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Habitat preference and mobility of Polia bombycina:
are non-tailored agri-environment schemes any good

for a rare and localised species?
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Abstract General agri-environment schemes (AES) have
been shown to benefit widespread species, but there is little
information on the extent to which rare, more localised,
species may also benefit. We tested whether AES options
aimed at increasing general biodiversity also benefit a
highly endangered moth, Polia bombycina, without spe-
cies-specific tailoring. We assessed effects on its abun-
dance of two AES options, wide field margins and
hedgerow trees, using light traps at the landscape-scale and
for mark-release-recapture at the farm-scale. We hypothe-
sized that abundance would be highest at wide field mar-
gins and at hedgerow trees, and that if hedgerow trees
conferred a positive effect, individuals would be more
likely to follow hedgerows than crossing exposed fields
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while on the move. The results showed that significantly
more individuals were captured at sites with a hedgerow
tree. Numbers were also higher at wide margins, but this
was not statistically significant, and no individuals were
caught at field centres. Our study suggests that general
options within appropriately designed and implemented
AES aimed at increasing overall biodiversity in intensive
agricultural landscapes have the potential to not only
benefit common, widespread habitat generalists, but some
rare and more endangered species as well. P. bombycina
serves as an example of how general AES options, existing
and novel ones alike, might cater for the needs of rare and
localised species. As the precise ecological requirements of
most invertebrate species remain unknown, we urge sci-
entists and governments to address the challenge to
research and design truly general AES, which options
should be able to deliver not only for widespread species
but also for the less-widespread counterpart of farmland
biodiversity.

Keywords Agricultural biodiversity - BAP species -
Field margins - Hedgerow trees - Moths -
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Introduction

Although the effectiveness of general agri-environment
schemes (AES) has initially—and justifiably so—been
questioned (Kleijn and Sutherland 2003), they are still
considered the most important and only realistic policy
instruments within Europe for reversing widespread bio-
diversity declines in agricultural landscapes (Donald and
Evans 2006). It has become clear now that the key to their
success is the manner in which these general AES are
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implemented (Vickery et al. 2004). In order to improve
their effectiveness, their design should strive to (1) opti-
mize the choice of management options available to and
optimise their uptake by farmers through providing per-
sonal and tailored advice (Dutton et al. 2008; Merckx et al.
2009a), (2) maximise scheme uptake, moving away from
field-scale implementation of AES towards landscape-scale
targeting (Holzschuh et al. 2008; Rundlof et al. 2008a;
Merckx et al. 2009a, b), and (3) prioritize scheme imple-
mentation near high-quality habitat (Kohler et al. 2008)
and in low-intensity farming systems that still support high
levels of biodiversity (Kleijn et al. 2009), although some
AES have a larger effect in homogeneous landscapes (e.g.
Rundlof et al. 2008b). General AES should also take
regional landscape context into account as this impacts on
the biodiversity effects of AES (arthropods: Hendrickx
et al. 2007—butterflies: Bergman et al. 2004; Ockinger and
Smith 2006; Rundlof and Smith 2006; Davis et al. 2007,
Kivinen et al. 2007—(bumble) bees: Heard et al. 2007,
Holzschuh et al. 2007; Rundlof et al. 2008b—carabid
beetles: Vanbergen et al. 2005—orthoptera: Marini et al.
2008—plants: Dufour et al. 2006).

However, whilst general AES often have been shown to
benefit declining, though still common and widespread
farmland species, what has hitherto not been thoroughly
examined is the extent to which rarer and currently more
endangered species within intensive agricultural landscapes
(e.g. localised semi-natural habitat specialists, such as the
butterfly Lycaena tityrus in Flanders/Belgium) may also
benefit from these schemes that are not tailored to specific
species. Kleijn et al. (2006) observed that uncommon
species were known to benefit from AES in only two of
five European countries, and that Red Data Book species
rarely benefited from AES. As a result, it has been sug-
gested that objectives of AES within intensively managed
agricultural systems may have to be differentiated between
general AES aiming to increase functional biodiversity, for
example with the objective to improve ecosystem pro-
cesses, and AES tailored to the autecology of particular
endangered species still inhabiting these landscapes (Kleijn
et al. 2006; Evans and Green 2007; Reid et al. 2007;
Tscharntke et al. 2007; Verhulst et al. 2007; Wilson et al.
2007; but see Browne and Aebischer 2003). Such a two-tier
approach may, in theory, be the best way to manage the
trade-off between untargeted, and high volume measures to
benefit more common and widespread species and targeted
management to benefit rare and range restricted species
(Evans and Green 2007).

Whilst we do not question the usefulness of such a two-
tier approach when species-specific ecological require-
ments are known, we feel less at ease about the approach’s
implications in light of the strong research bias towards
vertebrates (Clark and May 2002; Leather 2009). Indeed,
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although we believe that it must be possible to design
effective management prescriptions meeting the ecological
needs of threatened bird species for instance, based upon
sound ecological research on the species-specific reasons
for their decline (Grice et al. 2004; Evans and Green 2007),
the majority of threatened species will be invertebrates,
lacking such data on ecological requirements. Hence, if the
targeted tier is strongly biased towards a minority of taxa
which may not be representative for other taxa, there is a
clear risk that the current two-tier approach may neither
cater for the needs of the majority of species nor improve
general biodiversity. As we do not envisage this bias
towards vertebrates disappearing, the best solution may be
if general, non-tailored AES could be made more inclusive,
not only catering for common, widespread species, but also
for rarer and more localised species. We believe, indeed,
that there exists a need to decrease the gap between the two
tiers of the above-mentioned approach, by designing the
general tier to be more ‘general’, in other words to cater for
a larger number of species.

Here, we conduct an exploratory case study which tests
whether possible AES options aimed at increasing biodi-
versity in general, also benefit a highly endangered noctuid
moth, Polia bombycina (Hufnagel) (Lepidoptera: Noctui-
dae) the pale shining brown. Species-specific tailoring was
not an option as the ecological requirements of this species
are largely unknown (see “Materials and methods”). In
2006, an apparently strong population of P. bombycina was
discovered during moth sampling in agricultural land-
scapes in Oxfordshire, UK (Townsend and Merckx 2007).
The species was captured in large numbers in one of four
landscapes under study, and was present on four farms
(nine out of 12 sampling points) within this landscape
(Fig. 1a). In 2007 and 2008 we repeated sampling at the
same points, using an identical methodology, and also
carried out a mark-release-recapture (MRR) study on one
of the farms (Fig. 1b).

In this study we assessed the effects on the abundance of
P. bombycina of two general AES options: 6 m wide
grassy field margins (currently a popular option in many
European countries) and hedgerow trees (a novel addition
to the set of general AES options within England). This
involved a multi-site, light trap study at a landscape-scale,
and a multi-site, MRR light trap study at a farm-scale.

Six metres wide uncropped, grassy field margins are an
important conservation tool (Macdonald et al. 2000). Their
creation and management is financially rewarded under
current AES in England, and widely taken up by farmers
[grass/buffer strips on arable land covered over 47,000 ha
by autumn 2006 (Butler et al. 2007; DEFRA/NE 2009)].
By early February 2008 more than 5 million ha (>51% of
agricultural land) was under AES in England, and grass/
buffer strips on arable land were one of the popular scheme



J Insect Conserv

a
0 500 1,000 Meters
W \
. O}

Bg p@
B g

=
o}
B g

Fig. 1 a Study area and trap sites. Light trap sites (N = 30) in the
study area of intensive agricultural land: sites with hedgerow trees are
indicated with a tree symbol; sites without hedgerow trees are
indicated with dots. Narrow and wide halos around the symbols
indicate standard and wide field margins, respectively. The northerly
clustered sites are part of the MRR study at a farm-scale (detailed
view in Fig. 1b). Three of these sites and the other clusters are part of
the habitat preference study at a landscape-scale (four farms; three
sites per farm). Note: not all field boundaries are indicated. Base layer

options (DEFRA/NE 2008). They have been shown
to increase overall diversity levels (e.g. invertebrates:
Asteraki et al. 2004; butterflies: Feber et al. 1996; Field
et al. 2005; bumblebees: Carvell et al. 2007; macro-moths:
Merckx et al. 2009a). Wide field margins might provide
P. bombycina with (1) relatively undisturbed larval habitat,
(2) adult food resources (i.e. nectar), and (3) buffer zones
against the impact of agricultural chemicals on larvae and
host plants (Longley and Sotherton 1997; Pywell et al.
2004; de Jonga et al. 2008).

Hedgerow trees are prominent landscape features. In the
UK, their abundance has dramatically declined since the
late eighteenth century to an estimated 1.6 million isolated
hedgerow trees, of which the annual recruitment is cur-
rently only half the level required to maintain a healthy
population (Stokes and Hand 2002; DEFRA 2010). Con-
servation management of hedgerow trees is a very recent
addition to the present set of general AES options within
England (DEFRA/NE 2009). The presence of hedgerow
trees increases overall diversity levels of macro-moths
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map: © Crown Copyright/database right 2008. An Ordnance Survey/
EDINA supplied service. b MRR study trap sites and movements.
Large-scale section of Fig. la (same symbology) showing 20 light
trap sites from the MRR study at a farm-scale. Light grey lines
indicate all field boundaries (i.e. hedgerows) and roads. Black arrows
indicate movements of P. bombycina individuals (N = 5; 8 recap-
tures/movements). The central field was only sampled in one of the
field seasons. Base layer map: © Crown Copyright/database right
2008. An Ordnance Survey/EDINA supplied service

(Merckx et al. 2009a), overall abundance of diptera (Peng
et al. 1992), as well as temporal abundance and foraging
activity of bats (Linton et al. unpubl. data). In order to
minimize confounding variables, we almost exclusively
selected pedunculate oak (Quercus robur L.) as hedgerow
trees in this study. Although there is no evidence that they
provide a larval food resource to P. bombycina, they
increase shelter. Sheltered spots are important for insects,
which are ectothermic, and hence prone to convective
cooling in agricultural landscapes (Dover and Sparks 2000;
Pywell et al. 2004).

We first tested whether wide field margins and hedge-
row trees influence the abundance of P. bombycina. We
hypothesized that, in the case of positive influence, abun-
dance would be highest at wide field margins and where a
hedgerow tree is present. Our second hypothesis was that,
if hedgerow trees conferred a positive effect by providing
shelter, P. bombycina would also be more likely to fol-
low hedgerows while moving through the landscape,
rather than crossing the more exposed field centres. Our
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prediction was that we would not trap many individuals in
the centre of the fields, irrespective of their mobility level.
We sampled at fixed points in arable field margins char-
acterised by four combinations of presence/absence of
wide field margins and hedgerow trees. A MRR study
provided complementary information on movement char-
acteristics and activity.

Materials and methods
Study species

Since the mid-1970s P. bombycina has declined severely in
Britain (Waring and Townsend 2009), and probably else-
where in Europe (e.g. Sweden, Belgium: M. Parsons, pers.
comm.; The Netherlands: De Vlinderstichting/Werkgroep
Vlinderfaunistiek 2008). The reasons for this decline are
not well understood. P. bombycina met the conservation
status criteria for inclusion as one of 81 priority moth
species in the UK government’s Biodiversity Action Plan
(BAP) (www.ukbap.org.uk) (UK Biodiversity Group 1999;
Butterfly Conservation 2007). The BAP process has
resulted in a much better understanding of the status and
autecology of many of the moth species listed (Parsons
et al. 2005). However, P. bombycina’s ecological require-
ments remain poorly known and, although its serious
decline is beyond question, there is not enough focused
monitoring data to assess the real extent of the remaining
populations. For these reasons it is impossible to tailor
specific measures or provide specific advice on habitat
management. Thus, the response of this species to general
AES provides a good case study to determine how AES
options may benefit rare and localised species with rela-
tively unknown resource requirements.

Until the mid-1970s P. bombycina was widely and well
distributed in southern and southeast England (Waring and
Townsend 2009), inhabiting downland and open country
mainly on clay and light calcareous soils (Heath and
Emmet 1979; Skinner 1998). A population at Salisbury
Plain, Wiltshire, was regarded as the last stronghold
between 2000 and 2005, as here the moth was recorded
annually, albeit in low numbers (Thomas et al. 2006). By
2008, only nine record clusters were known, all within four
10 km squares. There are an additional seven sites, cov-
ering at least six additional 10 km squares, with single
recent records, excluding those of immigrants of the sil-
very-grey continental form (The Action for Threatened
Moths Project, undated). In Oxfordshire, P. bombycina was
widespread, if local, up to at least 1979, but had last been
seen in 1984 (Waring 2002). Single examples were again
caught in a small area in the northwest of the county in
2005 and 2006 (Townsend and Merckx 2007). In 2006 we
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sampled large numbers (see below) on arable land in west
Oxfordshire, and hence discovered the strongest population
currently known in Britain (Townsend and Merckx 2007).

P. bombycina is a univoltine nocturnal species with a
flight season from mid-June to mid-July. It almost certainly
overwinters as a larva, and may sometimes complete its
spring growth on the buds and leaves of deciduous trees
and shrubs, like other members of the genus (Ronkay et al.
2002). However, the life cycle remains unconfirmed in the
wild. Plants accepted in captivity include herbaceous spe-
cies such as sow-thistles Sonchus spp., dandelion Taraxa-
cum officinale, common restharrow Ononis repens, docks
Rumex spp. and common broom Cytisus scoparius, as well
as woody plants such as bilberry Vaccinium myrtillus, grey
willow Salix atrocinerea, white willow S. alba and com-
mon hawthorn Crataegus monogyna.

We found that the larvae, in captivity, are highly neg-
atively phototaxic and are therefore likely to be active well
after dark and perhaps only on darker nights (Townsend
and Merckx 2007). It has also been observed that the larva
is a poor climber (Waring and Townsend 2009). Pupation
probably occurs underground. Adults visit flowers,
including wood sage Teucrium scorodonia, white campion
Silene alba, bladder campion S. vulgaris, woundworts
Stachys spp. and viper’s-bugloss Echium vulgare (BC/
DEFRA 2005; Waring and Townsend 2009).

Sampling

We used Heath pattern actinic light traps (6 W) (Heath
1965). These operate on the ‘lobster-pot principle’,
whereby moths are drawn from a relatively close distance
to an actinic tube secured vertically between baffles, fall
unharmed down a funnel, and rest on the inside of the trap
or on pieces of egg-tray provided. Traps were operated
from dusk until dawn, when the live sample was enumer-
ated and released in situ.

We only sampled fields bordered by average-sized
hedgerows (2-3 m high; 1.5-2.5 m wide) with hedgerow
trees scattered throughout. Hedgerows had similar levels of
woody plant species richness and diversity (Merckx et al.
2009b). We compared wide (6 m) perennial grass margins
(current AES option; DEFRA/NE 2009) with standard (ca.
1-2 m; cross-compliance) margins in the fields sampled,
and presence/absence of a hedgerow tree. Hedgerow tree
sampling sites were positioned at a distance of 1 m from
hedgerows and 5 m away from the trunk of a hedgerow
tree (minimum height: 15 m; predominantly Q. robur).
Sampling sites were carefully selected so that the variation
in hedgerow tree and margin characteristics other than the
subject variables was minimal throughout. All sites were
more than 100 m apart in order to avoid interference
between light traps, and all sites were fixed for the duration
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of the study. All sites were more than 50 m from hedgerow
intersections, to reduce bias due to local aggregation of
individuals that use hedgerows as flight corridors (Fry
1991; Dover 1996; Maudsley 2000). All sampling sites in
margins were located 1 m from hedgerows.

Sampling followed a strict protocol to control for con-
founding factors between sites and between sampling
events. Activity levels of nocturnal flying insects are
affected by a number of variables; therefore, the protocol
was designed to ensure that sampling was conducted in
similar, sufficiently favourable conditions to minimise bias.
Sampling occurred under pre-defined weather forecast
criteria of minimum night temperature (10°C), maximum
wind speed (20 km/h) and maximum precipitation risk
(50%), derived from variables as predicted for the nearest
town (Chipping Norton, Oxfordshire) between sunset and
sunrise on http://uk.weather.com (in practice the minimum
night temperatures were in most cases considerably higher
and maximum wind speeds considerably lower).

Studies
Landscape-scale study

We sampled twelve field margin sites spread over four
predominantly arable farms (3 per farm) in an agricultural
landscape (River Evenlode catchment, Oxfordshire, UK).
Each farm was allocated to a different experimental group
as follows: (1) hedgerow tree 4+ wide margin; (2) hedge-
row tree + standard margin; (3) no hedgerow tree + wide
margin; (4) no hedgerow tree + standard margin (Fig 1a).
The classification towards these experimental groups was
representative for the whole farm as the three sampled
margin sites per farm were representative of the majority of
margins of a given farm. Sampling at each farm was car-
ried out from mid-May to mid-October in discrete fort-
nightly periods, once in each period, in random order
within the period. A maximum of three farms (i.e. nine
sites) were sampled on any one night, and traps were col-
lected in, and moved to a different site, after each sample.
This was done during three consecutive years (2006/2007/
2008), as part of a larger project (Merckx et al. 2009a; in

prep.).
Farm-scale mark-release-recapture study

We conducted a MRR study across five adjacent arable
fields (Stonesfield, Oxfordshire, UK). In 2007, five sites
were sampled within each of four fields (central field was
not sampled; twenty sites in total): one site at the centre of
each field, and four sites at the field margins (one site at
each margin). Two of these field margin sites were near a
hedgerow tree (see above). Two fields had standard

margins, and the other two had wide margins (Fig. 1b). In
2008, we sampled four field margin sites within each of the
five fields (twenty sites in total): two sites near a hedgerow
tree and two sites without a hedgerow tree. Three fields had
standard margins, and the remaining two had wide margins
(Fig. 1b). We alternated trapping between fields (i.e. indi-
vidual trap sites were not run on consecutive nights). This
method avoids a bias towards recaptures at the same site, as
individuals released in situ would otherwise be very likely
to end up in the trap nearby when they get active at dusk. In
2007 we sampled every night ten sites of both a field with
wide margins and a field with standard margins, whereas in
2008 we sampled every night eight sites of both a field with
wide margins and a field with standard margins, as well as
an additional two sites of the central field, so that all sites
were covered equally within a given year. In both years the
study covered the entire flight period of P. bombycina: in
2007 the study ran from Sth June until 14th July on 32
nights, and in 2008 from 9th June until 19th July on 33
nights (i.e. on all nights with suitable weather conditions;
see above). The biggest gaps in trapping effort, due to the
weather, were of periods of two consecutive nights, twice
in 2007 and once in 2008.

At dawn, all trapped individuals of P. bombycina were
marked (at first capture) in situ by writing a unique number
on the upper side of the left forewing with a fine, non-toxic,
permanent waterproof marker (Staedtler Lumocolor 313)
and were released immediately into nearby tall vegetation.
For each capture we recorded (1) date, (2) site, and (3)
individual mark number. Locations of trap sites were
obtained via a handheld GPS receiver (Garmin/etrex).
Distances of movements between captures were measured
using a GIS (ArcGIS 9.0) and were log;o-transformed prior
to analyses in order to obtain normality of the residuals.
The average distance among all possible, pair-wise com-
binations of all trap sites was 663 + 27 m and 624 £+ 25 m
in 2007 and 2008, respectively (mean £ SE; Nij poth years =
210). The furthest distance between any two traps was
1,444 £ 7 m (2007 and 2008; combined error on GPS
positions).

MRR is a well-established method to assess mobility
and population structure of butterfly populations (Warren
1992) and those of other species. There is, however, very
little information on the relative mobility of the majority of
nocturnal Lepidoptera species, apart from a few well-
established long-range migrants and some species with
very restricted ranges (Woiwod and Stewart 1990). We
know of only two published MRR studies on moths cap-
tured in light traps (Nieminen 1996; Merckx et al. 2009b),
and we therefore consider this method to be a novel
approach. In contrast to MRR studies on day-flying Lepi-
doptera, where the observer actively patrols through a
study site, moth light traps are fixed sampling points.
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This method thus results in lower recapture rates. Niemi-
nen’s study was characterized by 10 and 15% overall
recapture rates (2 years). The overall recapture percentage
in Merckx et al. (2009b) for all nine species combined was
3.9% (range: 0-14.6%). Studies on both white ermine
Spilosoma lubricipeda (M. Young, University of Aberdeen,
UK, pers. comm.) and sussex emerald Thalera fimbrialis
(Parsons and Kirby 1993) resulted in recapture rates of less
than 5%. In another study ca. 700 individuals of large
yellow underwing Noctua pronuba were marked and only
one was recaptured (i.e. 0.1%) (M. Young, pers. comm.).
Presumably moths have a continuum of open-closed pop-
ulation structures and dispersal abilities in a similar way to
butterflies, and open population structures will similarly
result in lower recapture rates.

Analyses
Habitat preference

We totalled the number of individuals sampled at each of
the 32 sites per year: 12 sites from the landscape-scale
study during 2006, 2007 and 2008, and 20 sites from the
MRR study, excluding the field centres, during 2007 and
2008. These abundances (N = 72) were log;o-transformed.
We used the Information Theoretic (IT) approach (Burnham
and Anderson 2002; Richards 2005) to compare 15 alter-
native and biologically plausible models that capture key
elements of the system under study. This IT approach
aspires to find the best of a suite of models, with the fewest
parameters absolutely necessary (Johnson and Omland
2004; Boyce et al. 2007). The additive models were gen-
eralized linear models (GLM) that contrast the effects of
three independent class variables (i.e. fixed effects) on
these abundances of P. bombycina: ‘margin’ (standard
versus wide); ‘hedgerow tree’ (absent versus present);
‘year’ (2006, 2007, 2008); and all two- and three-way
interactions of the three main effects. All possible combi-
nations of these fixed effects give a total of 15 different
models. ‘Site’ nested within ‘farm’ was included as a
random effect in all models. Akaike’s Information Crite-
rion (AIC; Akaike 1974), corrected for small sample sizes
(AICc), was used to determine Akaike’s weights of evi-
dence for each model given the other models considered.
Using the COMPMIX macro (Russell D. Wolfinger; http://
support.sas.com/kb/24/996.html; SAS 9.1), we selected the
model with the lowest AICc. The Akaike’s weight of this
model (0.61) was much larger than the second best model
(0.16), and the Akaike’s difference between the top-ranked
model and the second best model was larger than 2
(A = 2.7). According to Burnham and Anderson (2002,
2004) this means that there is substantial evidence to
support our top-ranked model, and that this best model has
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considerably more support than the second-best and all
other models tested. We therefore used this selected gen-
eralised linear model (Proc Mixed, SAS 9.1). Model
residuals were normally distributed (Shapiro-Wilk).
Degrees of freedom were calculated using the Satterthwaite
option (Littell et al. 1996). Differences of least squares
means (DLSM) were calculated.

Mobility

For every recaptured individual we calculated the distance
covered between first capture and last recapture (i.e. sum of
covered distances in case of multiple recaptures; 1 data
point/individual; data independence). We used three dif-
ferent measures of mobility, combining the data of 2007
and 2008: (1) average (£ SE) of these total covered dis-
tances, (2) overall recapture percentage, and (3) proportion
of first recaptures at site of first capture.

Weather

In order to correlate climatic data with the contrasting high
numbers in 2006 versus low numbers in 2007/2008, the
following climatic parameters for every sampling night
were compared between 2006 (4th June—19th July;
N = 22) and the combined data of 2007 and 2008 (2007:
5th June—14th July; 2008: 9th June—19th July; N = 65)
using Student’s t-tests (Proc Ttest; SAS 9.1): (1) temper-
ature at dusk and dawn (°C); (2) maximum and minimum
overnight wind speed (km/h); and (3) humidity at dusk and
dawn (%). Equality of variances was tested for, and
accordingly we used the Pooled or Satterthwaite method to
calculate degrees of freedom.

Results
Habitat preference

Significantly more individuals were captured at sites where
a hedgerow tree was present than at sites without a
hedgerow tree, both at standard and wide field margins
(tree: Fj,7 = 21.81; P < 0.0001; tree x margin: non-
significant) (Fig. 2). This main effect of hedgerow tree,
however, was only present in 2006 (tree x year: F5 451 =
13.86; P < 0.0001; DLSMyg: te47 = —5.98; P < 0.0001).
In 2007 and 2008 no effect of hedgerow tree could be
detected, but the direction of the trend was the same in all
years (DLSM07: te37 = —041, P = 068, DLSM()g: tez1 =
—0.81; P = 0.42). The absence of a hedgerow tree effect in
2007 and 2008 was probably due to a lack of statistical
power as numbers of P. bombycina were much lower in
2007 and 2008 than in 2006 (year: Fo4>; = 21.91;
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Fig. 2 P. bombycina counts. Abundances (mean + SE; logo-trans-
formed) of P. bombycina at standard and wide field margin sites with
(filled circle) and without (open circle) a hedgerow tree (Q. robur).
Abundance at sites with a hedgerow tree is significantly higher than at
sites without a hedgerow tree, both at standard and wide field
margins. Numbers are higher at wide compared to standard field
margins, but not significantly so. Numbers were totalled over 3 years
(2006-2008). Sampling occurred at a total of 30 light trap sites

P < 0.0001; Ngg = 86; Np7 = 23; Nog = 18; LSMye
(£ SE) = 0.65 £ 0.07; LSMy; (£ SE) =0.18 £ 0.05;
LSMog (:l: SE) =0.13 + 004, DLSM06,07: I4s8 = 577,
P < 00001, DLSM()G,Og: 478 = 641, P < 00001,
DLSMy7.03: 1363 = 0.74; P = 0.46). The abundance of P.
bombycina did not differ significantly between wide and
standard field margins, though numbers were higher in
wide than in standard margins (F; 7 = 0.30; P = 0.59)
(Fig. 2).

Mobility

As numbers of trapped P. bombycina individuals were low,
we combined the data from 2007 and 2008. Overall, only
five out of a total of 29 marked individuals were recap-
tured, of which three were recaptured twice, and two were
recaptured once (i.e. eight recapture events; overall
recapture percentage: 17.2%). Only one out of these five
recaptured individuals was recaptured at the same spot of
first capture (i.e. 20%). On average, individuals covered a
total distance of 653 + 214 m (range: 0-1157 m; N = 5)
(Fig. 1b). Recapture events occurred shortly after first
capture [mean £ SE: 1.63 %+ 0.26 nights (N = 8); range:
1-3 nights]. No individuals were caught at the field centres
(2007 MRR study), although 18, plus one recaptured
individual, were trapped in the surrounding field margins of
the same fields over the course of the study. Movements
show that P. bombycina is a rather mobile species, likely to
follow hedgerows while traversing the landscape.

Climate

Climatic data from 2006 were contrasted with pooled data
from 2007 and 2008 in order to correlate these data with
the contrasting high numbers in 2006 versus low numbers
in 2007/2008 (see Results Habitat preference). Tempera-
tures at dusk and dawn were higher in 2006 than in 2007/08
(dusk: 19.6 &+ 0.7 vs. 16.4 £ 0.2°C; 165 = 4.29; P =
0.0002—dawn: 13.5 £ 0.5 vs. 12.0 £ 0.2°C; tp53 = 2.77;
P = 0.01). Maximum overnight wind speed was lower in
2006 than in 2007/08 (11.2 & 0.9 vs. 14.0 & 0.6 km/h;
tgs = —2.37; P = 0.02). There was no difference in the
minimum overnight wind speed (8.2 £ 0.8 vs. 93 &+
0.6 km/h; g5 = —0.98; P = 0.33). Humidity at dusk was
lower in 2006 than in 2007/08 (61.8 £+ 2.2 vs. 74.6 +
1.4%; tg4 = —4.69; P < 0.0001). There was no differ-
ence in humidity at dawn (89.2 + 1.5 vs. 90.2 + 1.3%;
ts3 = —0.51; P = 0.61).

Discussion

In line with our first hypothesis, the presence of hedgerow
trees conferred a considerable positive effect on numbers
of adult P. bombycina. No individuals were trapped in the
field centres and numbers were higher in wide compared to
standard field margins, but the effect of wide field margins
was not statistically significant. Nevertheless, this AES
option may benefit P. bombycina. In a field-scale study in
the same study area on nine common macro-moth species
for which field margins provide resources for the larval and
adult stages, Merckx et al. (2009b) demonstrated that wide
margins positively affected adult abundance, more so for
less mobile species but not for the most mobile. Here, all
three mobility measures we used indicate that P. bomby-
cina would be at the mobile end of the gradient displayed
by the nine species. In line with the conclusion of Merckx
et al. (2009b), this may indicate that wide field margins
would be more effective for P. bombycina if uptake of this
AES option were implemented across a landscape, rather
than the current field-scale uptake. Additionally, Merckx
et al. (2009b) showed that wide field margins had signifi-
cantly more nectar sources than standard margins, bene-
fiting nectar-dependent species, such as P. bombycina (see
also Pywell et al. 2004).

In line with our second hypothesis, we showed that
P. bombycina adults are likely to be highly dependent on
shelter-providing structures in the landscape. Although
hedgerows alone provide some degree of shelter in exposed
agricultural landscapes (Lewis and Stephenson 1966;
Dover and Sparks 2000; Maudsley 2000), the large
majority of individuals were trapped near hedgerow trees.
In captivity, P. bombycina larvae are able to grow on a
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variety of herbaceous and woody plant species, but it is not
known whether they accept oak leaves. As the life cycle in
the wild is still unknown, evidence is lacking as to whether
oak trees are a larval foodplant for P. bombycina. Never-
theless, hedgerow trees are probably of benefit in providing
a higher level of shelter than hedgerows without trees. This
must especially be the case for insect species that routinely
fly at levels above the average height of hedges where they
cannot benefit from their shelter shadow. This is likely to
be the case for P. bombycina, a typically built noctuid
designed for powerful flight (Waring and Townsend 2009),
as Taylor and French (1974) showed that relatively large
numbers of noctuids are flying at varying heights up to
100 m (contrasting with numbers of Geometridae, another
species-rich group but of smaller and less mobile moths,
concentrated close to ground level). Furthermore, in a
study on the whole macro-moth fauna in agricultural
landscapes, Merckx et al. (2009a) showed that the positive
effect of hedgerow trees on adult abundance applied both
to oak-feeders and species that fed on other woody and
herbaceous plant species in the margins and hedgerows,
which also suggests that the effect was due to the shelter
provided by the trees. In addition to this shelter effect,
night air temperature may well be slightly higher beneath
hedgerow tree canopies compared to surrounding temper-
atures in the open agricultural landscape, especially at clear
and calm nights (see Langvall and Ottosson Lofvenius
2002; Merckx et al. 2008). Both effects of shelter and
temperature mean that convective cooling of flying insects
will be reduced at hedgerow tree sites. Hedgerow trees
might also be expected to impact on water and nutrient
levels of the soil, affecting sward structure and composi-
tion, with possible effects on nectar abundance. These
related aspects need further research.

We argue from these observations that P. bombycina is
dependent on large, shelter-providing structures to move
through agricultural landscapes, and probably follows high
hedgerows and hedgerow tree lines when searching for
resources, at least in agricultural landscapes (see also
Dover 1990). Consequently, the actual distances covered
are probably considerably larger than the reported Euclid-
ean distances between captures. Moreover, MRR studies
generally underestimate mobility levels and are systemat-
ically biased by the spatial scale of the study (Schneider
2003). It is hence not surprising that the spatial resolution
of our study may have influenced the estimated mobility:
the average observed distance covered by P. bombycina
(653 £ 214 m) resembles closely the average distance
among all pair-wise combinations of all trap sites (2007:
663 £ 27 m; 2008: 624 £ 25 m).

Abundance of P. bombycina adults was much lower in
2007 and 2008 than in 2006. Adult Lepidoptera generally
prefer higher ambient temperatures (within limits) and
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lower wind speeds, which make it easier to stay within the
thoracic muscles’ optimal thermal window for flight
activity (Merckx et al. 2008). Hence, the higher tempera-
tures (A3.2°C at dusk and A1.5°C at dawn) and the lower
maximum overnight wind speeds (A2.8 km/h) in 2006
meant that conditions for flight were more favourable than
in 2007 and 2008. Moreover, the summers of 2007 and
2008 were characterised by persistent and frequent heavy
rain in lowland England [trapping nights in 2007/2008 had
higher humidity percentages at dusk (A = 12.8%) than in
2006]. These conditions have been blamed for the gener-
ally low numbers of Lepidoptera during 2007 and 2008
(Waring 2008). For instance, overall macro-moth abun-
dance in samples from the same region was 42% in 2007
and 46% in 2008 of values in 2006 (Merckx et al. in prep.).
There were no obvious changes in habitat due to agricul-
tural management in the study landscape, and the optimum
conditions for larval survival of this species are not known.
Therefore, variation in seasonal weather patterns is the
most likely explanation for the differences between years.

General options within appropriately designed and
implemented AES aimed at increasing overall biodiversity
in intensive agricultural landscapes could not only benefit
common and widespread habitat generalists, but here we
show that they might also work for some more localised,
rare and highly endangered species. AES management
options focused on the establishment of new hedgerow
trees and the retention of existing hedgerow trees are likely
to be successful in increasing numbers of P. bombycina, at
least in areas where the species still occurs, given the
demonstrated positive effect of their presence on numbers
of this endangered species. Although numbers of this
species were not significantly higher in wide compared to
standard grassy field margins, AES options for nectar-rich
margins might well have a significant effect on this nectar-
feeding insect species (see Pywell et al. 2004). Further
studies are needed to test whether our finding on general
AES options holds for other species of conservation con-
cern, such as rare, locally distributed species and/or habitat
specialist species for which detailed ecological require-
ments are lacking. It has already been shown that general
AES can be successfully tailored to meet additionally the
needs of a particular species or species group of conser-
vation concern when their specific resource requirements
are taken into account (e.g. seed-eating birds: Evans 1997).
For example, Bayliss et al. (2005) applied a spatially
explicit multi-species approach, targeting eight threatened
bird species associated with rare neutral grasslands within a
general AES. Another example is a general AES targeted at
the cirl bunting Emberiza cirlus, amendments to which
boosted local populations by 83% in just six years (Peach
et al. 2001). A further example is a recent study of the
impact of AES on the marsh fritillary butterfly on chalk
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grassland in Dorset, southern England. This study showed a
recovery from a low of 10-17 colonies between 1995 and
2007 following the introduction of a special extensive
cattle grazing option to the general AES in 1993 (Bulman
et al. in prep.). However, species-specific amendments to
general AES are not feasible for every species of conser-
vation concern, and are likely to create a bias towards
high-profile species. Attention is already highly biased
towards vertebrates, among which mammals and birds
are substantially over-represented (Clark and May 2002;
Macdonald et al. 2007; Leather 2009). Furthermore, spe-
cies-specific conservation requires detailed autecological
knowledge on resource use and mobility, and distribution
data. Without such information, AES implementations may
even have detrimental effects on species (Konvicka et al.
2008). Adequate information is often lacking for the large
majority of species, even in the UK after centuries of
published scientific research. There is a need for optimized
general schemes that deliver gains for the large majority of
currently declining species, still common and more local-
ized alike, in intensive agricultural landscapes. Our work
on P. bombycina shows this might be feasible, as general
AES options (e.g. for the establishment of new and the
protection of existing hedgerow trees) were likely to
increase abundance without species-specific tailoring.
Although the presence of wide grassy field margins did not
result in significantly higher numbers of this endangered
species, a general AES option for the establishment of
nectar-rich wide margins might do so (see above).

Since policy reform is an important driver of changes in
agricultural land-use (Mattison and Norris 2005), we are
encouraged to see policy measures that specifically address
biodiversity and landscape protection being implemented,
at least in Europe and the US (e.g. 155 such measures as of
December 2004 within the OECD: Herzog 2005). In order
to be successful (i.e. meeting a pre-defined target of
increased biodiversity overall), integrative approaches are
key. AES that integrate multi-species conservation of
whole landscapes, as well as the economic and social
consequences of land-use change, are likely to meet such
targets (see also Polasky et al. 2008), especially since we
show here that they may not only benefit declining, though
still common, generalist species but they might also benefit
rare, more localised and more endangered species. Making
the general tier of the two-tier approach to AES more
inclusive, by including novel, effective options within
general schemes, will make AES more powerful and will
increase their likelihood to reverse negative biodiversity
trends in the wider countryside. Additionally, benefits to
non-target species will be gained from the multitude of
juxtaposed conservation measures within the species-
specific tier, targeted at those species where the ecological
requirements are better understood. The next phase of the

English Higher Level AES (HLS), targeted within
selected areas (NE 2008), is an example of a more inte-
grated AES, and it is essential that this targeted approach
be monitored to assess its impact to biodiversity. It
should be clear that we are not advocating against
species-specific conservation. Indeed, we believe that
general integrative AES should be topped-up with spe-
cies-specific prescriptions, where and when the precise
ecological requirements of certain species of high con-
servation concern are known.

In practice, more integrated AES should be designed
taking into account a number of general points (see also
Grashof-Bokdam and van Langevelde 2005). For example,
AES should be implemented over wide areas so that whole
populations and, hence, whole agro-ecosystems can benefit
(e.g. Tscharntke et al. 2005, 2007). Merckx et al. (2009a, b)
show that targeting of entire landscapes is necessary to
produce the largest effects from AES options, moving
away from a field/farm-scale implementation of AES
towards landscape-scale conservation by AES. Within-
landscape heterogeneity also needs to be increased, so as to
cater for as many species as possible, especially in the face
of climate change (Dennis et al. 2007). It is thus important
to preserve, restore and implement semi-natural elements
(e.g. hedges, trees, woods) (Holland and Fahrig 2000;
Fahrig 2001; Swift et al. 2004). A large-scale study cov-
ering 25 agricultural landscapes in seven EU countries
showed that species richness of plants, birds and five
arthropod groups increased with the area of semi-natural
habitats in the landscape (Billeter et al. 2008).

A policy change towards the development of better AES
would also have to be accompanied by a shift from a patch/
matrix or habitat/non-habitat approach towards a resource-
based approach to the whole agricultural landscape (see
also Dennis 2004, 2010; Dennis et al. 2003, 2006). Fahrig
(2001) enumerated the conditions of species survival in
landscape mosaics and concluded that the habitat/non-
habitat model should be avoided. Her simulations predicted
that under certain circumstances up to 58% less habitat is
required for population persistence, if a matrix of very low
quality is converted to a matrix of very high quality. Matrix
quality has a larger effect on population persistence than
does habitat pattern (i.e. habitat fragmentation) (Fahrig
2001). Within the whole-landscape context, these findings
emphasise the need to increase the amount and quality of
resources within the ‘matrix’ so as to increase the suit-
ability of the agricultural habitat, and to decrease the need
for movements and its associated cost.

By showing that numbers of adult P. bombycina—a UK
conservation priority species—are higher at hedgerow
trees and wide field margins, at least when AES are suf-
ficiently implemented and at a large enough spatial scale,
our results indicate that there is scope to integrate such
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widely applicable AES options within inventively designed
AES aimed not only to benefit common and widespread,
though declining species, but also to benefit rarer and more
endangered species within agricultural landscapes. As it is
not realistic to cater precisely for the needs of all species
within agricultural landscapes, we believe there is a great
urgency to invest strongly in ecological research to
develop inclusive AES that manage for increased habitat
quality (i.e. more habitat resources) for populations of low-
profile species, which comprise the largest part of global
biodiversity.
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