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Abstract

Synanthedon vespiformis L. (Lepidoptera: Sesiidaéd considereda rare insect in Sweden, discovened86Q
with only a fewobservationsecordeduntil asexpheromonettractanbecame availableecently This study
details a national survey conducted using pheromones as a sampling foethdspeciesThrough
pheromone trappingre capturedd39specimesin Southern Swedeat 77 sites, almost tripling the number of
previouslyreportedrecords for this speciesThe results suggest thatvespiformisis truly a rare species with
genuinely scattered distribution, but can be locally abundant. Habitgsasalere conducted in order to test
the relationship between lhigat quality and the number of individuals caughtSwedenS. vespiformisis
thought to beassociated witlvak hostsbut ou attempts to predict its occurrence by the abundance of oaks
yielded no significantelationshipsWe therefore suggest that sampling bias and limited knowledge on
distributionmay havded to the assumption that this specigsrigarily reliant on oaks in the northern part of
its range, wheredsmay in fact beolyphagoussimilar toS. vespiformisfound asanagricultural pest in

Central and Southern Europie conclude that pheromones can massively enhance sampling potertis for

and otherareLepidopterarspeciesLargescale pheromonbased surveys provide a snapshot of true presences

and absences across a considerable part of a species national distributioandutiges for the first time
provide a viable means of systematically assessing changes in distribugr timewith high spatiotemporal

resolution
Keywords: Ecology, saproxylicmoth,indicatorof species richnessonservationmonitoring
Introduction

Woodland habitats have undergone significant anthropogenic changerinaeceiries, giving waio land use
focused on agriculture and housing developnigh&sson &Nilsson 2002) As well as habitat fragmentation,
habitat alteration has also been an issderebyopen, sunny woodland habitats have been transformed into
shady, overgrown habitats less suitablesfoecieslependent osuright (Kirby et al., 2005) Onesuchlight-
dependent species associated wdk woodlanchabitatand the focusf this papeis the clearwing moth
Synanthedon vespiformis (L.) (Lepidoptera: Sesiidagfirst recordedn Sweden infl860 (Eliasson2007). This
speciess classified a¥ulnerableon the SwedisRed List(Gardenfors2010 and considered ‘Nationally
Scarce’ in the United Kingdontfeatorg-Davieset al., 2003. The moth could gtentially serve aa good
indicator fortheincreasingly rare open woodland habitdtse location and distribution oflearwing moth
populationsarehoweverdifficult to assessas thespecies of thigamily arerelatively inconspicuous and
frequently mistaken for members of the hymenoptieiato theimimicry (Duckworth & Eichlin 1974). Asa

result knowledge otheirtrue distribution an@cology remainselativelylimited.

S vespiformisis a particularly interesting exampdé a saproxylicclearwing as its habitat preferences sasdm
vary significantlyacross its geographical rangeEarope In the southern part of its range it is thought to be
fairly polyphagous and i factconsidered a pest, attacking numerous tree species including bagas (
silvatica L.), oak Quercus spp), poplar Populus spp), willow (Salix spp) andfruit crops ofblackberry Rubus
fruticosus L.), raspberry Rubusidaeus L.) and peachRrunus persica L.) (Szanténév/eszelkaet al., 2010)

However in the northern part of its range where the species is considered thremtdraimbs not occur as an

2



77  agricultural pestthe primary host of the larvae is assumed tQbercus robur L. (pedunculat®ak)with some
78  suggestions of members of tResaceaandBetula spp.as secondary hostEljasson, 2002Waring &

79  Townsend2003).However, the evidence is predominantly anecdmtéiased on a small number of

80  observations Thusa ketter inderstandingf its ecology will aid in conservation of this spegiparticularlyin
81 places where it isconsidered to b decline. Tlese conseantion effortsfirst requireeffective and accurate
82  sampling andnonitoring methodsf the target speciesomething which has been identified as lacking in

83  modern biodiversity management (Rademaekess, 2010)

84  Identifying, protectingand monitoringkey areas or habitat types tisafpporta high number ofare or

85 threatened species issential in conservatioménleet al., 2013. However, broad systematic surveye

86  expensive, timeonsuming andften reliant on a small number taikonomic expertée.g.Horak & Pavlicek
87  2013. Saproxylic habitats in particulare significantly more difficult and expensive to monitor using stechd
88  methods, wittthe number of site visits for establishing species assemblage being twieashat of

89  equivalent grassland habitats (p&@nm David HeaverNatural Englanyl Thusfor determining species

90 distribution,systematic surveysf this naturgisk generating expensive datarefativelylow accuracy and

91  precision.

92  Asaresult, bioindicator spies are often used as a proxy in place of complete surveys int@tdeate sites
93  with high species richness and/or conservation vi@leshman & Murphy2009. The moscommonly used
94  indicators of terrestrial biodiversigrebutterflies grasshopperand wild beesmainly for open environments
95 like grasslandsRosenbergt al., 1986 Nilssonet al., 1995 Bazelet & Samway011, 2012Bommarcoet al.,
96 2012 Gerlachet al., 2013. Bioindicator selection for assessing the quality of woodland or fhedstats is
97  howeverheavily skewed towards saproxylic beetie®to their prevalenc¢Grove, 2002)meanwhile
98 Lepidoptera are underepresented in these habitats despite their potdotiabsessing human impacts on
99  Dbiodiversity (Fiedler & Schultze004) Some wodland moths anetherinconspicuous andreoften under
100 reported in survey data despite being sampled regudinfoet al., 2013 Jonasoret al., 2013, 2013,
101 possibly due tdheir predominantlynocturnal behavior, and sampling bias from recor(i2esinis & Thomas,

102  2000) Thus an effective method of standardized recording for these potentralibaiors is highly desirable.

103 In order to provide greater levels of accuracy and sampling patveelower costinsect peromones have been
104  suggested as a suppleméo existing sampling methoésr insects(Larssonet al., 2003 Tolaschet al., 2007
105 Larssoret al., 2009 Harveyet al., 201Q Millar et al., 201Q Musaet al., 2013 Anderssoret al., 2014) Given
106 their widespread availability already in pest managementdpidopteraand particularly clearwing moths
107 (Braxton & Raupp1995, these tools could be redirected to provide great benefits to biodivemiiyoringof
108 saproxylics Pheronone monitoring systenis insectsaregenerallyspeciesspecificonceoptimized although
109 crossattractionexists e.g.in someother Lepidoptera (Lofstedt al., 1991)and some groups shproxylic
110 beetle specie@Hankset al., 2012).Regardless his selectivitywould beadvantageoufor a focus on defined
111 indicator speciesyhilst ultimately a guild of bioindicators would be desirable in order tecefh wider range
112  of microhabitats within a systerm the present stly, we carried oupheromone monitoring afne potential
113 indicator,the clearwing motl$. vespiformis, whose pheromone systdrasrecently been characteriz@cevi-
114  Zadaetal., 2011)



115
116
117
118
119
120
121
122
123
124
125

126

127

128
129
130
131
132
133
134
135
136
137
138
139

140

141
142
143
144
145
146
147

148

149
150

The firstgeneal aim of the present studyas to establish whethpheromone monitoringould providemore
accuratanformation abouthe speciesdistribution than standard monitoring practicescondly, we wanted to
establishwhether thepparent rarity of the species in Sweden was a real phenomenon, or simplyy&f pesor
detectability Additionally, toconserve threatened species, knowledge of the species’ habitat requiiements
essentialThe type of habitat a species usas be found by relatingarticularhabitat elements to species
abundancesr occurrenceswith quantity of habitat required being assessethutiple scalegBergmanet al.,
2012 Musaet al., 2013. Oncetherequiredtypeand quantity ofhat resource has been ascertaiaged,
asseswent ofareas in the landscape suitable for a spésipesible Thethird aim of this study was therefore
to establish the preferred habitat ®wespiformis by correlating its abundance with habitat characteriatick
by extension, to establish whether it could be used as an indicator foodhetsity potential of oak

dominated open woodlands with which it has traditionally been iasedc
Materials & methods
Site selection

The study was conducted in tbeurties of Ostergétland, $ke, Blekinge and Kalmar where a number of sites
with high density of old and/or hollow oaks were sele¢kgg.1). These sites generally have high species
richnesgNilssonet al., 1995) but have suffered from severe decline and fragmentation evasti200 years

in Sweden, mainly due to the change in ownership of the oaks and shiftmiimgfand forestry practices
(Eliasson & Nilsson2002) Included in the selection weeenunber of sites with lower proportions of oaks, and
a higher number of other hardwood speeied hollow tree$or comparison, covering a total of 251 sites
(numbers of traps per county are shown in tahleSlfes selection was also based on a minimunmratpa
distance of 500m between traps, the closestraps being separated by 51#mthis study. In this survewp,

total ofeighttrapshad another trap within a 1000m radius, with the majority being separatadnyy

kilometres. Qur observations orhé attractive range of similar moth pheromones in mark release recapture
studiessuggest that males mag able taletectiures at a maximum distance 10-200m(unpublished data).

Therefore these distances were maintained in order to rule out theoéffeet-trap competition
Historical records of S. vespiformis

Preexisting ecords were taken fro®weden’s nationwide repository for animal, fungi and plant distribution
data, theé'Swedish Species Gatewa(www.artportalen.se In order to compare historical records with our own
more recent survey effortsewsed data dating back1676when the first database entry for this species
occurred from a site i8tockholm Thesesightings(often recorded usingtandard observational methods such
as larval/pupal searchg$)ig.1a b) were then compared to recent inventoviescarried out using pheromone
luresin 20112012(Fig.1c, d). Artportalen also included a small number of historical pheroraised

sightingsbetween 2005 and 201ich were excluded from our analyses, but are shown in Figure 1
Biology of S. vespiformis

Very little is known about the biology & vespiformis, although it isconsideredo be saproxylicfeeding on

the cortex of its various suggesteakt plans (Levi-Zadaet al., 2011).Theadultmothis considered to have a
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‘moderate’flight range(Van der Meuler& Groenendijk, 2005%aking flight in the afternoon through into the
early evening when malmoths can be caught by pheromone lure (Zedaet al., 2011).In Sweden the flight
period begins in the last week of June and can last until the firstaf@aigust, with peak activity taking place
in the second week of June in both northern and southern cowtiesr{alen, 2015 This species is also
known to have an association with the gatiucing bacteriunfgrobacterium tumefaciens, which likely

facilitateslarval feeding irsomehost plantsAudenard & Vigouroux, 1982).
Pheromone lures

We used a modified version of the pheromone bliemdb. vespiformis, thathas been fountb be more attractive
to Swedish populatiorthan the blend frorhevi-Zadaet al., (2011) (Ryrholmunpublished). Pheromone lures
wereproducedusinga preprepared blend dbur pheromone componentsssolvedin hexaneThe blend was
prepared so th&00ul hexane solution contained00ug E3Z13-18:Ac, 90ug E3Z21318:0H 30ug Z3Z1318:Ac
and 3ug E271318:0H A blendvolumeof 200ul was then pipetted onto the suface of a 20mndiametergrey
rubber septumRheroNet, Swedermndleft in a fume cupboartb allow the solvent to fully evaporatéepta

were subsequently stored in the frearndtil furtherusein order to preserve the attractiveness of the lure.
Trap methodology

The whole rationale of the present study was to usabde andconsistent sampling effort to obtain the first
semiquantitative data on presence and abundance across a large number of sites ovez@yvedkical

range in contrast tdhe scatteredecords previouslgavailable For this purpose, we considered sticky traps as
the best available optiohures were hung 2m from the roof of a clear plastic delta trap sourced from
CSalomon pheromone traps, Budapest, Hundastead of theriginal sticky bottom inserts, we used
cardboard sticky inserts from Oecos Itd, UK, which preserved thgholmgy of the wings more effectively for
subsequent species identificati®udies on destructive sampling have shown that insect populatiomdast
against lethal samplg methods even when multiple killing traps are used per h€ktaniotakis &
Koutroubas1999; Yamanakat al., 2001; Gezoret al., 2015) Although we did noéxpect our sampling to
affect the populations sampled significanthye used a reduced sticky area in our trapsuiab@¥ compared to
their original sizeor 80cnf) to reduce catches. This was a precaution considering that we were weitkirag
rare speies and a pheromone of unknoattractivenessit each site, one trap was placed2 m above ground
from a nearby treeTree selection was based on availability of trees and not individual treespeaps wee
placed throughout the tetay periodvhich commenced on 1st J@@12, and were brought down in a tery da
period after 6th August 20Jhsuring that all traps had been placed in the field for a minimdouofveeks.
Traps weralsoleft for four weeks duringluly of 2011 (for a small pilostudy in the Véastervik region), with the
majority of the survey work being carried outZ®12 Subsequent catches were identified and recoadted
traps and sticky inserts were removed at the end of this sampling.fg@nigciata from 2012 were usear f

subsequerttabitat analyses.
Statistical analyses

In order to test the relative efficacy of pheromone lemgaparedo standard historical methods logged on

Artportalen, a KruskalVallis test wagperformed on the catch abundance data. The test was carried out in order

5
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to determinewhether the median number of individuals caught by standard methods fitomichl survey was

significantly different from the median number of catches made dghrtheuse of a pheromone lure.

The study of habitat characteristics was carried out only in Osterd@thdich had the largest proportion of
occupied sites. This county also had the largest and most consistdrteetata in Sweden whilst tree data
were partially incomplete in other counties. Thus the 102 sites in this regiom deemed most suitable for
study of habitat characteristics preferredyespiformis. Tree data used for this study were derived from the
most recent survey, which was a 10 yaldrsurvey of the region commissioned by the County Administration
Board of Ostergétland. From these data, tree groups were categorized asnuaksaks in order to test the
hypothesis thab. vespiformisis associated more strongly wifuercus spp. in this northern part of its range.
European asperP@pulustremula L.) and silver birch Betula pendula Roth.) were excluded from the study due
to incomplete survey data as well as the following coniferous treesdyapruce Ricea abies (L.) H.Kars),

larch (arix sp.), common juniperJuniperus communisL.), and scots pineP{nus sylvestrisL.).

Additionally, trees were classed by a further six groupings asws]lf) all trees, (ii) trees > 450 cm
circumference, (iii) hollow stage 3 (where stages-13 have no significant hollows and Z have hollows of
increasing size categories larger than 10cm in diameter) (Claesson & Bk @@0trees located in open areas,
(v) trees > 450 cm circumference located in grasslands, (vi) hollowstatpeatel in grasslandsThese
groupings would allow us to further determine preferences fardift types of oak woodland/semi pasture. A
national database on sematural grasslands (TUVA) was used to locate targeted trees situated-imaseral
grasslandsThe “open areas” category included targeted trees with open canopy cover andraperdsg
vegetation. Further explanations of the canopy cover and surrounding vegetd¢igories can be found in
Claesson & Ek (2009).

Since saproxylic insect populati® can respond to a wide range of geographical scales (Beeyaiap012),

28 radii, ranging from 30 m to 6,000 m (Fig.2), were used to calculatddnsities around each site (Quantum
GIS 1.8.0Lisbhoa 2013). The reasoning behind selecting 30 m awitii;mum scale was that it needed to be
small while still maintaining variation in tree densities among sitesnigh@mum scale of 6,000 m was
selected based on the maximum dispersal range of other moths as weditamterrough sites without the

larges radii overlapping.

The scale(s) at which the species responds most strongly to the hab#thtes (characteristic scale of
response) was estimated for each tree group separately. At each scale, a nagatigédeneral linear model
was run with abndance ofs. vespiformis as response and tree counts as predictor variable. The computer
program Focus (Geomatics and Landscape Ecology Research Lab, Canadsdiaseutract 500
combinations of nowverlapping buffers at each radium radii overlapped below 500m. The median of the
regression results were used to condense thegésutine scale and tree group. The characteristic scale of
response for a tree group was defined as the scale with the largest abs@luie. 2 is possible to use other
variables, and rings instead of circle as buffers, to determine the characseatti of response. Tree content in
ring buffers are less correlated between scales, and regression coefficistatisdamdized explanatory variables
make comparisons of effect size easier. However, the connection between respooketuffers and

ecological processes is easier to understand. Fartierthe interpretation of standardized coefficients need a
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measure of variance which thevdlue already provide®Results from ring buffers wersosimilar to circle

buffers and standardized coefficients scaled witlalie, thus the alternatives did not change the interpretation.
There was generally a weak correlation between oak andalotrees which was negatigre= -0.1) for small

radii and positive for larger radii (r = 0.1) while correlations within-tyemups of oak or nenak were higher

and positive. Running multiple correlations reduces the pseudorapiicédtdata points because each iteration
uses spigally independent sites (Hollaretl al. 2004). However, the repeated analysis uses the same data so
pseudoreplication may not be entirely avoided. Fbeusprogramthereforeallows for optimization of the data
available and an increase in the power efahalysis. All analysis and data management was done in the

statistical software R (R core team, 2014)
Results

In total 439individual specimens o8. vespiformis were caught across the four count@scounting for 7

newly identifiedlocalities(Fig.1c, d). We also recorded a total of 1g4es where the species was not faund
The breakdown afecordsper county is shown ilablel. The sampling effort from this study almost tripled the
number of reported localities for this species during only two field seaédpsdviouslyreported sitefound in
Artportalen weréncreased to 12dccupied sites in total as a result of sites located by pheromohealtee
decades of reports by clasd methods of surveying (FB). The result is a slight apparestpansion of.
vespiformis range due to increased sampling effort/accuracy, and a much higher déositypied sites noted

within the existing range~g.1).

The new inventory of the species/ealeda scattered pattern of distribution amongsbdland habitats sampled
in southern Swedetn some cases moths were locally abundant, but their absence is notablsigoifisant
areas of most counties despite ¢éx¢ensive and systemasampling efforand highefficacyof the traps
Comparisorof themediannumber of individuals caught by standard vs. pheromone melioods/ershowed
significantly higher numbers to lmbservedsia pheromone trappingverall(H = 18.58 d.f. = 1p < 0.001)

The median catch using standard method was one individual, comparettiiaa of two individuals for

pheromone method.

Habitat analyses in Ostergétland (Fig.4), showed no significant redaiiphetween the numbers of individuals
caught in traps, withny of the habitat variables included at any scale. No absolute med&ues were larger
than 1.96 which is the 5% significance level. Focusing on effect sizeviasra relatively larger positive
response to hollow oaks close to the trapZB80m), vhile other tree species in general, and hollow trees in
particular, seemed to have a negative effect on species presence. The reversedifelaioveen oak and
nonoak was not a result from explanatory variables being highly corredatedier scale§ was

approximately-0.1 between 30 and 200 m).

In addition to catches & vespiformis, some traps ikaneandOstergétlandilso caught another clearwing
speciesPennisetia hylaeiformis Laspeyres This species was present at fifteen siteSkéineand nine in

Ostergotlandwith the number of individuals totaling 128 and 23 across all traps in thésesregspectively.
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Discussion

S vespiformisis consideredh rare insect in Sweden, first recorded6Q and with just dew observations
loggeduntil the sex pheromone was identified atsdsynthetic constituentsecame available more recenflyn

our knowledgepur approach to addressing this situatigpresents the first systematic application of
pheromones for any regional survey of a leptdoan conservation target species, although{scgée

pheromone surveysavepreviously targetegests among the Lepidoptdeg.Tobinet al., 2007 and other
orders,andalsothe threatened click beett#ater ferrugineus (Kadejet al., 2015) This study show that
pheromonebased monitoring ofvoodland moths can provide a significant increase in accuracy and sampling
effort of surveystargeting saproxylilnsects By use of sex pheromones an additional 77 sitesSvith

vespiformis were found thereby increasing the known localities from 47 to. TT2s represents a near tripling

of the number of reported sitesjusttwo field seasondn addition, the number of individuals caught represents
a significant increase in sampliefficiency. Prevous site visits often report single insects, whereas we
uncovered a total of 439 individuals across our survey sites, witlighesh number of individuals at one site
being 41(a site in Vasterviknunicipality, Kalmarcounty). This increaseéfficiencyis further supported by
significant difference noted in the median number of insects cadggdt eomparing recording based on

observation to recording using a pheromone. lure

A minor limitation which was noted during this study was the tendércthis pheromone blend to cause cross
attraction toPennisetia hylaeiformis; a similar looking sesiid which could potentially lead to misidentification of
S. vespiformis sites It was also noted that some potential predation had occurred in traps &gfiefidod of time
longer than a few weeks, which may have even led to an-gadsling at certain site§hus is suggested that
for the inventory of this species, voucher specimens should be retairtagddnomic determination, and traps

checked at regular intervals where possible.

We have not yettudied the specifiaccuracyof our pheromone lurés detecing populations oS, vespiformis,
e.g. throughecapture expéments or repeated sampling of known populatibas we would argue thampty
pheromoneraps in our studysuallyrepresent truly unoccupied sitéacking reproducing populationBhe
generdly high efficiencyof these types of classical femgdeoduced sex pheromoniesdetecting their target
speciesas been well established in lepidaptepest specieZkang &Schlyter1996 and in many other insect
groups(Ostrand& Anderbrant, 2003)includingthethreatenedlick beetleE. ferrugineus (Svenssort al.,

2011 Zauliet al., 2019. In most cased appears highly unlikely th@monitoringtrap would fail todetectany
malesover a full flight seasoat a sitewith a local reproducing populatioAbsence data generated freex
pheromone lures hawmenshown to be much more relialitean stochastic methods such as unbaited pitfall or
window trapsin establishingresence or absen¢&nderssoret al., 2014 Zauliet al., 2014). The data

generated by this methodology can therefore allow for better resolnt@mlogical studies, whiately

strongly on accurate presence and absence data to characterize not only the speate®utaiso its ‘non
habitat’. Future studies of the use of pheromones would benefit from a fasment of their monitoring
accuracy in order to assess ekahow precisemoth pheromone systems are for determining absence, similar to

studies on emerging eDNA technology for species assessmeeabtgested newt (Biggsal., 2015)



299  Underreporting of occupancy is a significant issue in biodiversity moinig where sampling methods show
300 low detection probability (Pellet & Schmidt, 2005), but this could be easihwed with the high levels of
301 detectabilitythatpheromones provide (Anderssetral., 2014) The previous lack of occupancy records are
302 likely contributors to our view d8. vespiformis as a species with a vesparsedistribution in SwederOur

303 findings suggest this species is perhaps a little less rare than phetimught, and occasionally abundant
304 locally despite notable loagrmdeclines in the type of Swedish oak forest considered to be its priaitgith
305 The slight expansion of the species range, and higher density of knosvwitiitia its range seen Figure1is
306 likely to be reflective of increased sampling efficacy rathan actuatecentexpansion of the species itself
307  However, the distribution d8. vespiformisis still relatively sparsewith alarge proportiorof sites where the
308 species was absent despite an apparent abundance of saproxylic resougessngubespecies may still be

309 underthreat or that very little is known about its ecological requirements.

310 During the course of the stud§, vespiformis was found at a number of sites outside of its ‘expected’ habitat
311 type. Singleton catches outside of the expected habitat may be a resultosf charants caught nearby a ‘true’
312  locality. However, sampling bias has also been highlighted as a lirfaiitgy in insect surveying particularly
313  with Lepidoptera (Denniet al., 1999), and this may contribute towartle bakbiased recordings seen in

314  previous survey data. Resoudoaited county administrative boards and field entomologists can temdts f
315 their efforts on known sites, or sites similar to those where the specidseen found already. This circular

316  approach may obscure hidden biodiversity and niches that mightwigkdse uncovered by a less biased search
317  effortin the field. Our analyses 6f vespiformis’ habitat further highlight this sampling bias when considering
318 S vespiformis preferences in northern Europe. In Sweden, the species is considergéltartte®n oaks

319 (waring & Townsend, 2003; Eliasson, 2007), but our results showed onkyralagionshis with old oaks and
320 oaks with holes for number of moths caught and oak anebaknree aburahce (Fig.4). This is in stark

321  contrast to results from the click beefeferrugineus using similar methodology in relation to similar veteran
322 tree habitats, which demonstrated a very strong association between th@beéts nominal habitat (Musta

323  al. 2013). This casts some doubt on the previous assumptions made regardapgbidisity and preference in
324 S vespiformis. Our findings were also echoed in a recent Swedish inventory, whereribteasthat

325  “Pheromone lures placed on several premiis&kane and Oland and in eastern Smaland have shown that the
326  species is not as tied to large veteran trees as previously assumed, latignethis habitat when others are
327  not available." (Palmqvist 2014).

328 In the south of its rang® vespiformisis found to be rather polyphagous, yet its visibility in these regions is
329  undoubtedly much higher due to its high population numbers in agricultop @reviZadaet al., 2011), and
330 thus the likelihood of observing the species on alternative hosgshisriBased on these findings we suggest
331 that Swedists. vespiformis could be more polyphagous than previously expected, possibly in line with its
332  southern siblingsThis hypothesis could be further tested by using pheromones to surveiomsrsignifiantly
333  outside of its known range (for example Smaland), in habitats which igpieal oak woodland and contain
334  higher numbers of “secondary” host species. Incidentally, a recent stsdpmxylic beetles also showed that
335  most were polyphagous (Milbget al., 2014), and the presumed egecificitywasmost likely due to

336  sampling biaslt is therefore suggested that sesiids would benefit from a significanteetory in order to

337 assess their trusost relationships and conservatiiatus
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In prindple, the methods applied here could encompass all previous observaticatseanpts at surveyirty
vespiformisin Swederand surpass them several times over, imgles season, with comparabiitle effort. The
high qualityand potentially low biasf data generated pheromonemonitoring is also important, as
knowledge on species distribution needs to inform decision makinghaabocal, national and international
level (Pereira & Cooper, 2006)his increased sampling efficacy has the potergiabtve a number of issues
highlighted by the European Commission in their effartmitigatebiodiversity loss by 202@irstly, it has

been suggested that one of the major challenges in meeting this tameatiegpdent of effective and
standardizeanethods of monitoringpr national or international biodiversity (Pereira & CoQ[2806 Henryet
al., 2008) Additionally such international monitoring efforts must be viable withrestricted pool of resources
(Bateset al., 2007), since cost effectmess is a significant consideration in any environmental monitoring
system (Hauseat al., 2006; Lovetet al., 2006) In light of the reduced or unstable funding for
conservation/biodiversity monitoring in many member states (Limageret al., 2012), fneromone attractants
could provide an essential tool for insect inventories across ElMopenly are the pheromones relatively cost
effective (costs are relatively low for these simple compounds where sgntietbod is already established),
but the relative sampling effort in terms of working hours for survey égsgaksatly reduced (Burman &
Thackery unpublished dataYhis is particularly promising, as time is also a limiting resource in\@osity
monitoring (Yoccozt al., 2001) Pheromones codilallow those with limited resources the opportunity to
spread their efforts further afield, and thereby improve the qualiataf obtained. We demonstrate in this
study that nationdkvel insectspecies surveys are feasible usieg pheromonegoverng large spatial and
potentially temporal scalds provide dataelevant to international monitoring (Pereira & Coo[2806).Large
scale pheromonbased surveys provide a snapshot of presences and absences across a conaitiefable p
speciesiational distribution range, and thus for the first time provide a viableswwdaystematically assessing

changes in distribution over time with high spatiotemporal resolution.

In the present study destructive monitorafds. vespiformis was a prerequisite for obtaining comparable semi
guantitative occupancy data with high resolution over an extensiveagdgncpl range, and was carried out in
agreement with conservation authorit@though neither the species nor many of the sites are protébted
species is believed to generally have a-yeaar life cycle in Sweden (Eliasson, 2007), which would mitigate
any risk to individual population$Vhilst destructive monitoring of the kind carried out in this study shbal
avoided year on year, it does provide a new snapshot of species distniyeticouslyunavailableto
conservationistsThis includes a significant number of previously unreported sites fsfigicies, many of
which receive no statutory protection or management at the time afgyiitit which could now be considered
for their conservation valu®epeateduture monitoring of these sites over extentet intervalgperhaps
combined with more regularse of pheromone liverappingat a limited number of sitespuld provide regular

insights into how these habitats are faring in the longer itreresponse to different management regimes
Conclusions

In this study we have shown that hidden biodiversity and speciesqmeés can b®ibstantiaue tosampling
bias andess effective sampling methodolo@ihe vast majority of species sampled by standasgrvational
methodsare likely to baunderreportedandas a resulthe drop in data quality can lead to problems in

conducting ecological studies to uncoveethabitat characteristicBéllet & Schmidt2005. By comparison,

10



377 pheromonebased methods can significantly increase the sampling accuracy and gigk manereliableidea
378  of a specigsdistribution S. vespiformis appears to be genuinely quite ratd, despite a significant number of
379 new sites being locateth addition the increased resolution of dashpwedno particular association for large

380 oaks, despite previous assumptions.

381  We believe as a resuthat pheromondaited traps bring much promise for conservation, both for surveying
382  and monitoring targeted speci@nd could be used as a powerful tool to achieve the EU’s optimistic goals of
383 haltinginsectbiodiversity loss by 202(s well as an invaluable resource for carrying out landscape level

384  ecological studies.
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Figure captions

Fig.1 a) Map showing pr&010 recordgwww.artportalen.Seof S. vespiformisin Southern Sweden. b)
Recordings of. vespiformis as of 2013 without pheromone survey. c) Reported sites in 2013 after inafision
pheromone survey data. d) Map showing the distribution of pheromosénraputhern Swedeén the Skane,
Blekinge, Kalmar and Ostergétland counties (Swedish “Lan” = coufityed and empty circles indicate sites

whereS. vespiformis. was recorded and was rretordedrespectively

Fig.2 Map of S. vespiformis sampling area in Ostergétland, Sweden. The black dots represent treegethe lar
grey circles represent the largest scale (6,000 m) used to determine tree abamdhtieesmall white circles

with (occupied) and without (empty) blactosses represent trap locations

%Fig.3 Frequency of site reports 8f vespiformis since1976 (www.artportalen.se The implementation of
pheromone lures contributes significantly towatts greatly increasasumbers ofeportedsites in 201and
2012

®Fig.4 The relationship (median-#Zalue from 500 negativieinomial regressions at each scale and tree group)
between abundance 8fvespiformisand amount of a) oak trees with various characteristics at multiple scale
and b) noroak deciduous trees at multiple scales. Light and dark gray circlegdwgztive and positive

relationships respectively, and ring size above 1.96 is significaht el
Figure produced in ARCGIS
%Figure produced in Microsoft Excel

3Figure produced in R version 3.1.2
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Number of sites

Number of sites

Number of moths with species with species not Number of
County caught present present traps placed
Skane 5 2 35 37
Blekinge 12 6 20 26
Kalmar 308 26 46 72
Ostergétland 114 43 73 116
Total 439 77 174 251

Table 1. Pheromone based recordingsSofespiformis across four counties in Southern

Sweden.
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