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Abstract

Pheromone based monitoring of insects of conservation value has thigaptieevolutionise the way in which
surveys are carried out. However, due to their effective use in pestgement, concerns have been raised
about potential negative effects of pheromone exposure on populatti@re insects. The effect of exposure to
synthetic pheromone lures on male mating behaviour was examitadzbratory and field conditions using the
six spot burnet motlAygaena filipendulaéLinnaeus, 1758)or the laboratory experiment larvae were
collected and cultured separately under controlled conditiirgin males were exposed to a synthetic
pheromone lure for 24 hours; then tested for responsivenessdiately after this exposure, 1hour and 24 hours
later. Control males were tested three times: initially, 1 hour later and 2¢llater. The time taken for males to
detect femalesshown by exposure difieir anal claspers, and the time taken for males to locate females were
recorded. No significant difference was found between the time takeoritol and exposed males to detect or
locate females, and no significant difference between the proportionsles that successfully located females
in exposed and control groups was foumdhe field experiment the time males spent in the presence of
contained females, both with and without a pheromone lure present, was rebdtatiedspent more time in the
presence of the females when the pheromone lure was present. Both exgdridieaite mal&. filipendulae
mating behaviour is not adversely affected by exposure to syntheticmpbne lures.

Keywords: Pheromone; Monitoring; Conservation; Mating Disruption; Zygaemid

1. Introduction

Insect sex pheromones are a well-established form of pest management awed aeoss the world (Witzgall
et al. 201QMiller et al. 2010; Onufrieva et al. 2010; Stelinski et al. 2013). The potentiaimf synthetic
insect pheromones to monitor and control pest insects in an environmémgally way was proposed soon
after the commercial silk motBombyx mori(Linnaeus, 1758) pheromone was identified in 1959 (Hansson
1995 Bergmann et aR009;Witzgall et al. 2010). Pheromones have been used in pest managemesttsf ins
for decades, the main applications being trapping insects to monitor theityaatidimating disruption|]-
Sayed and Suckling005 Larsson and Svenss@®09 Andersson 2012; Andersson et al. 2014). Historically,
insect pheromone research has focussed on species considered to be commmorgiygt; in particular
agricultural, stored product and forestry pests (Campbell et al. 2002; StelimskP005Bergmann et al.

2009. However more recently the potential use of pheromones to monitor ifmecthservation purposes is
being explored wittOsmoderma eremitgscopoli,1763) becoming the first insect species whose sex pheromone
was identified purely for conservatiobafsson and Svenss@909 Svensson et al. 2008ndersson2012;
Andersson et al. 20)4

Just as in the case of monitoring pest species, the incredible attractivensgsaestspecificity of pheromones
makes them potentially useful tools in monitoring insects for coaservpurposes (Musa et al. 2013). Once
the specific pheromone blend has been identified, pheromone based trapgiegusad to monitor rare insects
of conservation concern and those that have been identified as indicator siyedarsgon 2012; Andersson et
al. 2014). Currently sampling methods such as pitfall traps aedsnetting are used to survey areas of
conservation interest; however these are time consuming and dependentresghegof taxonomic expetts
identify the species found (Svensson et al. 2@0@lersson et al. 2014). The species-specific nature of
pheromone blends overcomes the need for experts to be present and tinveattsscof pheromones yields a
higher degree of accuracy in the data obtained: an empty pheromoradgasts the absence of a species
much more strongly than an empty pit fall trap, for example évsl. 2013). Pheromone-based monitoring
can result in more effective surveys, even with bold day flyinthensuch aZygaenaspp., which are attracted


http://en.wikipedia.org/wiki/Giovanni_Antonio_Scopoli
http://en.wikipedia.org/wiki/Entomologia_Carniolica

to lures in far greater numbers, establishing occupancy in places whel@dts@arching cannot (unpublished
data). Consequently pheromone based monitoring of insects has thigaptiervolutionise the way in which
conservation surveys are carried out and greatly improve the acofidata obtained.

However, the behaviour modifying properties of pheromones wWiggh been utilised so effectively in insect
pest control by mating disruption cannot be ignored when consideringplsnomones to monitor insects for
conservation purposes. Mating disruption strategies are most effective at low popgaisities (Sharov et al.
2002. Consequently exposure to synthetic pheromones could petnmeéntal to populations of rare insects
occurring at low population densities and jeopardise their conservation (@halo2002; Witzgall et al.
2008). The synthetic pheromone has to be present in sufficient quantities tesfutlgedisrupt mating; for
example a densitgf 27,300 wax droplet pheromone dispensers per ha is needed twelfedisrupt mating in
Grapholita molestgBusck, 1916) (Stelinski et al. 2005; Tcheslavskaia et al. 2005; Witzgall2808). While
the density of pheromone lures used in monitoring for consematiposes is considerably lower, this is not to
say that the populations will not be affected. Pheromones are used to ahiating in a number of ways
including false plume following (Stelinski et al. 2004; Welter et al. 2@8055ayed and Suckling005 Stelinski
2007;Huang et al2010, competitive attraction (Welter et al. 2Q@&elinski2007), camouflage of plumes
produced by females (Stelinski et al. 20B#Sayed and Suckling005 and impaired or eliminated normal
responses to the pheromone (Stelinski et al. 2004; Welter et al.268&yed and Suckling005 Stelinski
2007. The change in response is caused by sensory overload andireadtptation of the peripheral
receptors or habituation of the central nervous system (Stelinski e0dl.EA65ayed and Suckling005
Evenden et al. 2005; Stelinsk®07;Witzgall et al. 2008).

This study examines whether m&@lggaena filipendulaélinnaeus, 1758) become desensitised to the
pheromone produced by the female after exposure to synthetic pmerdumes and whether the presence of
synthetic pheromones in the fielffects males’ normal responses to the femdbesensitisation was
investigatedy testing whether mating behaviour has been affected as a consequenasafeXhe effects of
adaptation of the peripheral receptors are usually reversible and short lived KB¢¢lais2004 so males in
this study were tested on three occasions to determine how long-¢igedsitisation was and if it was
reversible. To establish whether exposure to synthetic pheromone lures iafficty behaviour in malg
filipendulae mating behaviour was considered from three perspectives: whetheuexpasrferes with a
male’s ability to detect the female; whether exposure impedes a male’s ability to locate the female; and whether
a higher proportion of males were unable to detect and locate females afsirexpofield experiment
examined whether the synthetic pheromone lure corhpéta males’ attraction to female produced pheromone
plumes. The amount of time a male spent in the presence of a containedWamedeorded both with and
without a synthetic pheromone present.

2. Method
Study Species

Burnet moths (Zygaenad have declined throughout Western Europe and have been considered as indicator
species for semi-natural grassland habitats (Franzén 2002; Franzen arsPB@4 Franzen and Nilssa2012

Hein et al. 2007)Z. filipendulaeis the most common species found in Great Britain and was chosen for this
study due to its status and accessibility.

Pheromone Lures

The pheromone compounds farfilipendulaeare Z7-12:Acetate, Z9-14:Acetate and Z5-12:Acetate in a ratio of
100:10:3 (Priesner et al. 1984). The pheromone compounds were olftaindeherobank and hexane was used
as a solvent to make up the blend to the correct concentration. Supelco lnogylgepta with a 13mm diameter
sourced from Sigma-Aldrich were used as lures and 200u! of thewéshddded to each. Each 200ul hexane,



and therefore each lure, contained 0.1mg of Z7-12Ac, 0.011A§-@# Ac and 0.003mg of Z5-12Ac. Once the
hexane had evaporated lures were wrapped in tin foil and placed in the fre@zequired.

2.1 Desensitisation
2.1.1 Larvae Culturing

1043, 4" and %' instarZ. filipendulaelarvae were collected from a small wild flower garden at Canterbury
Christ Church University, Kent. The larvae were separated into indivietialdishes so they would pupate and
emerge separately, thus ensuring that all moths tested would be viitggnisirvae were fed their food plant
Lotus corniculatugLinneaus, 1758) three times daily and excrement was removedtfeopetri dishes once a
day. Once the larvae pupated the lid was removed from the petri disheapeltri dish placed in a clear plastic
container measuring 17.8x11.5x4.4 cm. Holes 1.5 cm apart were maddithahthe container using a pin.
Removing the lid of the petri dish and placib@n a larger container ensured that the adult moths would be able
to emerge properly (as the petri dish itself was too small to allow the todfdns their wings out on
emergenceMoths emerged between 30/06/2013 and 19/07/2013. Once emeggadttis remained in the
plastic containers and were fed on a very dilute sugar solution ob@mpately 1g/l administered on cotton

wool pieces. After emerging, the moths were sexed by sightidsrhave a shorter and rounder abdomen than
males.

2.1.2 Exposureto Pheromone Blend

The males were divided into two groups: one that would be exposedpbeat@mmone blend and a control. In
field studies males would be likely to be exposed to a pheromone lure infarteamaximum of 24 hours,
consequently in this experiment, males were exposed to the pherbmofer 24 hours in order to reflect a
realistic scenario. In pheromone traps commonly used to trap mdtiesfield the insect is not in direct contact
with the lure. However in this study to test the effect of maxireuposure, the lure was placed in the plastic
container with each individual, enabling the moth to make direct contact witthstreceiving maximum
exposure. Males were exposed to the pheromone lure within 72 hameafenceAn empty rubber septum
was also placed in the plastic container with the control males for 24 hohirs ¥@thours of emergence.
Exposed males were keptarseparate area to the control group in order to ensure that the controls did no
receive any exposure to the pheromone lure.

2.1.3Mating Tests

To test the effect of exposure to pheromone lures on male mating behagifallaWwing set up was useé.
male was placed in the front left side of aBugDak®b45Finsect cage measuring 47.5 x 47.0 x 47.5 cm and
the female was in a plastic container measuring 17.8 x 11.5 x 4.4tleenratar right corner of the tent. The lid
was removed from the female’s container and replaced with a plastic mesh cover. Keeping the female in the
container ensured she was unable to move towards the male. This sebepsegn in figure 1.
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Male and female moths were paired for the experiment so each male was testhd saie female on each
occasion. The contained female was placed in the cage before the male was rEteatied: taken for a male
to reach the femaleaw recorded to determine the males’ ability to locate the females. The time taken for a male
to detect the female (shown by the exposure of the anal claspers) wastedsaa were other calling
behaviours such as wing fanning. The test was stopped if the maletaigpose his claspers or display calling
behaviours within 30 minutes. Tests were carried out on exposed malegr@4atter their initial exposure to
the pheromone lure, then again 1 hour and 24 hours later to deterhdtieer the possible desersitg effect

of exposure would decrease over time. Control males were also testedntieeati initial test, 1 hour later and
24 hours later. Exposed and control males were tested in separate areaspssiaig cages. Between each test
thecage was thoroughly cleaned using industrial methylated spirit. Tests wataated between 12.00 and
17.00 as the moths are most active during this period of time. A fdtdlexposed males and 14 control males
were tested.

2.2 Competitive Attraction in the Field

The experiment was carried out at Reculver Country Park, Herne Bay,/Kerilipendulaefemales were
caught on site and placed in individual plastic containers measuring 17.8 x 41 cm. The lid of each
container was removed and replaced with plastic mesh to allow aeration. Asmatitaof damp foliage was
added to each container to provide moisture and shelter. These were refagreshtong stations. Each mating
station was attached to a bamboo cane elevating it to a height of 1 metdlabground, as can be seen in
figure 2. The mating stations were spaced out at 2 metre intervals in-aisgenaround a central observation
point. The mating stations were allocated a number (1-7) to aid in recardiing set up is illustrated in figure
2.
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The time at which males entered into an approximately 20cm radius of a statinog and the time of leaving
this area were recorded so the amount of time males spent at the mating stedidre calculated. Where
multiple males were present at the same mating location the first entry for aag/assumed as the first to
leave. Though this may have not always been the case it was thedtaseththroughout. 2 days of recording
on 16/07/2014 and 17/07/2014 between 13.30 and 17.30 weistlaaut: the first day without a synthetic
pheromone lure present, the second in the presence of a synthetic plecha@on

When recording in the presence of the pheromone lure the same statiogs were placed in the same
locations. Females were assessed for health and subsequently usetihegpheromone lure was attached to a
bamboo cane to raise it 1 metre from the ground and placed 2 metresthelobdervation point. The same



criterion for recording was used at the mating stations. A recorditng mumber of individuals at the
pheromone lure was taken at 15 minute intervals throughout thevatisemperiod.

2.3 Statistical Analysis

Anderson-Darling normality tests were carried out on the data. General Modat analyses were performed
on the time taken for males to expose their anal claspers and the time takatefotomneach the female in
order to determine whether the males’ ability to detect and locate females was affected by exposure to
pheromones. A chi squared test was used to compare the proportions ofucegssfsilly locating the female

in exposed and control groups. A two sample T-test was carried out amthmt of time males spent at mating
stations with and without the pheromone present.

3. Results
3.1 Desensitisation
3.1.1 Males’ Detection of Females

The mean times taken for exposed and control virgin males to detentfeingiales in each test period are
shown in figure 3a.

No significant difference (£0.93, p = 0.339) was found between the time taken for edpmsiles and control
males to detect the female and expose their anal claspers. No significant diffeyeld®( p = 0.508) was
found between the time males spent detecting the female when compariediate, 1 hour and 24 hour time
points.

3.1.2 Males’ Location of Females

The mean times taken for exposed and control virgin males to locatefeingales in each test period are
shown in figure 3b. No significant difference,6.05, p = 0.819) was found between the time taken for
exposed males and control males to locate the female. No significant difféfer@&7, p = 0.513) was found
between the time males spent locating the female when comparing immediate ahdh 24 hour time points.

3.1.3 Proportion of Successful Locations of Female

The proportion of exposed and control virgin males that succeskfadlted virgin females in each test period is
shown in figure 3c. No significant difference?, N=28) = 0.159, p = 0.690) was found between the
proportions of males which successfully located the females in expod@datnol groups.

3.2 Competitive Attraction in thefield

The duration of males’ visits to females with and without a synthetic pheromone lure present is shown in figure
2. A significant difference (t(268) 298, p = 0.003) was found between the duration of the males’ visits to
females when the synthetic pheromone lure was present and when it wasMbisht:isits to females had the
longest duration when the synthetic pheromone lure was present.
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4, Discussion

A general linear model showed no significant difference between thealkee for males to detect and locate
females in exposed and control groups. This shows ability to detect atelflmmales is not impaired by
exposure to synthetic pheromones. A chi squared test found no signtiifarence between the proportions of
males in exposed and control groups successfully locating femalescdmtusl males were no more likely to
locate the female than exposed males. This demonstrates that not oalsnandetect and locate a female in
the same amount of time whether exposed or not but a male is equallydikatate the female whether
exposed or not. Thus no desensitising effect resulted from exptossynthetic pheromones in this experiment
and the male was not desensitised to the presence of the female. This stdidsetfmred o direct evidence
that synthetic pheromone exposure desensitises males to female-proderoedopies.

A two-sample T-test found a significant difference between the time sjdes in the presence of females
when a synthetic pheromone lure was present and when it was absent.ddatdsrger periods of time in the
presence of females when the pheromone lure was present. This dicdteithat males were attracted to the
area by the synthetic pheromone lure and then became arousegimstrece of the strong synthetic blend.
Nevertheless it is clear that they are capable of locating a female. Therefore no ewalefmend of
competitive attraction and the presence of a synthetic pheromone lurd diivacsely affect male mating
behaviour.

Lepidoptera are sensitive indicators of habitat quality and environmentalecaaddurnet moths in particular
are considered to be important umbrella species for semi-natural grasatatads (Schmitt 2003; Spitzer et al.
2009 Rakosy and Schmitt 2011). Strong correlations have been found betwaenhraths and species
richness of butterflies and they have been suggested as indicaies $pesemi-natural grasslands (Franzén
2002; Franzen and Ranius 206#ein et al. 2007). Monitoring their populations accurately using pheromones
without adverse effects would provide information regarding the moths’ distribution and population dynamics.
Additionally, insights into the presence and absence of other spetiwssaime habitats and their population
dynamics and distribution could be gained based on the presence or abdrmoetahoths. Semi-natural
grassland habitats have substantially decreased across Europe overlib@ yastrs and burnet moths have
been in decline throughout Western Europe for the past 50 years (FradzZearau2004 Franzen and
Nilsson2012. Given the decline in burnet numbers and the fact that many species inhsduitingatural
grassland are now red listed, it is essential to monitor these species accuratahdmothe most effective
conservation strategies (Franzen and Ra2Q@&t Franzen and Nilsso?012). This is particularly important as
the rate of habitat change and loss of semi-natural grasslands in Euptgmeng a great selection pressure on
the species occupying these areas and it will be vital to understand the dffeeseahanges in order to
promote survival of the species affected (Franzén 2002; Franzen ason4ild 2.

Currently knowledge of the ecology of burnet moths is patchytiogea problem with using them as
biodiversity indicators (Franzen and Ran2@94). Knowledge of their distribution across Europe is incomplete
and the temporal and spatial responses of burnets to environmental chiangdsiawn (Franzen and Ranius
2009. Pheromone based monitoring without impacting populations has teibifitysof rectifying this as many
sites can be surveyed with much less effort and expense than traditirmpéhgamethods. Once understanding
of the burnet moths’ ecology has increased, their potential as biodiversity indicators for semi-natural grasslands
can be realised.

Pest management use of pheromones exploits other aspects of matiptjotighat are also of interest. Males
that have landed directly on the pheromone lure can become contaminatdtevpitteromone and
consequently act as false females attracting males (Nansen et al. 2007)ufiliégdsto disrupt mating in
Lobesia botrangDenis and Schiffermdiller, 1775) (Nansen et al. 2007). Females are also dffeetqubsure
to synthetic pheromone lures (Stelinski et al. 2004). Currently littleagvia about the effects of exposure but
female calling behaviour has been found to be inhibited or disrupted (Kitelired. 2004). Calling behaviour in
femaleSpodoptera littoraligBoisduval, 1833) is significantly disrupted by exposure tdhstic pheromones
and inAdoxophyessp. andHomona magnaniméDiakonoff, 1948 exposure leads to a delay in calling
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behaviour and consequently a delay in mating (Stelinski et al. 2004uld be beneficial for future studies to
investigate these effects.

Other potential impacts of pheromone exposure besides those associated witltisrattgpn may be
worthwhile to consider. The presence of female sex pheromones hasieeto intrfere with male moths’
normal responses to predation risk (Skals et al. 2005). A study cartiby Skals et al. (2005) concurrently
exposed mal&. littoralismoths to female sex pheromones and bat sounds, replicating a predtitineas
found that males became less responsive to the predation risk as the ambenvwibpe increased (Skals et al.
2005. This shows that if a male has detected con-specific female sex pinerbmavill not attempt to avoid an
approaching bat (Skals et al. 2005). This increased vulnerability tatfmeadould prove damaging to
populations being monitored using pheromones. Recently it has beerthiatiasposure to pheromones can
adversely affect lifespan (Gendron et al. 2014). Decreased fat stores, reshisthce to starvation and a
reduced lifespan were observed in nfatesophila melanogastéMeigen, 1830) exposed to female sex
pheromones (Gendron et al. 2014). Although these effects were rebignseding (Gendron et al. 2014); the
possible impacts on lifespan should be considered when propjo®rgose insects of conservation value to
pheromones.

Conclusions

While this study found. filipendulaemales were not desensitised by exposure to synthetic pheromone lures
nor did the presence of a lure in the field adversely affect their abiliblgabe a female, other mechanisms of
mating disruption may impact populations being monitored by pheresimr conservation purposes. These are
worthy of investigation before declaring pheromone monitoring of raexia to be completely safe and to have
no impact on the population. Nevertheless a lack of desensitisation and compétitiction affecting mate
location in burnet moths has been demonstrated. This is encouraginghe potential value of pheromones to
conservation.
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FIGURE TITLES

Fig. 1 Diagram illustrating the set up used for the mating tests.

Fig. 2 Top Set up of mating station in field competitive attraction experirBettom Mean duration, in
seconds, of males’ visits to females with and without a pheromone lure present with standard error bars

Fig. 3a Mean time taken for virgin males to detect virgin females (shown byserpof their anal claspers) in
immediate, 1 hour and 24 hour test periods in exposed and conuipbkgkith standard error bardMeantime
taken for virgin males to locate virgin females in immediate, 1 houRdrur test periods in both exposed

and control groups with standard error b@Rroportion of virgin males that successfully located virgin females
in both exposed and control groups in initial, 1 hour and 24 hoyre¢esds with standard error bars
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