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ABSTRACT

STUDIES ON THE MANAGEMENT OF THE SWALLOW BUGQECIACUS VICARIUS

HORVATH (HEMIPTERA: CIMICIDAE) AND SURVIVAL OFF ITS AVIAN HOST

The swallow bugQeciacus vicariugiorvathis acommon ectoparasite primarily
associated with cliff swallow$etrochelidon pyrrhonotéVieillot). When the mud nests of the
cliff swallows are constructed on homes &udinesses, swallow bugs often readily enter attics
or livable space after the host birds migrate and can cause serious episaddbeyhmay bite
humans. To better manage problem situations with swallow bugs a series &f wierdie
conducted to determine the survival of swallow bugs in the absence of their avian host and to

evaluate potential methods to monitor and control swallow bugs that do enter buildings.

Swallow nests were collected in 2014 and 2015 immediately after nest abandanchent
the nescontents sampled periodicaflyr arthropods Highest numbers of swallow bugs were
found in the first sample dates, immediately after collectrraging 269 swallow bugs/nest in
2014 and 297 swallow bugs/nest in 2015. Numbers of swallow bugs recovered declined sharply
in later samples, with reductions at six months of 97.4% of the adults and 96.7% of the nymphs
in the 2014 study, and reductions of 81.9% of the adults and 73.7% of the nymphs died in the
2015 study. At 12 months following collection, numbers of adults and nymphs had declined
99% and 98.3% in the 2014 study and 91.7% and 96.1% in the 2015 study. Other notable
arthropods recovered from nests included the dermésigbderma simpledayne, immature

salticid spiders, and the bird fl€eratophyllus petrochelidonivagner.



Four traps were evaluated for their ability to capture swallow bugs arena testith
anintroduced swallow bug: a sticky card trap withattractan{CatchMaster 288i), a carbon
dioxide based trap with a collection cup (Bedbug Beacon), a carbon dioxide and heahteap w
bed bug pheromone on a sticky card (Biocare First Response Bed Bug Monitorheahdusy
pheromone attractatriap with a collecting cup (SenSci Volcano). None of the traps cargain
attractams showed evidence that they were able to attract swallow bugs. The CatchNd8ster 2
and BedBug Beacon traps did work well as a passive monitoring device but both thre Bioca
First Response Monitor and SenSci Volcano SC caught few swallow bugs eithesdoé¢ap
design that allowed thesects to readily escajpe prevented their capture due to poor adhesive
properties of the glue. Follow-up studies were conducted to evaluate poterachats in
bioassay choice tests, including heat, carbon dioxide, and odors associated ath Bugs.
None of thesérapsshowed evidence of attraction to swallow bugs, suggesting that swallow bugs

may use different cues to located hosts than do bed bugs.

Efficacies of insecticides for control of swallow bugsretested in laboratory trials.
Treatments included Suspend Polyzone (deltamethrin), Talstar Professitarah(b),
Onslaught Fastcap (esfenvalerate, prallethrin, piperonyl butoxide), Te(miacloprid,
cyfluthrin), and Phantom (chlorfenapyr). All of the pyrethroid containing iitsées showed
good ability to kill swallow bugs, typically killing 100 percent of the test insetttarwone

week. Lower mortality &s observed with chlorfenapyr.
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CHAPTER |. SURVIVAL OF SWALLOW BUGS IN THE ABSENCE OF THEIR PRIMARY

HOST AND ASSOCIATED BIOTA INCLIFF SWALLOW NESTS

INTRODUCTION

The swallow bugQeciacusvicarius Horvath isa common ectoparasibf cliff swallows,
Petrochelidon pyrrhonotéVieillot), andwill incidentally feed orhouse parrows, Passer
domesticud.. and other birds that occupy cliff swallow nests or nest inviesnity (Myers
1928; Usinger 1966; Loye 1985; Smith & Eads 1978; Brown and Brown 1986; Brown et al.
2009). The highest population of swallow bugs occur once the cliff swallow nestmatoaed
for the season (George 1987). Hopla & Loye (1983); Eads et al. (1980) repattedallow
bugs can survive prolonged starvation for multiple years, seskiglter in cracks and crevices
around the nestEctoparasitism caforce cliff swallows into late nesting whidan result in
declines offledgling survival fledglings (Brown et al. 2015).

Cliff swallows normally return to previous nesting sites in late April to early May and
begin to reocupy existing nests or builtew nests to raise their broo@liff swallows migrate
out of Colorado to Mexico, Central America and eastern South America generallgustA
Swallow bug adults and some instars have the ability to overwinter and have been known to be
transportedy the cliff swallowsFoster & Olkowski 1968 and Loye 19898rown & Brown
(1986) reported that somneturningcliff swallows can determine whether nests are infested or
not infestedwvith ectoparasiteéswallow bugs, bird fleas) andaychoose free nests or alternate
colony sites yearlyCliff swallows may breed the following year withémother colony to

minimize ectparasitism (Brown & Brown 1992)Cliff swallows are more likely to construct



new nests than use previous year nests in large colonies, which is believed to beaadbehavi
response to ectoparasitic infestations.

Boyd (1951) documented a multitude different ectoparasites that are found associated
with cliff swallows including biting lice®Psocodea: Menopodidae, Philopteriddleas
(Siphonaptera: Ceratophyllidae), hippoboscid fliegp{era: Hippoboscidae), mosquitoes
(Diptera:Culicidae), black fes Diptera: Simuliidae), bird bitingnesostigmatidnites andboth
hard (Ixodidae) and soft ticks (Argasidae).

Swallow bugs ave been reported to carry thedg)y CreekVirus and possibly transmit
West Nile Virus (WNV). Brown et al (2010)reported thaBuggy Creek Virus is present in
swallow bugs that were unfed in nature for at least two years, prodddigonalevidence that
swallow bugscan persist for multigl years without a food source.

Swallow bugsan also be important as a significant bipggt of humans. Following
migration of nesting birds in summerany swallow bugs disperse from the vacated nests, and
oftenreadily enter attics awvall voids of buildings. Once indoors swallow bugs may bite people.

This dudy investigatesurvival ofswallow bugsn the absence of an avian host émel
composition othenest biota of cliff swallow mud nests from two sites locatiemg the Front

Range of Colorado.



METHODS AND MATERIALS

During 2014 and 2015 swallow bugs used in this stuehe collected from activeiff
swallowness from sites in Weld County (2014) and Boulder County (2015), Coloradaliff
swallows are protected under the Migratory Bird Treaty Act and posaesfsihe birds, their
parts and the nest requires the uses of a permit (Gorenzel & Salmon USF2NS Permit
Number MB38079B3 wasgrantedfor this studythatallowed only removal ofacated nests.
Swallow bugs used in the 2014 study were collected from cliff swallow nests (Figerhdyed

on 11 August from Good Samaritan at Water Valley Senior Living Center in WindsloragGo.

Figure 1.1. Windsor, Colorado location where cliff swallow n¢
were collected on the Good Samaritan buildinjests wer
accessed from a 88 articulating boom lift and the nests w
approximately 20m from the ground.

Hundreds of nests weadten constructedn buildingsor beneattbridges, ofterined in a
row with sidewalls connecting the nestst the time of the collection the nests were vacant from
cliff swallows, which had migrated the first week of August, after a bachsdestroyed
numerous nests on the north side of the buildifgy. the study initiated in 201425 formerly
occupiednests were collecteidom the Windsor site and individually bagged. When the nests

were collectedan attempt was made to keep each nest intactegradtately bagged. However,



due to theragile nature of the mudests and the shared walls on nests that were congregated
together(Fig. 1.2) there was some breakage during collections.

The 2015 collections of cliff swallow nests (Fig. 1.2) were taken on 20 August from
beneath a bridge in Longmont, Colorado off Pace Street, just nortf @é&7(USFWS Permit
Number MB-61038B0). Collections were made after the fledge date and the nests were
individually bagged in pkstic Ziploc bagg{Fig. 1.3). A total of 7Zormerly occupiechestswere

collected in 2015.

Figure 1.2Longmont, Colorado where 72 cliff swalls
nests were collected to gatallow bug samples. Tt
picture is underneath a bridge on Pace Street, just
of 17th Street.



Figure 1.3. Removal of individual cliff swallow nests and placement ofribst:
in Ziploc bags at the Longmont, Colorado location on 20 August 2015.
removal, all nests broke apart.

In both years, after the nests were collected and logged they were stareeated room
(approximately 21°Cat the Agriculture ResedrcDevelopment and Education Center
(ARDEC) of Colorado State University.

Nests were sampled through use of a Berlese fNegthirajan et al. 20Qvhich was
located in the same room where the nests were stored. For each extraction, aallugle s

nests was placed in each funnel arttactedor a minimum of threglays (maximum of 8 days)



to collectall arthropods. The extracted arthropadsecollected and stored in 80 % ethanol for
subsequent identification and counting.

Nests in the2014were extracted using Berlese funnetdive dates: immediatelgfter
collection,at two months, four months, six months, and yeer after collection. Oeach date a
total offive nestawvere extracted Samples from 2015 were processed uBiadese funnel
immediately after collectioand monthlyfor 14 months after the initial collectior-or each
sampling eventi¥e cliff swallow nestsextracted Five nests were extracted immediately after
collection and another five nests were sampled every month for 12 months and four nests were

sampled at 13 months and three nests were sampled at 14 months.

RESULTS

2014STUDIES, WINDSOR, COLORADO

The initial Berlese funnel extractioin 2014 (Figure 1.4yieldeda total 0f385 adult
swallow bugdrom the five samplé nes$ (ange 4-295)and 958 nymphs (range, 4-76%he
highest number of swallow bugs extracted included 295 adults and 764 nymphs from one nest.
This sample was collected within a few days of the birds leaving the nesting site.

After a two month interval of storagtractiondrom five nestsyieldedonly nine adults
(range0-4)and12 nymphsrange 0-8). This indicated a sharp decreasdath adult (97.7%)
and nymphal (98.7%) survivaExtractionsof five nests at four monthecoveredl2 adults
(range0-5) and 17 nymphsdnge,1-7), representing 96.9%(adults)and 98.2%{nymphs)
decreaseompared tahe initialextraction The six monttextractionsof five nests recovered ten

adults (1-3 range) and 33 nymphange,1-11),represenhg a 97.4% and 96% decrease from



the initial extraction date.The last collection at 12 montlgldedonly 4 adults fange,0-1) and
16 nymphsrange,1-8); a 99% and 98.3% decrease in the number of foougsthe initial
extraction datéFig. 1.4).

A few salticidspidersand larvae of the dermesfldogoderma simpleaynewere also

extracted from the nesiis 2014.

2014
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Figure 1.4.Mean rumbers of swallow bugdults and nymphs recovered from cliff swallow r
collected in2014 (Windsor, Colorago Nests were collected within one week after the nest sit
abandoned andotiected nests were stored individually in Ziploc bag3n eachextraction dat:
beginning at the date of collection, the arthropods from a subsample of fivevassextracted wi
a Berlese funnel. The results indicate the mean number of swallow bugeendiuttgmphs extract
per nest on each date.

2015STUDIES, LONGMONT COLORADO

Initial collectiors fromthe fiveswallow nestextractedn 2015 (Figure 1.pincluded 144
adults (ange,20-40) and 1,340 nymphsafige, 128-478). The highest nest sample included 32
adults and 472 nymphs (504 swallow budgsktraction afteione monthrecovered®6 adults
(range, 440), and 764 nymphsange, 6E258), represemtg a 33.3% and 43% decreasdhe

number of adults and nymphs, respectively, recovered comparednditdieollectiors from



the nests Berlese extractions of five nest afterot monthsyielded63 adults fange 420) and
894 nymphsr@nge 86287)indicating a56.3% and 33.3% decrease of adults and nymphs,
respectively, compared tnoitial collectiors. Extractions of five nests &ree monthyielded49
adults (ange, 321) and 764 nymphsgnge, 66288)representing 86% and 43% reduction of
adults and nymphs compared to thigal collections Four montlrextractionsyielded24 adults
(range, 613) and 330 nymphsgnge, 26173),a reductio of 83.3% (adults) and 75.4%
(nymphs)from the initialcollections Five monthextractions yielded1 adults (range, 5-14) and
553 nymphsr@nge, 26173), a reduction of 71.5% (adults) and 58.(rétmphs) fromtheinitial
collections. & monthextractions yielde@8 adults (range, 0-10) and 264 nympiasige 388),
a reduction of 80.6%adults)and 80.3%nymphs)from the initialcollections. Seven month
extractionsyielded26 adults (range, 2-16) and 353 nympias@e, 24160), a reduction of
81.9%(adults)and 73.7% (nymphdjom the initial collections Eight month extractions yielded
4 adults fange, 63) and 96 nymphsénge, 835), areduction of 97.2% (adults) and 92.8%
(nymphs)from the initial collections Nine month extractions yielded 39 adutenge, 625)

and 177 nymphgdnge, 0102), a reduction of 72.9%adults)and 86.8% (nymphs) from the
initial collections. Ten monthextractionsyielded32 adults fange, 210) and 163 nymphs
(range, 248),a redwtion of 77.8%adults)and 87.8%{nymphs)from the initialcollections.
Eleven month extractionsiglded34 adults fange, 630) and 203 nymphs (range 1@0), a
reduction of 76.4%adults)and 84.9%{nymphs) from the initial collections. Twelve month
extractionsyielded12 adults (range, 0-8) and 52 nymptan@e, 223), a reduction of 91.7%
(adults)and 96.1%nymphs) from the initial collections. Thirteen month extractyiakled one
adult fange, 01) and 38 nymphsénge, 512), a reduction of 99.3% (adults) and 97.2%

(nymphs) from theénitial collections. Fourteen monéxtractionsyieldedfour adults (ange, 1



2) and 49 nymphs (range, 10-22), a reduction of 9{&élts)and 96.3%nymphs) from the

initial collections(Fig. 1.5).
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Figure 1.5 Mean numbepnf swallow bug dults and nymphper nesextracted from cliff swallov
nests collecte@015 (Longmont, ColoradoNests were collected within one week after the nes
was abandoned andltected nests were stored individually in Ziploc ha@s each extraction ds
beginning at the date of collection, the arthropods from a subsample of fivevassextracted wi
a Berlese funnel monthly for fourteen months. The results indicate the mean nuratheltoan
nymphs extracted on each date from the five nédan numbers at the thirteen month extrac
was based on a sample of four nests; and the fourteen month extraction was basathple a
three nests

In 2015 sampleghe bird fleaCeratophyllus petrochelidom/agnerwere recovered from
17 ofthe 72 or 24%of nest samplesAgain larvae ofT. simplexwere presentiigher numbers
than in 2015, along witthreeimmature salticicspiders.

Returning cliff swallows returning the next seaslhnot rebuild their nestst the same
siteand only used the nests that were already built. No new construction of nests wasdobser

in areas of nest removals eithetla Windsor or Longmont locations.



DISCUSSION

Studyresults indicate that tHaghest number of swallow bsgvere presenin a nest
immediately after fledging and nest abandonmétgstscollecied within one weelfter
fledgingaverage®69 swallow bugs/nest in 2014 and 297 swallow bugs/nest in 2018 s
substantially higher than reported than the average of 32 swallow bugs/nesidréyQ@rr &
McCallister(1987). Highvariability was observed in the number of swallow burgesting
individual ness during thenitial surveys ranging from-&,059/nest in 2014 and 148-360dst in
2015 samples.

Swallow bugs have been reported to survive for long periods after nest abandonment
following fledging(Foster &Olkowski 1968; Loye 1985; Hopknd Loye 1983Smith & Eads
1978 and Brown et al. 2010Both yearsof Berlese extractionshowed a shamgeclinein the
number ofswallow buggecoveredrom initial extractions from nests cqgrared to subsequent
extractions. Thesesultsweresimilar to those oLoye (1985), who reported that 99% aif
swallow bugs died within seven months. Brown et al. (2010) reported that swallow bugs
collecteddirectly from the nest did not live more than two years without its host.

In 2014 9% of adults and 8% ofnymphs did not survive six monthgter collection.In
2015, 82% adults and %&lof nymphs apparentlgtied within the samseven month period. The
relativemortality observed in both 2014 and 20d8icatedlower mortality over the sansx or
seven monthsLoye (1985)mortality estimates were taken from field sampling during ambient
air temperaturesln the presenstudy nests were stored indoors at room temperaturtharel
was some fragmentation of the collected nests

Hopla & Loye (1983) reported that in field cotoins swallow bugs did ndive more

than three years without a host and that all life stages overwintéledymphalstages and
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adults were reported twverwinterby Foster &Olkowski (1968) and.oye (1985)but it was
observed that a majority of the overwinterswallowbugs were adults. In this present study, in
both yearg2014, 2015), both nymphs and adults were recovered after 12 months, but nymphs
were present in highest proportianhthis time(4 adults/16 nymphs in 2014, 12 adults/52 nymphs
in 2015).

The only other laboratorfys. field)based study on survival of swallow buagsilable is
by Loye (1985)who evaluatedsurvival without a blood meal and without a ho$tis study
indicated thaswallow bugs did not survive longer than one year under these conditions. In the
present study unfed swallow bugs were observed to survive over angesarvival of some
continued for as long as fourteen months in 2015, when the study was terminated.

During sampling of the Longmont site in 2015 the bird fléaratophyllus petrochelidoni
was found to be a common naskociatepresent in 24%f all nestssampled Brown and
Brown (1992) reported findindiff swallow fledglings parasitized bipe relatedC. celsus
Jordan in southwest NebraskKBhese bird fleas are replaced®ypetrochelidonandC.
scopulorumHolland in thefar West (Pilgrim & Galloway 2000). Most of the record<of
petrochelidoniarefrom California (Foster & Olkowski 1968; Schwan, Higgins & Nelson 1983);
or Nevada (Nelson 1972 eratophyllus petrochelidonvas considered “rare in Colorado” by
Campos (1971) buhe collections at the Longmont study airedicate thathis species iaot
uncommon at least irome sites irColorado.

Also observedveresome acad mites, midges, and parts of other unidentifiahéects.
Immature salticid spiders were also found in ssem@pleswhich were the only potential

swallow bug predatonecovered from nest samples.
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CHAPTERII. SWALLOW BUG TRAPPING TRIALS

INTRODUCTION

A significant human health problem can develop wtighswallows, Petrochelidon
pyrrhonota(Vieillot), nest on buildings and subsequently support developmémioforimary
ectoparasite, thewallow bugOeciacus vicariugiorvath. After swallows fledge and abandon
nests in summer, the swallow bugftenmigrate into living areasf homeswhere they can bite
humans, but humans are considered a dead end host.

The swallow bugs a very common ectoparasiterparily associated with cliff swallows
and will incidentally also develop on house sparBasser domesticus, and other birds that
may nest in or adjacent to cliff swallow ne@#yers 1928; Brown et al. 2009). Swallow bugs
have been reported to carry the Buggy Creek Virus and possibly transmit Wéegiriis
(WNV). Brown et al.(2010)reported thaBuggy Creek Viruganstill bepresent in swallow
bugs that were unfed in nature for at least two years, providing evidence éflatxslwugs can
persist for multiple years without a fosdurce.

In addition to the human health concerns associated with swallowthage cimicids
can also be mistaken for othemilar species in Coloradmmes, notably bat bug€iMmex
adjunctusBarber C. pilosellusHorvath) and the bed budZ( lectulariusL.). Since there are
considerable differensan the importance of the cimicid bugs to humans proper pest
management approaches are requifagithermore, although the bed buas receivednost
research attention, particularly focused on control methods (Reirgh&igte-Jothy 2007there

has been very little work done with control of either bat bugs or the swallow bug.
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For bed bugs there has been a great deal of attention into methods of detection, including
traps, protocols for visual inspections, and even use@s to determine th@esence of bed
bugs (Reinhardt & Siva-Jothy 200Vaidyanathan &eldaufer 2013).Trapping for bed bugs
has proven to be effectivimterceptor traps used in an IPM (Integrated Pest Management)
program were more effective at determining the presence of bed bugs in indimdsidhan
visual inspections alone (Wang et al. 2009 Bnderson et al. (2009) showed that traps using
carbon dioxide caught more bed bugs that those traps without carbon didfade. et al.

(2011) tested three bed bug traps includimgCDC3000, NightWatch and a homeade dry ice
pitfall trap. These authors concluded that bed bugs couddttactedoy carbon dioxidddry ice)
pitfall traps in apartments where bed bagsld not be visually detected.

Research conducted iyegrandet al 2016) suggestithat carbon dioxide in the form of
dry ice isthe bestttractant for bed bug®lternative ways oproducing carbon dioxide like
sugar and yeast monitarsadditionwith anexperimental lure is 7.2 times more effective than
climb up traps especially in vacant unifhese traps capmrovide an affadable vay of
monitoring bed bugctivity (Singh et al2015). There wereno differences between trapping
success of traps that had a carbon dioxide cylinder versus a sugar and yeast(@unghret al.
2012). Although all traps, includiregdry ice pitfalldesign (CDC3000and Night Watch were
successful in detecting bed bpigesencgthe dry ice pit fall trap was most effective and cheaper
than the other two active trap#/anget al. 2011). Pitfall traps baited with heat or carbon
dioxide are effectivéools for determining bed bug presence with a small population. Carbon
dioxide outcompeted heat, but bethl attract bed bugs (Wareg al. 2009 A Trapping efforts
wereprimarily examinedlifferent forms of carbon dioxide and heaak et al (2014) ndicated

that & takes threelays for bed bugs to acclimate to an arena environment and five days outside
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of an arena when the bed bugs are exposed to human stimuli. They also suggest #han eff
and affordable option is to use a pitfall trap witth@mical lure and a sugar and yeast mixture.
Grieset al (2015) discovered a bed bug aggregation pheromone that could ks #sed
attractant in affordable bed btrgps. Weeks et al(2011) has shown how important knowledge
of the chemical ecology of bed bugs has led to the use of pheromone attractants forgsst bu
management

Presently,hiere area great many commercial devices being marketethtoritoringfor
bed bugsanging from passive monitors that minhiarborage locatiornt® active monitors that
have attractants or lureslowever, none of the monitorirapproaches availabfer bed bugs
have beemvaluated fouse in detection afther cimicids that may occur within living areas.
The purpose of this study was to evaluate some existing traps marketed for baddugs
determine how wellhesedevicestrap swallow bugsSelections were maa# trapsthat had

includedanattractansuchas carbordioxide, heat, obedbugpheromones.

MATERIALS AND METHODS

SWALLOW BUG TRAPPING TRAIL-PILOT FIELD STUDY

A pilot field study was conducted to assess various traps used to capture bed bugs for
their ability to captte swallow bugs. Traps include sticky card trap with no attractants
(CatchMasteR88i, CatchMasterGlueBoards.com, Winder, Georgia), a carbon dioxsdel trap
with acollection cup (BedbuBeaconM, Nuvenco Inc., 2518 Midpoint Drive, Fort Collins,
Colorado), a carbon dioxidend heat tragvith a bed bug pheromone arsticky card Biocare

First Response Bed Bug Monitor, SpringStar Inc., Wiowdle, Washington), and a bed bug
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pheromone lure trap with a collecting cigenSciVolcano™, Bed Bug Cetral, Lawrenceville,

New Jerse)(Fig. 2.1).

Figure 2.1 Four different trap®n the market that are designed to trap bed bugs. These fo
are used to test the efficacy ®wallow bugsQeciacus vicariugHorvath). A. BedbugBeacon tra
(carbondioxide attractant), B. First Response Bed Bug Monitgr {glue pad with carbon dioxi
with heat and pheromone, 8enScVolcano trap (pheromone), and@atch Master @ntrol) sticky

glue pad trap (no attractant).

The pilot study (trappingrials) was conducted at a cliff swallomest site located
underneath an overpass orc@&treet in Longmon€Colorado Beneatthihe overpass small
platforms 20cm x 20cm were installed everyn7 &long the wallad 6lcm below the nesting

area to fashion traps to the wall for the study. Traps were ere&adust 2015 and removed 8
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August 2015Fig. 2.2). The results of this field trial were poaith only a fewswallow bugs

captured during the seven dafghe trial and it wasubsequently discontinued.

——— ; ) A
Figure 2.2 Steps involved in the trap deployment underneath the bri
Longmont, Colorado. ABedbugBeacon trap deployed underneath the rec
vacated cliff swallownests. B. Gaining access to site where cliff swallow
wereconstructed. C. Setting the traps underneath tkdgéar D. Setting up ti
Biocare First Response Bed Bug Monitor traps with a combination
pheromone, heat pack and carbon dioxide cylinder.

SWALLOW BUG TRAPPING TRIALS—-ARENA TESTING

The four traps included in the pilot field stud§atchMaste288i,BedBug Beacon,
BiocareFirst Response Bed Bug Monit@&gnSciVolcano)(Fig. 2.1) were tested in a series of

arena trials to compasavallow bug capture efficacy. Arenas consisted of Géauilite?
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containers that werg8.4cm long, 41.3cm wide and 15.4cm high, which was sufficient to prevent
released swallow bugs from escaping the ardime design of the plastic containers also
included a depression of aboutd®which ringed thgperimeer of the arena floor. As this
depression was steep enough to potentially impede free movement of the insecteemathia@
depression was filled with sand to level out the arena bottom.

Six identical arenas were established and during each trial run single tesguhafesign
were placed in each of the four corn@¥g. 2.3). The arenas were placed on table tops inside a
room with tenperatues that ranged from 21.1 - 287 No artificial light was provided but the

room had windows that allowed some lighting of the area during the day light period.

Figure 2.3 The arena trapping trials. A. Collection of swallow bOgsiacus vicariugHorvath)with ar
aspirator. B. Vials full of 200 swallow bugs awaiting placementiwithe arenas. C. An arena t
showing the plastic container with sand surrounding the outer depression. Also tleetireeaps ar
one passive monitor that is acting as a control. D. All six arenas of a triagiegso

19



Swallow bugs used in these trials consisted of both adults and different nymph instars.
They were collected 1 August 2015 from cliff swallowsts located beneadhbridge in
Longmont, Colorado To extract the swallow budgr these trialsiests were put through a
Berlese funne{Neethirajan et al. 2007), collecting them in dry cups. Once the swallow bugs
were in the dry cups they were dumped into a pl&tedlite container, size not dependent and
the swallow bugsvere released. Once released the insects were collectedwartdd with an
aspirator. Two hundred swallow bugs including both nymphs and adults were then put in
collection cups awaiting their placement into the arenas.

The first trial(1A) was conducted 2 August 2Q1After all traps were satp and allowed
to sit for  minutes, 200 live swallow bugs (combination of adults and different nymph instars)
were placed into the middle of teex arena. Every 24 hours the number of insects present in
eachtrap was recorded and trapping records were kept for seven consecutive days.

A seond trial LB) was repeated on 12 August 2015 with anotheasgrasising 200
swallow bugs (combination of adults and different nymph instars) per arena. Agtestitite
results were tabulateslvery 24 hours and feeven consecutiv@ays.

Experimental design was modifiéor a third trial totestthatswallow bugsverenot
using the traps simply as a harborage. In this trial the arrangemengohttiae arena was
similar, but this time none of the traps were installed with their respective attsgctabon
dioxide, heat, pheromones). Again the number of swallow bugs found in each trap wasirecorde
every 24 hours for seven dayEach arena hdde same 200 swallow bugs (combination of
adults andlifferentnymph instars) and the experiment began 19 September 2015.

In a fourth arena trial a further modification of the design was added to ireclude

harborage area #te release point of the trial.lhe arrangement of the four traps was similar to
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the previous tals, but in this trial, swallow bugsere first pl@ed in a small cup with a 2.5cm x
2.5cm piece of cardboard. The cardboard served as a harborage into which the swallow bugs
settled either inside or on the exterior and the cardboard was then placed irtehefdie

arena. A total of 25 swallow bugs (combination of adults and different nymph inseresJised

in two replications of this study. The numlmrinsects present in traps was checked daily for

one week.Since very few (twpswallow bugdeft the harborage site the study was discontinued.

RESULTS

In the first trial (Fig. 2.3 captures were monitorddr sevendays TheCatchMasteR88i
trap senving asthe controlwith no attractantsaptured 98 swallow bu@.2%)on day one, 140
swallow bugs (11.7%) after day two, 164 swallow bugs (13.7%) after day three, 183 swallow
bugs (15.3%) after day four, 198 swallow bugs (16.5%) after day five, 199 swallow bugs
(16.6%) after day six, and 204 swallow bugs (17%) after day severBidteare First Response
trap captured 59 swallow bu{.9%)on day one, 65 swallow bug¢s.4%)by day two, 71
swallow bugs (5.9%) day three, 72 swallow bugs (6%) day four, 75 swallow bugs (6.3%) day
five, 78 swallow bugs (6.5%) day six and 78 swallow buds#® after sevedays. The&enSci
Volcano trap captured 52 swallow bugs (4.3%) day one, 72 swallow bugs (6%) day two, 80
swallow bugs (6.7%) day three, 90 swallow bugs (7.5%) day four, 94 swallow bugs (7.8%) day
five, 100 swallow bugs (8.3%) day six and 107 swallow bugs (8.9%) after sevenTteyBed
BugBeacon captured 160 swallow bugs (13.3%) day one, 183 swallow bugs (15.3%) day two,

205 swallow bugs (17.1%) day three, 221 swallow bugs (18.4%) day four, 236 swallow bugs
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(19.7%) after day five, 238 swallow bugs (19.8%) day six, and 243 swallow(2u§86) after

day seven

Trial 1A

300
250

200

150
10
|
0

1 day 2 days 3 days 4 days 5 days 6 days 7 days

o

Total Number of Swallow Bugs
o

B CatchMaster (control) ® Biocare First Response M SenSci Volcano ® Bedbug Beacon
Figure 2.4. Numbers of swallow bugs collected by different traps placed in arena triagsett
Traps included a sticky card trap with no attracthat served as a cont@atchMaster 288i), a
carbon dioxide based trap with a collection cup (Bedbug Bé¥yom carbon dioxide and heat ti
with a bed bug pheromone on a sticky card (Biocare First Response Bed Bug Monitarheah(
bug pheromone lure trap with a collectitigp (SenSci Volcardd'). Trials 1A and 1B were
conducted identically. A total of 1200 swallow bugs (200 per replication) weretictddnto the
arena setting in each trial and the figures indicate the total number captured.

The second trial B (Fig. 2.5)was areplicate othe above trial, conductexer the same
sevendays. TheCatchmaster 28&iontrol trap captured 152 swallow bugs (12.7%) day one, 181
swallow bugs (15.1%) day two, 231 swallow bugs (19.3%) day three, 238 swallow bugs (19.8%)
day four, 244 swallow bugs (20.3%) day five, 250 swallow b(&§8%) day six and 254
swallow bugs (21.2%) after seven days. Bi@Care First Respondémap captured 40 swallow
bugs (3.3%) day one, 47 swallow bugs (3.9%) day two, 57 swallow bugs (4.8%) day three, 64
swallow bugs (5.3%) day four, 68 swallow bugs (5.7%) day five, 69 swallow bu@s)(@#/
six and 69 swallow bugs (5.8%) after day seven. SdweSciVolcano captured 39 swallow bugs

(3.3%)ondayone, 46 swallow bugs (38) by day two, 50 swallow bugs (4.2%) day three, 50

swallow bugs (4.2%) day four, 52 swallow bugs (4.3%) day five, 52 swallow bugs (4.3%) day
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six and 52 swallow bugg#.3%) aftersevendays. Thé8edBugBeacon captureti51 swallow
bugs (12.6%) day one, 194 swallow bugs (16.2%) day two, 260 swallow bugs (21.7%) day three,
283 swallow bug$23.6%)day four, 297 swallow bugs (24.8%) day five, 303 swallow bugs

(25.3%) day six and 306 swallow bugs (25.6%) after seven days.

Trial 1B
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Figure 2.5. Numbers of swallow bugs collected by different traps placed in arena triagsett
Traps included a sticky card trap with no attracthat served as a conti@atchMaster 288i), a
carbon dioxide based trap with a collection cup (Bedbug Bé¥yom carbon dioxide and heat ti
with a bed bug pheromone on a sticky card (Biocare Firgpétese Bed Bug Monitor), and a bed
bug pheromone lure trap with a collecting cup (SenSci Vol¢gndrials 1A ard 1B were
conducted identically. A total of 1200 swallow bugs (200 per replication) wereticgddnto the
arena setting in each trial atitk figures indicate the total number captured

In the third trial1lC (Fig. 2.6 the trial was conducted in a similar manner thet
attractantgcarbon dioxide, heat, and pherompwere removed. Th€atchmaster 288i control
captured 148 swallow bu@$2.3%)on day one, 187 swallow bugs (15.6B¢)day two, 215
swallow bugs (17.9%) day three, 220 swallow bugs (18.3%) day four, 230 swallow bugs (19.2%)
day five, 244 swallow bugs (20.3%) day six and 251 swallow bugs (20.9%) after day $eeen
BioCare First Responder trapptured 23 swallow bugs (1.9%) day one, 23 swallow bugs

(1.9%) day two, 26 swallow bu@®.2%) daythree, 22 swallow bugs (1.8%) day four, 23
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swallow bugs (1.9%) day five, 19 swallow bugs (1.6%) day six and 22 swallow bugs (1.8%)
after severdays. The&senSciVolcano captured 30 swallow bugs (2.6%) day one, 27 swallow
bugs (2.3%) day two, 36 swallow bugs (3%) day three, 24 insects (2%) day four, 21 swallow
bugs (1.6%) day five, 24 swallow bugs (2%) day six and 17 swallow(bhuifs) afterseven

days. TheéBedBugBeacon captured 120 swallow buyd9%) dayone, 179 swallow bugs

(14.9%) day two, 212 swallow bugs (17.7%) day three, 229 swallow bugs (19.1%) day four, 245
swallowbugs (20.4%) day five, 252 swallow bugs (21%) day six and 260 swallcsv Pl %)

after seven days

Trial 1C
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Figure 2.6. Numbers of swallow bugs collected by different traps placed in arena triagsett
Traps included a sticky card trap with no attracthat served as a contr@atchMaster 288i), a
carbon dioxide based trap with a collection cup (Bedbug Bé¥yom carbon dioxide and heat ti
with a bed bug pheromone on a sticky card (Biocare First Response Bed Bug Monitarheah(
bug pheromone he trap with a collecting cup (SenSci Volcdp Trial 1C involved use of the
same traps but did not include attractants (carbon dioxide, heat, and pheronionealakA and
1B. A total of 1200 swallow bugs (200 per replication) were introducedtietarena setting in
each trial and the figures indicate the total number captured.

A chi-squaed test for contingency tablas 24 hoursndicated (X test stat=19.543, df=3,
p-value=D.0002), indicating significance (alpha=0.@&tween the traps with attractants and

traps without attractants. A follv-up chisquare test was run comparipigportions of
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choosing control “trap” for traps with attractants versus without attradpeftesst stat15.826,
df=1, and a p-value <0.0Qlihdicating that the significandalpha=0.05Wwas between the
controltrap.

A chi-squared test for comgency tables at seven days indicateéddst stat89.941,
df=3, and a pralue <0.00}, indicating significancéalpha=0.05petween the traps with
attractants and traps without attractants. A follogvchisquare test was run comparing
proportions othoosing control “trap” for traps with attractants versus without attrsdbettest
stat19.018, dfd, and a pralue <0.001), indicating that the significance (alpha=0us

between the control trap

DISCUSSION

In the initial study,the BedBug Beacortrap with acarbon dioxide trapttractant had the
highest trap capture at bo24 hours anafterseven daysattractingl2.6-13.0% and 20.3-25.6%
of the swallow bugs in the test arertdowever, when the results were repeated with the same
trapwithout the carbon dioxidattractanthesetraps captured nearly the same percentage after
seven days, 10.0%fter cne day and 21.7%fter one weekThis suggests that carbon dioxide
may not be as effective an attractant for swallow laggi is for bed bugs, although birds
certainlyventilate carbon dioxide (Calder &Schmidt-Nielsen 1968).

A simple stickypassive trap (Catchmaster 288i) served asdh&ol inthe direct
comparisons of trapfficacy. This trapcaptured 8.2-12% of the200 bugs releaseadter 24
hours and 17.0-2192 after one weekWhen theCatchmaster 288i control trap was compdoed
other traps without aattractant, tts trap attracted.2.3% of the200 bugs released in the arenas

after 24 hours and 20® after sevemlays. This high number of swallow bugs caudiyt the
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Catchmaster 28&iticky trapwithout anyattractansuggestshatswallow bugsandomly wander
in attempt to find a harborage location. Furthermore, the adhesive used in this trap @ppea
effective in capturing swallow bugs that do contact the trap.

The BioCare First Respongap (combination of heat, pheromone and carbon dioxide
trap) caught far fewebugsin comparison to thBedBugBeacon and control traps, only 3.3-
4.3% of the200 released bugs at 24 hours and 5.86Gafer sevemays. Whenmttractantsvere
not included, slightly lower proportions oivallow bugs were capturgd.8%)afterboth 24
hours andafterseven daysThis is likely due to thelge (adhesive) on the paded in this trap.
It was observed that the swallow bugs would get their front legs stuck on the pad, but would
usuallybe able to free themselves afteeathours from the adhesive. Additionally, ofea
occasionsthe number of swallow bugs trappaéecreased over time due to the swallow bugs
escaping thadhesiveof the trap

The SenScVolcano pheromone trap consisterdlyractedonly a small percentage of
swallow bugs andvas apparentlineffective inpersistentlytrapping bugs in the collection cup
of thetrap. For example, in the 1t@al when the attractantsere remoed fromthe trapsonly
2.5% of the200 released bugs were trap@didr 24 lours and only 1% were present in the trap
after severdays. TheVolcano trapallowed nymphs to escape from the bottom of the waere
the plastic lid clips to thé&volcano” style apparatus.

Overall the chisquared test supported a significant difference in trapping success
comparingthe traps with and without attractantdowever, lhe traps that had the largest
differencedn trapping successith attractants and those without attractamsethe same traps
with design problems (BioCare First Response, SenSci Volcano) both capheriogvest

percentage of total swallow bugdeased They were also the only two traps using
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pheromone; th8iocareFirst Responstrap also used a heat souréemay be thaswallow bugs
weresearching for a harborage location rather than being attracted by acspleiftant

To rule out the possibility of swallow bufsingattractedo the attractantsf the traps,
the experiment was repeatadourth timewith a modification of design providing tissvallow
bugsa harborage, before being plagedhe arena. The result of thigal clearly showed tha
majority of swallow bugs never left the harbgedocationand all failed to be captured by any of
the traps From these results it appears tthegt tested attréants were ineffective in attracting

the swallow bugs from their harborage site.
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CHAPTER lll. SWALLOW BUG CHOICE TESTS

INTRODUCTION

The mudness of thecliff swallow (Petrochelidon pyrrhonotéVieillot)) provide
harborage and abundant food supply for swallow bOggi@cus vicariugiorvath). Swallow
bugs also can become a problem for humans when the avian hosts vacate the megts leavi
behind their ectoparasites which may then enter buildings and bite humans.

Numerous monitoring devicémve been developed to detect the related cimicid that is
far better known as a human parasite, the bed ®ungex lectulariud..). Most of these tht are
marketed use lures that include carbon dioxide, heat, pheromones or some combination of these
attractantfWang et al. 2011). Weeks et al. (2011) tested potential kairomones for bed bugs and
this study indicated these can have an added effect edmebined with heat and carbon dioxide.
Development of a monitoring device that attracts bed bugs through a semiochemical
(pheromone) could make a substantial impact on the pest management of bed bugs iedhe Unit
States (Weeks et al. 2013). Much eftoas been made to determine the host specific cues like
carbon dioxide, octanol, and lactic acid that attract bed bugs (Wang et al., 2011; @ingh et
2012; Aak et al., 2014), or other components derived from scent glands or fecal excrement
(Siljander etl., 2008; Olson et al., 2009; Weeks et al., 2013; Ulrich et al., 2016). The olfactory
systems of bed bugs have been tested and human odor has been determined to have weak

influences of bed bug behavior (Harraca et al. 2012).
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This approach magiso beuseful in attracting and controlling swallow bugs in occupied
homes. Theexperimend conducted for this studyeredesigned tadentify attractants for
swallow bugs and to test different modes of carbon dioxide produdimigrsto Singh et al.

(2013).

MATERIALS AND METHODS

Previous observations (Chapter 2) indicate that swallow bugs scatter whehiplace
new environment, both with and without lights, and immediately search for harborageT$iie
experiment will test different modes of carkdioxide, a common attractant for blood feeding
insects (Barrozo & Lazzari 2004), the pheromone associated wiSetiteciVolcano trap
(mimics chemicals on the surface of human skin), the pheromone associated Bititdne
First Responstrap (sex phemmone), heat, water, other swallow bugs, mud from the nest, and
fecal matte“swallow bug essencg’which may contain an aggregation pheromone (Mendki et
al. 2014).

For these studies simple desigwas usedo test if swallow bugs use a chemical
attractant to find a host for a blood meal. The choice test bioassay was dhivdifiea similar
approach used by Hibbard et al. (1994) and Bernklau (2016). A series of laboratory cheice test
were conducted to determine if various treatmentforedixide, heat, swallow bug “essence”
water, pheromones were attractive to swallow bugs in a controlled environment.

The basic designféhe choice test involved a @ diameter plastic petri dish that into
which was cut two small dime sized holes in opposite ends (Fig. Beheath each of the two
holes was placed a shell vial. Each petri dish had two shell vials at opposite endbelQnal s

was used to hold the test attractant, whereas the othkvishalas used as the control.
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Figure 3.1. Design of the choice test bioassay which includes a petri dish that sifg
of two shell vials; one being the attractant and the otheightem control side. TI
swallow bugsan chose either vial via a small hole cut above each of the two she

Seven attractants were tested in this trial (Table 3.1). To test carbon dioxiadd Camladian

Dry™ Club Soda was put in the test vial. The bed bug pheromone incorporated into the SenSci
Volcano trap, a pheromone impregnated towelette (SenSci'Aktiwas used in a second

treatment. The thirtteatment was the pheromoagsociated with the Biocare First Response
BedBug Trap, applied to a cotton ball placed at the bottom of the shell vial. Ten livewwall

bugs (mixture of adults and nymphs) placed in the vial served as the fourth treafimefifth
treatment used heat by placing a heat pad frorBitheare First Response trap around one of the
shell vials and tied off with a pipe cleaner. The sixthttneat included dry ice whichiled half

of the attractant shell vial. The seventh treatmentiwabkof tapwater to rule outvater as an

attractan{without carbon dioxide).
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Table 3.1. List of attractants used in choice test bioassay for swallow &
(Oeciacus vicariugiorvath.

Attractants Used In Experiment

One ml of Canadian Dry Club Soda (carbon dioxide)

SenSci Volcand\ctiv Pheromone Towelette

Biocare First Response Bed Bug Pheromone

Ten live swallow bugs “Swallow Bug Essence”

Heat Pack fronBiocare First Respongeap design

Dry Ice

One ml oftapwater

Experiments involved ten swallow bugs (mixture of adults and nymphs) placed on the
center of the petri dish and covered. The choicébieassay were kept indoors, exposed to
ambient light, no artificial lighaind temperature was -20° C for the 24 hour course of the
study. Each tested attractant was replicated five times, involving a t&@@lsefallow bugs for
each choice tedtioassay. After 24 hours swallow bugs were recorded as being found in the vial
containing the tedttractantbeing found in the vial of the untreated check, or as having made
“no choice” by not being in either vial.

The experiment was repeated a second time, changing the design by incoraorating
harborage area for the swalldgs. This involved placing the ten swallow bugs in a small
plastic cy for 24 hours along with a 2.5cm x @mbpiece of cardboardThe test insects settled
onor inthe cardboard harborage and this was then placed in the center of the choice test
bioasay dish to start a trial run. The location of the insectstivais recordeafter 24 hours in

the mannedescribed above (Figure 3.2).
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Figure 2.2. Choice test bioassay for swallow bu@etiacus vicariuslorvath). A. The
carbon dioxide test with one ml of Canadian Dry Club Sndhe shell viabn the left an
the controlvial on the right. B The same test with carbon dioxide from the Canadial
Club Soda but this time with a harborage location for the swallow bugs, whichss#h
piece of cardboard. .CThe setup of a few of the choice test experiments before the s
bugs were added

PILOT STUDY

To test the presence absence of attractants fewallow bugs, aarena was constructed
using a plastic child swimming pool by placing fine sand in the bottom to level out the pwol. T
circular pool had a diameter of 1122 Within the pool nine “climfup traps” were deployed in a
circle equally around the center of the pool. “Cliopbtraps” are an easy to use monitoring

plastic cup designed for bed bugs that is coated with a thin layer of talc pohiderprevents
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bugsfrom crawling out. Each “climlup trap” had a different attractant including, carbon
dioxide (Canadian Dry Club Soda), carbon dioxide (sugar water and yeast micduben
dioxide (dry ice), water, heat pack, SenSci Volcano pheromone, Biocare RpgiriRe
pheromone, “swallow bug essence” (live mixture of swallow bug nymphs and addlts) a
control. All nine traps we spread equally apart in a circle, each @maut 3@m from the
center of the pool.

In this experiment, 50 swallow bugs (adults and nymph mix) were removed from vacated
cliff swallow nests through the use of a Berlese funnel (Neethirajan28(d) and then an
aspirator was used to separate 50 swallow bugs. The swallow bugs wereedepatailaced
into a Ziploc bag with an old cliff swallow nest and allowed to acclimate for 24 fwouor in
the nest and stored at 1823

After 24 hours, all of the swallow bugs found harborage iptbeiously removedest
in the Ziploc bag. The nest was placed into the arena with the nine “climb-up trapsftdad |
24 hours. After 24 hours, no swallow bugs were captured in any of the “climb-up trapb&and t

experimemnwas discontinued (Fig. 3.3).
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Figure 3.3. The pilot study experiment where trapping success of
attractants and one control was tested using “climb up traps”. the
top clockwise dry ice (carbon dioxide), “swallow bug esseniceat
sugar water and yeast (carbon dioxide), waenSci Volcanc
pheromone towelette, Canadian Dry El$oda (carbon dioxidt
Biocare First Responggheromone, and control. After 24 hours
swallow bugs Qeciacus vicariusHorvat) were attracted tahe
individual choices and the experiment was discontinued.

RESULTS

CHOICE TEST WITHOUT HARBORAGE

In the experiment where seven different attractants were tested vathadborage
(cardboard)Fig. 3.4),many ofswallow bugs failed to battracted after 24 houts any of the
different attractantsOverall, ninety of the 350 released swallow bugs (26%)ed to make a
choice. The “swallow bug essence” attracted i§2B536) of 50 swallow bugs in comparison to
14 (28%) found in theontrd vial. The remaining 23 (46%) of 50 swallow bugs made no
choice. The SenS¥lolcano pheromone attracted @D%) of 50 swallow bugs. This compared

to 25 (50%) swallow bug®r the control, whereas 15 (30%) made no choice. The Canadian Dry
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Club Soda (carbon dioxide) attracted 20 (40%) of 50 swallow bugs in comparison to 19 (38%)
for the contralwhereas 11 (22%) of 50 swallow bugs made no choice. The heat pack attracted 8
(16%) of 50 swallow bugs in comparison to 26 (52éthe contra] 16 (32%) of 50 swallow
bugs made no choice. The Biocare First Response pheromone used in the trag ABracte
(26%) of 50 swallow bugs in comparison to 22 (448txhe controj 15 (30%) of 50 swallow
bugs made no choice. The dry ice (carbon dioxide) attracted 16 (32%) of 50 swallaw bugs
comparison to 26 (52%pr the control; 8 (16%) of 50 swallow bugs made no choice. The water
choice attracted 2%8%) of 50 swallow bugs in comparison to 19 (38%) of 50 swallow tougs
the control. In this trial onlytwo (4%) of 50 swallow bugs made no choice.

A chi-squared test for contingency tables indicdtédest stat=45.774, df=8,y&lue
<0.0001),indicating a significant differend@lpha=0.05) between the attractants, control and no

choice group.In order to get pairwise comparisons for the five attractants a logistesssgn

No Harborage Choice Test
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Figure 3.4. Distribution of swallow bugs in a bioassay choice tastsaof seven different
attractants: swallow bug essence (live swallow bugshSci Volcano pheromone, and one ml of
Canadian Dry Sodgarbonated carbon dioxide), HeBipcare Fist Responselgromone, Dry Ic
(carbon dioxide) and water. Each experiment included 50 swallow bugs introducadgetti

dish containingeitherone of the attractants on one side at the bottom of a shell vial and an
untreateccontrol on the opposited#. Data shown indicates thember (out of 50) that either
were found within the vial containing the attractant, the vial of the untreatck, or did not
choose either.
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was run. The response variable was choice (attractant versus other) and theradable
was attractantheat vs. carbon dioxide p=0.00@®:nSci \blcano vs. carbon dioxide p<0.0001,
SenSci lcano vs. dry ice p<0.000%enSci \blcano vs. essence p<0.008EnSci \blcano vs.
hed p<0.0001, SenSci Volcano \Biocare First Responge<0.0001, water vs. dry ice
p=0.0086, water vs. essence p=0.0011, water vs. heat p<0.0001, wBiecaee First

Response p=0.0011, and water&enSci \6lcano p=0.0019).

CHOICE TEST WITH HARBORAGE

In the experiment with harborage (cardboard) (Fig. fassmoreswallow bugs failed to
make a choice after 24 hours. In this test, 249 (71%) of the 350 swallow bugs failed to make a
choice instead remaining within the harboragehe “swallow bug essence” attracted(22%)
of 50 swallow bugs in comparison to nine (18%) in the control. The remaining 29 (58%)
swallow bugs failed to make a choice. TBenSciVolcano pheromone attracted omlysingle
swallow bug (2%) of 50 swallow bugs in comparison to 14 (28%) of 50 swallow bugs in the
control, whereas 35 or 70% of 50 swallow bugs failed to make a choice. The Canadian Dry Club
Soda (carbon dioxide) attracted 4 (8%) of 50 swallow bugs in comparison to 3 (6%) in the
controt 43 (86%)failed to make a choice. The heat pack attra@t€d8%) of 50 swallow bugs
in comparison to 3 (6%) in the contr8B (76%)failed to make a choice. Thocare First
Respons@heromone attractedl (12%) of 50 swallow bugs in comparison to 6 (12%) in the
controt 38 (76%)failed to make a choice. The dry ice (carbon dioxide) attr&{€&o) of 50
swallow bugs in comparison to 2 (4%) in the contdl (90%)failed to make a choice. The
water attracte® (16%) of 50 swallow bugs in comparison to 21 (42%) in the cortol42%)

of 50 swallow bugs failed to make a choice.
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A chi-squared test for contingency tables indicdtédest stat=61.369, df=12,y&lue
<0.0001),indicating a significant differengalpha=0.05) between the attractants, control and no
choice group. A follow-up pairwise comparison using logistic regression was lorcate
specifically where the significance (alpha=0.05) is located (essencelwsn choxide p=0.0261,
essence vs. dry ice p=0.0094, SenSci Volcano Activ pheromone vs dry ice p=G€288j
Volcano Activ pheromone vs carbon dioxide p=0.015énSci \blcano Activ pheromone vs.
essence p<0.000%enSci \Wlcano Activ pheromone vs. heat p=0.0088nSci \6lcanoActiv
pheromone vs Biocare First Response pheromone p=0.0034, and w&emsa.volcané\ctiv

pheromone p=0.0007).

Harborage Choice Test
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Figure 3.5. Distribution of swallow bugs in a bioassay choice tas¢maof seven different
attractants: swallow bug essence (live swallow bugshSci Volcano pheromone, and one ml of
Canadian Dry Sodgarbonated carbon dioxide), HeBipcare First Responsé@romone, Dry Ic
(carbon dioxide) and water. Each experimeniuiteed 50 swallow bugshat wereintroduced intca
petri-dish once inside a harborage (small piece of cardboardiningeitherone of the attractar
on one side at the bottom of a shell vial and an untreatetiol on the opposite side. Data shown
indicates theumber (out of 50) that either were found within the vial containing the attraittant,
vial of the untreated check, or did not choose either.
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DISCUSSION

In both the harborage and no harborage choice tests only a small percentage of swallow
bugs were attracted to the offered choices. During the first trial run wieessvallow bugs
were placed into petri dishes, swallow bugs would scatter and randohihgdehe shell vials
which acted as gitfall trap. After making these observatsoand from previous experiments,
the next approach was to test if the swallow bugs required a harborage. The $wgb
readily used small pieces of corrugated cardib@artemporarfrarboragemost, but not allpf
the swallow bugs used the small holes of the cardboard.

Once the swallow bugs were in the cardboard pieces, they were introduced in ta the pe
dishes. Howevein these experimentvallow bugs were notteacted to any of the attractants
tested. Either the “swallow bug essence”, SenSci Volcano pheromone, club soda (carbon
dioxide), heat, Biocare First Response pheromone, dry ice (carbon dioxwiaeoattracted
swallow bugs in numbers significantly fdéifent from the check

Bed bugs are known to be attracted to carbon dioxide (Aak et al. 2014) but apparently
swallow bugs did not respond similarliy experimentatlesign tested two carbon dioxide
attractants with the carbonated club soda and the dryBed bugs responded most positively to
the carbon dioxide produced by dry ice, except for exposure to a human host (Legrand et al.
2016). Wang et al. (2011) noted that the more elaborate trapping designs (CDC3000 and
Nightwatch) were inferior itomparison to dry ice inctimb-up traps”. In thesexperiments,
tests without harborages, few of the swallow bugs died within the 24 hour period and were
tabulated as not making a choice. During the testing with a harborage, majthngysgfallow
bugsthat made no choice were still alive within the cardboard, but still a few swallcsvoloed)

within that time period. There westatistical differences witlespect to the attractants, control
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and no choice groups, but there was no visbidencehatany d the attractants actually
attractedn any of the swallow bugs.

It is was observed in these tridksat the swallow bugs do not live long once separated
from the cliff swallow mud nestWhen the bugs are placed into any kind of plastic holding
container or petri dish, they diedthin a few days unless they locdta harborage on a piece of
themud nest provided.

In review, thesetrials did not indicate attractiveness of swallow bugs to any of the
attractants offered. Several attractants thakmaogvn to attract bed bugs (e.g., heat, carbon
dioxide, certain pheromones and kairomonks) these attractantsiled toconsistentlyattract
high numbers of swallow bugs imy experiment. This may reflect the differences in life history
of these two insects. Most of the time spent by swallow bugs aoctims mud nest of a cliff
swallow hostimiting the need for long distance attractants when seeking. himsst®ntrast bed
bugs often establish where a host is typically present, and may feed seguldris host
throughout the year, but require some host seeking behavior as they may disperse blensidera

distances to harborage sites after a blood meal
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CHAPTER IV. INSECTICIDE EVALUATIONS

INTRODUCTION

The bed bugGimex lectulariud..) has been associated with humans since the beginning
of recorded human history (Usinger 1966). In recent dechdddyugs have remerged as a
major pest in North America due to many factors including the increasing reavefrpeople
that can carry the insects and the absence of effective insecticides, resuttimgdisration
losses and insecticide resistance development (Krueger 2000). Since then pashperatiors
(PCO'’s) have struggled to find the next best solution to control bed bugs (Potter 2005).

There are many different types of insecticides on the merteding oilbased and
conventional. Control with these products can be challenging with many diffactontsf
determining succes®ifferences in the field and the laboratory show differences when bed bugs
have the availability of a blood meal after any insecticidal exp@ieeing the mortality.

Protocols for insecticide efficacy should include offering a blood meal tietkrbéad bugs within
1 to 3 days after treatment (Singh et al. 2016). Some recent trials evaluatigiass for bed
bugs include those of Singh et al. (2014) and Moore et al. (2006).

Many pyrethroidnsecticideshave been developed for control of bed bugshbae
shown signs of success but there have also been populations of bed bugs that have developed
resistance to these insecticidé€3ne of the first pyrethroid insecticides to combat bed bugs was
deltamethrin. Seong et al. (2010) reported that two mutations in the voltage-sesasiiia
channel alphaubunit gene of bed bugs conveyed resistance to deltamethrin. Yoon et al. (2008)
demonstrated common resistance of bed bug populations to deltam&bsistance to

deltamethrin and cyhalotrin were detected in human dwellings in Kentucky aadRxmero et
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al. 2007). Studies supports the pyrethroid resistance obseredeictulariusfrom evidence
that metabolic detoxification in the form of both hydrolytic esterases and mcab®xidases
(Dang et al. 2015). Adelman (2011) showed bed bug resistance to theideeatitamethrin
(Sugend SC and Suspend Polyzone).

There has been extensive research dedicated to bed bugs and effective insdxiicides,
therehave not been any studies available for swallow bOgegi@cus vicariuglorvath) nor
indicating what insecticides are useful in controlling this insect. The swallguslaurelatively
uncommon pest (with respect to pest control) in the southern Rocky Mountain region that occu
when cliff swallows(Petrochelidon pyrrhonotéVieillot)) establish nests on buildings. Swallow
bug infestations of occupied dwellings occur when cliff swallows migrate irathenid the
swallow bugs remain in the nest without a blood meal. When air temperatures begirato cool
night, near the end of summer and beginning of fall, the swallow bugs frequently finadlgei
into homes through windows, vents and roof access points or end up inside to evade predation
due to destruction of the cliff swallow nest. Control efforts are complicatduebg birdbeing
protected under provisions of the Migratory Bird Treaty Act, which preverttgance of
nesting cliff swallows until the fall when there are no birds or eggs presthim tie nest.

Once inside the home the swallow bugs can become a pest betthesbite habits.
These experimestfocused on finding products that are effective for the control of swallow bugs,
evaluatingcommon insecticidegresentlyused for bed bugs and used an experimental design

following Hirsch et al. (2016).
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MATERIALS AND METHODS

An experimental design was used to test five different insecticidessagaallow bugs,
presently available for bed bugs control. These insecticides included: Susperah@oly
(deltamethrin), Talstar Professional (bifenthrin), Onslaught Fastsfpnivéerate, prallethrin,
piperonyl butoxide), Temprid (midacloprid, cyfluthrin), and Phantom (chlorfenapigr.) 4R.).
The insecticides bifenthrin, deltamethrin, cyfluthrin, and prallethrin areyathroid
insecticides. Imidacloprid is in the neonicotinoid class and chlorfenapyr a hakedjpyerhole.
Piperonyl butoxide is not directly insecticidal but acts to synergize thetstiemany

insecticides, notably some pyrethroids.

Figure 4.1 Insecticides used in the experiment, testing for effica
swallow bugs Qeciacus vicariuHorvath). A (Phantom), B (Talst
Professional), C (Temprid SC), D (Onslaught Fastcap, E (St
Polyzone).
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Testing involvedh bioassay in a tin diameter plastic petri dish with filter paper (90mm
Cat No 1004 090 WatmariM) on the bottom. The test insecticides were first mixed with
distilled water at dilutions specified on label directions: Suspend Polyzone at 0.aB%r T
Professional at 0.06%, Onslaught Fastcap at 0.062%, Temprid at 0.75% and Phantom at 0.5%
dilution rate. Each insecticide mixture of Gr of the diluted mixture was applied evenly on
each filter paper. This was done by mixing a desired dilution rate and then usimgea syth
0.5ml of insecticide and placing that exact volume onto the flper. This was equivalent to
16 drops of insecticide. The insecticide was allowed to dry céhamebefore the test insects
were introduced. A total of five different dishes were prepared for each ov¢hedt
treatments and an additional fivisides lined with filter paper served as the untreated check.

Trials were started by introducing a mixture of ten adult and nymphalswiailgs into
each dish, then covering it. Swallow bugs were collected by placing the niud a€terlese
funnel (Neethirajan 2007) and collecting the swallow bugs. The swallow bugpiesd up
and counted with an aspirator and placed in small plastic cups. The dishes werédtivea he
room with ambient light from windows, but no artificial light and the air teatpee were at 20

21° C (Fig. 4.2).
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Figure 4.2. The insecticide experiment procedure for swallow b@gsc{acus vicariu
Horvath. A. The process of adding the insecticide to the petri dishes on the filte
with the syringe. B. The insecticigé&sorbed by the filter paper. After about 60 sec
the filter paper was uniformly covered with the insecticide. C. Petrésliatvaiting th

insecticidal treatment.

Every 24 hours the number of dead swallow bugs was recorded and observations were
made daily until either all ten swallow bugs were dead or when the trial wdsdeshat 14

days. Determinations of whether the swallow bug(s) were alive involved usimgjlgpsobe or
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pointed piece of wire to touch the insect and observing whetherwas any movement or
twitching of the legs, which was used to establish whether the insect was ceohsidiee alive
or dead (Steelman et al. 2008).

A second trial was conducted to test the residual duration diffeeent test insecticides.
Petri dides with filter paper were prepared in the same manner as the above trial. However,
before the swallow bugs were introduced into the dishes a period of two weektowas! to
elapse, during which time the dishes were maintained indoors at@0-2&ltctal of five petri
dishes of each insecticide treatment for each residual period, plus untaaied were
included in this trial. When the trial was initiajeen swallow bugs (mixture of adults and
nymphs) were introduced into each test dish. Mitytaias recorded daily until all ten swallow
bugs died or until 14 days was reached. A third trial was conducted allowing a period of one
month to elapse before the swallow bugs were introduced into the treated test Tighes.
numbers of swallow bugwailable for this final trial were more limited and only invohg@l

swallow bugs per treatment, in comparison to the 50 used in the previous two trials.

RESULTS

INITIAL INSECTICIDE EXPOSURE

In the initialexperimen{Figure 4.3)amajority of the insecticidesausedL00% mortality
at ten to hirteendays. Among treatmentdhe order of when 100%hortality wasnoted was
Suspend Polyzone, Hays; Talstar ®fessiongl 12 days; Tempri®Cand OnslaughEastcap
13 days. Phantom faill tocausel00% mortality at two weeks. Phantom may not reach 100%

mortality due to the active ingredietttlorfenapyr, which disrupts ATP production. Since that
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process is slower than other modes of actions, Phantom can have a transfeinaféedd that
of baits. The label claims that Phantom useful for bed bugs because of long residual and
efficacy. Inthis experiment there was alsgh mortality in thecontrolwhich had 29 of 50

swallow bugs die within the two week period (58% mortality).

Initial Survival Analysis
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Figure 4.3 Survival of swallow bugs following exposure to fivesecticides Suspend Polyzone (deltamethrin), Ta
Professional (bifenthrin), Onslaught Fastcap (esfenvalerate pragifperonyl butoxide), Temprid (midacloprid, cyfluthy,
andPhantom (chlorfenapyr) and one control groulll insecticideswere applied at the highest dilution rate allowed pe
individual label directions. Each insecticidal group and control groupaaljg0 swallow bugs and the survival analysihi
reaults of the test.
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TWO WEEK INSECTICIDE EXPOSURE

On the second trial, exposing swallow bugs to insecticide residues aged tg) W¥¥/o
mortality wasachieved with Tempri&C at seven days, followed by Talstar Professional at 11
days, and both Suspend Polyzone and Onsldtagitamt 12 days (Figure 4.4)his trial
indicated better efficacy with Phantom than in the first trial, wittO88é mortality. Mortality in
thecontrol was lower than in the initial exposure treatment but still resultedah3(¥ swallow
bugsdying within thea two week period. It was not expected that the two week residual tests
would reach mortality faster than the initial treatment tests where the insecticitteheaat its

highest potency.

Two Week Survival Analysis

4 = Product-Limit Survival Fit
4 Survival Plot
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Figure 4.4 Survival of swallow bugs following exposure to fiveséecticidesSuspend Polyzone (deltamethr
Talstar Professional (bifenthrin), Onslaught Fastcap (esfenvalerallethmin, piperonyl butoxide), Temp
(midacloprid, cyfluthrin), and Phantom (chlorfenapyr) and one control grough iBsecticidal group and coot
group subjected 50 swallow bugs and the survival analysis is the results of .th&lltestecticides were appli
at the highest dilution rate per the label directions. In this trial twoswseke allowed to pass between prepar
of the treatedlishes and the introduction of the swallow bugs.
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ONE MONTH INSECTICIDE EXPOSUR

In the experimentesting insecticides that had aged one month before introducing
swallow bugs (Figure 4.5), it took only 6 days for there to be 100% of the swallow bugedxpos
Temprid One hundred percemtortality was achieved in 9 days following exposure to residues
of TalstarProfessional and 10 days with Suspend Polyzone. Onslapgtdacheavas almost
100% mortality, with only one swallow bug surviviafierone month.Mortality of swallow
bugs after a one mth exposure to Phantom was short of 100% mortality by two swallow bugs.

In this trialthe control group showed about 50% mortadier the two weeks of testing.

One Month Survival Analysis

4 = Product-Limit Survival Fit
A Survival Plot
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Figure 4.5 Survival of swallow bugs following exposure to five insecticides; Suspend&ot (deltamethrir
Talstar Professional (bifenthrin), Onslaught Fastcap (esfenvalerallethrin, piperonyl butoxide), Temp
(midacloprid, cyfluthrin), and Phantom (chlorfenapyr) and one control growgzh Esecticidal group a
control group subjected 50 swallow bugs and the survival analysis isthes & the test. All insecticides w
applied at the highest dilution rate per the label directions. In thiimaimonth wasllowed to pass betwe
preparation of the treated dishes and the introduction of the swallow bugs.
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DISCUSSION

An important consideration when using a chemical control in a home or office setting is
what insecticide will be mostffective. A client with a pest control problem (i.e. swallow bugs)
is interested in a product that will be effective and that will give results ragithjortunately,
as with bed bugslients have little patienaancerning swallow bug control.

These trials indicated that most insecticides presently used for bedrbugsmaeffective
against swallow bugs. Most insecticides were capable of achieving 10aG8gityavithin two
weeks, and in one case in as little as 6 days. Furthermore, aging of theioess&dir two
weeks and one month before exposing swallow bugs did not result in reduced activityyand ma
have even produced more rapid mortality.

The one treatment that did not provide complete mortality was Phantom (chlorjenapy
This is an insecticidthat is most often used for bed bug control where resistance has developed
to pyrethroid insecticides (e.g., Talstar Professional, Suspend Polyzonensladgh}.
Chlorfenapyr has a mode of action that is very different from the other testeticidescall of
which work on aspects of the insect nervous system, and instead disrupts ATP produdion. Iti
slower acting and higher mortality with Phantom may have been observed hstddiitseen
extended beyond two weeks.

One problem throughout theseats was very high mortality in thentrol group,
averaging close to 50% mortality without exposure to insecticidbservations made indicate
that the filter paper used in these trials was not responsible for the high backgataddym It
is suggeted that the experimental design used in these trials may have resulted invexcessi

desiccation.It has been observed on a few occasions that the swallow bugs appear vulnerable
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when they are off of their mud nest, but they can be resilient and live for yelaesnmut nest

itself.
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