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INTRODUCTION

| At present; overv65‘percent of‘all commercial laying hens in the
‘U.S. are housed invcages suspended over‘the fioorQ In California,“the
leading’egg prodﬁcing>state, over 90 percent ot the laYiag hens are
_housed inbthese cages (Card and Nesheim 1972). This ailowshmanure
with a}moisture coﬁtent of approximately 70 percent (Hart 1963) to
»accumulate»dﬁdervthe cages and provides an ideal rearing medium‘for‘

the larva of the house fly,'Mﬁsca domestica L. (Bailey et al. 1968) .

' Cohsequently,‘duriﬁg warmer months house fly adults\usually emerge in
such-large numbers that some torﬁ of control is necessary (Matthysse
and McClain 1973).

The average time from egg to adult for the house fly is 10 days
(James_andearwood.1969). An obvious method of control would be .
removal oftthe maﬁure on avweeklj basisc' However, this isfnot,often
’ préCtiCalvhécaQSé:Of,the time required for weekly manureﬂremovai‘and
disposal} Even inva'small house containing_15,000‘cagedilaye;s€ abprox_
imately 9,525 Kg (10,5 tons).or_Q,S m3 (]..2,8‘c1i° ydsg) of wet manure
will accumulate in 1 week (Hart‘1963)f‘bThus, if weekiyimanure remOval
is impractical,'other methods of controi are necessary;

Larvic1d1ng with currently recommended 1nsect1c1des 1s convenlent
and frequently practiced by egg producers (Axtell 1968 Widht and
Rodriguez 1970) However, this method is discouraged because of the
hazard of 1ncreasing ‘the rate of resistance development and because

these treatments have a more deleterlous effect on the predators and



parasites, particularlv the predatory mites; than on the house fly
(Anderson- et al 1968' Axtell 1968 Georghiou et al. 1967). Manure
removal is also more deleterious to the predators and parasites than
to the house fly and, thus, favors house fly development (Peck and
Anderson 1970) In addition, the process of manure removal appears:to
attract additional house fly adults to the premises‘(Anderson 1965).
Therefore,pfly'control_strategies advocated by Anderson (1965) and
Axtell (1970) called for letting the manure accumulate throughout the
fly season while directing insecticide treatments at only the adults
by_using residual wall and ceiling sprays and treated baitsf
,Matthysseiand;ﬂc01ain‘(1973)\found that even in houses with large
amounts_ofxaccumulated nanure adulticiding alone was'not often effec_
tive, They‘found that‘larviciding or larviciding plus.adulticiding
‘was more effective, but application of these treatments was usually
required everyHZ_weeks;_‘A strategy by>Wicht and Rodriguez (1970) also
advocated the use of larvicides. They specified the use of selective
larvicides which would effectively control ‘the house fly larvae but
' cause 11ttle reduction.in the predatory mite populations. In their
Sstudy, no‘conventional insecticide was found to satisfy both criteria
when tested in the field. Axtell (1968) was also unable to find a
conventional insectlcide which satlsfied both criteria in the field
In 1967 Williams advocated the use of 1nsect Juvenile hormones
(JH) and their analogs (JHA) as third—generation pest1c1des for the
h control of insects. Since then, continued research and development

“

(Slama 1971; ‘Me_ni;‘ and Beroza 1972; Slama et al. 1974; '_-Staal_ 1975) have



‘ steedily increased the practicality.of using>JHA to‘control insects.
The use of effective JHA appears ideally suited for the control of
house flies breeding in chicken hooses. JHA_apparently have ho 111
effects on mites (Staal 1972). 1In addition, it was suggested by
Williams (1956, 1967) and believed by many that insects would be un-
able;Or'et least would find it difficult to develoo resistance to
these compounds. Therefore, it appeared that JHA could safely bev
applied‘directly,to the‘menure ﬁithout cehsing a direet»reductionhin

: the predatory mite populations or e rapid deVelooment of resistance.

Methoprene (Fig. 1) is a JHA developed by the Zoecon Corp., Palo

Alto, Callfornla (Henrlck et al 1973). At the time of this study,
it was the onlvaHA with sufficient commeroial development and eppro-
priate experimental,registration from the Environmental Protection
Agency,to ailow large scalevfield.testingi The‘primary objectivevof

‘this study Was,toreyaluatedthe efficaey of methoprene as a pooltry |

:_ifeed,additive for control of'the house fly breeding in chiCken ﬁenure
‘ in a commercial caged layer house. ' | | ‘,

| In addition to the house fly, the p0pulations of the other insects

‘ colleeted were also monitored in an attempt to evaluate the effectuof

thie’treathent‘on non—target.inSects. These‘date.are'presehted'in the

appendix.
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Fig. 1. Skeleton formula of methoprene, Altosiég{ ZR 515, isopropyl ll-methoxy-3,7,.

ll-trimethyl-2 trans, 4 trans-dodecadienoate.

\



LITERATURE REVIEW

Methoprene has a higﬁ degree of JH activity to Dipteré (Héﬁfick
et al.'1973; Staal 1975). 1In moét cases, methoprene is superior in
JH activity to the knowﬁ natufal JH and other JHA’againsf Diptera
| (Henrick etial. 1973). This sﬁperiority is largely a result of greater
stability in thé field and in vivo. Unlike the known JH énd mosﬁ other
JHA, methoprene does hot require a termihal epoxide to produce good
activity. These terminal epoxides are one of tﬁe ieast stable étruc-
turai groﬁps in the field and in vivo (Henrick et al. 1973; Staal
1975). 1In addition, compéred‘éo the éstef groups of dther Alkyl 3,7,
ll—trimgthyl—z,4—dodecadienoates, the isopropyiAeSter of methoprene
appears élso tq-allow greatér stability in vivo (Yu and Terriere 1975).
| The ﬁse df methoprene and other JHA for insect confrol involves
vthe substitution for or mimicry of the effect of the insect's own JH
at‘sensitive periods when JH should either not be presgnt or p;esent.‘
at a 1qw:ti;er”within thevinsectv(SIama 1971§‘thneiderman 1972).
Exogenous‘sbqrcgs’of‘JH or JHA tbus»apﬁiied at épprépriate‘doses ;6
immature inéects‘usually cause a detrimental and often fata1~morpho—
genetic and dévelopﬁentai disruption (Sghnei@erman 1972; Staal 1972,
' l975). ‘Ovigida1 effects‘and-disruption vaembfngenesis have:alsq}‘
‘been-demonstfated,ﬁithbJHA, but fhese‘effec;s hévé ﬁot_beenvesﬁecially
successful with‘Diptéra (S£§31 1975). :quevef, Morgan,et alf_(l975> o

have reportéd some house fly sterility with methoprene;



The exact‘mode of ectioh of JHA, 1ike that df‘JH, is not known.
fHewever,vthe basic theories concerning thisbmode’of'aCtioh wete sum-
’marizedvby‘Slema etve1; (1974). ihese theories all suggest that JH
~acts duringsthe sensitive periods to'ihhibit or prevent cells from
vexptessing_the:genomevnecessary for the synthesis of the new'characters
needed:fdr the‘next'inStat‘or‘stage. The.epparent teasohs fqt_the'
becurtence of the disruptive activity and why it is limited to ceftain
senéitive-periods.have been summerized by Schneidefmaﬁ (1972). Imn
Endopterygota,hthe‘sensitive peridds oceurriﬂg just before and early
~ in the pupalﬁstage coincidedwith the beginnihg'ofjthe cell division
and differehtiation,initiated by ecdysone for,metemorphosis. ‘Once‘
these activatedvcells have replicated'their DNA,»they are no longer
Susceptihle te ehy(ihhibitety action from JH. however, thdse acti-
vated cells whieh have not yet replieated»their‘DﬁA{ere susceptible.
"Normally,tduring:this,heriodeHvis_not'p;esehtﬁin‘e titer high ehough
to eause‘any:interferenee»or iﬁhihitioh_of_these celhs.;hHoﬁever}then,
eppreppiate deses of JH or JﬁAﬁere3exogenously applied shoxtly before'
or during this ptoeess,.these SUsceptible ceils»are prevehtedvffomvv
differentiating ihto-the next stage It is this combination ef un- -
affected, newly d1fferentlated cells and the affected old undlffer—
entiated cells whlch 1s believed to cause the detr1menta1 and 1nsecti— :
cidal effects.e« | )

The house fly s most sensitlve period beglns in the latter half
of.the last larval stadium, when the 1arva has ceased feeding and

begun migratlng, and ends with the tannlng of the puparium (Staal :



1972, 1975). Srivastava and Gilbert (1968) have shown that thisv'
period_could be slightly longer if the JHA could penetrate the tanned
puparium, Wheh methoprene is exogenously aoplied_at'appropriate doses
vto~the houae fly during this perio&,»thehadult fails to emerge from
the,puoariom and dies (Staal 1975). | |

| Methoprene istan extremely powerful inhibitor of house fly emer-
gence when‘applied topicallybduring this sensitive period (Cerf and
Georghiou 1972, 1974; Plapp and Vinson 1973; Yu and Terriere 19755
Henrick et al. 1975, 1976). Dosea as low as 0.0033 and 0.0063
ug/preoupa produced 50 and 95 percent inhibition,hreaoectiyely, for
the most susceptible strain (Cerf ahd Georghiou 1974). Miaeo,with
rearing media, concehtrations as low as 10 ppm (active ingredient = AI)
gave almost complete inhibition (Jakob ;973). However, field tests
with methoprene‘as‘a sorface spray for control of house flies breeding '
in chicken manure yielded only margiﬁal_inhibition (persohalchmQUni_
cation,»Zoecon Corp.; Morgan et al. 1975) These'failures were attri— '
buted to inadequate penetration and distrlbutlon of methoprene into

the manure,,and it was hypothe81zed by Zoecon personnel that its use

as a feed additive might ;nsure adeqoate distribution (personal
communicatioh, Zoecoh Coro.). This feed‘additive,method has proved

. fegSible for convehtional insecticides With much‘higher avian and
mammalian toxicities (Miller 1970) In addltion, there is 1itt1e need o
for concern over the safety of methoprene as a feed addltive because
iit is 80 biodegradable that it is apparently metabollzed as another

food source by chickens (Quistad et al. 1976) and bovines (Chamberlain i



et al..1975;_Quistad et al. 1975a, b).- Indeed, in bovines this degra-

146 1abeled

dation is so complete that approxiﬁately 15 percent of the
(C-5 position) oralydOSe was recoﬁered'as C02‘froﬁ~the respirétion of
~ the animal (Chamberlain et 51.'1975).

;Mdrgap et:al;.(1975) coﬁduéted labqrato£y bioassays on manure
~collectedftwiée“weekly frdm'chickehS”fgd a teéhpi§a1 formulation of
. ﬁethoprene for pefiod;>of up to 7 weeks. The results from fhese bib;
assay§ 3hawed_én overall éVerage of 71 aﬁd 99 percent'éontr61 ofbhouse
flies with rates of 50 and 100 ppm (AI in feéd), respectively. ‘Breeden
et al. (1975) conducted laborafory bioassaysvon‘manuré‘collected‘daiiy
fromjchickens fed.a technicalvformulétion of>méthoprene.fofv7'daYS,i .
The_results from these bioassays showed that house fly'emérgence wés
reduced to 4 pércent or less with: 1) a 50 ppm rafe (AI in feed)
éftervthe ghickené were fed treated feed for 3 day3~qr; 2) a 100 ppm
 rate af;er.the'chickggs‘We;e‘fed‘tréated feed for only.IYQay.,_Even.
the 50 pém fgeding rate;;s'nop'ecoﬁomically‘feasibie_fof,hpuse‘fly‘
- control‘whgﬁ compared to éurregtly recomqenqed_cqnyentiopal inéecti_
-cides; _QOnséqﬁently, an encapsulated,>dry éremix formﬁlation qf
methopfene wasbde§e16ped~b§ 20egon'persogne1 to reduce the amount of
methopréneblost tovthe‘chicken's metabolism.‘ Thisvloss was found ;6
be quite exfensiﬁe. Only 6.4 perCenﬁ qf an‘appliéd_otgl dosé of
téchnical formu;ation feached fhe‘manﬁre of the éhickeﬁ intécf (Quistad £
et al.’1976); vThé'encapsq1a£i§n waé acéo@piisﬂed b& tfea;ing a;commbn

carrier parti@le with methoprene and then coating it with a lignin '



complex keyed'to‘release atithe alkalinepr enconntered in the lower
gut. of a.chiCken tpersonal'communication,,Zdecon Corp.).

Breeden'et ai."(1975)”conducted Iaboratory bioassays on manure
collected eﬁery other day trom chickens'fed the,encapsulated formula-
tion of. methoprene for 10 days The results from these.bioassays :
showed that the encapsulation had apparently reduced the effectlve
treatment rates.by a factor of 10. House fly emergence was reduced to

8 nercent or_less nith; 1) 5 ppm rate (AI in feed),after the chickens
were fedttreate& feed for 8 Qays; or 2) a 10‘ppm rate after the
chickens werevfedntreated feed for only 2 days. These ratestarebcon;
si&ered;economically;feaSiblevfor‘house fly control when compared to
currently récommended conventional insecticides‘<personal communica-
vtion,’Zoecon:COrp;},.

_All’oglthe doses, concentrations, and rates 1istedvabove are from
.tes;sion:susceptible strains °§Nh°“§evfli9$° :Lahoratory studies:con_
ducted WiththouSe fly'strains resistant to various'connentional
insecticides have shown that many of these stralns were. also cross-. .
re31stant to methoprene (Cerf and Georghiou 1972, 1974; Plapp and
Vinson 1973; Jakob_l973;:Yu and Terriere 1975; Miller and Collins 1975;
Morgan et al. 1975) The precise mechanismsffor this cross—resistance
are unknown However, the strains which showed the hlghest cross—
resistance to methoprene were organophosphate resistant strains w1th
high levels of microsomal ox1dase activity (Cerf and Georghiou 1974
Plapp and V1nson 1973) The dlmethoate resistant strain tested by

Cerf and Georghiou (1974) 1mparted the most cross-re81stance to
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methoprene. This strain imparted 39.4~ and 150.8-fold resistances at
'thérLDso and ths'Values, respectively, over a suséeptible»strain.
' The association between high microsomal oxidase activity and cross-
‘rgsistance to methoprene is understéndable because the microsomes
‘apparenﬁly play an important part in the degradation of the insect's
own JH (White 1972; Ajami and Riddiford 1973; Terriere and Yu 1973;

Yu and Terriere 19743). Also, microsomal oxidase activity in the
hbusglfly undergogs a large increase in activity just prior to pupafium
forma;ion. This increaséd activiéy lasts about 15 hours and is pre-
qeded and followed byzlong periods of barely detectable activity
(Yu'andyigrriere,l97l)¢\ In‘addifion, when microsomal oxidase activity
is either indﬁcéd,(Yu énd Terriere 1973) or inhibited (Yu and Terriere
1974b),by modifiers, the resultiﬁg changes in the insect's development
and_repréauction are typical of hormone imbalances. The best evidence
for a connection between microsomal oxidase.activity and cross-
Aresistance,to méthoprene was reported by Yu and Térriere,(l975). They
.fbﬁnd that.the microsomal oxidases of two resistant house fly strains,
which‘had higher miérosomal oxidase activity than two susceptible
strains, metabolized methoprene 1.7 to 3 times faster than ;hose of
the 1atté;. In addiﬁion, when,aystrong,inducer 6f’microsomal oxidase
vagtiVity”ﬁé§ added, the oxidative metabolism of methoprene was greatly
enhanted. quistad et al. (1975&) also found that besides degradative
qetoxifiéatiﬁn 5y the houéé fly, another ﬁajor méde éf detoxification
of methoprene ié biological iéomerization of the 2-ene douﬁle bond

frpm trans to cis. The house fly is also apparently_unable to
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 isomerize the 2-ene bond back from cis to trams. The mechanism of the
isomerization in the house fly is {mknown° However, the resulting cis
isomer has approximately 214 times less biological activity in the

‘house fly than the trans isomer (Henrick et al. 1975).



MATERIALS AND METHODS

1974 Site Locations and Operations

Two‘adjacent\pontrolled;environment éhicken houses (Fig. 2) were
selected; The houses,weré}located‘in Montgomery dbﬁnty, Virginia |
approximately 13 miles southwest of Blacksbﬁrg, The larger house
(110 m x 14'm, left house in Fig. 2) contained approkimately 15,500
caged Leghorn 1a§ersband was selected for treatment with methoprene.
The adjacent'house‘(9l.5 m x 14 m, right house in Fig} 2) contained
approximafel& 12,500 éagedjLeghorn-RhodédIsland Red layers and served
_as an untfeated cheék. | |

in Boéh‘ﬁaﬁsés the 1ayiﬁg_hehs were arranged in four long parallei
rows of cage systems which extended almost the entire length of the
~ house. ‘The cage~system rows wére separated by 1.2 m (4-ft.) wide
COnprete_aisles,raised approximately 15.2 cm (6 in.) above the‘floorl
immediafely ﬁnder thg cage-éystemvréws (Figf 3). Each cage-system row
Wasvdivided,into:two different tiers (Fig. 3). Each fier:had tw@ long
~ rows divided in#o maﬁy small three-hen cage units. These tier rows
' were pésitioned Back to back so that the front of a tier row faged an
aisle on one side of a cage-system row (Fig. 3). The cage-system rows
were suspended from the ceiling so that tﬁe bottbm tier of hens was
about 1.2 mbaﬁqve fhe floor (Fig.v3). | |

Mapute‘accqmulatedvdirectly'under the cage—sysﬁem‘rows in shallow
pits (15.2 qﬁ below the level of thé concrete aisles, Fig. 3). :The

floor of these pits was dirt in the treated house and concrete in the

12
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Fig. 2. View of the chicken houses used in 1974.

r
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Fig. 3. View of the inside of a caged-layer
house showing the end of a cage-system row and the

floor structure of the house.
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untreated‘house.- Manure was removed from both houses by a’small
tractor equipped with a blade designed to push manure out while clean-
ing two pit rows at a time (Fig. 4). The backs of both houses (Fig. 5)
were originally designed to allow the manure to be pushed into a wait-
~ ing truck or manure spreader. .However,,the:present farm manager pushed
'jthe manure out the'back‘andllet it accumulate.f During the test periOd,
manure was removed from the treated house on 9 July and 13'Aug. and
from the untreated house‘on 12 July and 28 Aug. Thisiremoval schedule
was at the convenience of the farm manager and similar to schedules he -
hasrused in,previous.years.

| Both of.thesevhousesiwere taken out of production_andfpermanently

. closed‘in Dec. 1974.

1975 Site Locations and Operations

A cOntrolled-environment chicken house (97.5»m X 12,2 m, Fig; 6)
1ocated approximately 2 miles northwest of Verona, Virginia was o
selected for treatment with methoprene. Iheihouse‘contained‘approxij o
mately 17, 500 caged Leghorn layers. The henslwere,housed in_four :
parallel rows of cage systems similar in construction to those in the
houses used in the 1974 field tr1a1 | »

A modified controlled environment house (22 m x 12 2 m; Fig 7)
located approximately 6 miles northeast of the treated house was used
as an untreated check.‘ The check house differed from the other houses
by hav1ng a row of windows on both sides (Fig. 8) 'These w1ndows were

' removed in the summer for added ventilation Screening was placed over
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Fig. 4. View of the scraping blade designed to’

clean two manure pit rows simultaneously.
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Fig. 5. View of the back of the untreated house

‘uséd in 1974. .
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Fig. 6. View of the treated house used in 1975.
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Fig. 7. View of the untreated house used in 1975.
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Fig. 8. View from the inside of the untreated

house used in 1975 showing a row of opéned windows

alongvone side of the house. .



‘thé windows to prevenf flies‘from eﬁtefing or 1eaVing; The house con-
;ained‘appfoximatélyvb,soo'Caged Deghorn layers. Thé hens were housed"
in five pafallel rows of cage systéms similar in cqnstruction to those
in the houses used for the 1974 field trial.

| ‘Ip bdth hduses, the‘height of the cage systems off thé floqr;
ménure collection pits, and floor cohs;ruction were similar to those

in the untfeated'hbuse ﬁsed’in 1974.‘ Manurebin bofﬁ houses was removed
by tractors and blades similar to the one used in 1974 (Fig. 4) In
both houses manure was pushed to ‘an auger built into the floor in the
froﬁt~qf the houses and then into a waiting manure»spreader;, The |
manq:é was then hauled to néighBoring farms‘and used as fertilizer.
During:thg test period, manure was remqved from the treated house on

24 June, 15 July, 22 July, 5 Aug., 19 Aug., 26 Aug., and 11 Sept., and
f;om the untreated house on 16 Aug. and 13vSept. The removal schedule
fqr.the ﬁ;eated housg is the,result‘pfign agreement with the owner.
The owner»prgferréé Veékly‘maﬁqrg_remova}$ épd was very reluctant F@ ‘

' ailgwrphe ménure tdlgécumulgte fcr,mofé‘thanYZ Wéeksvﬁecaqég'of thé‘
additionai,strain”on his fémévai équipmént. ‘Therefore, for the
purposes of this study, if wasvagreed to allow Fhe manuré to ac;umulate
for.an initial pretreétment peripd of 3‘week§ and thereafter for |
:periods of 2bweeks‘un1ess I réquested a shortér dﬁfation, Thglrémoval
schedqlebfrom thé uﬁtreated:house.wasvat the convenience of the owner

‘and Similar_tovschedﬁles he has used in previous years.
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Feed Treatment

‘Tne feed‘used invborh the 1974‘and 1975 seasons was a'commereial
‘1aying maSh simiiar in nixture td'the feed used and deécribed in pre-
‘:liminary laboratory bioassays (Breeden et al 1975) ihe feed was -
treated with the PS-10 formulation of methoprene (Altosid()) supplied
| by the Zoecon Corp , ‘Palo Alto, California. The PS-10 fgrmulation is
an encapsulated, dry premix formulatien, described previously, centain— :
ing approximately 10 percent AI. | | |

Treated feed for the 1$74 season was prepared by premixing the
appropriate amount'of methoprene (17.0 g AI)'with>100~1b._(45,4vKg)‘
aneunte ofvlaying'mash in_avquel_H6001Hobart bakery miier, These
100-1b. amounts were delivered fresh each week to the S & M Milling
Company, Ine.'in Christiansburg, Virginiaf:vThere, each IOO—ib. amount
was rhen_mixed‘wirh 4,900;1bs,i9f laying mash in a'ﬁ,OOQ%lb.'capacity
Eqrd,nillr_;IheateSuiring feedbcontained‘7.5vppm (AI) of methoprene:ag\
preaeribed;bylzbecon pereennel, This‘trea;edvfeed was thenvaeiivereqf
ﬂtopthe farﬁ_by employees ef,the feed mill.

Treated feed for the 1975 season nas prepared by premiging the
appropriate amount of methoprene (27.2 g AI) with IOQwib.‘amounrs of
éround éorn in a modei 4CME Stone cement mixer.i These 100 ib. amounts
were delivered fresh each week to the Elkcar Feed Mill in Madlson,_
Virginla.i There,’each 100 lb amount was - then mlxed w1th 5, 900 lbs

of laying mash 1n a 6, 000-lb. capacity Circle millv The resulting feed'

‘contained 10.0-ppm»(AI) of methoprene. vThis rate Was aisovprescribed
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by Zoecon personnel. This treated feed was then delivered to the farm

'byfempibyees>éf the feed mill.

1974 Season Treatment Schedule

Sufficient amoun£S'of the PS-10 formulation of methopreme were not
availabié’frOm'the Zdecon Corp. until 1 July. The:7.5 ppm féed.was
then delivered'to'the farm on 3 July. Because some untreated feed
remained in the feed storage bin and because of the gycle time through
thé hens, thé methoprene probably did not rgach,full potency in the
maﬁuré'until‘9 July. The hens were'fed tfeated feed continuously until
10ct.

- Some additional insecticide‘treatments'were applied to help reduce
the adult hoﬁse fly pobulétibns. These treatments were not part of any
design but were épplied'at the insistance of the farm manager. On
7 Jp;y qhe»fatm manager,_acting on his own,_sprayed the manUﬁerin the
treatedvhoﬁse;with'a 1 perceqt diazin;n larvicide;‘énd Qn,31 Ju1y he
spread apprdximatgly 6 1bs. (2.7 kg) 6f‘§,?urinaég malathion_hoqseufly
bait along‘the‘céncrete aisles of the treated house. The farm manager
finally agreed thgt if he believed fﬁrther'treatments were necessary ih
the treated housé, I would be the one to appiy them. Subsequently, on
6 Aug.;R23 1itefs (6 gal.) vaa 1.5 percent malathipniépray solution
qi#ed’with Zblbso of sugar was applied to the}walls»and common nigpt -
‘  :estiﬁg areas‘éf‘;he hbﬁée-fly’adults in”the‘treated hoqsef_‘No fprthef

,treagments were applied in fhgytreated house. On 6 Sept. the farm

managgr’spreadbapproximately 6 1lbs. of a malathion house fly bai;
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(Purina) along the concrete aisles of the untreated house. No other

treatments were applied in the untreated house.

1975 Season Treatment Schedule

The 10 ppm feed was delivered to thebfarm on 17 July. However,
‘because some untreated feed remained in the feed storage bin and
becaqse of4the cycle timevthrough the hens, the methoprene probably
did not»réach full potency in the manure until 21 July. Treatment was
scheduledvtobbe continuoué unti1v23’Sept. Untreated feed was fed to
the treated Bens from 19 Aug. to 23 Aug. because a local corn shortage
reqqired 13,009‘}bsq of-feed to be deliveredyto the house from another
feed mill. The resultlng mixed manure was removed on 26 Aug. No addi-

tional insect1c1de treatments were applied to either house.

1974 Season Sampling Procedures and Technigues

v Unavoidable delays in parts. needed for the constructloﬁ of UV
light traps prevented sampling before 2 July,' Ihen, beforevthe‘sghgdf .
uled pretreatment samples could be taken, the fégm manager spraygd fhe
manure in the‘treatéd house on 7 July with a 1 percent diazinon‘iarvim
cide. Because of this, no pretreatment samples were taken, and sam-
ﬁling'dia nétibegin until 19 July. Sampling,was then contiquedvtwice‘
g-week every Tuesdayvand Friday until 1 Oct. |

Six péirs of manure core sampleé were colléctgd‘from each house
on every sémpling'inferVal,‘ Tﬁe core sampleé were taken by plunging a 

0.3 11ter (10 oz. ) capac:.i:y wax cup (model 1ZSLN3 Tuli ., Nestrite®‘;
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6.5 cm deep with:lO cm diameter at'top,;and‘S.S cn diameter at bottom)

'»;into the manure and then inverting the ‘cup with the aid of a metal

spatula, The six collection sites in each house were chosen at random
‘onveach sampling date from~sites»showing signs of larval house fly
actiﬁity. Tne core samples werevthen placed in a box, covered with
‘screening tolpreventfadditional oviposition, and returned to the
laboratory. | |

| At the laboratory,,one core sample from each pair was placed into
a Berlese funnel for'collection oféinsect larvae and adult Coleoptera.
vThe remaining core sample trom‘each pair was placed in a plastic 1ined.
emergence_cartonyfor‘chlection;of adnlt insects and determination of
the percentage of houseifly emergence, The emergence cartons were
identical7to'th03e used and deScribedﬁin preliminary laboratory bio-
assays (Breeden et al. 1975). Percentage of emergence was determined
by comparing the number of empty puparia with the number of unemerged
pupae in each emergence sample. ‘All 1nsects collected from the Berlese
andvenergencc samp]es were preserved_in 80 percent ethyl alcohol for
: later sorting,videntificatiOn, and counting of pertinent taxa.

Three UV light traps of the same type developed and described by
Morgan and Uebel (1974) were placed in each house for sampllng adult
1nsects.i The light traps were hung about 2. 7 m over the middle aisle
of the chlcken house. One.trap was bung in the front near the»
entrance, another in theini&dle,aandgthe tnird at_the:backvofthe
. house{”“The‘traps were operated for‘?—hour periods fromzlovp;n. to

4 a.m. on each'sampling interval. Eollowing each trapping, the traps
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Were returned to the laBoratéry and‘placed‘in a ffeezér (-18°C) for
30 ﬁihutes to immobilize the trapped insects; Theéeriﬁse¢ts were then
preserved in 80 percent ethyl alcohol for later sorting, identification,
and counting of pertineﬁt taxa. These trappings were discontinued on
24 Sept. because of low adult insect populations.

‘ A recordingbhjgrdthermograph (Friéz Insﬁrumeﬁt Division, Bendix
Aviation Corp., Model 594) was placed in the treated house to monitor
temperature and‘humidity. A similar hygrothermograph'was placed in thé |
unﬁreated house the last 2 weeks of the field triai to obtain a |

standard index of comparison between the two houses. .

1975 Season Sampling Procedures and Techniques

Sampiés,were taken once a weék. Prétreatment samples were téken
from the treated house on.2& June, 29 June,v7 July, and 15 July. No ;
pretreatment‘sémples were takép5from thg untreatedihoﬁse_becaUSe it
was vacant from 23ijunévtoiié,July.b After ini;iatingifhe treatﬁeﬁt,_
sa@pling began/at'bpth,houses 9n522 July and qqn;inued‘;he‘fi:St paft“
of évery‘week>uﬁtil‘30>$ept. ; | | |

» MaferiaIS’and methods for the manure core samﬁiiné, {1\ ligﬁt trap
sampling, éndideterﬁiﬁation of the percéntage‘of héuse fly emergéncev
were similar:tp'those used for thé 1974 season. ‘Because of the dis-
tanée bgtweenithe chicken houses and theblaborafofy, thg Berlese core
sampies weré»nbtvretufhéd'fb the_laborato:y bﬁﬁ wefé placéd;ig_Berigsé

funnels 1ocated anthe farm with the treated house.f‘In addition, the
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emergence core samples were placéd inrthe emergence cartons aﬁ the
‘chicken houses and then returned to the laboratory.

Each emergence core éample taken after 22 July from fhe untreated
housé,was Seeded with 50 third—instarvhouse fly larvae because of a-
smali natural population of house fiiess ‘The sééding tock place in
‘ftheﬂlébératOfy”2 weeks after eaéh‘collection so that the naturally
occurring hbuse'flies could»emergé.and be separated from the 1atér
émerging‘séeded house,f1iesf Tﬁe seeded house flies‘wére_from a
laboratory-reared Staﬁffer‘susceﬁtible’strain,

| The Berlese-core:saﬁples Werevalso used for determination of the
‘moistutegéonten;;qf the maﬁuge,samplesb ‘This;was'dbne to deﬁermine if
'moiétugé'ccn;gnt_had any effgcts én;thérmethcﬁrene treatment. .The:.
, Beriesg‘gdfe_samples wereiweighéd at the chickeﬁ.house to-avoid any
’ weight loss:thrbggh evéporaﬁion,using,é triple beam balance (mpdel 3201
dhaué‘Sca;glCorp.). The samples were dried by 1eaying;pﬁembihithe
.Beflese ﬁunngléyfor a 7mday'period,  The fauna collected fﬁqm eacﬁ
Beflésexcorevsample‘was latér weighéd aﬁd_subtfacted from the wet
<weight'qf thaf sémpléf
| A-féc@rding hygrqthermograph was again placed‘in the treated
house. A‘sipilarvhygrqther@ogréph Was plaggd in thgyuntreaﬁed house
ﬁhe 1ast Zergksqof tﬁe fiéld trialvto'obfaiﬁba sﬁandarq_inQei of éom—

- parison between the two houses.
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Residue‘Sémplihg and Analysis

In‘Both seasons, treéted and untreated feed and_manﬁre were
collected for residue anaiysis of methoprene.

| In 1974,-a§proximate1y»l liter of treated feed wés collected once
~ a week from lyAug, until 27 Sept. Small random subsamples were taken
"whiie the féed was being transferred ihto a truck after mixing at the
mill. Three 1-liter samples of treated manure were collected once a
week ffom 27‘Aug. until 1 Oct. Four l-liter samples of both untreated
feed and ﬁanufe were also collected for residue analysis. All samples
Wéré céilected‘in glaSS'jars and stored at -18°C.

- In 1975, three 0.5-liter sémples of treated feed and mandre were
CQllected once a week from 22 July until 23 Sept. The treated feed
was collectea at random in small subsamples from the feed trays in the
chicken house. Three 0.5-liter samples_each of both untreatedvﬁeed
and mahure were also collected fo: residue analysis. All samples were
coliected invpaper cartons lined with aluminum foil and stored at -18°C.

At the end‘of‘gach season the frozen samples were packed in "dry
icg"'and shipped to Zoecon Laboratories in Palo Altq, California for
, fesidﬁe analysis. However, becaﬁse of the high cost of analyéis, only
some représentative feed and manure samples‘we:e analyzed in both
seasons. In 1974, dnly the feed samples collected on 1 Aug., 5 Sept.,
and 27 Sépt,{werevanaiyzéd. The samples were first mixed together to
‘formka singlé‘composite sample. Alsb9 only the manure samples
colleéted on 10 Sept., 24 Sept., and 10 Oct. were analyzed.‘,The

replicates‘on/each date were first mixed together to form a single
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composite sample for each sample date. In 1975, only the feed and
manure samples collected on 29 July, 26 Aug., and 23 Sept. were
analyzed. Only.one replicate from each date was analyzed; these were

analyged separately.

‘Résistance Bioassays

At the end of each season; the strain of house flies from the
_treated housév(fieldmpressured) was tested for resistance to metho-
preﬁe (Altoéid,'PS~10) by comparing it in laboratory bioassays to a
'labératory—reared Stauffer susceptible strain. On 1 Oct.v1974 and
23 Sept. 1975, approximately 8 liters of treated manure were collected
in réndom subsamples from the treated houses. The adult;house_flies
tha; emerged wére»used to start 1aborétory colonies for the com-
périson bioassayso
' 'The materials and methods used for these comparison biocassays
'were siﬁilar_tp,those_used‘and described in:earlier biOassayé (Breeden
é;‘gl.v1975)béxcep£ that the hens were fed treated fged for 10 days
prior té ﬁanurevcollection. Then, the collective manure samples taken
‘on the following days from each of the,three replicates‘per treatment
réte were equally divided into pairs. Later, one member of each
sample pair:ﬁés seeded with eggs from the field-pressured straig of
housé flies, The remaining sample-pair member was séeded with eggs
f:ém theASuscgptiblé strain of house flies. |
| »Ihg méthqpréne»treatment rates usédvin 1974 were 0’9 1.25, 2.5,

5.0, 7.5, and 15.0 ppm (AI in feed). Those used in 1975 were 0, 2.5,
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5.0, 7.5, 10.0, 15;0,'and 25.0 ppm (ALl in feed). 1In both seasons, the
‘manure samples used for the bioassays were collected on the 1lth and
>12th days after treatment began. The results from both treatmentvdays

were combined to give a total of six replicates for each treatment rate.

Statistical Analysis

The statistical test used to determine significant difference
betWeen'tWO population samples was the two-sample t~test., Linear
regression enalysis'was used to determine the degree of dependence
tetween twe‘variables. The»variables compered per sampling date were:
i);mqisture;epntent of the 1975 Berlese core samples (independent§vari-
iatle énx)'yersus.the percentage of house‘fly‘emergence,from the corre-
sponding=emergence core sample (dependent variable = y); 2) the mean
house fly eﬁergence percenteges (i) versus the house fly trap catch
: tetals (y)'3 or 4 (1974) and 7 days (1975) later; 3) the mean of the
,,high’tempefeture during the day and the low temperature duringrltght
trap operation for both inside and outside the houses (x} versus the
house‘fly traﬁ‘catch totals‘(y); 4) these same_temperaturermeané out-
side (x) versus‘these same temperature means inside the houses (y);
‘and 5) the mean dally temperature in the treated houses (x) versus the
mean dally temperature in the untreated houses (y) The signiflcance
of a regression was determined by us1ng the t—dlstrlbutlon to test the

11near signlflcance of the regre531on coefficient All statlstlcal

tests_were performed at a 5 percent probablllty of rejecting a true
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null hypothesis. All t-tests and regressions were performed using the

bprogrammable Hewlett-Packard HP-25 calculator.



"RESULTS AND DISCUSSION

1974 Season Treatment Effect on House Fly Emergence

The percentage of emergence data for both treated andvuntreated
houses»are~nresented‘in Tablevi. The‘mean emergence'percentages
obtained on each'samnling‘date fromvthe‘treated'houSe arehSignificantly
iower (P = 0.05) than those from the untreated house. Howevers'the
lowest mean emergence percentage ohtained from the treated house was
only 42 percent on 26 July. According to earlier laboratory bioassays
l(Breeden et al, 1975)91the»emergence-sh6uld have been around 5 percent.
Another unexpected result can be seen‘when the mean emergence nercent-
agesvare pteeented granhiCally'(Figtv95a ‘The percentage of emergence
in the untreated houée remained'relatively constant averagingvabout_

‘ 95 percento However; the percentage of emergence in the treated house
instead of remaining at a relatlvely constant low level gradually
increased until;BO Aug.v Then, for the remainder of the treatment
“ period;Lthe percentage of_emergence‘remained telativelyﬁconetantif
ayeraging about 89 percent. | |

) Bart_ofithis gradualiincrease may have been caused by microbial
degradation of the,methoprene in the older manure near the»sides'andv
onrthe hotton of.the pit'rone;, This'is‘suggested,by the decrease in
,the percentage of emergence after the house ‘was cleaned on 13 Augs‘
: Schooley et al. (1975) documented the ability of microorganlsms toi
’degrade methoprenea In addition, the half- 11fe of methoprene 1n'

chicken manure (moisture content 60—80 percent) 1s around 34 days

32
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Table 1. Total number of house fly adults that emerged and

. mean emergence percentages + SD from the six emergence core
‘samples on each sample date for both treated and untreated houses

~in 1974,

‘Treated house Untreatevd house
Mean : Mean
) Total emergence Total emergence
Sample No. adults percentages No. adults  percentages
date emerged + SD emerged + SD
19 July 1831 49 + 29.6 162 100
23 July - 1189 59 + 25.2 159 95 + 3.5
26 July 1577 42 % 11.3 130 93 + 2.8
0 guly %77 7L+ 49 88 93+ 3.3
2 Aug. 1333 76 + 12.5 06 96+ 3.6
6aug. 239 72151 673 96 + 1.5
9 Aug. | 568 65 + 18.5 740 96 * 2.5
13 Aug. 1604  82% 8.7 - 1312 93 47
16 Aug. 564 65+ 9.8 200 95 + 6.4
20 Aug. 1392 56 * 15.4 784 94 * 6.9
23 Aug. 275 76 + 12.2 712 95 + 2.9
27 Aug. 1528 82 + 8.9 447 9 * 6.2
30 Aug. 875 92% 4.8 543 97 £ 4.6
3 Sept. 741 92+ 6.0 1794 97 + 1.7
6 Sept. 988 87+ 3.3 1275 98+ 1.7
10 Sept. 290 82 + 11.7 877 93+ 3.9
13 Sept. . 459 88 + 4.2 256 91 + 3.9

17 Sept. 663 88 + 3.3 367 98 + 2.9

I+
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Table 19' (continued)

Treated house _ Untreated house

 Mean - © Mean:

Total emergence Total emergence

Sample No. adults percentages No. adults percentages
date . emerged + SD - emerged , +SsD -
20 Sept. . 684 90 + 5.6 226 95+ 5.1
24 Sept. 1020 89 + 10.5 . 753 96 + 1.6
27 Sept. 922 90 + 4.5 875 94 + 3.1
10ct. 605 87 + 1.9 215 92+ 3.9
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Fig. 9. Mean house fiy‘emergence percentages on each sampling

date for the untreated and treated houses in 1974.



" PERCENT EMERGENCE

»100 
o

w0
0

60

50

40

30

10

=

| TREATMENT STARTED

-==-=-~-UNTREATED HOUSE

TREATED HOUSE

V  MANURE CLEANED OUT

~ UNTREATED HOUSE

A MANURE CLEANED OUT
“TREATED HOUSE

JULY ©

NN T N T S S SN SR U DA R S A N RN NNt R

O..

10 13

i7 20 2427

19 2326 302 6 9 (316 2023 2730 3 6
Cduy |

o AUBUST
- Dm"E-lgm |

o

 SEPTEMBER

|
loCT.

o9



37

. (berson&l communication, Zoecon Cotp )', Because this decrease on 13
Aug. was only temporary and similar to prev1ous decreases on 23 July
"and 2 Aug° not f0110w1ng manure removals9 1t seems unlikely that
microbial degradation was a signlflcant factor in the overall gradual
vincreaee,

A logicel hypethesis to explain the unexpected h;gh emergence
'percentagee and gra&ual,incteaSe is an existing cross-resistance to
methoprene coupled with an increase in resistance resulting from the
continuouseexposure to methoﬁrene,; The documeﬁtation of high degrees
dt»crqseureeietanee'tofmethoprene'f:qm 1abotatory straips of.ﬁouse‘
flieseresistantwte.conventienel inseetieidesbwas,discussed in the
'1iteratute reviewou Howevet, the existence.of;similar,high degreee of
erossffeeietance in field strains has not been reported, bet,Cerf and
Geqtghioe (1972) did find a five-fold cross-resistance tovmetheprene
at the ED95v1evel from a field etrein highly;#esistapt to many conven-
"tiénal insecticides.‘ Eveh this‘comearetively smell empunt of‘eresg_

, tesistance cpuld have.aliowed,the‘initialvhigh»eﬁergeneejﬁercentagee'
'shown:in‘Tabie 1. Whiie“no laboratory or field‘studies have been
reﬁorted on the ieduction of house fly resistance to methoprene,.Yu
and Terrlere (1975) found that the mechanisms for such an 1nduction do-*
exist 1n the house fly. | |

» Slnce the house flies used 1nvthe earlier bioassays (Breeden et
,.al._1975) were from a susceptible straln,_laboratory bioassays werev_.-
conducted (Nove,1974) to compare the susceptibility of the field— |

pressured stra;n to that of the susceptible strain:used in the eerlier
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v bioassays;: The reseits (Teble 2) showed no significenﬁ difference
(P = 0,0S) betweenithe twe strains. ‘HeweVer, both strains showed
evidence of reSistance to methopreneiwhen_COmpered to the earlier bio-
vasseye (Breeden et a1,‘1975> which yielded>afound 5 percent emergence‘
at 5 ppm (AI'invfeed),  |
The lack of dlfference in the results of the two strains was
probably caused by coutamlnation of the susceptible colony by members
of the field—pressured strain Rearing medium contalnlng laxvae of
the susceptible colony was often 1eft exposed in a room adJacent to
' the,emergence cartons containing the field'core samp@es}__ﬁogse‘fly,
veseapes-fromﬁthese emergence cartons We:evmipimai.but sgfficient,
throughout the,seasonrto gave caused such a contemination._lln.addin
tion,_ia;ge numbers of adults from the field-pressured strain were
uﬁavoidably brdugﬁt‘beek,'in the camper area of a pickup trﬁck, to the
immediatezﬁicinity"of'theﬁlaboretory,efter eachsvisit ;olthe‘treated
heu.sée : | |
The reeu1£e Qf_the;cemperisen_biqesseys;aPPE%r;#o:suppqrt.the_
hypothesie_of‘resistence to ﬁethoéreneﬁv quever,vthe reeuits of other
field trieIS'iﬁ 1974 by Zoeeon personnel in Celiforniaeand_Texas did
notyehow ev?dence ef cross-resistance or an iﬁeuctioﬁ bf resisteﬁce
(persoﬁal commﬁnication, Zoecon Cerpm)o Therefore, ZoeconApereonnel
requested that samples of my methoprene premix formulatlon be sent to
them for analysis.‘ The same batch (prepared in July 1974) of premlx
formulatlon was used for the field trlal and the comparlson bloassays.

Theee,samples unexpectedly assayed (analys1s done in Dec. 1974)‘an
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Table 2. Emetgence perteﬁtages of a susceptible lab-

reared and the 1974 field-pressured strain of house flies

from manure from chickens fed methoprene treated feed.®

Tfeatment : Field
o rateb R Susceptib1e~ ' pressurgd
0 98 + 2.1 | 96 + 2.2
1.25 94 + 1.8 " 94 + 2.1
2.5 93+ 2.3 95+ 2.4
5.0 94k 4.5 96 + 2.7
7.5 89+ 9.3 88 % 5.4

‘ +12.6

0 mame s

2 Mean * SD of six replicates.

b Activéfihgredient inAfeed;inbppmﬁ
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average of 57 pérceﬁt éubpotentf It is now known that this loss in
poteﬁcy was caused by an aﬁtagoniétic impurity in the technical formu—
1ati§ﬁ whiéh causes a»gradual loss of potency (personal communication;
Zoecon Corp.); This loss in potency could then also seem to explain
‘thg unexpectéd‘results from my field tfial and the high emergence
"percenfagesfin.the'ccmpériSOn bioassays.  However, even with the loss
in potency the supposed 15 ppm treatmént rate used‘invthe comparison
bioaésays'would étill be at least 6;45 ppu. When compared to the
earlier bioassays_(Breedeh et al. 1975), Fhis 6.45 ppm réte should
havefgiven Oﬁly about a 5 perceﬁt emergeﬁce iﬁstead,of those shown in
‘Table 2.

Thevresultsvfrom fhe feed and manure samples sent for residqe
analysis indicated that.the'ldss in potency apparently did notAaffect
my field,trial. A composite 6f~;hree representative tfeated feed
égmplgs ngiected_on 1LAug.2‘5iSepf,,_qnd 27 Sep§. assayed,9l8 ppm
ipsteadHOf'the prescribed;775_ppm.ﬂ-This was probably caused_by o#ét—w

| 'estima;ipnupf:"shqrteweéghtingﬁﬂgf,the feed being mixed by thg;millér
.atvthebfged mill. In additiong’the treated manure samplesbcollectgd
on 10 Sept., 24 Sept;; and } Oct. assayed 1.42, 1,37;vandvl°26 ppm

(AT inbmanure), fes?ectivel&° 'Whilé thesevleveis did'shéw‘a decrease
with time, théybweré all still compafablg to manure resi&ﬁe leveléH |
from fiéld trials ébnductedvin California and:Texas-which achieved
.eﬁergencé.peréentgges of afoﬁn&v5bpercent with fee&ing rétes Of‘iovﬁpm
(AI) (perSOﬁél_cdmmunicatién9 Zoecon Corp.). ‘Thetefbge,‘sinéé the

vloss in potency apparehtlypdid not affect my field trial, the resistance -
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hypothesis still”offers the most probable explanation for the high
'emergence'percentages andfthe'gradualnincrease in the percentage of

ﬂemergence shown in Fig. 9.

1975 Season Treatment Effect on House Fiqumergence

'The'perCentage of emergence data for both treated and untreated

‘houses are presented in Table 3. The mean emergence percentages

obtained on each sampiing date from the treated house are significantly -

lower (P = 0.05) than‘those from the untreated house for the period

from 22 July until 9 Sept. In_addition, the mean emergence percentages

. obtained:after,treatnent_began and,uprunril:QlSept. are‘significantly
19néf‘(p =v0.0S},than.rhe‘pretreatment mean emergence,percentages,
Afteri9 Sept., no significant difference P = 0.05) Wasdfoundq As in
19?4,'thé mean energencebpercentages{obrained‘afrer:treatment began
were mucn higner thanrwcu;d_be'expecred,wnen compared_to_earlierubic~
:assays>(ﬁreeden et al. 19755e Ihe»lowest mean emergence percentage‘
obtained from the treated house was 53 percent on lé AuéQ rThié again
indicates that a croes»resistance to methoprene ei;sted in the field
strain.

Instead of an expected sharp decrease in the percentage of emer-
gence after 22 July, a gradual decrease occurred until 12 Aug. This

‘gradual decrease was probably caused by some untreated manure still »

_ remaining afterfthe house was cleaned on 22 Julys The. tractor blade

used for manure removal usually mlssed about 5 em of manure on each

'51de and 2 cm of manure on the bottom of each plt ‘row. When thls
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Table 3. Total number of house’fly adults that emerged and mean
emergence percentages ¥ SD from the six emergence core samples on
each sample date for both treated and untreated houses in 1975,

' Treated‘houSe , Untreated house
Mean v ‘ Mean
Total ~ emergence . Total emergence
Sample ~ No. adults percentages No. adults percentages .
date ‘emerged - X sp emerged?® + 3D

24 June - 871 91+ 5.5

29 June | 1045 96 * 4.3

7 July 3809 89 + 10.2

15 July 1063 96+ 2.3

22 July 634 79 % 22.8 48 89 + 2.8
29 July 1772 65 + 23.3 272 (0) 91+ 2.2

5 Aug. | 334 61 + 10.3 264 (1) 95 + 2.2
12 Aug. 427 53+ 21.1 269 (1) o1+ 2.9
19 Aug. . 676 76+ 7.5 35 (55) 9;8}_, 3.7
25 Aug. o113 - v65 + 36.1 | 306 (21) 93 + 7.5

2 Sept. 1164 83+ 7.2 323 (50) 100

9 Sept. 176 90 £ 9.6 456 (185) 90 + 4.9
16 Sepﬁ, 188 90 £ 5.7 268 (0) 93 + 4.3
23 Sept. 3553 86 £ 7.0 266 (0) 90 + 5.8
30 Sept. 1958 o1t 2.6 284 (0 9% 4.1

8 Numbers in parentheses indicate emerged flies from natural infes-
tation, and those not in parentheses indicate the total No. of emerged
‘flies from artificial and natural infestatiOns :
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mixed manure was removed oni5 Aug., the percentage of emergence
:decreased forther before beginning tovincrease,“

| -When thevmean emergence percentages from both houses are pre-
sented graphically (Fig. 10), tne overall similarities with the 1974
season (Fig; 9) become apparent; The percentage ofdemergence in the
untreated,house remained'relatinely constant averaging about 93
percent. However, starting on'iz Aug., the percentage of emergence
in the treated house, instead or remaining at a'relatively constant
1ow:1evel,kgradually increased nntil 9 Sept. Then; for the remainder
of the;treatment period, tne,percentage of emergence remained rela-
'tiyelyfconstant averaging abontéSQ'Percent,:»Unlike 1974, manure
removal was too frequent toJcnnSider that part of the gradual increase
‘was caused by microbial degradationfof the methoprene. Indeed, even
the unavoidable interruption in treatment from 19 Aug. to 23 Aug.
apparently had little effect on the percentage of emergence from the
4resu1ting mixed manure because the percentage of emergence actually
decreased from 19 Aug, tq‘26 Aug. Therefores‘as in 1974,_the gradnal _
,»increase in energence from 12 Angg to 9 Septo indicates that anuinduc—
‘ tion of resistance resulted from the contlnuous exposure to methoprenea )

t To test for resistance 1n the fleldcpressured straln, laboratory
bioassays were conducted to compare the susceptibility of the field-
pressured strain to that of thelsusceptible stlaln used in the earller
bioassays (Breeden et al. 1975) | Thls season, the susceptible strain

was reacqulred from J Sternberg, Univer31ty of Illinois, in July and

: carefully maintained in another buildlng to av01d any p0331b1e
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Fig. 10. Mean house fly emergence percentages on each sam~

pling date for the untreated and treated houses in 1975.
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' contaminatioe by the field-pressured strain. The fesults of these
.cemparison Bioassays (Table 4) did show a sigﬁifieant difference

P é»Q.OS)ebetween the susceptibility of the two strains. The metho-
prene apparentlyAhed no effect on the emergence of the,field—pfessured
 strain even at 25 ppm. Whereas, the results ffom the susceptible
' SFIaiﬁ.shOwed a decrease in emergence ae the treatment rate increased
'with complete inhibition of emergence at 15 and 25 ppm. These results
show that the field-pressured strain was resistant to methoprene. The
results from the susceptible strain for the 2.5 and 5 ppm rates were |
higherlthen those from eerlier bioassa&s (Breeden et al. 1975). This
indieeted the‘possibility that the methoprene formulation (batch pre—

' ‘pared:in-Augf 1975)>ueed_was subpotent. However,>any reduction in
pqtencvaould not have affected the validity of the comparison eio~
eSSaﬁs inbehowing,resistanqevby the field-pressured streineto metho-
- preme (see‘Meteria;s and Methods).

:f'LThie season, 6therﬁresee§ehegs' results also supported the resiSté
ance hyﬁothezis, Similar field trials in Califognie:and‘fexasbby
Zoecon personnei fpersonal communieatiqn) also resulted in unexpected
high eﬁergence percentages; treatment levels in the manure'ef 1.2 and
1.5 ppﬁ (AI) from feeding ratee qf 10 ppm (AI) resulted in overall
mean emergence percentages of 58 and 61 percent, resbeetivelye In
addltlon, unexpected high emergence percentages were leported 1n f1e1d ‘
trials by R W. Mlller USDA Beltsv1lle, Maryland. A feedlng rate of
>10 ppm (AI) resulted in approx1mately 70 percent emergence@ Laboratory

bioassays by Mlller also showed resistance by hlS fleld—pressured strain ;
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Table 4. Eﬁergence percentages of a susceptible lab-
reared and the 1975 field-pressured strain of house flies
from manure from chickens fed methoprene treated feed.?

Field_

-Treatﬁent v » »
,‘rateb Susceptible - pressured
0 97 + 2.8 95+ 1.3
2 76 2.4 98 + 1.8
5.0 21+ 1.3 - 96 £ 1.9
7.5 8+ 2,1 96 + 2.9.
10.0 2% 2.4 97 £ 1.5
10 0 grELT
250 o 96+ 1.6

3 Mean + SD of six replicates.

b Active ingredient in feed in ppm.
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to methoprene. The emefgence of his strain was not reduced to‘10
‘percent or less untii treatment levels in the manure reached 50 ppm
v(Ai)vor more (personal coﬁmﬁnication, R. W. Miller).

 This season the loss in potency problem apparently did affect my
treatment levels'for the field trial. The same batch (prepared in
: Aﬁril’1975) of premix formulation was used for the entire treatment
period. Three representati?e treated feed samples collected on 29
July, 26-Aug., and 23 Sept. assayed (ahalysis done in May 1976) 6.6,
5.9, and 7.9 ppm (AL in feed), respectively. Three representative
treated manure samples collected on the same dates assayed 0.92, 0.61,
and 1.0 ppm (A{ in manure), respectiveiy. It seems unlikely, however,
that a graduallloss in potency is the only cause of the subpotent
~treatment 1evelé because the residue 1evels_for‘the:samples collected
6n 23 Sept. were fhe highest and not the_lowest of the three sampie
datés.“Iherefore, part of the subpotency of the~trea;mgnt levels was
pfobably caused>by underestimatioq or "long-weighting" of ;he feed
beiﬁg mixed by the miller at-the_feéd‘mill.

The subpotent treatment levels might be part of the cause for the

" high emergence percentages obtained in the first éart of the treatment.
Period. But, the main cause qf these initial highbmean emergence
'percentages (Table 3) is‘cross-resiétanceo Even-ﬁith the sﬁbpotent
treatment 1eVels‘(6.6? 5.9, and 7;9 ppm AI in feed), the resulting mean
emé£g¢#9¢ pef§éﬁtages shquld ha&e béen‘much lower‘whén cqﬁéaredftq-tﬁe
»rgsu}té frpm 1ab0ratoryKbiQasséys using susceptiblé st;ains (Table 4

‘andrBreeden et al. 1975). In addition, the gradual losswinvpotency
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:appears to have had 1rtt1e to do with the'gradual increase in emergence
’,because‘the”highestjresidue-levelskwereﬁfromr23 Sept.;;whichralso had
-one ofithe higheSt mean emergence percentages (Table'35,' If the gradual
" loss in potency was responsible for the increase in emergence, then the
mean emergence percentage from 23 Sept. should have been correspond1ngly=
'lower 1nstead of hlgher than those on 29 July and 26 Aug.

The possibility that the percentage of moisture in the manure mlghti
have an effect on the methoprene treatment and, thus, on the resulting
vpercentage of house fly emergence was also investigated. The percentage

of?moisture,obtalned for each treated Berlese core sample‘was conpared
to{the percentagelof’emergence_fromethe corresponding,emergence_core. :
‘sanple.,rNo,significant regression (rZ;; 0.06) was found. Thus,
noisture contenteapnarently‘had no effect on‘the ability of‘the nethof_
prene treatment to inhibit housevfli emergence.

Based on all of the above data'from both seasons‘and in spite of
the potency nroblems, the primary,causes of the‘poor inhibitionvof‘house
fly emergence by‘methoprenehduring both seasons were anhexistingncross-
resistance to ﬁethoprene followed hj an induction of resistancehresult;

ing from the continuous exposure to methoprene.

1974 Season Treatment Effect on Adult House Fly Populations

The adult house fly trap catches for both treated and untreated
‘-houses are presented in Table 5. These results show that even with the
methoprene treatment,the treated house still had a significantly larger

.pOpulation of adult house flies than did the untreated house.T This was



Table 5. Number of adult house flies caught in each UV light trap in both treated and untreated
houses for each sample date in 1974. .

ifreated house N _— : : : Untreared‘heuse -
~ Sample 1H,v Front Middle Back = -  Front  Middle ﬁaek’ S
date . trap - - trap trap Total T trap trap - trap. thal
19 July_'], 305 80 574 1259 b 10 -_efi o 21
23 uly 49 68 104 21 23 1 16 49
26 July » 108 82 177 367 S 80 40 13 »v55133ﬁ
30 July 126 80 89 295 S 125 32 »31‘-: 188
2 Aug, 115 g0 57 252 o 88 19 25 132
6 Avg. 435 371 301 1107 20 27 21 14
9 Aug. 443 260 148 851 ‘ 252 110 129 491
13 Aug. 290 43 86 419 ks 42 61 23 132
16 Aug. 384 46 o1 520 123 76 48 247
20 Aug. o 228 43 43 314 I 142 129 60 331
'23 Aug.' - 138 110 - 23 271 170 195 178 543

27 Aug. 272 100 - 45 417 206 3 96 338

0s



Table 5. (continued)

- Treated house . .

Untreated house

Middle

Back

24 Sept.

-

Sample ‘Front ‘ Middle BadkA . Front . o
.date . trap trap trap-  Total trap trap trap Total

30 Aug. 429 151 63 643 180 55 27 262
3 Sept. 177 89 76 - 342 27 12 51
6 Sept. 48 56 18 122 13 2 2 17
10 Sept. 382 100 58 540 34 8 6 48
13 Sept. 148, 49 27 224 40 8 12 60
17 Sept. 395 R 208 95 60 363
20 Sept. o 337 92 63 . 492 118 72 46 236
32 19 15 _ 66 25 5 6 36

16
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unexpected because the houses were only about 15 m anart. This differ-
ence 1in populations can probably be attributed to the difference between
the floors of'the two houses. The treated house had dirt floors under
the cage rows;‘but the untreated house had concrete floors. Dirt floors
would haverallowed for overall more moist conditions in the treated

' house‘and; thus, the'possibility of more potential breeding sites. My

| observationsBsupported this contention. In addition, the dirt floors
probably caused the treated house to be more attractive to gravid

females earlier in the season and just after cleaning than the untreated
house.

The individual trap catches on each sampling date indicate that an
unequal_diSPersion of adults existed in both houses. Anderson and E
Poorbangh:(l964), using sticky tapes tovsample adult popuLations, also
found unequal dispersions of house flyfadults within cagedflayer houses.
- They‘listed different environmental factors (direct sunlight, light

intensity,,and different 1arva1’f1y‘densities) as probable influences
on‘adult dispersion. Invboth test houses, the traps in thevfront
usually caught‘more house flies than the traps in the middle or back.
The higher concentration of adults in the front of the houses was prob-
vably caused by‘the higherllight intensity in the front because the large
double doors in the front were left slightly ajar during the daytime.
This also prov1ded a potential entrance for flies from the outside.

In additlon, the fronts of the houses were the last to be warmed by

_ the sun because they faced west. This might have 1nf1uenced the trap

‘ catches because the traps operated only at n1ght (10 p m. to 4 a.m. )
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However, the trap cetches still aecurately‘reflected the daytime dis-
persien based on my:observations of the frequented resting.areas of the
,adﬁlts..

ATo:compere theifluctpatioﬁe‘in the adult populations of both
hOuseé; tﬁe trap eatch ﬁotals fof each sampling date are presented‘
,graﬁhically in Fig. 11. The larviciding in the treated house on 7 July
L‘by the farm manager prevented the sampling of pretreatment populations.
However, this treatment had only. a temporary effeét on the adult po;u—
.latien because the treated manure was removed on 9 July. By 15 July,
the adult population was back to the pretreatment levels based on my
qbservations of tﬁe frequented,resting areas of the,adults. The
decrease in the adult population in the treated house from 19 July to
23 July may be atfributed to fhe methoprene treatmenﬁ because the adult
populationvinvthe untreated house incfeased during that period. From
then uﬁtil 13 Aug., the increases and decreases in the adult populatiqp
of the untreated house closely follewed those in the treated house by
3’or 4}days. This indicated that adults were}migratipg from the treated
house to the untreated house. This was probably helped by the exhaust
 feﬁs in the treated house which expelled many adults outside toward the
ventiiatiqn intake areas of the untreated house. After 13 Aug., the
poﬁuiations of both houses apparently functioned independently from one
andther. |

| ‘The co:;elafion befween the effect ef the methoprene treatment and
the,resulting adult populations can be seen when the mean emergenee

perCentages'(Fig. 9) and trap catch totals (Fig. 11) are presented
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Fig. 11. Total number of adult house flies caught in the UV
light traps on each sampling date in the untreated and treated

houses in 1974..
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together (Fig. 12);' Sinceemethoprene is not effective before the 1ast
part of the third instar or after the tanning‘of the puparium, the'
feﬁulting effect on fhe adult popuiation would be delayed. 1In the
-field, the pupal sfage usuaily lasts 4 or 5 days (West 1951). There-
fere,iin fhe treated house the increases and decreases in fhe percentage;
of emergence should have been closely followed by similar changes in the-
adult popuiation.' This appears to be what happened before 30 July and
after 13 Aug. Between 30 July and 13 Aug., this issue is confused by
the‘unscheduled additional insecticide treatments. The increase in
percentage of emergence from 19 July to 23 July, wae followed by an
‘increase in the adult»p0pulation from 23 July tov26 July. The emefgence
decrease from 23 July to 26 July was followed By an adult population
»deereeserfrom‘é6 Juljbto 30 July. The percentage of emergence increased
- from 26 July to 30 July; howzaver, the adult population decreased slightly
- from 30 July to 2 Aug. This‘slight decrease instead of e‘proportionally
~ large increase was caueed»by the effect of the malathion fly bait put
Out\on,Bl July. This treatment was only temporary because the bait was

v remoﬁed on 1 Aug. The adult population then underweﬁt a\lerge inerease
from 2 Aug. eo 6. Aug. which probably reflected the large increase in

the percentage of emeréencerfrom 26 July to 2 Aug. The percentage of
emergence subsequently decreased from 2 Aug. to 9 Aug.,rbut theradult
pepulatibn ugderwene a propertionally %arger deerease from 6kAug. to
13‘Aeg;v The lerger size of this decrease Wes caused»byithe malathion

spray applied on 6 Aug. From 13 Aug. to 30 Aug., variations in the
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Fig. 12, Mean house fly emergence percentages and total
number of adult house flies caught in the UV light traps on

each sampling date in the treated and untreated houses in 1974.
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adult population corresponded closely with preceding increases and
decreases in the percentage of emergence.

Despite the additlonal insecticide treatments, a slightly signif—
icant regression (r. = 0.34);was foundvbetween the mean emergence per— .-
-centages in thebtreated house\trom 19 July until 27>Aug;“and the trap
"catch.totals 3or 4 days from 23 July until 30 Aug. When the additional
insecticide treatment dates are eacluded from the regression, a highly
significant regression (r2 = 0.79) was found between the mean emergence
percentages from 9 Aug. to 27 Aug and the trap catch totals 3 or 4
daysnlaterifrom.13 Aug. to 30 Aug. However, no significant regression
(r2f= 0.0l)_was“found between the_mean emergence percentages from 27
Aug. to 20 Sept. and the trap catch totals 3vor,4_days.later.from 30
Aug. to 24'sépt, This lack of significance,is understandable because
by'3b Aug.; the flies had,become so resistant to methoprene that the
‘ treatment was no longer substantially inhibiting emergence. |

Since the methoprene treatment was no longer a substantial factor,
thehincreases and‘decreases in the trap catchesvafter 30vAug, indicatedv
that another factor mas possibly‘affecting the adult population in‘the
v treated house.b These 1arge'f1uctuations in the trap catches were at
varianceewith’my nisual observations. While I‘did observe the gradual
decline indicated in Fig. 11 after 30 Aug.; presumably caused by a
temperature dependent seasonal decline, l did not notice the large
fluctuatlons 1nd1cated by the trap catches. Some factor was apparently
biasing the trap catches rather than cau31ng substantial fluctuat1ons

vin the adult population density. The obvious choice of:factors would
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‘bé those which have a substantial influence on thg activity of the'
adults and,,thus,valter their ability to respond to the iight traps.
Bo;h'temperature and humidity have a subsfantial effeét on the actiyity '
‘of adult house flies., Niescﬁﬁ1z (1935) found~that house'fly'édults
-wéfé'most active‘éfound 34°C and that their activity decreaséd above

or belowithat tempera;ure. Dakshinamurty (1948).found that.hOusevfly
adults remained redsonably active af tolerably low temperatufes (1800)
regardless‘of:tﬁe humidity.‘ However, they becamg very sluggish when
both réadings were high (35°C and éb percent R.H.). Sincé the traps
operated only at night,'the combinétion of high tempeﬁatﬁre and humidity
Waé,unlikely. In additiqn, during the'day,‘the forcei ventila;ion:
always kept,thé humidity‘low. fhus; température isrthe appargnt‘factér
.most‘likely'tébbé the dominant influence on the ability of the adults
tb‘respond_toﬂthe light traps.viMorgan‘and Pickens»(1968) and Pickens
etval, (1969) fquhd that changgsrin Fhé temperatﬁfe gauégd sipilaf
-¢hanggs iﬁifhe:ddult housé fly‘catches of UV light traps. ;Wheq thisvis
gbpiiedztovmy data, thevmostvéignifitaﬁt regrg$§ibns occurfed;usigg thé‘
mean of the high ,temperatﬁre which occurréd,during the tday’ ar_nd the low
vtemperature‘whiCh occurfed during #he operation.of_the‘light traps.
These tempetature_mgans for the insidé °f tﬁe_treated house and the out--
side of both»hoqses’are pfgsénted‘graphically‘withythe_t:aﬁ cat@h‘tdtals
ianig; 13.  Thé inside temperature meaﬁé for';he?ﬁreéted house can also
sefvg forsﬁhe’untreatgq ﬁgpsg.becaqsevﬁhé<teﬁpetatﬁrésdipsidg the two

houses were practically identical. The outside temperature means were
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Fig.‘13. Mean temperatures inside and outside the treated
hbuse.and the total number of adult house flies caught in the
UV light traps on each sampling date in the treated and

untreated houses in 1974.
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calculated from data taken at the V.P.I. & S.U. Agronomy Experiment
Station located in Blacksburg.
| In fhe»freated ﬁsuse, no sigﬁificant regression (rz = 0.01) was
fpuﬁd‘between.the inside temperature means and the trap catcﬁ totals
 from 1§‘Jﬁ1y to 30 Aug., Bﬁt‘é highly significant regrsssion Zrz = 0.78)
‘was found bétween these two variables from 30 Aug. to 24 Sept. These
regressibns combined with the earlier regressions indicate that the
mefhoprene treatment was the determining factor in the increases and
decreases in the adult population and the corresponding trap catches
taken before»30 Aug. After 30 Aug., when methoprene resistance was
high enough to allow the‘flies to have. a relativély normal percentage
" of emergence, the influencs of the temperature on the aduit population
dénsities caused the increases and decreases in thevtrap catches.

”:In the untreafed house, no significant regression Qas found
betweepsthe inside teméerature means and the trap catch totals either
: before (x2 = 0.001) or afger (:? = Of23) 30 Aug. ’The lsck of signifi-
canse before 30 Aug. is not unusual because the populatiop»was»Stiil
inéteasing:and until 16 Aug. was apparently largely influenced by
migrating flies from the treated house. The lack of significance after
30‘Augf was srobably c;hsed by the effect of the malathion fly bait put
out on.6‘Sspt. |

| qusigpificant regressions were found between the outside tempera-

ture means aﬁd‘the trap catch totals for either the treated house before

(r? '0.17) or afﬁer (r2 0.38) 30 Aug. or the untreated house before

(2 =

0.02) or after (r2 = 0.01) 30 Aug. A highly significant
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regression (r2 = 0.56) uas found between the outside and inside tempera-
‘threvmeans from 19 July to 24 Sept. Inside the houses, however, tem-
perature fluctuations were effectively controlled and modified by ther-
mostatically controlled forced ventilation. This would account for the
lack of significance between the outside temperature means and the trap
"catchvtOtals‘in the treated house after 30 Aug. The lack of signifi-
cance in the treated house before 30 Aug. and in the untreated house

. before and after 30 Aug.'is explained not only by the controlled inside -
htemperaturebbut also by the same reasons mentioned earlier for the

regressions with the inside temperature.

1975 Season Treatment Effect on Adult House Fly Populations

The adult house fly trap catehes for both treated and untreated
housesiare'presented in Table 6. This season the adult house fly popu-
lation in both‘houses was much smaller than those in the‘houses.uSed in
1974, This was not typical of either of these houses. In the past,
hoth:houses have always had much larger numbers. of houserflies,irlndeed,
inspections of bothvhouses in bec. 1974 revealed the presence of large
numbers of house flies. The small numbers in 1975 can probably be
attributed to the house fly population starting atypically late in the
‘SeasOn;° Other poultry house operators in the area also stated that
their house fiy populations were late in building up and in much smaller -
numbers than ‘in previous years. |

| As in 1974, even with the methoprene treatment, the treated house

had a significantly larger population of house f11es than did the



TaBle 6. ‘Number of adult house flles caught in. each UV light trap in both treated and untreated
houses for each sample date in 1975 . .

Treated,houSe' L o Uetreated,hquse
~ Sample Front‘ Middle- | Back | S " Front  Middle Back
. date » trap trap- trap Total A trap trap trap Total
24 June | 49 16 24 89
29 June 7 8 10 25
7 July 3 5 12 20
15 July : 39 13 19 71
22 July ' 29 17 15 61 0 0 1 1
29 July 18 15 6 39 o 0 0 0 | 0
5 Aug. | 18 11 4 33 | 3 1 3 7
12 Aug. 14 10 - 6 30 : 4 3 1 8
19 Aug. 12 6 0 18 = 13 4 1 18
26 Aug. e, 10 7 10 - 27 7 6 0 13
2 Sept. 2 1 14 17 R 2 s 3 10

‘9 Sept. . 2 12 11 25 5 1 2 8

9



Table 6.

(continued)

Treated house 4 Untreated house
Sample ~ Front  Middle  Back - Front - Middle Back .
- date trap trap trap Total " trap trap trap Total
16 Sept. 1 2 6 9 0 0 2 2
23 Sept. 4 4 12 20 3 2 1 6
30 Sept. 2 1 1 4 0 0 X 0

99
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untreated house:. This was probably due to the untreated house being
‘vacant froﬁ 23 June to 14 July. Alsb, during the first few days of
'thét vacancy, the house was thoroughly cleaned and treated with a 1
percent dichlorvos spray.

| As in 1974,'the individual trap catches on each sampling date
indicated annunequal'dispersion of the adults within both houses. The
~tréps in thé front usually‘caught more house, flies than the traps in
the‘middle or the back of the houses.  These trap catches again accu-
rately reflected the daytime dispersion of adults based dn my observa-
vtiohs of the frequented resting areas of the adults. In the treated
house, the‘higher concentrations of adults in the front were probably
. cauSed-by”thg higher 1ighﬁvintensity resulting from the front door
being left partially open during the daytime. This also provided a
potential entrancé for flies from the outside. After 26 Aug. more
house flies were caught in the back trap than in the front. This shift-
ing in the édult dispersion was probably in response to the seasonal
decline in temperature because the back of the house faced west and waé
the 1ast to be warmed by the sun. In the untreated house, the higher
concentrations of house flies in the front were prdbably caused by the
front of the house being warmer and p;btected from drafts. The house
was oriented so that the front faced’south. In additién, all the
windows'qn ﬁbth sides ofrfhe héusé had beeﬁ removed (Fig. 8). This
creétéd a'situation in Which the front of the housé would,be the ‘.

warmest area and the only area consistently protected from the natural
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4side-to-side drafts‘at night and the forced ventilation during the day-
time‘causediby the exhaust fans.

To eompare the fluctuations in the adult populations of both
houses, the trap catch totals for each sampling date are presented

‘ graphicaily in Fig; 14. No additional inSecticide treatments were
applied this season, and the houses were well isolated (6 miles apart)
from one‘another. A 3-week vacancy preﬁented taking pretreatment sam-
vplesdfrom the untreated house, but pretreatment samples were taken from
the treated house from 24 June to‘15 duly.

A large decrease in the adult population of the treated house
occurred during the pretreatment period from 24 June to 7 July due to
the manure being-removed on 24 June. This type of decrease is common
after manure removal during the early part of the fly season. Later in
the season when the fly pOpulation becomes established, decreases after
manure removalxare much less substantial if»theyvoecur at all. Even
with‘the methoprene treatment, no other large deereases occurred after
'the manure was removed. In addition, the adult population in the

S untreated house actually increased after the manure was removed on 16
Aug.
After treatment began on 17 July, the adult population in the

; treated hOuse»gradually decreased until 19 Aug. The adult population

'. in the untreated house gradually increased until 19 Aug After 19 Aug.,

the adult populations in both houses gradually decreased presumably
from a temperature dependent seasonal decline. It is doubtful that the

‘ frequent manure removals contrlbuted to the decrease in the adult
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Fig. 14. Total number of adult house fliesvcaught in the UV
light traps on each sampling date in the untreated and treated

houses in 1975.
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populatiOn in the'treated house from 15 duly tov19 Aug. Anderson-(1965)x
found that duvring" the fly season the pfni:ea’s of manure retioval usually
attracted additional house flies to the premises. This, added to‘the'
]increased'attractiveness and greatervhabitat:suitability of the follow-
 ing fresh manure for house flies (Legner et al. 1973),.ultimately
:causes the house fly population to increase after each manure removal
‘(Anderson 1965). Since the adult population in the untreated house
increased from 22 July to 19 Aug;, the decrease in the adult population .
of thevtreated house during that period can,be-attributed'to the metho-
prene‘treatment;n \ |
lvﬂTheLcOrrelation,between,the‘effect of the methoprene treatment and
the.resulting adult populationfcan’be.seen when the mean emergence per-
centages'(Fig. 10) and the trap catch totals (Fig.vl4)bare presentedr
togetherA(Fig.,lS), As in 1974, the resulting effect of the treatment
E on the adult population_should have shown a delayed response, Theref
fore, the increases and decreases in the percentage of emergence should J
have been closely followed by’ similar changes in the adult populatlon.,
‘This is what happened from 15 July until 9 Sept. A significant regres—
sion (r2 0. 51) was found between. the mean emergence percentages from
15 July to 2 Sept. and the trap catch totals 7 days later from 22 July«‘
to S Sept. But, no 51gn1ficant regress1on (r2 : 0 25) was found between :
‘ the mean emergence percentages from 2 Sept. to 23 Sept. and the trap
.‘catch totals 7 days 1ater from 9 Sept. to 30 Sept.“ As in 1974 this

_ lack of significance can be accounted for because by 9 Sept., the flies
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Fig. 15. Mean house fiy emergence percentages and total
~ number of adult house flies caught in the v light traps on
each sampling date in the treated and untreated houses in

1975.
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had become so resistant to methoprene that the treatment was no ionger
substantially inhibiting emergence.

Sincebthe methoprene treatment was noilonger a substantial factor
bafter 9 Sept., the possibility that temperature was affecting my trap
| catches, for the same reasons as mentioned earlier, was investigated.
As in 1974, the most significant regressions‘occurred using the mean of
the high temperature which occunred during the day and the low tempera-
ture which occurred during the dperation of the light traps. These
temperature means for the‘inside of the treated house and the outside
of both houses are presented graphlcally with the trap catch totals in
Fig. 16 Unlike 1974, the‘inside temperatures of the two houses were
quitetdifferent.: In addition, no significant regression (r2 0.42)
was found between the daily temperature means of the two houses for the
2 weeks that readings were taken in_the untreatedbhouse. A highly
significant regression (r2 0. 97) was found between the daily tempera-
ture means outside the untreated housevand thoselinside, This can be
iattributed to the modified structure of the untreated house because
both sides of the house contained a row of opened windows (Fig. 8).
Therefore, even thoughvthe daily temperature means inside the house
averaged 6.1°C warmer than those outside, the outside temperature means
-in4Fig..16rcanfaisoiserve as an accurate index of the inside tempera-
turetfor’theluntreated house. Outside temperature means were calculated
-fromldata taken at the”Staunton Sewage Plant iocated northeast of'
'Staunton.lehe sewage plant is located approximately 4 miles southwest

‘of the treated house and 10 m11es southwest of the untreated house.
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Fig. 16. Mean temperatures inside and outside the treated
‘house and total number of adult house flies caught in the UV
light traps on each sampling\date in the treated and untreated

houses in 1975.
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In the treated house, a highly significant regression (r2 = 0.84)7
was found from 9 Sept. to 30 Sept. between the inside tempereture
“means‘end the trap catch totals. A significant regression (r2 = 0.80)
Wae eieo found betweenbthese two variables from 19 Aug. to 30 Sept.
This'regressiou overlaps with the emergence and trap catch regression
| from 15 July to 9 Sept. Although this overlap suggests the possibility

that the effect of the methoprene on emergence and temperature were
acting in unison to influence the trap catches after 19 Aug., it is
‘doubtful that the effect of temperature was significant because no such
_unison occurred from 15 July to 19 Aug. No eignificant regressions.
werevfound between the inside temperature means and the trap catch -

totals from 24 June to 9 Sept. (r2

=.0.28) or from 15 July to 9 Sept.
(rz = 0.25). Therefore; the effect of the methoprene treatment on‘
vemergeuce was still the dominent influence on the adult population and
thelresulting trep catches between 15 July and 9 Sept. :After 9 Sept.,
uhen methoprene resistance.was high enough to allow the flies to have
e relatively normal percentage of emergence, the influence‘of tempera-
ture onlthe adult‘activity-and not substantial changes in the adult
- population densities eaused the increases and decreases in the trep
catches. ‘

As in 1974, a highly significant regression (r2 = 0.67) was found
Sbetweeu the temperature ueans outside the treated house and those
1n31de from 24 June to 30 Sept. Unlike 1974 however a hlghly signifi—j

cant regre531on (r O .98) was found for the last part of ‘the trial

period, from 9 Sept. to 30 Sept s between the outside temperature means
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and the-trap catch totals in the treated-house. No significant regresé ‘
sion (r = 0.1) was found between these two variables from 15 July to
9 Sept} Thus, the temperature inside the treated house was not as
’findependent of the influence of the outside temperature ‘as were the’
: temperatures in the houses used in 1974
" In the untreated house, highly significant regressions were found

between the outside temperature means and the trap catch totals from
26~Aug, to 30 Sept. (r = Q.98)_and from 9 Sept. to 30 Sept. (r = 0.96).
No significant regression (r2 = OrOl)‘was found between these two vari- -
ables’fronlzz Julypto 26 Aug. because,the‘population‘was»still’increasf
ving until 19 A@g. |

,,Thezprimary objective of this study was to evaluatecthetefficacy.
offmethoprene at the prescribed feeding rates of 7. 5‘(1974) and 10 ppm
_(1975) (Al) in 1nh1b1ting house fly emergence and thus, in reducing
theiadult populations. The methoprene treatments had a definite effect
on the adult populations.v Inbbothrseasons,’the trap catch,totals;:_il
fluctuated in responsekto previouseincreases or decreases in the mean
euergence percentages.‘ However, because of the differences in enuif
ronment, maintenance, and house flyrpopulation densities between_the
treated and Untreated houses, an accurate estimate Ofbthe percentage
of control could not be determined from the trap catch totals It is
‘hlghly unlikely that reasonably 31milar house fly population den31t1es
could have been found between ‘any two houses. In addition, Pickens |
et ‘al. (1972) found that UV light traps and sticky tapes were too

inconsistent and_the other methods of sampling adult house fly
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populations (on-site resting counté, Scudder grill, 30 cm cord counts,
and spot counts on white cards) were too insensitive for accurate esti-'
mates‘of actﬁal adult population densities. UV light traps were rec-
qmmended as the preferred method because théy were the most seﬁsitive
to relafive changes in and differences between adult house fly popula-
~tion densities. Fortunately, the mode of action of methoprene allowed
the‘percentage of inhibition or control of house fly emergence to be
" directly assessed. Therefpre,‘tﬁe mean emergence percentages ip Tables
1 énd 3 did provide a reasonable accurate estimation of -the peréentage
v» of control. |
In 1974, the.average percentage’of emergence for the untreated.

house dufipg thé,test period was approximately 95 percent. By using .
95 percent as the emefgénce standard, an estimate of the percentage of
inhibition orvcontrbl can be determined. The lowest mean emergenée
percentage, 42 percent, occurred,on 26 July. ‘This qor;esponds to a
,‘53 Peréeﬁt inhibition or control which is clea:ly én unacqeptable level
'of:control. ‘Aﬁ no time in 1974 was the‘adgl;_popula;iop’acceptab}y’
controlled even with the additional insecticide treatments.

| In 1975, the average percentage of emergence\in the untreated .
house and in the t:eated house durihg_the pretreatment period‘was
app;qximg;ely‘93 percent. Using 93 percent as the emergence standard,
fhe‘maximum averagé_percentage of inhibitihn or coﬁtrol of’house'ﬁly
emergence was 46 percent on 12 Aug. This ismalso an unacceptab1e11e§e1
.‘ofi¢6ngrol, but because of tﬁe atypical fly season‘(late in starfing

and low numbers), the adult house fly populations in both houses never
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achieved unacceptable»of,pestiferoﬁs 1e§elé. However,,the methoprene
,treatmentvwas instrnmental‘in preventing ﬁhe initiallsméll population
from incréasing to pestiferous levels. The tfeatment steadily reduced
the addlt population until 19 Aug. After 19 Aug;, the population was
apparently kept at low levels by a temperature dependent seasonal
‘decline. Howgvér, during a normal seasog, it is highly unlikely that
this‘treatment would ﬁave been as successful even if it had begun
 before the population became established to pestiferous levels.

Ihe light tfaps rémoved adults from each house at each sampling.
Howéver,ii; is doubtful if this method of sampling without replacement
contributed significantly‘to any sﬁppression or decrease in adult
numbers. Thimijan et‘al. (1972) released known numbers of house fly
adults into a barn containing three UV light traps equipped with 40-
watF lamps. Affer 24-hour periods of continuous operation, thé three
traps combined caught an average of only 17 percent of the released

~population. My traps were probably considerably less efficient because
they used-only 6fwatt‘1amps and operated for only 6 hours at night.

In spite of the loss of potency problems from the formuiation and
ﬁnprqper mixing,,the failure of methoprene at feeding rates of 7.5 and
10 ppm (Ai) to adequateiy inhibit house‘fly emergenceican be attributed
to aﬁ existiqg cross—resistaﬁce to methoprene in the field strains
followed by an’induction‘of resistance resulting from the‘continﬁous

A'eiposure to methoprene. The logical response to such a resistance
wouid be to_inéreaseithe treatmént rates accordingly‘until acceptablé

 levels of inhibitioﬁ or control (above 90 percent) are attained.

s
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However, the-higherrrates required in response to cross-resistance or
iﬁ&uciion,of résistance would probably be economically unfeasible when
compafed to cgrrently recommended insecticides. Zoecon personnel
(personalrcommﬁnicaﬁiﬁn) estimate the cost to the consumer for the 10
ppm feeding rate to be from $1 to $2 per ton of treated feed. This is
quite expensive by qurrent‘market standards considering that for
‘thqrough treatment, the feed-through application should be continucus
thrdﬁgﬁout'the‘majority of thé fly season. Evén if a susceptible field
v straiﬁ was encountered, my data indicates that resistance to methoprene
would probably soon develop. Therefore,,considefing all the above data
 andvthe rather limited market for methoprene in the poultry industry,-
1 douﬁf_that commercial registration of methoprene as a poultry feed

‘additive to control house flies would prove economically feasible.



SUMMARY

The primary objectivebof this study ﬁas to evaluate ﬁhe efficacy

.of the juvenile'hormone analog, methoprene, as a poultry feed additive
fof control of the house fly breeding in chicken manuré in a commercial ‘
cagedeAYer house. Methoprene was evalua;ed>at 7.5 ppm (AL in feed) in
the 1974 fly season and at 10 ppm (AI in feed) in the 1975 fly season.
In both seasons, the methoprene treatment caused an inhibition of house
fly emergence. However, the average percentage of inhibition did not
éxceed 53 percent,in 1974 or 40 percent in 1975. Both levels of inhi-~
bition were too low to result'in‘acceptable control of the resulting
adult populations of house flies. In addition to this problem, the
1evgl of inhibition gradually decreased throughout the latter part of
both seasons_until the methoprene treatment had little if any signifi-
caﬁf inhibition of house fly.emergence. In both seasons, evidence from
tﬁé field trials gnd laboratpryvbioassays showed that the p;imary_‘
"causesjof_thése probiems were an existing cross-resistance to methoprene
in the field strains followed by an induction\in resistance resulting
from the continuous exposure to me;hoprene. Considering the resistance
problem, the already high expense of the methoprene treatment even at
10 ppm, and the 1imitéd market for methoprene in the poultry industry,
;I doubt;that éo&mercial registration of methoprene as a poul;ry feed
adéifive fqr coptrél'pf héuse flies in_chicken housés‘would ﬁrovévr

eppnomi¢ally feasible.
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APPENDIX

Treatment Effect on Non-Target Insects

The'insecgs collected and their seasonal totals (when,cqunted) are '
~ presented for bbth houses in 1974 in Table 1 for the light trap catches,i
Table 2 for the emergence core‘sample‘collections, and Table 3 for thé .
Béflése core sample collections. The larviciding by the farm manager
‘on 7 Jﬁly prevented my taking of any pretreatment samples in 1974.

Also, the insect fauna of the tﬁo houses often did not contain the same -
’species or adequate densities to compare the same species if they
occurred in both hoﬁses. These factors and the fact that there was no
intérruption iﬁ'the.methopréﬁé treatment, negates any possibility of
making valid decisions abgut/the effect of the treatment on non-target
insécts.

In.1975, however, pretreatment samples were taken from the treated
bhouse. The insects collected and their seasonal totals (when coun;gd)
are preéented'for both;houses!in 1975 in Table 4 for the,light trap
.patches, Table_Syfor the emergence core sample collectioms, énd Table»ﬁ
for the Berlese éore sample collections. Since the primary objective
of this study was to evaluate the effect of the methoprene treatment on
héuse_fly:emergence>and_the reéulting adult populations, the emergence
énd‘ferlesg,ﬁofe samples were collected from siﬁes showing’sigﬁs of
’ 1arvél?h0use fiy activity. As a result, the emergénce and Berlese core
samﬁléé Qére‘of little value in quantit;tive‘evaluation of the effe¢t 
of the mefhoﬁrene treatment on non—ta#get insects. ’Invaddition,:as_a

reSult of this bias, some of the insect species breeding in the maﬁure

89



90

Téble 1. The insects and their seasonal totals caught in the UV

light traps in both houses in 1974

Seasonal totals

: Untreated - Treated
Taxa house - house
" Coleoptera 57 72
Scarabaeidae - 36 9
" Lepidoptera 358 733
Diptera 7,373 16,781
Tipulidae 348 293
‘ Limonia 11 11
distincta 7 6
- . domestica. 3 1
- globithorax ' 1
macateei =~ 1
~pudica 1
, shannoni ‘ 1
Dicranota 1 :
Limnophila ' 1
subtenuicornia ‘ 1
Neolimnophila ‘ 1
~ Gnophomyia 2 6
, tristissima 2 )
_ Erioptera 326 - 272
' calipteri 232 - 189
parva 36 44
septemtrionis: 58 - 38
L ~ vespertina o o1
" Ormosia 3 1
Psychodidae 903 888
Pericoma * *
‘ scotiae * *
Psychoda - * *
‘ alternata * *
Culicidae 96 98
’ Aedes *
trivittatus *
Culex *
S ~salinarius : ok
'Ceratopogonldae 712 1,161
Atrichopogon c *
‘levis *
7 Forcipomyia o *®
Chironomidae 218 174



Table 1. (contiﬁued)
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Taxa

Seasonal totals

Untreated - Treated
house “ house

Simuliidae
. Simulium
: ' vittatum
Anisopodidae

Sylvicola
' alternatus

. marginatus
Mycetophilidae
- Orfelia
 discoloria
"~ elegans - -
genualis
mendosa
: mimula
Exechia
absurda
bifurcata
nativa
, perspicua
Rhymosia o
‘triangularis

Mycetophila
 extincta
- fungorum
- sigmoides
unipunctata
Zygomyia
' - ornata
Mycomya -
Acnemia
flaveola

Megalopelma

glabanum
‘Leia
- bivittata
- decora
_oblectabilis

‘Tetragoneura
pimpla

3 34

*

: *

52 89

52 89

2 75

50 14

178 531

146 447

3 7
138
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Table 1. (éontinued) 
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Taxa

f Seésonalvtotals

Untreated Treated
house - house

‘Sciaridae
.. Trichosa
' " hebes
--Seciara -
ochrolabis

~ psittacus
, sciophila
Bradysia
- . falcata
diluta

-ocellaris

Erolifica
silvestrii

Scatopsidae
' Scatopse
: fuscipes
Cecidomyiidae
- Porricondyla
, borealis
Rhabdophaga
Xylomyiidae -
Solva -
- pallipes
Stratiomyiidae -
Sargus -
. elegans
Microchrysa
‘polita

Tabanidae
Rhagionidae
Asilidae
' Psilonyx

" -annulatus

- Cerotainia
~ albipilosa

Empididae = .

Syneches’
- Platypalpus -

.. -aequalis

N

129 86

1 e
51 15
3 2
1 |

33 9
77 69

1 | |

14 22
22 19

485 85
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Table 1. (continued)

Seasonal totals

Untreéted Treated
Taxa D house . - house

" Dolichopodidae S 12000 0 121
. Mesorhaga _ v 1
Condylostylus 12 - 28
- flavipes : ‘ 27
" nigrofemoratus :

Sciapus
unicoiensis
Dolichopus ' ’ 103 8
"Gymnopternus »
flavus
Thinophilus
Rhaphium
Neurigona.
- - disjuncta ‘ . ‘ 4
floridula _ : 1
Chrysotus - ’ ‘ '
Lonchopteridae

2
Lonchoptera . 2 -
Pipunculidae ‘ 1 2
. . u
1

el RN

N

[EEN)

Syrphidae : : 1
 Micropezidae . o
Otitidae =~~~ ~ C 1
Platystomatidae S 1 2
Rivellia -~ = . *
~ viridulans ' ok
 Tephritidae : ' ‘ 1
Sepsidae .
Meroplius
' stercorarius ,
Sepsis B 1
Themira ' : '
Lauxanidae @ 5
Lyciella. = , o , . *
pictiventris U R
R x
*

o O
~
ro

= w

-Ségromzzav

i rotundicornis
Chamaemyiidae ‘
Piophilidae v
Sphaeroceridae : . 6
' j'Legtocera : f o Sk

o



Table 1. (continued)
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Seasonal totals

Untreated Treated

Taxa house : house
‘Milichiidae 12 16
Desmometopa * *
Ephydridae 5 29
: Hydrellia 1
Brachydeutera 4 26
argentata 4 26
Scatella 1
~ Scatophila 2
‘Curtonotidae 1
Drosophilidae 14 41
Drosophila 8- 2
‘Scaptomyza 2 38
Chymomyza 4 1
Chloropidae 13 31
- Hippelates 3 3
pallipes 3 3
Elachiptera 5 2
Oscinella 3 2
Dicraeus 6
Olcella 3 10
- parva 2 10
Tricimba ‘ 2 6
Chaetochlorops 1
Meromyza 1
Agromyzidae 4 76
Japanagromyza *
viridula X
Anthomyziidae 1
Opomyzidae 1 ,
Anthomyiidae 6 24
Chiastocheta 1
Hylemya 3 2
Pegomyia’ 3
Hydrophora 1 1
. subpellucida 1 1
Anthomyia 1 17
-7 pluvialis 1 17
Muscidae ) 3,923 12,626



95

.. Table 1. (continued)

Seasonal totals

, Untreated Treated
Taxa house ~ - house

Coenosia 1 62
alticola
atrata
basalis

~humilis
ovata
rufitibia 5

Lispe
sociabilis

Helina ‘ *
‘punctata ‘ 1

*

procedens
Hebecnema

fumosa
Fannia ; 93 179
canicularis 6 15
manicata 1
scalaris 7 59

, snyderi 83 104
Hydrotaea : ‘ b
occulta , 4
Neohydrotaea 1 ‘
Ophvra 5 20
v leucostoma 5 20
Bigotomyia g -+ 29 1
houghii . 29 1
Musca 3,755 9,254

domestica . 3,755 9,254

Haematobia '

: irritans ‘ 9 17

Stomoxys - 15

.~ calcitrans 15

Calliphoridae , 2

Sarcophagidae ' 7
Helicobia

Tachinidae ‘ 7

Melanophora
roralis

‘Gymnosoma

N O = = =

o 4
00 % 000N O
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Table 1. :(éon;inued)

Seasonal totals

Untreated = Treated

Taxa : , house house
Alophora ' 2
Apachemyia ' 1
- Pseudosiphona 5 20
brevirostris - 5 20
Pseudapinops 1
niger S o : 1
Hymenoptera = 57 162
Braconidae . 40 - 90
Ichneumonidae 13 61
Figitidae o *

Other insect orders ‘ : 415 564

2 The collective species totals under a particular genus may not
add up to the total for that genus. The same may be true for the
collective genera totals under a particular family. This indicates
that some specimens were not or could not be identified past the
family or genus level. An asterisk denotes that that taxa was present
but not counted, and a blank space indicates that that taxa was not
present. :
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Table 2._ The insects and their seasonal totals collected from the
emergence core samples from both houses in 1974.%

Seasonal totals

_ Untreated Treated
Taxa house house
Psocoptera 1
v Psocidae 1
- Coleoptera 13 667
' Histeridae 12 665
Carcinops 12 665
R quatuordecimstriata 12 665
Staphylinidae 1 2
- Lepidoptera 6 10
© Tineidae 6 10
Tinea 6 10
B fuscipunctella ' 6 10
Diptera 12,816 23,895
Psychodidae 1
Chironomidae 1 1
Glyptotendipes 1 1
Sciaridae 1
Bradysia 1
Scatopsidae 2 1
Scatopse 2 1
o fuscipes 2 1
Sepsidae 6 1
' Meroplius 3 1
, stercorarius 3 1
Sepsis 1
biflexuosa 1
" Themira 2
’ flavicoxa 2
Sphaeroceridae * *
Milichidae 129 147
Neophyllomyza 3
‘Leptometopa 8 1
- Desmometopa 118 146
, ' mnigrum 118 146
Drosophilidae 9 4
Drosophila 9 4
"~ . busckii * *

Muscidae ‘ 12,668 23,738



Table 2.‘ (cdntinued)

Seasonal totals

Untreated Treated
Taxa , house house
Fannia ‘ 38 19
canicularis 2 ) 1
snyderi 36 18
Ophyra 6 1
leucostoma - : : 6 1
‘Bigotomyia : 19
‘ houghii 19
Musca 12,599 23,712
.. domestica 12,599 23,712
Stomoxys 6 -6
' \ calcitrans . ' "6 6.
Calliphoridae 2
Phormia 1
regina 1
Calliphora 1
v vicina 1
~ Hymenoptera 7 1
Braconidae 1
Mymaridae 1
Formicidae 6

2 An asterisk denotes that_that taxa was present but not counted,
and a blank space indicates that that taxa was not present.
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Table 3. The insects and their seasonal totals collected from the
Berlese core samples from both houses in 1974.2

Seasonal totals

Untreated Treated

Taxa house * house
Immatures
Hemiptera 1 24
" Anthocoridae 1 24
Coleoptera * *
Histeridae * *
Staphylinidae 2 12
Cryptophagidae 7 :
Colydiidae 4
- Lepidoptera 2
" ... Pyralidae "2
Diptera * *
Psychodidae 2
Stratiomyiidae 1 7
Sphaeroceridae * *
Drosophilidae 1
" Muscidae o % *
Fannia 57 - 20
Musca * *
domestica * ®
Adults
Coleoptera _ 12 822
Histeridae | 5 790
'~ Carcinops 5 790
quatuordecimstriata 5 790
Hydrophilidae 7 2
-~ Cercyon ' 2
~ Staphylinidae : 4 18
) Nudobius . 1
Oxyporus 12
Staphylinus 5
" Gyrophaena 1 e
Ontholestes 1
Falagria 1
" Lobrathium . 1
Erotylidae 1
-Cucujidae 2 1
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Table 3. (cdntinued)

Seasonal totals

E Untreated Treated
Taxa house house

Nitidulidae
Colydiidae
Meloidae
Tenebrionidae
Lepidoptera
Diptera ,
‘ Tipulidae
Psychodidae
Ceratopogonidae
Chironomidae
Sciaridae
Scatopsidae
Cecidomyiidae
Sphaercceridae
Drosophilidae
Muscidae
. Calliphoridae
" Hymenoptera
‘ Braconidae
Mymaridae

e %k M ok TN M ok Sk N ¥ ok ¥ B N KL

P R E E EEEEREEEEES

2 The collective species totals under a particular genus may not
add up to the total for that genus. The same may be true for the
- collective genera totals under a particular family. This indicates
that some specimens were not or could not be identified past the
family or genus level. An asterisk denotes that that taxa was present
but not counted, and a blank space indicates that that taxa was not
- present.
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Table 4. The insects and their seasonal totals caught in the UV
light traps in both houses in 1975.2

Seasonal totals

: Untreated - Treated
Taxa house : house
Coleoptera 4 42
‘ Scarabaeidae * *
Lepidoptera v v 56 489
Diptera ' 1,107 3,151
Tipulidae : 7 2 40
Limonia 6
distincta 6
Antocha 4
\ opalizans *
Dicranota 1
Gnophomyia 5
tristissima _ 5
Erioptera 2 24
calipteri : 1 8
cana ' 1
parva 7
septemtrionis 1 8
Psychodidae : : 55 270
Pericoma ' 16 6
scotiae : : 16 -6
Psychoda 38 242
alternata . 22, 130
- satchelli 16 112
Culicidae 1 4
Ceratopogonidae 39 252
Chironomidae 22 241
Orthocladius ’ 2
Cricotopus 1 17
‘infuscatus 1 6
varipes v 6
‘Metriochemus . 2
Chironomus ' 4
attenuatus ‘ : 1
- Cryptochironomus 4 15
: fulvus 4 14
Polypedilum 6 108
scalaenum 6 108
. Stenochironomus 1 3
hilaris 1 3



Table 4.

(continued)
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‘ Taxa‘,F

Seasonal totals

Treated
house

" Untreated
house

. Tanytarsus
Simuliidae
‘Anisopodidae

Sylvicola
marginatus
Mycetophilidae '
Keroplatus
cressoni
Macrocera
formosa
- inconcinna -
Orfelia ;
discoloria
elegans
genualis

mendosa

pellita
_Exechia
.. quadrata
- Rhymosia ‘
. inflata
 ‘Mycetophila
fungorum
" luctuosa
unipunctata
Phronia
. venusta
Mycomya
: dentata
-. obliqua
onusta
. Monoclona

, elegantula
Sciophila
K - habilis
- nugax
‘Leia '~ o
bivittata
oblectabilis
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Table 4. (continued)‘
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Seasonal totals

Untreated =~ Treated
“Taxa “house house

Tetragoneura 2

pimpla o 2

Sciaridae 4 140

Sciara 12

ochrolabis 2.

sciophila 8

"Lycoriella 1

agravia 1

Zygoneura 2

. flavicoxa 2

" Bradysia 4 123

diluta 3

fumida 6

ocellaris 4 26

prolifica 1

silvestrii 14

Peyerimhoffia 1

Scatopsidae 4 v 39
. Cecidomyiidae 79 970

Xylomyiidae : ' 39

- Solva - 38

pallipes 38

Stratiomyiidae 19
~ Sargus 5

“elegans 1

- lucens 4

~ Ptecticus 14

- sackenii 1
trivittatus 13

Tabanidae 1

Rhagionidae 6

~  Chrysopilus 6

-Asilidae - 2

Empididae . 15

 Hybos 1
Syneches 1

‘Hormopeza 2

‘Oreogeton 1

Hilara 1

1

nRhamEhomxia



Table 4.
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Taxa

Seasonal totals

Untreated Treéted
house : house

Proclinopyga

Hemerodromia

Platypalpus

aequalis

‘Doiichopodidae

. Condylostylus

calcaratus

~flavipes
. sipho

Dolichopus

cuprinus .
~longipennis
reflectus

scapularis
vittatus

‘Gymnopternus

vernaculus

Tachytrechus

protervus

Neurigona

deformis

‘ Diéphorus-

leucostoma
spectabilis

, variabilis

 Chrysotus

pallipes
Campsicnemus

americamus
hirtipes

Lonchopteridae
Phoridae

Diglonévra
Megaselia

Syrphidae

. Otitidae

" Tephritidae
Sepsidae

Mercopilus

stercorarius

-Sepsis
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=

'-l
- :
- N
NOVwkRWONND WL |

TN

i

el



105

Table 4. (continued)

Seasonal totals

S Untreated Treated
Taxa house house

* . Lauxanidae 3
Chamaemyiidae . ' 1
Piophilidae : ’ 2
‘Lonchaeidae ' ' . 2
Sphaeroceridae : ’ ' v 53

* Milichiidae '
Ephydridae
Brachydeutera
) argentata’
Drosophilidae
Rhinoleucophenga

Drosophila _
Scaptomyza 2 11
Chymomyza . 1
Chloropidae « 26
Hippelates = . - 10
Agromyzidae . v 14
Clusiidae o ’
Chryomyidae
Anthomyiidae

Scatophaga

~ Pegomyia
Hydrophoria
Anthomyia

o pluvialis _
Muscidae . - 846 46
.Coenosia ’

' ovata
rufitibia )

" Helina, . 4
obscurata 4
Fannia 749
canicularis : 10
- snyderi - 738
- Bigotomyia : ‘ 7.
. houghii 7
" Musca 73
L domestica 73

B e
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Table 4. (continued)

Seasonal totals

Untreated Treated

Taxa house house

Stomoxys 9
‘calcitrans - .9 :

Calliphoridae 29 1
Sarcophagidae 1 6
~Tachinidae 5
Pseudosiphona 2

- brevirostris 2
Hymenoptera 16 176
- Braconidae - 13 132
Ichneumonidae 26
Other insect orders 101 - 5,488

a‘_The collective species totals under a particular genué may not

add up to the total for that genus.

The same may be true for the

collective genera totals under a particular family. This indicates
that some specimens were not or could not be identified past the
family or genus level. An asterisk denotes that that taxa was present
but not counted, and a blank space indicates that that taxa was not

 present. - -
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Table 5. The insects and their seasonal totals collected from ‘the
emergence core samples from both houses in 1975.2

Seasonal totals

Untreated Treated

Taxa - house . house
Lepidoptera - ‘ ‘ 1 1
Diptera o : ‘ 4,703 18,792

‘Chironomidae : o2 1

Cricotopus o 2

- elegans . 2

Polypedilum : ' ’ 1
scalaenum 1
Scatopsidae 1
Scatopse ; 1
fuscipes 1

Sphaeroceridae Tk %* -
Milichidae 5 20
Leptometopa 4 9
Desmometopa 1 11
v mnigrum 1 11

' Drosophilidae 4
Drosophila , 4
melanogaster S *
Muscidae : 4,618 18,752
" Fannia o _ 1,518 68
"~ canicularis 3 R
snyderi . = 1,515 67
 scalaris . o 1

Ophyra - 42

- leucostoma 42

Bigotomyia ‘ ' 32 1

houghii , 32 1
, ‘ Musca - T ‘ 3,023 18,683
! domestica ‘ 3,023 18,683
 Stomoxys R 3 .
. calcitrans 3 '
- Calliphoridae ’ 78 - 14
Phormia - : , 25 - 14
. regina .25 14
- Phaenicia '53 ,

- 'sericata : 53
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Table 5. (continued)

Seasonal totals

Untreated Treated

Taxa house house
Hymenoptera . ' 49
Braconidae ‘ 49
Aphaereta . 49
' muesebecki 49

. @ An asterisk denotes that that taxa was present but mot counted;
-and a blank space indicates that that taxa was not present.
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Table 6. The insects and their seasonal totals collected from ‘the
Berlese core samples from both houses in 1975.2

Seasonal totals

. Untreated  Treated
Taxa . house - house

- Immatures

Diptera

Drosophilidae .
- Sphaeroceridae o : *
Muscidae , ok
Fannia : - 1,393 _ 5

Musca : e R

. domestlca; L S %
Ca111phoridae v ' ’ , %*

% o A O B N %

Adults
Coleoptera .
Histeridae
v Saprinus
Staphylinidae
Sunius
Oxyporus
Aleochara
Lepidoptera
Diptera
Ceratopogonldae
Scatopsidae
Sphaeroceridae
Drosophilidae
Muscidae
‘ Calliphoridae
Hymenoptera
" Mymaridae
Encyrtidae
. Pteromalidae

NN % ¥ % ok N ¥ F N N =t b S
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and surrounding water in the chickén house were not included in the
émergenceior Berlesg éore‘samples,’ Many of the non-target insects

' would have been displaced by competition from the house fly 1arvéea>
Also, the core samples were taken from a relatively narrow range of
moistﬁre'conteﬂt'(SB to 83 percent for both houses in 1975). The
houses in both seasons contained manure ranging from relatively dry
(less than 40 percent) to areas ﬁhere the‘manure waé completely‘sub-
merged under,water. Neither of thése extremes shéwed any signs of
larval activity bf the house fly; therefére, these areas wérernever
sémpled,' In 1975, the“meanvmoisture content of the‘manuré core samples
was 76 iw3;2 pgrcént from»the‘untreated house and 72 * 5.3 percent from
thé‘treated,ﬁousef ' |

The pqssibility of this éampling bias was anticipated. Therefore,
- it was hoped that the use of UV light traps to sample the adult popu-
,1ations wpgld offset any quantitative or‘quaiitatiV¢ defiqienciés

| wh,»i;:h-mighjt result from the sampling 'bia’:sj.: In 1975, of all the imsects
either cqlleétedvfrom the emérgencefor Berlese core saﬁplesﬂqr knowq
‘from the 1iteraturé to Be capable of‘breeding in this enviromment, only
three non—target species were‘ponsistently caught in the light traps in

 numbers sufficient for evaluation. These were Psychoda alternata Say,

Psychodévsatchelli Quate (Diptera: Psychodidaé), and Poleedilumf

scalaenum (Schrank) (Diptera: Chironomidae).
Neither of the two psychodids were recovered f:ém,thé’emergenceior .
Berlese samples. However, both are well known, particularly P.

alternata, as breeders in aquatic and semiaquatic habitats contaminéted
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with manure or other organic‘Wastee (Quate 1955). It~is not surprising
that the osycﬁodids were not recovered from rhe emergence or Berleee
core samples becaﬁse samples were nor.b,t‘aken from collection sites with
a'mOisture conrent above 83 percent. Adults of Both species were
caught in the light traps in both houses in 1975. However, P. satchelli
lwes noffceught'cOneiStenrly'inithe untreated house in numbers sufficient
for eValuationr | | | |

g,_scaiaenum was reared,from the emergence eamples‘in the rreated
house (Tabie 5). In addition, P. scaleenum is known to breed in diveree
aquatic habitats (Mason 1974) and in those habitats heavily,contaminated
with organic matter (Saether and McLean 1972; Lehmann 1971; Weber 1973).
'The adulté of P. scalaenum were caught in the light trape in both houses
in 1975, but they were not caﬁéht coﬁsistentl&.im the untreated house in
mumbersvsufficienr for evaluation, |

The rrap catcm.totalslare'presented/graphicelly’fortgs elcernate in
v, Fig. 1, E:isarchelli in‘Fig. 2, and 24{scalaenum in Fig. 3. The in-
creases in the:trap catchetotais'frOm the”trea;ed_houge‘of ell’rhreé
.speciesjmere remerkably‘eimilar. All three epecies werejapparemtlyi_;
: affected‘by the methoprene treatment. Although the'resp0nse ofdthese
three speciee to appropriate‘doses of exogenously appiied‘methoorene
‘has not been oreViously documented, 'it is probabiy simiiar ro that of
the house fly i e. fallure of the adult to emerge from the puparium;:
Miura and Takahashi (1973) confirmed this for another psychodid
(Pericoma sp ) Among ch1ronomids, this was confirmed for several

species by Miura and Takahashi (1973) Mulla et al (1974), and Gelbic
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Fig. 1. Total number of Psychoda alternata adults caught
in the UV light traps on each sampling date in the treated

and untreated houses in 1975.
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Fig. 2. Total number of Psychoda satchelli adults caught

in the UV light traps on each sampling date in the treated

house in 1975.
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Fig. 3. Total number of Polypedilum scalaenum adults caught

in the UV light traps‘on each sampling date in the treated

house in 1975.
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and Sehnal‘(i974), Similarly,dthese three species' period ef sengi-
tivity. to nethoprene‘is brobably the»latter part of the last larval
instar up until punationi This sensitivity period is apparently shared
by all Diptera infresp0nse to excgenous applications:of JH or JHA
(Staal 1972) Among the Nematocera, this'was confirmed with methOpreneb»
" for culicids by Spielman and Skaff (1967) ‘and chironomids by Gelbic and
Sehnal (1974) .
| The adult population of all. three species generally increased until
15 July in the treated house. Then, after treatment began, .they de~
creased'sharply until_22\July. Since treated feed did not reach the
birds until 20 July, the methoprene»treatment:probably did not cause
this,decrease in the adult popﬂiations, Quate (1955),£ound that the.y
1ength‘ofithevpupal stage was about 5 days for P. alternata and 6 days
for P. satchelli. The 1ength.of,the pupal stage for;EJ scalaenumNhas
apparently not beenlpublished; ‘quever,»Darbyigi962)ﬂfounduthat;for".
several_other chirononid'specieS'the average length of the pupal stage
was around 2;5'15 3\daysii Since thempupailstagevis insensi;iVe:té: )
methoprene; any‘individuals of these three species which were readv to
'emerge between 20 July and 22 July could not have been 1nh1b1ted by the
, methoprene treatment. Conseqnentiy, thevdecrease 1n thevaduit pcpula—‘
'tions from 15 July to 22 Julyvnas nrobabiy caused prinariiyvby trahping-
’,and to a lesser extent by the house being cleaned on 15 July. Some of
the immature stages of these three species must have been removed by
the cleaning process.‘ The increase in the adult populations after the

‘cleaning on 22 July and the decrease after 29 July w1thout a cleaning
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’indieate_the minor role of the cleaning process in reducing the adult
populations,‘ This is uﬁdefstandabie because, as mentioned before, the
cleaning pfoceSS ﬁas not thdrough.' After cleaniﬁg9 there was usually
about 5 cm of manure left on each side and about 2 om of manure left
on the bottom of each pit row.’ Also, much of the accumulated water in
each pitirow was left behind after cleaning. Often, this water com-
pletely covered the maﬁure remaining on the bottoﬁ of the pit TOWS.
In addition, the: biology and behav1or of these three spec1es may have
Vhelped prevent their removal durlng cleaning. P. scalaenqm is a tube
building bottomvdweller,(Lehmann’1971), and the larvae of the two.
'psychbdidsvcollapse their»caudal;fans and sink to the bottom Whenidisf
turbed in an aquatic‘hatitat‘(Quate 1955) . |
The adult popdlatiqns 6f»a11 three species increased‘from 22 July

to 29_Ju1y and then decreased and remained at low levels until‘19 Aug.
The;;elatively,smallertsize of‘the'peak_opxz9 Julydwae probably caused
' by:the,methdpreneAtreatment, “prever, the»inérease from 22 July to
29 July indicatesethat;eome_individdals‘avoided_effectiye‘tteatmegt'w
either by already beiné in the pupal-stage'by 20 Jply'or by being in
areas where the methoprene had not yet reached effeetive levele. The
sharp decrease in adult populations from 29 July to 5 Aug ~was prob—
ably caused by the prev1ous trapping.

‘The adult populations of all three species increased:from 19;Aug.
to 26‘Adg. andvtheﬁ deereased sherply;rppesibly‘es a teSulttdf t@e‘pre—
vipus ttappiné,‘until Z‘Sept.v Thisvpeak equaled or surpassed the pree

treatment 1eyels. No sdeh peak occurred in the adult:poputetion of
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P. alternata in the untreated house. This third peak is the strongest
‘indicator that theée spécies were affected by the methoprene treétment
becagse it corresﬁbnded-cl;sely with the interruption in the treatment
from 19'Aug. to'23 Aué; A local shortagé of cofn required briﬁging in
13,000 1bs. of feed from another feed mill. Since the birds in the
treated house had run out of feed on 18 Aug., the feed was delivered
td'thé house on 19 Aug. untreated. This untreated feed ran out on_23
 Aug., and later that day, 9,000 1bs. of treated féed was delivered.
This allowed an actual interruption of{afound 7 days Eecause the cycle
time fo; mgthqprene fhrough the birds is at least 1 day. Therefore,
this interruption éllowedvample time for these three species to have

- avoided effective treatmént and, thus, caused the resulting increases
in thé~adu1t populations.

After 2 Sept., the adult populations of P. alternata and P.
scalaenuﬁ decreased further and re@ained at low_levels fqr the re-
mainderxof»thgbtest period. The adult population of P. satchelli
pegked again on 9 Sept. This was caused by some individuals thch
avqided effectivertreatment in areas where thé methoprene had not yet
reached effective levels. After 9 Sept., the adult population de-
creaSedléhd rgmained at low 1eye1s for thevremainder of‘the test period.

Even though the trap catch totals of P. satchelli anﬁ P. scalaenum
fromvfhe untreatéd hoﬁse‘ﬁere too low and infrequent to use for com-
vparisqns;vit ié'clear that‘all three species Qere affected by the
meghofrené‘treatment. The remérkable similarity between the increases

and decreases in the trap catch totals from these three different
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species in the treated house and the common peak in the adult popula-
tions on 26 Aug. conflrm that the methoprene was substantially inhibit~ 
ing the emergence of these species. Although an accurate’estimate of
the percenfaée‘of inhibition eaﬁnet be_determined frdm»the light trap
eatcﬁes;:the adﬁlf popuiaﬁioﬁs of all three species We:e reduced by
' 80.perCeht ef more based on pretreatment levele.' |

These results for P. scalaenum are not surprising becaese metho~
prene was proven in the field to provide.excellent control of nuisance
chirdnomidé arising‘from lakes and pends in California (Mulla et al.
1974 v1976);< Howevef, no.such tests have been pﬁblished‘fer psychodids.
Psychodids often become a nulsance, partlcularly k. alternata (Quate _ o
1955), in the warmer months by emerglng in great numbers from sewage.
Qisposalvplants (Jamesfand Harwood 1969). This is also true for several
species of chironomids'(Fagan and Enns‘1966). Thefefore, field tests
u31ng methoprene for control of psychodids and ch1ronom1ds arising from

sewage beds and ox1dat10n lagoons appear warranted
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METHOPRENE AS A POULTRY FEED ADDITIVE
FOR HOUSE FLY CONTROL

by

Gary Clintdﬁ Breeden
(ABSTRACT)

‘Methoprene was evaluated in commercial caged—layer houses és é
‘poultry feed additive at 7.5 ppm (AI in feed) in the 1974 fly season
and at 10 ppm (AI in feed) in the 1975 fly season. In both seasons,
the methoprene treatment caused ah inhibiﬁion of house fly emergence.
However, the'éverage percentage of inhibition did not exceed 53 percent
in 1974 or 40 percent in 1975. Both levels of inhibition were too low
tovresult in acceptable confrol of the resulting adult populations of
house flies. Also, the\level»ofyinhibition gradually decreased through-
_ ouf‘the latter part.of both seasons until the methopfene treatment had
liftle_;f any signifigant inhibition of house fly emergence. IﬁLbofh
ééaspns, it was‘concluded that the primary causes of these;probiems
were ah existing;cross;resiétance to methoprene in the field strains
folléwedvby an induction in resistance resulting from the continuous

exposure to methoprene.
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