Impact of IPM practices on insect populations in

retail pet stores
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Stored-product insect nfesiallons in reieil pet STOTas COST Per fooc
mMenuiaciurars miiions 0‘ doilars ennually, bur there are no smdie
documenting the effect reness of pest management praciices n per
stores. Our study was aesigned 10 GSIerTning Specles associarec w
eight pet stores 1L Kansas anc 1o ev am e the 1npact of chemica: an
nen-chemical IMIerVEDTION 0D IRSECT  DODUigiions. Fooc  and
DhmomonD baired waps were LSud 10 eStmale HUMDErs of Stored-
proguct besties anc he Indian meal moth. Plodia interpunc 're!
{~Iibner). Traps were piacec in & gric patiern 1o each store. Tap
carches were recorded every (-3 weeks, Spatial anaivses of Tap catcn
data wers used for monitorning infesianons anc Jor evaiuaung efec-
tiveness of pest mianagement measures. Measures used agains pests
nciuded saniiation (SWeeplng, vacuuming and/or discarding nresed
products) Or Sanitalion I COmDInanon: With an Insec: growin regu-
lator, hvdroprene 9% EC. or & pyrethroic, cyfiuthnn 20 WP, Zach
TTeatment (Saniiation O Sanitation mu: oesu'cici° applicationj was
replicated 1n Two stores. Two siores that were lefl unwsated served a
the contol. Traps in the stores captured a tote! of 41,266 acuits and
iamvae of 36 insect species delonging ¢ 23 families and ~
rders. Infestations were generallv associated with bircseed. smaii-
anima. foods, or spilied food. Sanpitation in COLJUDCTIOL Wi
oreme or cviluthmin applications on targetec {Joor argas reduced beeile
numbders bur did not greatly affect [ndian meal moth awmbders. The
sigm“vance o1 these findings is discussec.

2

2

o aro
1 BVGTO-

Kevwords: Pet specialty stores; Spatial aralyvsis: IPM

mterventon

B

introduction

T
1Aae

1nou5:1¢ e L‘nirec States.
foods 1n 2000 were esuma
2001, The majority of net 1o
or retall pef stores are S“SCDpf"ﬂie 0 a
product 1nsects. which ¢an cause significant 2Conomiic 108ses
by contammamng and damaging pl‘OGUCtS on the shelves
{Subramanvam et al., 2001). Significanr losses ¢ product

Dsm_u. ent of Grain Science and Incusty, Kanpsas State Umversiny,

Procuctior Kesearch Centern Man-
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return or dispesal of
irfesied products. Freguent infestziicns mav Tesuit
gecreasec consumer conngencs, and i & small number of
cases. Infested products when nandied mav cause aller

reactions I SOmIE sensitive neople.

manulacturars occur dus ¢ removal
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Two recent survevs (Plam et al. 1998 Arbogast et al.
2000) focused or stored-nrocuclt msect mreamons In retatl
stores. Thev reporred sio TOGUCT insects 10 be common
and abundant i stores, zlthough the species found vaned
between tne survevec stores. 50th Dla‘“ el a}. (1008} and
Ardogast et al. (20003 reporisc capraring mors sored-
producT insects near perfood als.es, comparec o other parts

¢I1ng store.

per. We Tepor on the stored-nroduct msect
i.ansas. in aadition.
he :mpact of chemical uc non-chemica: pest

puiat ions

nd m e1ght retall pet stores In

or insects. Beeties were monitorad with pittell Taps r’?iite~

Trak or Dome traps. Trecs. inc., >a,1nas. Celiformia) baite

with 100G ¢il and pheromone lures. Three commercial mms
n

one eacn 10T the cigarele heetie Lasioderma Serricorne K.y
crugstore veetie Sregonium raniceum L., Trogoderma spp.,
anc Iribolium spo., wers )
Maies of the Ingiean mea
{Eiibner) were moniicrad

Ih-:‘ food-~paiiec waos.

Plodic },eV‘Dwzf iia

commerciel sex pheromone Pherocon 11 Taps. [réce. nd.
Sahnas, Cai Ior a

Tharmy prii
siore in g loo

70ns conceal

rlaced throughout the
o, orimarily in loca-
view. Trap localons
rere marked ol ore’s niznogram (snell and product
lavous mar 1. i
S1te visKs. Thex andw coordimates o
measured Using & nang-neic DIiST
1ems, HeeTorugg.
Wumng zachh
anc piacecn 25 mm x |
tficetion and enumerzton in
P mzerpuncrells czprared in traps were counsed On $ite and
removed from e suchy a
qaecrsase : ap

re:‘:.eved sasily qunng
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Tabie 1. et stores survevecd In Kansas. anc specifics of pest management measures anplied o 2act store
Siore no Locanon NC. visite Intervenuon zpolied ADDICANON Ime Totwal reatea
aree Yy
Crveriand Park 1320 - Sanitanon — 2varoprene 4% g k¢
- Owverland Park % N¢ mntervaniion - {
: Overiend Park 508 T Sannation — hvdroorene AW gy 20
2 Orverland Park 48z g Ne mtervention - 0
< Wichna 924 - Saniznion — cviuthsn 3 s 30
A Wichiu 10e2 B Sanitanon — cyfuthrs 27 s 20
- “opeke 960 2z Sanitatior only; Saniwatiorn —~ cviuthnn A(
2 Lewrence RGO i Sanitavor onlv: S a6
sith =230 P inrerr telia were replaced with new o
with =230 F inrevpuncrelia were replacec with new ones. esules
Stores were VisiizC avery 1—3 weeks.
_ . .. .. Insects associated with pet stores
Trep caprures were sxpressed as numoper of insects wap
week (z coorcinate). The x. v and z-coordinate data fromr each o

A toral of 36 adult mse:: species belonging 1¢ 12 ‘am:‘1°<
and 7 orders were cap !

store were entersd wnio the Surfer® program
‘ r maps of wap capiure data (Keckier. 1995, Brenner et
Arbogast et ai. 20005, Conrour maps showing
{ mrap captures faciitated idenmnficanon of
3 precision tergening of pest management

10 generaie

ar alross o

stores. Larva: st ages or Ave spec les were capm_ec n pluaﬂ

traps {Table 2. - 1.26¢ aduits were caprured in doth
wap Tvpes mroughout the survey: 269

‘ o of them belonged 10
1 Sitophilus spp. complex, s were P ouuerpuncrelia. Z2%

wers red Aour bestle. Triboiium casianeum {Herbst,,

* Tve initial v1SILs 10 STores, Tour pest manage- were merchent graln beetie, Orzaephilus merc

( ment ‘mtervention weatments were applied. These were: (1) (Fauvely 5% were laemophioerd besnes, C?ﬁs’p:&-!@" D]

) sanization only, such as va g’;wenminv spiliec food 4%, were S paniceum and 4% were \ adulis of the
; and removal of severeiv infested proaucts: (2) sanitation remaiing 2% species were captured on few 0ccasions in very
} foliowed oy an appilcanon of hydroprene 9% EC at e small numbers. A total of 3032 larvae were cap urec mm the
‘1 lanelied rare: (3 sanitation “oilowed ov higher labelled rate pifall traps. \SBI\ 60% of them were N, rufipes. 2o%o were
E appiication of eviluthrin 20 WP anc“' <’4Z;Vno mtervennon. Om":aﬂ"mms spp., 10% were Pinerpuncreila. 4% were
i Derails on selected stores that received each pest manage- Cn PTOI?S?S spp.. ané <1% were T, casianeun.

! ment Intervention ars presenied n Table 1. Adulr anc larval nuvars capturaC ir waps vanec among
{ stores. Store T had the highest trap captures followed by store
j! Insects associated with retail pet stores (Fig. 1). Store  had mtqmedime num/oe_rs pf beetiesvand
i jow numpers of moths, whereas store & hac Intermediate

: R . moth numbers bul low deetie numbers.
| AJl stages of insects captured in raps were identfled 10

| species, Species thar reguired clearng or diSSectlon (e.g. Impact of pest management intervention on rap
! Siiopnilus spp. and Crvprolestes spp.) were 1denufied 10 captures

| gznus and counted. Beetle larvae caught in iraps were jden-
| npa Oniv 10 genus, using charactenstics given by Halstead
We used descripuions by Simmor and Ellingron
10 identify larvae of the red-iegged ham 0T copra
Necrobia rufipes (De Geer;. Plodia interpunciella
were ceprured in both types of war. Large numbers of adult

Insect nurmbers in pitfall taps 1o the unre
4 remamnec low tnroughout the survey period .
moth aumbers 1n June 2007 gradually increesed especialiv
I store 2 i no1 1
near the sou

| area of the stors 2 ¢

. o moths were captured in STCKY maps in
males were caprured n sucky taps. Piiall waps caprured o~ . A i .
- - § - capmures were concenrrated near the norm

hoth iarvae and agulits i small numbers. Non—stored DroGuct
insect species caught in pitfall raps were 1dentified. bur not
enumerated. [n stores, some species were captured hefore
our scheduled intervenuon. and others afier intervention.

store (Fig. 4bj. Bv the enc of the surve
captures were near the south-centra: arez |
son foci of beetles in store 4 were inconsisient
whereas moth b
the store f’:‘g. Y.
Three months alter VaroT .
etle numbers in stores ! and 3 were reduced w0 jow jevels
: ig 2bi. Moth numbers in store T Juctuated greaty efer
£ 0 evaluarte the impact of pest management NIETVEnTIon, anitauon anc hvdroprene appuca.lor and were 11gh a7 the

7
5’ ;<
3
©
Q
js]
O
I
13
=
=
19
.
j&]
[
»
]
ot
3
[
13
o]
A
joa
[
o
w1

Impact of pest management intervention on trap
caprures

mean numders of Insects/rap/wk In sack store 'hom nout end of our survey (Fig. 3b. In store *noz: 2UMbErS Wwere
the survey period were plotted against ime 10 0DSErVe DODU- low hroughout the survev rrig. Sb ;. Immediatelv before
ator fuctuations. Sequential contour maps alsc provided an miervenuon 1 April 2001 beetie infestation foc:

ditional source

formauon for gauging effectiveness of the south, centre and northeast areas of the siore 7
TRAUMENTS apTiled m Storss. Infestatior foc: near the south were associzied with wilg-bird




&wn mrernarional Workin

Tabie 2. Insect species caprured in Kansas per stores

Aqults (n=4126¢"  Larvae in =1,
Cotsonter:
Angblidae Lasioaerma serricorne (7. €l 6
Stegoctum paniceum (L. 17ok §
Clenicas Necrovia rufipes [Degeer) 1.806 6
Curculionidae Sitophifus spep. 10,7008 £
Sitopniius granarius {L.;
Sitopnilus crvzae (L.
Strophiius zeamais Motschulsky
Dermestidas Anthrenus verbasct (L.} Zt 3
Antarenus scropruiariae (L)) 2 :
tagenus Sp. i :
Dermestes lardarius L. 23 3
Trogoderma sp. iz B
aemphioeidae Cryprolestes spp. e g
Crvprolestes pustlioiaes {Steel and Howe)
Cryproiestes pusilius (Schonner)
Languriidae Cruprophilus sp. z z
Lathridiicae Carroaere consiricta (Gyilenhal) g Z
Corticaria sp. i 4
Mvycetopha Tuphaea siercorea (L.} N i
Nitucuiidag Carpophiius sp. i :
Punicae Giobium psvlioides {de Czenpinski} 1S i
Rhizophagdae Monoroma sp. z z
Silvanicae Orvzaephilus mercator {rauvel) 4,296 7god g
Oryzaephiius surinamensis (L) 81 g
Ahasverus advena {Walti) 4 4
Staphviinidae Notdents I 5
Tenebronidae Alphitopnagus difasciatus (Say) 4 z
Tripolium castaneum {Herost) G562 i3 -
Tribofium consusum du Val z 2
Coliembola Notidentified Plentv in few stores
Diptera Not idenrified Occasiona. 5
Orthopter
Grvlhcae Not identified Occasional §
Hvmenoptera
Bethviidae Cephaionomia sp. Frequent z
Braconidae Hadrooracon sp. Frequent z
Preromalicae Lariophagus sp. Frequem E
Lepidoptera
Pyralidae Plodia interpuncreliz (Fibner) 2900 ~ ¢.982°¢ 30: 5
Psocoprera
Liposcelldicae Liposcells sp. 5 -
Fm. not idenufie St. not :denzfied {winged) ot z

otz

otal qumoer
otal number

4»14

numoers repre

sent all species in the indicared genus.

2C IL DI Tans.

caprured it sucky Taps.
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Toods. The norineast area of the store was near the back
moom. waere food products are brought in and damaged
Drogucts are temporarily storec. After intervennon. cisTibu-
don and number of beetles in targeted arsas were reduced
and by the end of August 2001 very few beerles were caugnt
in this area (Fig. S&j. Motk infestations were generally near

the same

arez reported Tor beeties. Afler intervent
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228 were SN 13

1aTion foci deve}onea In different stor

veetle :mfestathior foci were near the cenme !

where wiic-bird and smaii-ammel foods were kept, Immedi-

ately afier intervenuon. bestie capiurss in aps increassd

(Tig. 7a) but diminished abour four montns later. Focal

DOInTS 01 moth infestation were alse near e cenire of the
} urvey anowner focal point was

¢ store '?10 o

Betore intervention, bestle rap captures in
and moth caprures ir st0re 4 wers (ow. Motk cap
3 were moderately high ¢ 1. After
cviluthrin apolwca*ion beetle caprures in stores 5
remained low for the rest o7 4 survey 2enoc 3 .
caprures 1n store 5 droppe htly, whereas those in store o

mcreased gradually {Fig. Befors intervennon, focal

points of beetie and moth in fﬂsLauom were near the west and
centre areas of the store (Figs. 8z and 8b), where wild-bird

anc small-arimal foods were kept on sheives anc the dispiay

table. Immediately after sanitation and eviiuthnn apphicanon

IL store 3, beetie wap caprures near rarges -ed arsas did not
W

.

s 10w 2 aecrease (Fig. 5aj. Three months after intervention,

beetle captures near most areas of store 3 were recuced
exCept near the west area of the store (F i~ 8a1, wnere wild-
bird foods were storec n big paper bags. Mot caprures in

store 3 wers reduced siightiv after interventior
aps it store 6 had low beetle caprures throughout the
g . Inmially, moth caprures in store & were low, but at
:he end of e survey twe addiional moth infestzzon 10C
devejoped (Fig. 9 j.

Trap caprures of beeties and moths were hi
in SLQTC &. both the neetie and moth caprures
1. Immediately afier saniation, beetle captures in both
stores increasec. bur decreased 1o low levels two months

were [ow (Tt
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of me swvey perod: (A desties: !
mdicare areas w@rgeted {07 DESt manaze!

aritzuon Fig. 2d). Immediately after saniteniorn enc
thnn applicaon, bestie caprares in store 7 decreasec
anc this recuction persisied until the 1ast sampiing occasion.
Beetle ar capuures in store & remained low L.Jougnou: This
time Tig. 2d) Mowm caprares in stores 7 and § fiuctuared
after the drst and second 1aterventions (Fig. 3&1. In swore =,
beetle infestanion Tocl were near tne norineast arsa of the
: Iooc< I bags were displavec on
‘:estat on foc: wers pr%e" n
. Immediately afier sanitation
eted areas lncreased. Dut
wion for immediat
hefore the second imtervenuen). At thus tume. a new focal
point of beetle infestanon developed near the northwest arsa
of the store 1 Fie. 20z This new infestanon was dormunated
by Necrobic runpes. Sanilellon acTIVilles. Qecor-
posing carcasses ¢f twe mice were found under z luckpiate.
The cercasses were covered with adults and larvae of
N rusipes. These mice. along with the beetles, were removec
anc discardec. Immeciately after a seconc sanitation and
cyviiutarin eppiication. the focal point of beetle mfe tanon
previousiy Iouné near iae 1or.hvv est area of store disap—
peared but 2 new focel Deetie ]
near the east s1de ¢ new focus was
not found in subsecuent sempling. In store 7, moth distribu
' e recuced Tollowing rhe fubf saniaton
.hy € onu sanizatien and cviluthnn appilca-
g 1 Deetie numbers in store & were low
berors saniwalion. deeiie inresiation foc: mear the northeast
and soutaeast areas ¢of the store Tig. 1la) were assocw*e“
with wilé-birC enc small-amimal foods. Immediately

Indiar meal mot
ment intervenuion.

on anc near “he end
ar aresas inside maps

sanitation i store 8, beetle caprures increas C_ at graduellv
decreaseC thereafier irig. lla,. The focal point of mom
infestation near the southwest area of stare " Lrw was

114 Wiid-bird Tooc stored in

also associated
were placec on the 107 nest
cide apglication t¢ target areas on the fioor did not affect the

Moth 1niesiaton.

Discussion

The large number of different insect species caprured in
retail pet stores reflects the diversiny of products carried anc
the suitability of these nroducts to stored-product insects
food products :o:vain Ingredients inal are iavouradie
supporuing stored-produc: nsect infestations. For exampie,
vet foods are generailv made up Tom st glc or m:xed raw
ingredients of whole, cracked andor grounc cereal gralns
and o1 °°ds Wi or without vitamins and miner i
animal anc birc foods in dispiav
and processe d ngredients. {nciuding whole, cracked and or
ground cereal grains (wheal, COm SOrghum anc mulet.
legumes {sovbean and peanur), oilseeds 'Suniiower
zlmona and sesame ;. criec {ruis ,‘oanana. papava. raisin 8nd
apple). criec vegewables icarrol. spinach, darsiey and peai
grass <Canar}’ grassi. SDICES (arise. caraway anc fenneln

COnRTaIiners ¢onsis

other seeds. dried 2ggs. vea
minerals. Dog anc L
consisting @
and/or Ash. ana are ©ich
and fat {>10% oy weig
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drn mrermational Horiing

I]di‘.’ mgf ":’351‘2?&'*‘5 Therefore, infesianon n
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ierpunciella were Tounc 1n all eight rewil per
stoTes In ‘;::“e nurn:»erv. Both Plareral, {1998 anc Ar
2000) founc X inrerpuncielic 1o be abundan: o retail

sToTes In The South-centa. Lnlied States and in north-central
Tionca, *es*vact‘\/e'ly. Tribolium castaneum was the nird

mosi abunaans insect species. Most T castanenm detecied in
our sty were rom swore T, Orvzaephiius mercaior was
common and abundant in most of the stores. Arbogast et a’.
:"2‘1')0@; founc both O mercator anc 7 casicneum t0 de
OIMIMON I TWO pet stores in norTth-cenwal Floria
The prasence of Necrodia rufives in Tetall stores has not
been repoTied previousiv. In our survey, this species was
abuncan: on“ i store 7. The beetles were Tound throughout
1 g office spaces. Necropia rufipes nfesta-
were associated with spill ed car and dog
“oods orn the floor and under sheives, dned pigs’ sers and
other per foocd products that were rich In protein.
Necrobia rufipes 1S also ! ]

J

Teported 10 breec on &nimal
rmciucing hLL“cu j carrien, and 1s considerec to have poten-
11z forensic importance {De Souza and Linhares. (997

I besties and
™MORs 2among STOoTes Drior 1o interventon refiect variaton
is of Irfestanon end Dest management Dpraclices
followed, Insects mfesung products in bags or display
conralners were n0t often checked or noticed by siore
empioyees or management. [n stores 1. 2 and 7, visivle infes-
tazions {presence of adults andror larvae somenmes in very
high numbers. 1.2. insect density up 10 2270 insecis/i
founc :n bagged Droduc s. in swores 1, 2 ana ~ we Tound
sects inside plexiglas con rs that hold bul

dispiev tables. In some siores. Spulage wes ‘c i "]C acc
mulating in spaces berweern the bomom shelves anc Hoors.
Accumuianons of wild-bird fooas were aise ‘ound under
iciplates of sheives. Product spillage often resulted Jom
poor packaging andsor rough nandling T packages. and also
from roden: actuviues, Interestungly, live and or dead rocents
were found 1m stores that had high insect numbers.

Signincant CiLerencas 1M Capture rates ol

Jwere

< net food on

though pest managemen: INtervention was not applied
1o stores 2 oand —‘. These - stores nac¢ loew insect numbers. in
these stores, we nouicec very lule spillege and lile or no

visible proguct mfesianon.

Temperatures inside the swores were malntained ar 20—

NZG,

23°C rthroughout the vear, However, during ne middie of
summer. monthiy emperarure in store ~

was >25°C due o
217 COncIlOnmINg SvSiem. | als might nhave

ngf nsect cap Tares n This store.

Increase n beetle war captures ummediateln after imter-
vention i some siwres. especiallv those recewing oniv
acuviTy

SamilaTion. i perhaps T iatec lQ disturbance-induce
: ; have caused scme
"nd Orvzagpniius
ave increased zher
: T00k 2t ieast v
ore a decrease in Deetie captures was obsen \\,i
f1tn o7 WITHOUT & chemical appilcaticn.

2I18T S&nitallon.

Zonrerence orn Siored Procuct Protec:

ol

The first santauon

¢ second intervennon. we removed bags
stauons anc spillage. Sanmnenon anc

cvfiuth=ir applicanen reduced DWH: captares 10 low levels,

"\'lfi visibie nfe

Propez anc frequent sanifation. ProCuct inspection and row-

nuon could have ;
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infestation in s
store. These results suggeS't thar 17 imsects are allowsd 1
proliferate m retall stores. : :

TETIOVAL

application is required to dring poPUIATION
abie lImits.
Scant lmpact on

xa*\'ae of tnis

specis were ! found nmanyv

materials st O’P” n plexig

In summery, our survey showed that retail pet stores have
numercus insects. Sizopniius spp., P ;m.e,vjpwwre/[a and
O. mercaror were the mcst common and abuncant species n
all stores. whereas N rumipes and 7. caSianewmn WeTe abun-
dan? onlv i One siore.

Our sanitation and pestcide applicamom were effzcuve in
reducing beetle numbpers, but not £ interpuncieils numbers,
To prevent storsc-product insect inrestanon 1n reiall pes

TOTeS, We recommenc 2 Lhorougn ‘nbou

¢ inspection, good
SIOCKTOOM Mignagement, z

eguenst S10CK T0anon, and reguiar
cleaning and sanitation. especiallv under kickpiates anc
shelves.

recommend the nsect menuoring
& spaual analvsis of trap capwure date o7 iéemi-
“ving 1 feston 7ot and Tor eveluaung the beneiis ¢
saniiauoen or pesicide

iy

a;plicatio:‘
in our smdv. sanitanon and/or pestcide app ‘cations were
made onc

e or twice. Further studie S"lOJiC. ATIEMDT IO VeTLIY

the effects of muitipie sanitation scnedules and or pestcide
applications on e degree and GUration of insect SupDression
obtained.
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