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Short communication

Swift sampling of farmland aerial invertebrates offers insights into
foraging behaviour in an aerial insectivore
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Wildlife Biology The common swift Apus apus is an obligate aerial, migratory, insectivorous bird, that
2024: 01294 has experienced significant declines in the UK since the 1990s. Reductions in the
doi: 1(') 1002/wlb3.01294 availability of prey during their summer breeding season in the UK are likely to be a
or A Wb key factor in this decline. This short communication aims to contribute new insights

Subject Editor: Jén Einar Jénsson into the current foraging behaviours of adult swifts feeding their nestlings, as a means
Editor-in-Chief: Ilse Storch of provoking new conversation and stimulating further work. Food bolus samples are
Accepted 12 April 2024 small ball-like structures containing the insect prey that is regurgitated to nestlings.

Boluses from adult swifts provisioning their nestlings were collected incidentally at a
breeding colony in Suffolk, UK. These were taxonomically identified and compared
to corresponding daily insect catches from a nearby Rothamsted Insect Survey suc-
tion trap operating within the foraging area of common swifts. There was a distinc-
tion between the contents of the bolus samples and the suction-trap samples, whereby
larger-bodied aerial invertebrates appeared in greater numbers in bolus samples. This
was evidenced by the relatively high numbers of agriculturally important species, pol-
len beetles, and cabbage stem flea beetles in bolus samples compared to low numbers
in suction traps. Smaller invertebrates such as aphids (Aphididae), parasitoid wasps
(Hymenoptera), and thrips (Thysanoptera) were not frequent in the bolus samples,
relative to the high numbers identified from the suction-trap catch. These results are
discussed in relation to swifts providing a pest suppression service, potential impacts
of pesticides, and how selective foraging may both buffer and facilitate the challenges
swifts face in a modern agricultural landscape.

Keywords: common swift, diet, invertebrates, agriculture, pest control, pesticide
impacts

Introduction

The expansion and intensification of agriculture is believed to have driven the decline
of many taxa associated with farmed landscapes (Donald et al. 2001, Green et al.
2005, Chaudhary et al. 2016). Farmland bird species are experiencing population
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declines globally, although the severity varies depending
on species and region (Newton 2004, Nebel et al. 2010,
Vickery et al. 2014, Bowler et al. 2019). In the UK, common
swifts Apus apus (hereafter swifts) have suffered some of the
most severe declines, with a 58% decline between 1995 and
2018 reported (Woodward et al. 2020). The main drivers of
their decline are unclear; however, loss of nesting sites, poor
summer climate, and a decline in their insect prey are likely
to have contributed (British Trust for Ornithology 2023).
Similar patterns of decline have been observed in other UK
aerial insectivorous species, such as barn swallows Hirundo
rustica and house martins Delichon urbichon, supporting the
theory that declines in insect prey are contributing to declines
(Mpller 2019, Tallamy and Shriver 2021). This short com-
munication adds data and insights on swift breeding season
foraging, and prey composition related to insect availability.

Swifts are migratory birds that arrive and breed in the UK
in spring, usually utilising structures such as residential build-
ings or farm outbuildings as nest sites (Dulisz et al. 2022).
Swifts are exclusively insectivorous, consuming flying insects
while airborne at heights ranging between six and 30 m (Lack
and Owen 1955). Swifts arrive in the UK from their winter
range in Sub-Saharan Africa in spring, followed by an incuba-
tion period of three to four weeks before eggs hatch. Adult
swifts therefore typically only have time to raise a single brood,
unlike other aerial insectivores which have multiple broods.
The timing, as well as abundance, of insect prey is therefore
critical for successful fledging of young (Visser et al. 1998).

Swift nestlings are fed by both parents in the form of a
food bolus (a regurgitated ball-like structure containing insect
prey), which varies in size and insect composition depending
on prey availability and brood size (Lack and Owen 1955,
Martins and Wright 1993). The protein and nutrient-dense
diet afforded by insectivory is crucial for the development of
their young (Razeng and Watson 2015). Links between pop-
ulation declines in insects and in swifts have been anecdotally
linked; however, the scientific evidence in limited. Recently,
Finch et al. (2023) found no association between temporal
declines in aphid biomass and breeding success or survival of
swifts, despite aphids being an apparent key food source for
swifts. Instead, weather was found to be a stronger correlate
of variation in swift demography, with higher precipitation
associated with smaller brood size, higher nest failure, and
lower first-year survival. In this short study, we also use the
Rothamsted Insect Survey data, as were used in Finch et al.
(2023), to compare the diet of swifts to local aerial insect
density and composition.

Whilst the feeding ecology of swifts is evidently important
for their breeding success and population trajectories, their
diet may also provide a key service on farmland in the form
of insect pest suppression. This has been studied and quanti-
fied in other parts of the world and in other aerial insecti-
vores (Boyles et al. 2011, Orlowski et al. 2014, Nyffeler et al.
2018), but swifts’ contribution to pest management in the
UK is not well understood and is therefore likely to be under-
valued. Data collected by Lack and Owen (1955) indicated a
preference for foraging over low-lying agricultural landscapes,
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suggested by the volume of aphids in bolus samples. As pres-
sure increases for nature-friendly agricultural practices, such
as alternative strategies to chemical insecticides, expanding
our understanding of the capacity of natural predators to
provide such a service is essential, particularly in light of the
population declines of insectivores. In addition, the impacts
of chemical insecticide use on swifts foraging over agricul-
tural landscapes will be important to monitor, as studies have
linked insecticide exposure to poor chick health and sur-
vival in other farmland bird species (Boatman et al. 2004,
Hart et al. 2006).

Swifts are known to be selective in their choice of insect
prey and have been observed discarding prey items, as well as
exclusively catching drone bees when foraging around bee-
hives (Lacey 1910, Lack and Owen 1955). Lack and Owen
(1955) found that insects larger than 10 mm and smaller than
2 mm were rarely taken, and larger insects were preferred in
fair weather conditions, when more were available. A simi-
lar preference for larger prey during the breeding season has
also been shown in barn swallows, whereby high throughput
sequencing of nestling faecal samples demonstrated a flexible
diet, with preference for larger flies (Diptera) (Turner 1982,
McClenaghan et al. 2019). However, modern diet analysis
techniques are, to our knowledge, yet to be performed for the
swift, and are limited to taxonomic work done decades ago.

Nest records and ringing, as is led in the UK by the British
Trust for Ornithology (BTO), provide valuable and detailed
data on breeding success (e.g. hatching and fledging rates)
and phenology (e.g. arrival date to breeding sites). In this
study, additional data through incidental sampling of swift
boluses were collected during this routine ringing. By com-
paring the abundance and composition of insects in swift
boluses to temporally matched local aerial abundance and
composition, this study aims to: 1) provide an up-to-date
insight into the aerial insects selected by adult swifts provi-
sioning their young, and 2) discuss the implications of (1) in
the context of swift reproduction, pest suppression, and risk
of pesticide exposure.

Material and methods

Study site

Swift bolus samples were collected during routine ringing at
Brewery Farm, Suffolk, UK (52°1126.2"N, 01°05'47.8"E),
in June and July 2022. The site is a swift breeding colony,
with 10 breeding pairs in 2022, nesting in nest boxes on farm
buildings. The farm comprises 200 acres of land, primarily
farmed ‘for nature’ with cereal cropping, mainly wheat. At
the time of sampling, the farm was under the agri-environ-
ment scheme mid-tier stewardship, now known as Mid-Tier
Countryside Stewardship. This means that the farm was
subsidised to protect and enhance the natural environment,
specifically through planting of large areas of nectar mix,
wildflower mix, and winter bird food, which provides an area
that is beneficial to wildlife (GOV UK. 2024). Such habitats
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have been shown to improve insect and farmland bird popu-
lations (Bright et al. 2015, Panassiti et al. 2023). There are
extensive areas of scrub and woodland habitat, along with
three small ponds. The wider habitat around Brewery Farm
is mostly arable, dominated by arable landcover (77% of a 5
km radius), followed by improved grassland (14% of a 5 km
radius) (Marston et al. 2022). In 2022, no insecticides were
applied over the 200 acres at Brewery Farm.

Bolus collection

Swift ringing in 2022, as part of the BTO Bird Ringing
Scheme, provided the opportunity to collect a total of three
samples, on three separate occasions. Each year, all nestlings
are ringed at approximately 10-14 days after hatching, once
their eyes are open, before fledging. Two of the three bolus
samples were collected from the same nest box on two occa-
sions, and the other from a different nest on a single occasion.
Both nests had three nestlings ringed in 2022.

Ringing of nestlings takes place in warm, dry conditions,
to increase the chance of the adult birds being out foraging,
to minimise distress. During ringing, if adult birds return
to the nest, they are caught to be ringed or their current
ring is checked. This is when incidental sampling of boluses
occurred, as adult birds were unable to feed nestlings, so
instead they regurgitated the boluses elsewhere. This hap-
pened on most ringing incidences; however, the three sam-
ples for this study were collected when sample bottles were
available. Bolus samples were stored in a 95% ethanol and
5% glycerol solution. The invertebrate composition of the
boluses were identified to family level and, where possible,
to genus and species for some invertebrates. The invertebrate
data were then compared with the data from nearby suction-
trap sampling.

Suction-trap sampling

Rothamsted Insect Survey runs a network of 12.2-m-tall
suction traps across the UK, primarily to sample aphids
(Aphidae) of agricultural significance. The suction-trap net-
work is the most comprehensive, standardised long-term
monitoring and surveillance of invertebrate activity in the
world (Harrington et al. 2013). Samples are collected at the
same time daily (10:00), resulting in a 24-h catch period for
each sample. Aphids and non-aphid bycatch of other flying
invertebrates are stored in an archive, consisting of samples
from 1974 onwards.

The habitat around Brewery Farm is similar to Booms Barn
suction trap (52°15'38.5”"N, 00°34'06.4"E) and is domi-
nated by arable landcover (75% of a 5 km radius), followed
by improved grassland (11% of 5 km radius) (Marston et al.
2022). In addition, suction-trap samples are deemed to be
representative of an area with a radius of 80 km (50 miles)
(Taylor 1979), and therefore representative of the aerial inver-
tebrates available for swifts foraging at Brewery Farm, which
is 45 km from Brooms Barn. The landcover at this wider
landscape (45 km radius) is also similar between the areas

surrounding Brooms Barn and Brewery Farm, both of which
are dominated by arable farmland (66 and 60%, respectively)
followed by improved grassland (16 and 17%, respectively).

Suction-trap samples from Brooms Barn were identified
to family level, with agriculturally important pest insects
identified to species. R programming software ver. 4.0.5 was
used to produce the donut plots using the “Tidyverse’ pack-
age (Wickham et al. 2019, www.r-project.org). Some families
within orders, such as Neuroptera and Thysanoptera, were
excluded from the donut plots as there were too few individu-
als to improve the visualisation.

Results

A total of 4198 invertebrates were collected and identified to a
minimum of family level for the suction traps and swift boluses.
The suction traps collected a total of 3122 invertebrates, and
the swift boluses contained a total of 1076. Invertebrates
from ten orders were identified across the whole study: ten in
suction-trap samples and five in swift bolus samples (Fig. 1,
Supporting information). A total of 82 families were identi-
fied; 77 in suction-trap samples and 38 in bolus samples.

Divergence of swift and suction-trap samples

The largest disparities between the suction-trap catch and
the invertebrates caught by swifts was the percentage of
thrips (Thripidae), pollen beetles (Nitidulidae), leaf beetles
(Chrysomelidae), and aphids (Fig. 2). A total of 860 thrips
(Thysanoptera) were caught in the suctiontraps during the
sampling days, accounting for 28% of the total suction-trap
catch, whereas swifts caught none (Fig. 2). Similarly, a total of
315 aphids (10%) were captured in the suction traps, whereas
only 14 (0.01%) were captured by swifts over the three sam-
pling days. A large percentage of Scathophagidae (Diptera)
and small parasitoid wasps (Braconidae, Ceraphronidae,
Chalcididae, Pteramalidae, Trichogrammatidac)
(Hymenoptera) were also found in traps compared to bolus
samples (Fig. 2, Supporting information)

Agriculturally important invertebrates

A total of 374 pollen beetles (Meligethes aeneus: Nitidulidae)
were identified in the first swift bolus sample from 28 June
2022, whereas only seven pollen beetles were collected in the
suction trap on the same day (Fig. 2, Supporting informa-
tion). During the last sampling event (18 July 2022), 128
(45%) cabbage stem flea beetle (Psylliodes chrysocephalus:
Chrysomelidae) were caught by the swift, whereas just six
(2%) were caught in the suction trap (Fig. 2, Supporting
information). Aphids made up a small percentage of the
swift bolus samples with only 11 (1.9%), 0 (0%), and 3
(1%) aphids identified over the three bolus sampling periods
sequentially (Fig. 2, Supporting information). During the
same sampling periods, the suction trap caught 146 (25%),
142 (8.7%), and 27 (3%), respectively.

Page 3 of 8

51017 SUOWIWIOD BAIEBIO 3o idde ) Aq PauBA0B 3.8 DI YO ‘35N J0 S9INI 10} AIRIGITBUIIUO /B|IA UO (SUONIPUOO-PUE-SWLS) w003 1w ARG U UO//SdIY) SUONIPUOD PUE SWLB 1 841 39S *[1202/50/0€] U0 AkeiqiT8uliuo A 1M “I3 L AQ 76ZT0'E0IM/Z00T OT/10p/LIC" A3 ARe.q1Bu 1 UO'S EUIN0 osUy/Sdy Woaj papeo|umod ‘0 ‘X02ZE06T


www.r-project.org

Figure 1. Results from suction-trap samples (left) and the common swift bolus samples (right). Percentages within each donut plot are a
percentage of total catch for each order of invertebrates, and families are shown as relative percentages identified in each group.

Swift reproduction

In 2022, 21 swifts successfully fledged from ten nest boxes on
the study site. Two nests failed due to either egg infertility or
eggs being left for too long, leading to eggs chilling past the
minimum survival threshold. For comparison, in 2021, 25
swifts fledged; and in 2023, 23 swifts fledged at this site. Date
of fledging was not recorded in 2022.
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Weather conditions

Meteorological data confirmed that weather conditions
were similar at Brooms Barn and Brewery Farm on all three
days of sampling (POWER 2023; Supporting informa-
tion). Conditions were similar across sampling periods,
as time of ringing usually favoured was when adults were
more likely to be out foraging (i.e. dry, warm conditions),
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Figure 2. Comparison between the suction-trap samples and bolus samples, shown as a scatter plot, whereby each point on the plot is a
family of invertebrate found on that day and each axis is a sample type. Points further to the top left and bottom right corners signify fami-
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to minimise stress to adult birds during ringing of their
nestlings.

Discussion

The opportunity presented by incidental sample collection
during routine ringing has afforded a novel insight into the
diet of swift nestlings, comparative to insect prey availability.
There was a distinction between the swift and suction-trap
samples (Fig. 2), suggesting possible prey selectivity by swifts
gathering food for their broods.

Prey selection

Pollen beetles Meligethes aeneus (23 mm, (CABI. 2019)) and
cabbage stem flea beetles Psylliodes chrysocephala (3—5 mm,
(CABI. 2021)) were found in percentages higher than the
availability suggested by the suction-trap catches. These find-
ings are in support of Turner (1982) who found that swifts
accept insects between a body size of 2 and 10 mm. However,
few aphids were caught by swifts despite these being within
the same size category as both M. aeneus and P chrysocephala,
and the high numbers recorded in the suction traps at the
same time. This could suggest that swifts appear to be select-
ing for prey in high abundance and/or within close proximity
to the nesting sites. This may represent a hunting strategy of
gathering the highest biomass in the shortest amount of time.
Indeed, the abundance of beetles over oilseed rape crops (a
major source of both pollen and cabbage stem flea beetles)
is often substantial and may indicate the behaviour of the

bird to seek out crops as foraging habitat. This behaviour may
also be considered as volume-concentrated searching (VCS),
whereby complex aerial movements are concentrated to areas
of dense prey, and is known to be used by swifts in agricul-
tural landscapes (de Margerie et al. 2018). However, three
boluses cannot represent the broader behaviours of swifts
in the area, and further investigation is required to properly
test the hypothesis that swifts forage for prey that is in high
abundance.

Agriculturally important invertebrates

The presence of such a high percentage of crop pest species
(aphids, pollen beetles, and cabbage stem flea beetles) in
bolus samples also supports the notion that swifts can pro-
vide a valuable service in UK farmland. Whilst there has been
work done to understand and quantify the value of farmland
birds and other natural predators of pests, such as bats, more
research is needed to account for swifts (Boyles et al. 2011,
Whelan et al. 2015, Zhang et al. 2018).

Conversely, some invertebrate taxa found in the swift
boluses may themselves be considered as beneficial to agri-
culture. Pollen beetles, for example, are regarded as pests
in the spring on oilseed rape crops; however, adult beetles
feeding on pollen in the summer can result in useful pollina-
tion (Williams 2010). Even so, summer numbers of pollen
beetles have been found to be correlated with the abundance
of beetles in the following spring, and therefore crop damage
(Shortall et al. 2023).

Previous researchers have suggested that aphids are a cru-
cial food source for swifts and other insectivorous farmland
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birds (Lack and Owen 1955, Cucco et al. 1993, Orlowski
and Karg 2013, Ciristiano et al. 2018). Our findings suggest
that this is not always the case. The swifts whose three boluses
were sampled in this study did not catch many aphids relative
to the aphid abundance in the suction trap. This could suggest
less reliance on aphids than once thought. Finch et al. (2023)
highlighted that there was no association between aphid bio-
mass and swift demography, despite the marked declines of
aphid biomass across most of southern and eastern England
since the mid-1970s.

Pesticide concerns

The high percentage of crop pests in the bolus samples also
raises concerns for the impacts of pesticides, as pollen and
stem flea beetles are among the most commercially significant
pests of oilseed rape, frequently controlled by spray appli-
cations. Pesticide use has been hypothesised as a key driver
of avian decline, through direct exposure and reduced prey
availability (target and non-target species) (Hallmann et al.
2014, Poisson et al. 2021).

Pesticides picked up in the environment have shown to
impact nestling survival: directly, such as impacts on egg thick-
ness and resultant risk from predators (Cox 1991, Fry 1995,
Mitra et al. 2011), and indirectly through reduced prey avail-
ability for foraging birds (Brickle et al. 2000, Boatman et al.
2004). A long-term study between 1944 and 1992 (48 years)
on guano of chimney swift Chaetura pelagica found that large
increases of dichloro-diphenyl-trichloroethane (DDT), a once
widely used insecticide, were correlated with an increase in
Hemipteran prey and a decrease in Coleopteran prey, signifi-
cantly shifting the swift’s diet and specifically the ratios of dif-
ferent nutrients in the diet (Nocera et al. 2012). Additionally,
sub-lethal effects on both target and non-target invertebrates
have been shown to affect flight and locomotion performance
(De Franca et al. 2017). As a result, affected invertebrates
would generally be easier to catch on the wing and there-
fore are likely to be selected over non-exposed invertebrates

(Desneux et al. 2007, Jung et al. 2018).

Prey diversity

Invertebrates from five orders and 38 families were identi-
fied in the swift bolus samples. This diversity of prey may
buffer swifts from future change in any single insect group
(McClenaghan et al. 2019, Finch et al. 2023). The number
of studies reporting long-term change in the abundance and
phenology of insect taxa is growing in the UK; many of such
taxa are found here and in other studies to be consumed by
swifts (Shortall et al. 2009, Sanders et al. 2019, van Klink and
Bowler 2019, Bell et al. 2020). An ability to be adaptable to
shifts in aerial invertebrate composition is therefore likely to
be advantageous to breeding swifts, particularly as long-dis-
tance migrants are at potentially increased risk of mismatch,
if arrival time at breeding sites no longer coincides with ben-
eficial foraging conditions (Meller et al. 2008, Newson et al.
2016). A greater sampling effort would be required to infer
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more about the variability and adaptability of swifts more
generally.

Limitations

Since swifts collect diurnal invertebrates during daylight for-
aging trips, and the suction trap continuously samples over
a 24-h period, strict comparisons between the two sample
types must be treated with caution (Lack and Owen 1955).
However at 12.2 m, the suction trap is well within the forag-
ing arena of swifts (Lack and Owen 1955). Breeding swifts
are also known to feed close to their colonies and nests (Lack
and Owen 1955), supporting the assumption that swifts
sampled in this study will have been foraging well within the
80-km representative range of the suction trap located 45 km
from the nest sites.

Also, the nature of non-invasive incidental sampling
meant that only three bolus samples were analysed and more
samples would be required to conduct a statistical analy-
sis to draw stronger conclusions on diet. The samples were
also taken from a single farm that practices ‘nature friendly’
methods of farming, and whilst the swifts may have foraged
beyond the farm boundary, it would be useful to sample at
more intensive agricultural systems.

Conclusion

Whilst this short communication is a small insight into how
swifts are foraging in modern agricultural landscapes, it has con-
tributed new data to an otherwise scarce and largely outdated
field. This study has also highlighted key areas of discussion and
gaps in our understanding in a difficult study system. Notably,
the apparent preference for large prey and insects of high eco-
nomic interest (i.e. pest species), as well as the unexpected lack
of aphids as a key part of the diet, have contributed new knowl-
edge. It is envisaged that this straightforward comparison will
stimulate further research to expand our understanding of the
foraging ecology and its application to the future conservation
of common swifts in agricultural landscapes.
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