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AssociationsbetweenFrankliniella spp. and Orius niger
Populationsin Cotton

EkremAtakant

The distribution of the Frankliniella species. occidentalis(Pegande)andF. intonsa(Try-

bom) (ThysanopteraThripidae),andof the predatorybug Orius niger (Wolff) (Hemiptera:
Anthocoridae)jn variousorgansof the cottonplant,aswell asprey — predatorinteractions
betweenthrips and O. niger, were investigatedover 6 yearsin cotton elds in the eastern
Mediterraneanegion of Turkey. The highestnumberof larvae of Frankliniella spp. were
found inhabiting bolls, whereasthe adults colonized mainly o wers. The majority of

predatorybug nymphswere presenton leaves, followed by bolls, whereasO. niger adults
visited mostly o wers. The thrips larvae were most likely preyed uponon o wers and
squaresandbolls weresafeplantpartsfor thrips,with alow predatiorrate. An intermediate
but relatively high predationrate occurredon cotton leaves. In further eld experiments,
the effects of insecticidetreatmenton the relationshipshetweenO. niger and Frankliniella
spp. wereinvestigated. Thesetrials revealedthat a higher correlationexisted betweenthe
numbersof adultO. niger in o wersandFrankliniella spp.in non-treatectotton elds than
in insecticide-treatecklds. The proportionsof prey/predatorin o wersrangedfrom 1.53to

19.28andwerebelow four thrips per predatorat mostsamplingdatesin someof the non-
treatedcotton elds. It is concludedthat O. niger is an effective predatorthat canplay an

importantrole in suppressingopulationincreaseof Frankliniella spp.in cotton.
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INTRODUCTION

The o werdwelling thrips Frankliniella intonsa (Trybom) and F. occidentalis(Per
gande)ThysanopteraT hripidae)occurasaspeciesomplex in cotton elds of theeastern
Mediterraneanegion of Turkey (2). F. intonsawasof minor interestin the cotton elds
until the 1990s.In thefollowing years prior to theoccurrencef F. occidentalison cotton,
it becamehe predominanthripsspeciesn this crop,causinghigh croplossedy attacking
youngbolls, particularlyin late-plantedcottonin the region (3). F. occidentaliswas rst
recordedrom somevegetablesn the Mediterraneamegion of Turkey in 1993. Oneyear
later, it colonizedcottonplantsin the easterrpart of the Mediterranearregion, within 3
yearsbhecominghe predominanthripsspecieg6). F. occidentalisvas rst detectedn the
monoculture-cottoareaof thatregionin 1996,andits populationlevelswerevery low in
1996and1997(2,5). Therecentpeststatusof F. occidentalisin the monoculture-cotton
areasis not known. The patcheddistribution patternof F. occidentaliswhich existedon
vegetationin the region at the beginning, might have changed. The aim of the present
studywasto determinehe changesn thealundanceof boththripsspeciesn cotton elds,
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plantedatdifferenttimes,in themonoculture-cottoarea.F. occidentaliss aknown vector
of Tomatospottedwilt virus thatinfectsmary cultivatedplantsworldwide.

High populationsof Frankliniella spp. occurin cotton elds of the easternMediter
raneanregion during mid-seasor(2). In anattemptto control the thrips, cottongrowers
usedto spraycotton elds with mixturesof insecticidesvery often at dosesabove the
recommendednes,with doubtful resultspresumablydueto developmentof insecticide
resistance. It is known that F. occidentalisdevelopedresistanceo insecticides(7,19).
The overuseof insecticidesaffects negatively bene cial fauna, resultingin outbreaks
of secondarypestpopulationsand resugenceof target pestsin most cases(12,13,18).
Outbreaksof thrips populationswere proven experimentallyafter naturalenemieswere
destryed by using insecticides(21,26,35). Therefore,an integrated pestmanagement
(IPM) approachshouldbe consideredrst, to solve pestproblems. Biological controlis
amajortool in all outstandindPM programs.

Numerouspredators parasitoids parasiticnematodesnd fungal pathogenf thrips
are recognized(8,25,31). Among the naturalenemies,generalisthemipteranpredators
play animportantrole in the regulation of thrips populations. The associationdetween
populationsof Orius spp. andF. occidentalison greenhouse-gren vegetableshave been
well documented20,36,41). Although F. occidentalisin the USA (28,30,38)and Israel
(1,23), and F. occidentalisandF. intonsain Greece(10), and F. intonsain China(24),
werereportedascottonpeststhereis limited knowledgeaboutassociationbetweerthrips
andtheir predatorsn cotton. Managemenof crop peststhroughbiologicalandintegrated
control methodsrequiresa working knowledgeof the comple interactionsbetweernpop-
ulationsof pestsandbene cial insects.Deligeogidis et al. (10) assessethe populations
of thrips including Frankliniella spp. and the predatorythrips Aeolothripsintermedius
Bagnall (Thysanoptera:Aeolothripidae)on cotton leaves to estimatethe density with
an acceptabldevel of precision. The seasonahbundanceof three generalistpredators,
including Orius niger (Wolff) (Hemiptera: Anthocoridae),in relationto populationsof
adultFrankliniellaspp on cottonplants,wasstudiedin the Cukurovaregion of Turkey (5).
In the presenpaper the degreeof spatialassociationbetweerimmaturethripsandOrius
onvariousplantstructureasalsobeeninvestigatedfor amorereliableassessmermf the
predators potentialor actual eld ef cacy.

Quantifyingthe within-plantdistribution of pestsandnaturalenemiess importantfor
developmentof cost-efective samplingprotocols,which are the basisfor all decision-
makingin IPM programs.Within-plantdistributionsof predatorg§42) andwesterno wer
thrips on cotton (27) have beenexamined. In a previous study (1), the effect of cotton
variety and developmentstage on within-plant distribution of two thrips species: F.
occidentalisand Thrips tabaci Lindeman(ThysanopteraThripidae),andtheir predators:
Chrysoperlacarnea (Stephens)Neuroptera: Chrysopidae)Deraeocoris pallens Reut.
(Hemiptera:Miridae) and Orius spp.,wereassessedhile consideringhe total numbers
of adultthripsandpredatorspeciesIn the paper the distributionsof immaturesandadult
Frankliniella thrips and Orius on plant partshave beenquanti ed separatelyin a 2-year
study

The presentstudy was undertalen to describethe plant distributions of Frankliniella
spp. and O. niger, and to assesghe relationshipsbetweenpopulationsof thrips and
predatoron variousplantparts,or fruiting developmenbf plantsin the cotton elds.
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MATERIALS AND METHODS

Experimental elds Field experimentswereconductedn cottoncv. "Cukurova 1518

at Haciali and Balcali in Adanaprovince locatedin the easternMediterranearregion

of Turkey during the years1994-1996and 2000-2003. The experimental elds were
plantedon 19 April 1994, 19 May 1996, 17 April 2000, 14 April 2001,5 May 2002,
and 12 June2003(Field I) and20 June2003(Field II). The cotton elds areconsidered
as normal-planted15 April — 15 May) and late-planted(after 15 May) in this region.

In 2002 the experimental eld was closeto other experimentalcotton elds that were
sprayedcornventionallyagainsisomecottonpestsincluding Frankliniella thrips. The other
experimental elds were 2 km distantfrom the elds grown commerciallywithin the
sameareain Haciali. The distancebetweerthe experimental elds in Haciali andBalcali

was 45km. Thesizeof elds variedbetweenl00and150 ha;cottonrows werespaced
0.75m apart.

Mineral nitrogenwasappliedto the soil atarateof 160kg ha !, splitinto dosesof 80
kg ha ! as20-20-0(N-P-K) atplantingand80kg ha * as46%ureawhenthe rst squares
appearedFieldswerefurrow-irrigatedevery 3 weeksafterthe completedoseof nitrogen
hadbeenapplied.No pesticidesvereusedn 1994,1996,20000r 2001,whereaghey were
appliedattherecommendedosesf theactive ingredientsacetamiprid20%(100g ha 1),
lufenuron50g! ! (300ml ha 1) andfenpropatrin+ pyriproxyfen150+ 50g! * (1000ml
ha 1) for controlof leafhoppers$n mid-seasoiin Hacialiin 2002,andfor controlof cotton
white y BemisiatabaciGen. (Homoptera:Aleyrodidae)andcottonleafworm Spodoptea
littoralis (Boisd.) (LepidopteraNoctuidae)n mid- or late seasorin Balcaliin 2003.

Distribution and seasonal uctuations of Frankliniella spp. and O. niger on cotton
structures Theexperimentsvereconductedn a eld atHacialifrom Juneto September
in 1994 and 1996. To determinethe distribution of thrips speciesand the anthocorid
predatorO. niger on variousplant structureq(i.e., leaves,squaresbolls and o wers),the
experimentalplots were divided into  ve sectionsfor sampling. Therewere four plants
within eachsub-plot;a total of 20 plantswereselectedat randomper eld andinspected
visually atweeklyintervalsfor the presencef thripsandpredatorsusinga handlenswith

20 magni cation. To reducethe diurnal variationsin insectdistribution, all samplings
wereconductedetweer08:00and10:00hours.In the eld, thripsspeciesveredetermined
usingcolor andsize characteristicsindividuals of F. intonsabeingdarker (densebrown)
andsmallerthanthoseof F. occidentalig(light yellow).

Monitoring Frankliniella spp. adults and O. niger on cotton o wers The eld studies
of seasonaluctuations of Frankliniella spp.andO. niger wereconductedn onenormal-
plantedcotton eld atHacialiin the years2000— 2002andonelate-plantedeld eachat
HacialiandBalcaliin 2003.

Experimentalelds weredivided into ve equalsectionsfor sampling. Five o wers
(oneupper o wer from eachplant) within eachsub-plot,for a total of 25 o wers, were
picked at randomat weekly intervals at 10:00 — 11:00 hours (4), put separatelyinto
plastic cups (250 ml), and placedin insulatedcool containersand transferredto the
laboratory Flowers were kept for 1 or 2 h in a deep-freezeand then tappedonto a
white plasticsheet.The extractedthripsandpredatorsverecollectedwith a ne brushand
placedin plastictubes(2 ml) containing60% ethyl alcoholfor the identi cation process.
Flowers were dissectedo remove ary remainingthrips on o wer partsandrinsedin a
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2% detegentsolutionfor 25 sec. The solutionswere pouredthroughthe sieves. Thrips
extractedfrom the solutionweretransferredo plastictubes. Thrips were slide-mounted
and identi ed to species. Thrips and predatorswere countedundera steromicroscope
with 45 magni cation; thrips larvae were pooledinto one catejory. Becauseanother
anthocoridspecies. laevigatus(Fieber),hadvery low populationdensitieson the plants
duringthesamplingsijts populationdensitywasnotincluded.

Plant phenology To determineassociationdetweenthe generatre phaseof cotton
growth (forming of squares,o wers and bolls) and thrips populations, ve plantswere
selectedat randomfrom eachsub-plot. The numberof fruiting structuresvererecorded
for eachplantduringthe monitoringprocedure.

Data analysis Distribution dataof thripsandO. niger werepooledover eachplant part
at eachsamplingdate. The relationsbetweenlarvae of thrips and nymphsof Orius on
variouspartsof plantsin 1994 and 1996 were assessetiecauseseasonaluctuations of
theadultFrankliniella spp.andO. niger in the cotton o wershadbeenstudiedby Atakan
andOzgur(5). Thrips andpredatorscollectedat eachsamplingdateweredivided by the
numbersof plant partssampledo obtainan averagenumberof thrips per structure. The
numbersof thripslarvaeandOrius nymphsin o wersin 2000— 2003wereexcludedfrom

dataanalysisdueto their verylow numbers Measuremendf thepredatioron variousplant
partswasdoneby dividing overall numbersof thrips larvae per plantstructureby overall

numbersof Orius nymphs. Associationshetweerthripslarvaeand predatomymphswere
investigatedusing a total of 14 and 16 datapointsin 1994 and 1996, respectiely. To

determinehe degreeof associationbetweerthe meannumbersof thripsandpredatorsor

o wersthroughouthe samplingperiods,atotal of ten datapointswerequali ed peryear
All relationswereexaminedby a simplecorrelationtest(Pearsorcorrelation)at P 0.05.
Ratiosof thripslarvaeto Orius nymphsonall plantstructuresveresubjectedo analysisof
variancel/ANOVA) andsigni cant differencesvereidenti ed by Duncans multiple range
test(P 0.05). Datawerelog-transformedx+1) prior to analysisof variancein orderto

correctfor heterogeneityof variance. All analyseswere performedusing the SYSTAT
version9.0.1statisticalpackagg33).

RESULTS

Distrib ution of Frankliniella spp. and O. niger on cotton structures Accordingto the
datapresentedn Table1, mostthripslarvaewerefoundon bolls (55.2—66.3%)followed
by leaves(22.4-33.8%)whereadew thripslarvaewererecordedn o wers.Frankliniella
spp.andO. niger adultswerefoundmostlyon o wers.Mostnymphsof O. niger colonized
leaves(65.1-73.8%)followed by bolls (15.8-17.7%).Squaresvere lessfavorableplant
structuredor predatorynymphs.Adultsof O. niger occupiedmnainly o wers(66.0—74.8%).
Therewereonly few adultsof Orius onthebolls andsquaresiuringthesamplings.

Prey-to-predatorratios on squares, o wers and bolls were similar and signi cantly
lower than thoseof leavesin 1994 (F=4.885; P=0.032; df=3,11) (Table 2). In 1996,
prey:predatorratios on leaves and bolls were similar but signi cantly higherthanthose
onsquaresand o wers(F=3.876;P=0.024;df=3,24).

Seasonal uctuations of thrips larvae and Orius nymphs on plant parts The mean
numberof thrips larvae on all plant structureswas generallymuch higherin the late-
planted eld in 1996thanin 1994 (Figs. 1 and2). The meannumberof thrips larvae
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TABLE 1. Distribution of immaturesand adultsof Frankliniella spp. and Orius niger on various
cottonstructuresn Adanaprovince, Turkey, in 1994and1996

Year/insect Distribution of Frankliniellathripsor Orius nigery (%)

Immature Adult

Leaves  Squares Flowers Bolls Leaves  Squares Flowers Bolls
1994/Thrips 338 4.9 6.0 55.2 0.3 <0.1 99.5 <0.1
19940. niger 65.1 13.8 34 17.7 12.2 4.6 74.8 8.4
1996/Thrips 22.4 2.2 9.1 66.3 <0.1 <0.1 99.7 <0.1
19960. niger 73.8 7.0 3.4 15.8 17.0 11.3 66.0 5.7

2Thrips= FrankliniellaoccidentalisplusF. intonsa
Y Averagecbver all samplesn eachyear

TABLE 2. Prey:predatoratioson variouscottonstructuresn Adanaprovince, Turkey, in 1994and
1996

Year Prey:predatoratioson variousplantstructure$

Leaves Squares Flowers Bolls
1994 1.04 0.194 0.18 0.05b 0.13 0.11b 0.59 0.52b
1996 1.05 0.67bc 0.98 0.36¢ 0.18 0.13c 2.37 0.56ab

ZValueswerecalculatedrom raw data;analysisof variancewasperformedonlog (+) values.
Y Within rows, means( SEM) of prey:predatorratiosfollowed by a commonletter do not differ accordingto
Duncan$ multiplerangetest(P  0.05).

waslow on the squaresand o wershbut high on the leavesandbolls in both years. Two
peaksof thrips larvaewere noticedon leavesin mid- andlate-seasoin 1994. Seasonal
uctuations of Orius nymphson plant structuresvariedin 1994 and 1996. Nymphsof
Oriuswereassociateavith the populationof thripslarvaeon leavesandbolls. Therelation
betweerthe numbersof thrips larvaeand Orius nymphson leaveswassigni cant in both

TABLE 3. Correlationanalysisbetweemumbersof thripslarvaeandOrius nymphson variousplant
structuresn cotton elds in Adanaprovince, Turkey, in 1994and1996

Year Plantstructures P r

1994 Leaves 0.0001 0.925**
Squares - -
Flowers 0.049 0.459
Bolls 0.0001 0.858**

1996 Leaves 0.0001 0.934**
Squares 0.210 0.216
Flowers 0.281 0.157
Bolls 0.0001 0.939**

*Asterisksdenotecorrelationssigni cantatP  0.01.
ZCorrelationwasnot calculatecbecausef low valuesof boththripslarvaeandOrius nymphsonsquaresn 1994.

TABLE 4. Correlationanalysisbetweemumberf o wersandtotal thripsin cotton elds in Adana
province, Turkey, in 2000-2003

Year Plantingdate P r

2000 Normal 0.166 -0.433

2001 Normal 0.144 -0.446

2002 Normal 0.480 -0.018

2003 Late/ Field| 0.026 0.664*
Late/ Field Il 0.001 0.877**

Asterisksdenotecorrelationssigni cantat*P  0.05,**P 0.01.

Phytopaasitica34:3,2006 225



TABLE 5. Correlationanalysisbetweennumbersof Orius niger and Franklinella intonsaor F.
occidentalison cotton o wersin Adanaprovince, Turkey, in 2000-2003

Year Plantings/ Insecticide Correlations P r
eld application
2000 Normal No O. niger andF. intonsa 0.264 0.417
0. niger andF. occidentalis 0.001 0.887**
2001 Normal No O. niger andF. intonsa 0.364 0.304
O. niger andF. occidentalis 0.016 0.702*
2002 Normal Yes O. niger andF. intonsa 0.232 0.393
O. niger andF. occidentalis 0.535 0.210
2003 Late/Field| No O. niger andF. intonsa 0.035 0.703*
O. niger andF. occidentalis 0.004 0.845**
Late/Field 1l Yes O. niger andF. intonsa 0.657 0.173
O. niger andF. occidentalis 0.640 0.182

Asterisksdenotecorrelationssigni cantat*P 0.05,**P 0.01.
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Fig. 1. Mean numbersof thrips larvae and predatorynymphs of Orius niger on various plant
structuresof cottonin Haciali, Turkey, in 1994. Broken line, thrips larvae; solid line, predatory
nymphs.

years(P 0.05) (Table 3). Therewere alsosigni cant correlationshetweenthe number
of nymphson bolls and the numberof larvae in both years(P 0.05). However, the
relationshipsdetweerD. niger andthripslarvaeon o wersandsquaresemainedsteadyat
verylow or negligible levels.

Seasonaluctuations of Frankliniella spp. adults and O. niger on cotton o wers The
seasonaluctuations of adult Frankliniella spp. thripsand O. niger parallelthe fruiting

developmentof plantsin the normal-plantedcotton elds (Figs. 3a, b). The highest
populationdensitief Frankliniellaspp.coincidedwith thelate-bloomingperiodof plants
in all years. Frankliniella spp. pealed in the o wersat boll formation or maturation

226 E. Atakan



Fig. 2. Mean numbersof thrips larvae and predatorynymphs of Orius niger on various plant
structuresof cottonin Haciali, Turkey, in 1996. Broken line, thrips larvae; solid line, predatory
nymphs.

stageandmeannumbersof squaresand o werswererelatively low in the normal-planted
cotton elds during2000-2002Correlationshetweermeannumbersof Frankliniella spp.
and o werswerenot signi cant (P> 0.05) (Table4). Trendsin the seasonaluctuations
and alundanceof thrips specieswere similar in both elds in 2000 and 2001. Thrips
populationausuallypealedin mid-Augustandthengraduallydecreasetb low levels. The
meannumbersf F. occidentalisandF. intonsawerehigherin 2002thanin 2000and2001.
F. occidentalisrapidly colonized o wersandincreasedo its highestpopulationlevel in
mid-Julyin 2002.After the secondapplicationof insecticidg(acetamiprid20%), F. intonsa
increasedapidlyto apeaklevel in the o wersin late August,whenpopulationdensitief
F. occidentalisandO. niger werelow (Fig. 3b).

Populationuctuationsof thripsspecieandO. niger accordingo fruiting development
of plantsin late-plantedcotton elds in 2003 are displayedin Figures4a andb. In
the two late-plantedelds, the populationcurvesof F. intonsaandF. occidentaliswere
usuallysimilar, but their densitiesweredifferent. In treated eld I, populationdensities
of F. occidentaliswere higherthanin other elds exceptin 2002. The highestlevels of
total thrips populationscoincidedwith a peakbloom of cotton,andcorrelationsbetween
numbersof Frankliniella spp. and o werswere signi cant in both eld | and eld Il
(P 0.05)(Table4).

The population density of O. niger was signi cantly correlatedwith that of F.
occidentalisin normal-plantectotton elds in 2000and 2001 (P 0.05) but not with F.
intonsapopulationg P> 0.05)(Tableb). In these elds, Orius-to-Frankliniellaspp. ratios
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Fig. 3. Meannumberf (a) plantstructureger cottonplant,andof (b) adultsof Frankliniella spp.
andOrius niger on cotton o wersin Haciali, Turkey, duringtheyears2000,2001and2002. Arrows
indicatespraysagainsteathoppers.

rangedfrom 1:2 to 1:15in the courseof the season. Signi cant correlationswere also
detectedbetweenOrius andF. occidentalisandbetweenOrius andF. intonsain the late-
planted eld | in 2003. The ratios of predatofto-prey in this eld varied betweenl:8
and 1:19 from the secondto sixth sampling. The meannumbersof Orius in o wersin

theinsecticide-treatecklds in 2002and2003werelower thanthosein other elds (Figs.
3b and 4b). Therewasno correlationbetweenthrips and predatorpopulationsin either
insecticide-treateceld (P> 0.05)(Table5). The ratiosof predatotto-total thrips ranged
betweenl:12and1:29in 2002,and1:36and1:16in 2003.

DISCUSSION

Themajority of thripslarvaeinfestedcottonbolls (  60%),whereasadultsof Franklin-
iella thripsspeciewisitedmostly o wers. Theseresultsarein agreemenith the ndings
of Pickettetal. (27), who determinedhatthe proportionsof thripslarvae on leavesand
bolls were higherthan on other plant partsand that adult thrips were attractedmost by
cotton o wers. The low abundanceof adultthrips on bolls andleavesmay re ect rapid
escapeatherthanlow occurrence.Therefore the o wer samplingmethodis muchmore
precisefor estimatingthe abundanceof o werinhabitingthrips on cotton. Most nymphs
of O. niger colonizedeavesandto alesserextentbolls. Thehigh densityof Orius nymphs
on leaveswas relatedto high densitiesof anotherprey, the cotton aphid Aphis gossypii
Glov. (HomopteraAphididae) which fed onleavesduringmid-seasotin bothyears prior
to the occurrenceof the main colonizationof o wersby Frankliniella. ThereafterOrius
nymphsinhabitedthe bolls, infestedby mostthrips larvae for several weekslate in the
seasonln contrastdatawereobtainedby Wilson andGutierrez(42) for nymphsof Orius
tristicolor (white) during the peakperiod of squareretention(mid July), andthe highest
proportionof the populationoccurredon cottonfruit, in SanJoaquinValley. Gonzaleset
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Fig. 4. Meannumbersof (a) plantstructureger cottonplant,andof (b) adultsof Frankliniella spp.
andOrius niger on cotton o wersin Haciali (Field ) andBalcali (Field 1), Turkey, in 2003. Arrows
indicatespraysagainsthite y andcottonleafworm.

al. (16) reportedthatimmaturesof generalistpredatorsyiz. Orius, Nabis, Geocorisand

Chrysopawerelessaccessibldecausef theirtendeng to hideinsidefruiting partsof the

cottonplant. This wasparticularlytruefor Orius nymphs,andto alesserextentfor adults.
The occurrenceof a high proportionof nymphson fruits in previous work may be due

to their protectingthemselesfrom predaciousttacksof othergeneralisfeeders- which

werehighly abundantontheplants— nearlyall of which arecannibalistiandfeedon other
predatorspecieg42). In contrast,in the presentstudy the numbersof other generalist
predatorswverefewer on plantsand a vastnumberof their prey were present. Thus, the

resultsmay suggesthatdistribution of Orius nymphson cottonplantschangesccording
to availability of thedifferentpreys, whenothergeneralispredatorsarescarce. Adults of

O. niger wereattractedmostlyto o wers. SomereportsindicatethatO. tristicolor adults
readily visit cotton o wers(42) andalsofeedon plant pollen when otherprey is scarce
(11,22,32).

Frankliniellaintonsawasthedominantthripsspeciesn cotton o wersin themonocul-
ture-cottonareasof the easterrpart of Turkey's Mediterraneamegion in the years1994-
1997 (5). Recently F. occidentalisspreadquickly to all cotton areas,becomingthe
dominantthrips speciesanddisplacedr. intonsawithin 4 yearsafterits rst introduction
into the monoculture-cottoareain the easterrMediterranearn 1996. Amongthe 33,041
adult thrips extractedfrom o wers during the 4-yearstudy F. occidentalisrepresented
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70% of the total numberof adultthrips collected. F. occidentalisis a bettercompetitor
becaus¢hefemalesarehighly fecund[up to 230eggsperfemale:K.L. Robb(1989)Ph.D.
thesis,Univ. of California, Riverside CA, USA] andmay colonizethe samehostplantfor
several generations.The ability of adultsto detectshifts in hostquality andto disperse,
greatlycontributesto theirreproductve succes$37).

Adults of F. intonsawere not detectedon plantsuntil o wering, but a few adultsof
F. occidentaliswererecordedon seedlingsalsopopulatedoy red spidermitesin the early
seasonln contrastjn cotton elds in GreeceF. intonsawasfoundto bethemostnumerous
speciesearly in the samplingperiod (May — June)and also during the last samplings
(September)10). This may be dueto the effect of variousecologicalfactorsoccurring
in eachgeographicabrea. The numbersof Frankliniella spp. pealedin the o wersat
similar samplingperiods,mid-or-late August, in the normal-or late-plantedelds. The
occurrencenf high numbersof thrips speciedn afew o wersat boll formationor during
the maturationperiodin the normal-plantedelds might have beendueto migration of
thrips from other host plants, including weedsnear by or late-seasorcrops, to cotton

elds. Seasonaluctuationsin the abundanceof o wer thripson cottondid not shav the
seasonapatternsn the numberof cotton o wersin the normal-plantedelds. Signi cant
correlationsbetweenthe numbersof thrips and o wersin the late-plantedelds suggest
thatcottonsenesasa preferrechostfor thesethripsspeciesn theeasterrpartof Turkey's
Mediterraneamegion.

The meannumbersof thrips larvae were greatly reducedto low or even extinction
levels after peaksof predatorynymph numbersin both years. Although adultF. intonsa
on o wersslightly exceededhethresholdevel of 50—75adultsper o wer (3) for 4 weeks
in 1996 (2), no damagecausedy larvaewasnoticed. This presumablywasdueto high
predatoryactivity of Orius nymphs,sinceothergeneralispredatorsverevery rareon the
plantsduring the samplingperiodsin bothyears. Overall, thrips larvaewere mostlik ely
preyeduponon o wersandsquareg0.92and0.47 prey per predator respectiely), and
bollsweresafeplantparts—with alow larval predatiorrate(11.57larvaeperpredator) An
intermediatéut relatively high predatiorrateoccurredonleaves(4.72larvaeperpredator).
Theseresultsagreewith ndings of a previous studyin Israeli cotton elds wherethrips
weremostlikely preyeduponon squaresiueto overallnumbersof polyphagoupredators:
D. pallens,C. carneaandOrius spp.,andanintermediateout relatively high predatiorrisk
occurredon theleavesof both PimaandAcalacottonplants(1).

Strong correlationsbetweenprey and predatorpopulationsmay not be usedas an
indication of strongpredatoryability. For instance,strongcorrelationsin o wers may
be the result of thrips and Orius aggrejationin responseo pollen availability ( o wer
inhabitingthripsspeciesandOriusreadilyfeedon pollen). Althoughin this studyaspeci ¢
experimenthadnot beenplannedto investigatethe ef ciency of O. niger on cottonthrips,
thereweresigni cant andpositive correlationsbetweerthripsandpredatorpopulationsn
the o wersin non-treatedelds butnotin thetreatedelds. Theoccurrencef Frankliniella
spp.populationsat lower densitiesn the o wersthroughouthe seasorin untreatedelds
may have beendueto the high predationby Orius. The abundanceof thripsin o wersin
insecticide-treatectlds wasmuchhigherthanin untreatedelds. Theuseof insecticides
in the elds mighthaveresultedn anincreasef boththripspopulationsyvhile suppressing
the populationsof Orius. Ripper(29) suggestedhat negative or no correlationsbetween
predatorand prey could indicate prey resugenceor outbreaksof a target pestafter the
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eliminationof predators.Stoltz and Stern(34) found that numbersof F. occidentalisand
Orius wereclearlyreducedn plotstreatedby dimethoateandnaled+ toxaphenen cotton
elds, whereaghereafterthe populationof F. occidentalispealed dueto the elimination
of generalispredatorsThe predatorO. insidiosugSay)effectively suppressegopulation
increase®f Frankliniella spp. on pepper o wersin non-treateglots, andelimination of
the predatomy useof syntheticpyrethroidsresultedn permanenthripsinfestationg14).

The low levels or absenceof thrips larvae in the owersin 2001-2003may shov
the predaciouseffects of Orius. Immaturethrips are easily preyed upon by predators
becausdhey arelessmobile and smallerthanadult thrips. A similar casewasreported
by Deligeonidis (9), who found thatin laboratoryexperimentsO. niger wasan effective
predatorof thrips speciesncluding Thrips tabaci LindemanandF. occidentalis andhad
promisingpotentialfor usein greenhousesUnderlaboratoryconditions,adult O. niger
mostly preferredmmaturethripsto adultthrips.

The insecticideapplicationsnever reducedpredatorpopulationsto extinction levels
and allowed the survival of predatorsto a low extent. This may be a reasonfor thrips
never exceedingthe economichresholdevel on o wersin thetreated elds. It wasnoted
that no typical damagecausedby thrips appearecn plants, particularly in late-planted
andsprayedelds. In apreviousstudy the seriousdamagecausedy large populationsof
Frankliniella spp. wasobsenedon youngplantsin late-planteccommercialcotton elds,
wherepredatoryspeciesuchasO. niger wererarelyfound(3).

Increasedefciency of a predatoron prey populationsmost likely dependsupon
associationdetweenpredatorsthe predator:prg ratio, andthe time neededo suppress
pestpopulationswhich areimportantfactorsfor a betterunderstandingf prey — predator
dynamics. Delayedsuppressiomf thrips populationswas assumedor anthocorid:thrips
ratios above 1:217,andimmediatesuppressiorof populationswithin 6.5 daysat preda-
tor:prey ratiosabove 1:50 (40). In the presentstudy the ratio of prey to predatoranged
from 1.53to 19.28andwasbelow four adult thrips per Orius on mostsamplingdatesin
2000and2001. Funderlurk et al. (14) found that numbersof F. occidentalisandlarvae
colonizing eld peppersverecloseto extinctionlevel within daysafterpredator:prg ratios
hadreached!:40. Theresultsobtainedrom the non-treatedelds mayindicatethatthrips
on cotton o wersmight have suffered mostfrom predationinducedby O. niger, because
prey:predatorratioswereoftenlower thantheratiospreviously published.

Although usually phytophagousF. occidentalisis known to feed on small insects
includingtetrarychid mites(17,39). Theimportanceof F. occidentalisasthemajornatural
enemyof spidermitesin the early growing seasorin SanJoaquinValley cottonhasbeen
demonstrateq15,17,39). Without thrips, seriousdamageoccurs(17,43). Gonzalesand
Wilson (17) statedthat thrips inhabited o werslate in the growing seasorof cottonand
were less effective predatorsof spider mites. Pollen may be a betterfood sourcefor
thripsthanleaves.Availability of alternatve food, andfood quality, mayaffectlate-season
control of spidermitesin this system. Additionally, althoughthereis no obsenation on
the interactionbetweenF. occidentalisand spidermitesin this study spidermites may
have beenlessaffectedby preying of this thripsin mid- or late-seasogotton,becausef
the high predationof F. occidentalisby Orius duringthatperiodin the non-treatedelds.
F. occidentalisoffers an alternatie prey for somegeneralistpredatorssuchas Geocoris
pallens(Stal),G. punctipeqSay)andO. tristicolor in cotton elds (17).

Clearly, the identi ed distributions of larval thrips and Orius nymphsto plant parts
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suggesthatcost-efective monitoringof populationsof theseinsectscouldbe achiered by
samplingleavesandbolls ratherthanotherplantparts. Lik ewise, the populationdensities
of adult thrips and O. niger could be estimatedby examiningthe o wers. The absence
of a signi cant positive relationshipbetweermeannumbersof total thrips andof fruiting
structuresmainly o wers,mayindicatethatnormal-planteatottonin theregion senesas
atemporaryhostfor thrips speciesratherthanasa favorablehostfor their development.
Furthermorelate-plantedtotton elds arepresumablynoredamagedy o wer-inhabiting
thrips species,since signi cant correlationsare often found betweenmeannumbersof
thripsandof o wers. Thereforeijt is suggestethatavoiding late-plantingof cotton elds
will beanimportantculturalpracticein o wer-inhabitingthripsmanagementThe ndings
of this studysuggesthatusinginsecticidego controlthe o werinhabitingthrips species
in normal-plantectotton elds is needles®ecausgi) plantshave enoughbollsto recover
and producesufcient yield, whenmain infestationsof Frankliniella spp. occurred,and
(i) thenumberof o wer exposedto thripsinfestationds low andmostbolls will mature.
With regardto thrips— predatorinteractionsthe resultssuggesthat Orius spp. may play
amoreimportantrolein regulatingpopulationsof thripson cottonbecausdi) positive and
signi cant correlationswere recordedbetweenthrips and predatorpopulations,and (ii)
prey:predatorratiosin non-sprayedelds werelower thanthe ratios previously predicted
andpublished.
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