and was
also the only bird that had preyed on lepidopteran larvae (eight
head capsules). Lepidoptera constituted 28 individuals out of
the 579 arthropods trapped in shelterbelt 5, although all were
adults most likely as a consequence of the sampling method
(Table 1). Only Hemiptera have previously been reported as
part of the diet of P. haematonotus (Barker & Vestjens 1989).
Stagonopleura guttata was the only bird in which no arthropod
fragments could be assigned to the order level, although a
significant proportion was identifiably of arthropod origin
being composed of material such as leg fragments and
abdominal terga, the balance being seed fragments.

The three individuals of M. cyaneus, a ground-foraging
insectivore (Keast 1985; Recher & Holmes 1985; Higgins
et al. 2001), were statistically separated (Fig. 1, bottom), and
their faeces were characterised by the ants Iridomyrmex
sp. (Dolichoderinae), Monomorium sp. (Myrmicinae), Rhyti-
doponera sp. (Ponerinae) and two unknown genera, one from
Myrmicinae and one from Ponerinae. The diet of M. cyaneus
also included mites of unknown identity, possibly phoretic/
parasitic species that were consumed inadvertently. Formi-
cidae comprised 294 and 1390 individuals, out of the 574 and
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1554, respectively, of the arthropods trapped from shelterbelts
2 and 4 where M. cyaneus was caught (Table 1).

The single P. domesticus, a seed feeder that forages heavily
on insects during spring and summer (the breeding season)
(MacMillan 1981) was the only exotic species trapped. Passer
domesticus was statistically separated because it had preyed
largely (51%) on brown lacewing adults, Hemerobius sp.
(Hemerobiidae: Neuroptera), although no Neuroptera were
trapped in shelterbelt 5 from which it was caught (Table 1).

DISCUSSION

Information on the requirements of insectivorous birds at
appropriate spatial and temporal scales is necessary to provide
habitats such as shelterbelts that either suit particular species
or maximise the number of species that can use the habitat. A
diverse avifauna increases the breadth of prey taxa consumed
and has the potential to dampen arthropod abundance and
thereby reduce damage from herbivory (Recher & Majer
2006). Understanding the behaviour and needs of insectivo-
rous birds is therefore necessary to enhance their potential for
predation on pest arthropods.

Differential digestion rates of prey items impose a bias in
any study of gut contents or faeces (Rosenberg & Cooper
1990). Nevertheless, information from faeces provides valu-
able information on aspects such as prey kinds and sizes
(Ralph et al. 1985). In the current study, use of faecal analysis
provides evidence for native bird consumption of pest arthro-
pods including P. vittatum, a major pest of pastures (Roberts
1972). Faecal samples from A. australis individuals contained
up to 12 mandibles of P. vittatum. Although these were no
longer attached to each other in their original pairs, it indicates
that at least six individuals had been consumed by one of
the three birds. Coleoptera, Hymenoptera (Formicidae) and
Araneae were the dominant prey arthropods in most of the
faecal samples. It is noteworthy that taxa of natural enemy
significance, as well as pests, were represented in faecal
samples, so birds cannot be assumed at this stage to be of net
benefit to arthropod pest management.

Results from the present study are in general agreement with
the literature on diets ofAustralian birds (e.g. Barker & Vestjens
1989, 1990; Higgins 1999; Higgins et al. 2001, 2006; Higgins
& Peter 2002), but contribute several new records of diet
components: (1) Phaulacridium vittatum and scarabaeids in the
diet of N. temporalis; (2) Neuroptera in the diet of R. leu-
cophrys; (3) Carabidae and Isoptera in the diet of L. penicilla-
tus; (4) Coleoptera, Lepidoptera and Neuroptera in the diet of
P. haematonotus; (5) Monomorium sp. (Hymenoptera: Formi-
cidae) in the diet of M. cyaneus; and (6) brown lacewing adults
(Neuroptera) in the diet of P. domesticus.

The clusters obtained with the CVA reveal different foraging
behaviours and food preferences of the shelterbelt-associated
birds. The arthropod taxa observed in A. australis, C. har-
monica, C. mathewsi, L. penicillatus, M. cyaneus, P. striatus
and R. leucophrys reflect the composition of arthropods

trapped in the same sites as the birds. Neochmia temporalis
and P. domesticus contained prey taxa that were not trapped
from the shelterbelts suggesting that they had been foraging in
other habitats, probably adjacent fields.
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