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AssociationsbetweenFrankliniella spp. and Orius niger
Populations in Cotton

EkremAtakan1

Thedistribution of theFrankliniella speciesF. occidentalis(Pergande)andF. intonsa(Try-
bom) (Thysanoptera:Thripidae),andof thepredatorybug Orius niger (Wolff) (Hemiptera:
Anthocoridae),in variousorgansof thecottonplant,aswell asprey – predatorinteractions
betweenthrips andO. niger, were investigatedover 6 yearsin cotton �elds in the eastern
Mediterraneanregion of Turkey. The highestnumberof larvaeof Frankliniella spp. were
found inhabiting bolls, whereasthe adults colonized mainly �o wers. The majority of
predatorybug nymphswerepresenton leaves, followed by bolls, whereasO. niger adults
visited mostly �o wers. The thrips larvae were most likely preyed upon on �o wers and
squares,andbollsweresafeplantpartsfor thrips,with a low predationrate.An intermediate
but relatively high predationrate occurredon cotton leaves. In further �eld experiments,
the effectsof insecticidetreatmenton the relationshipsbetweenO. niger andFrankliniella
spp. wereinvestigated.Thesetrials revealedthat a highercorrelationexistedbetweenthe
numbersof adultO. niger in �o wersandFrankliniella spp. in non-treatedcotton�elds than
in insecticide-treated�elds. Theproportionsof 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 suppressingpopulationincreaseof Frankliniellaspp.in cotton.
KEY WORDS:Plantdistribution;biologicalcontrol;Frankliniellaspp.;Oriusniger; cotton.

INTRODUCTION

The �o wer-dwelling thrips Frankliniella intonsa(Trybom) and F. occidentalis(Per-
gande)(Thysanoptera:Thripidae)occurasaspeciescomplex in cotton�elds of theeastern
Mediterraneanregion of Turkey (2). F. intonsawasof minor interestin the cotton�elds
until the1990s.In thefollowing years,prior to theoccurrenceof F. occidentalisoncotton,
it becamethepredominantthripsspeciesin thiscrop,causinghighcroplossesby attacking
youngbolls, particularlyin late-plantedcottonin the region (3). F. occidentaliswas�rst
recordedfrom somevegetablesin theMediterraneanregion of Turkey in 1993. Oneyear
later, it colonizedcottonplantsin the easternpart of the Mediterraneanregion, within 3
yearsbecomingthepredominantthripsspecies(6). F. occidentaliswas�rst detectedin the
monoculture-cottonareaof thatregion in 1996,andits populationlevelswerevery low in
1996and1997(2,5). The recentpeststatusof 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 determinethechangesin theabundanceof boththripsspeciesin cotton�elds,
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plantedatdifferenttimes,in themonoculture-cottonarea.F. occidentalisis aknown vector
of Tomatospottedwilt virus thatinfectsmany cultivatedplantsworldwide.

High populationsof Frankliniella spp. occur in cotton�elds of the easternMediter-
raneanregion during mid-season(2). In an attemptto control the thrips, cottongrowers
usedto spraycotton �elds with mixturesof insecticidesvery often at dosesabove the
recommendedones,with doubtful resultspresumablydueto developmentof insecticide
resistance. It is known that F. occidentalisdevelopedresistanceto insecticides(7,19).
The overuseof insecticidesaffects negatively bene�cial fauna, resulting in outbreaks
of secondarypestpopulationsand resurgenceof target pestsin most cases(12,13,18).
Outbreaksof thrips populationswere proven experimentallyafter naturalenemieswere
destroyed by using insecticides(21,26,35). Therefore,an integratedpestmanagement
(IPM) approachshouldbe considered�rst, to solve pestproblems.Biological control is
a majortool in all outstandingIPM programs.

Numerouspredators,parasitoids,parasiticnematodesandfungal pathogensof thrips
are recognized(8,25,31). Among the naturalenemies,generalisthemipteranpredators
play an importantrole in the regulationof thrips populations.The associationsbetween
populationsof Orius spp. andF. occidentalison greenhouse-grown vegetableshave been
well documented(20,36,41). Although F. occidentalisin the USA (28,30,38)andIsrael
(1,23), andF. occidentalisandF. intonsain Greece(10), and F. intonsain China (24),
werereportedascottonpests,thereis limited knowledgeaboutassociationsbetweenthrips
andtheir predatorsin cotton.Managementof croppeststhroughbiologicalandintegrated
controlmethodsrequiresa working knowledgeof thecomplex interactionsbetweenpop-
ulationsof pestsandbene�cial insects.Deligeorgidis et al. (10) assessedthepopulations
of thrips including Frankliniella spp. and the predatorythrips Aeolothripsintermedius
Bagnall (Thysanoptera:Aeolothripidae)on cotton leaves to estimatethe density with
an acceptablelevel of precision. The seasonalabundanceof threegeneralistpredators,
including Orius niger (Wolff) (Hemiptera: Anthocoridae),in relation to populationsof
adultFrankliniellaspp. oncottonplants,wasstudiedin theCukurovaregionof Turkey (5).
In thepresentpaper, thedegreeof spatialassociationsbetweenimmaturethripsandOrius
onvariousplantstructureshasalsobeeninvestigated,for amorereliableassessmentof the
predator'spotentialor actual�eld ef�cacy.

Quantifyingthewithin-plantdistribution of pestsandnaturalenemiesis importantfor
developmentof cost-effective samplingprotocols,which are the basisfor all decision-
makingin IPM programs.Within-plantdistributionsof predators(42) andwestern�o wer
thrips on cotton (27) have beenexamined. In a previous study (1), the effect of cotton
variety and developmentstageon within-plant distribution of two thrips species: F.
occidentalisandThrips tabaci Lindeman(Thysanoptera:Thripidae),andtheir predators:
Chrysoperlacarnea (Stephens)(Neuroptera: Chrysopidae),Deraeocorispallens Reut.
(Hemiptera:Miridae) andOrius spp.,wereassessedwhile consideringthe total numbers
of adult thripsandpredatorspecies.In thepaper, thedistributionsof immaturesandadult
Frankliniella thrips andOrius on plant partshave beenquanti�ed separatelyin a 2-year
study.

The presentstudywasundertaken to describethe plant distributionsof Frankliniella
spp. and O. niger, and to assessthe relationshipsbetweenpopulationsof thrips and
predatorsonvariousplantparts,or fruiting developmentof plantsin thecotton�elds.
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MATERIALS AND METHODS

Experimental �elds Field experimentswereconductedon cottoncv. `Çukurova 1518'
at Haciali and Balcali in Adana province locatedin the easternMediterraneanregion
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,
and12 June2003(Field I) and20 June2003(Field II). The cotton�elds areconsidered
as normal-planted(15 April – 15 May) and late-planted(after 15 May) in this region.
In 2002 the experimental�eld was close to other experimentalcotton �elds that were
sprayedconventionallyagainstsomecottonpestsincludingFrankliniella thrips.Theother
experimental�elds were � 2 km distantfrom the �elds grown commerciallywithin the
sameareain Haciali. Thedistancebetweentheexperimental�elds in Haciali andBalcali
was� 45 km. Thesizeof �elds variedbetween100and150ha;cottonrows werespaced
0.75m apart.

Mineral nitrogenwasappliedto thesoil at a rateof 160kg ha� 1, split into dosesof 80
kg ha� 1 as20-20-0(N-P-K) atplantingand80kg ha� 1 as46%ureawhenthe�rst squares
appeared.Fieldswerefurrow-irrigatedevery 3 weeksafter thecompletedoseof nitrogen
hadbeenapplied.No pesticideswereusedin 1994,1996,2000or 2001,whereasthey were
appliedat therecommendeddosesof theactive ingredientsacetamiprid20%(100g ha� 1),
lufenuron50g l � 1 (300ml ha� 1) andfenpropatrin+ pyriproxyfen150+ 50g l � 1 (1000ml
ha� 1) for controlof leafhoppersin mid-seasonin Haciali in 2002,andfor controlof cotton
white�y BemisiatabaciGen.(Homoptera:Aleyrodidae)andcottonleafwormSpodoptera
littoralis (Boisd.) (Lepidoptera:Noctuidae)in mid- or lateseasonin Balcali in 2003.

Distrib ution and seasonal�uctuations of Frankliniella spp. and O. niger on cotton
structur es Theexperimentswereconductedin a �eld atHaciali from Juneto September
in 1994 and 1996. To determinethe distribution of thrips speciesand the anthocorid
predatorO. niger on variousplant structures(i.e., leaves,squares,bolls and�o wers),the
experimentalplots weredivided into � ve sectionsfor sampling. Therewere four plants
within eachsub-plot;a total of 20 plantswereselectedat randomper �eld andinspected
visuallyatweeklyintervalsfor thepresenceof thripsandpredators,usingahandlenswith
� 20 magni�cation. To reducethe diurnal variationsin insectdistribution, all samplings
wereconductedbetween08:00and10:00hours.In the�eld, thripsspeciesweredetermined
usingcolor andsizecharacteristics,individualsof F. intonsabeingdarker (densebrown)
andsmallerthanthoseof F. occidentalis(light yellow).

Monitoring Frankliniella spp. adults and O. niger on cotton �o wers The�eld studies
of seasonal�uctuationsof Frankliniella spp.andO. niger wereconductedin onenormal-
plantedcotton�eld at Haciali in theyears2000– 2002andonelate-planted�eld eachat
Haciali andBalcali in 2003.

Experimental�elds 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 placed in insulatedcool containersand transferredto the
laboratory. Flowers were kept for 1 or 2 h in a deep-freezerand then tappedonto a
whiteplasticsheet.Theextractedthripsandpredatorswerecollectedwith a �ne brushand
placedin plastictubes(2 ml) containing60%ethyl alcoholfor the identi�cation process.
Flowers were dissectedto remove any remainingthrips on �o wer partsand rinsedin a
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2% detergentsolutionfor 25 sec. The solutionswerepouredthroughthe sieves. Thrips
extractedfrom the solutionweretransferredto plastic tubes. Thrips wereslide-mounted
and identi�ed to species. Thrips and predatorswere countedundera steromicroscope
with � 45 magni�cation; thrips larvae were pooledinto one category. Becauseanother
anthocoridspecies,O. laevigatus(Fieber),hadvery low populationdensitieson theplants
duringthesamplings,its populationdensitywasnot included.

Plant phenology To determineassociationsbetweenthe generative phaseof cotton
growth (forming of squares,�o wers and bolls) and thrips populations,� ve plantswere
selectedat randomfrom eachsub-plot. The numberof fruiting structureswererecorded
for eachplantduringthemonitoringprocedure.

Data analysis Distribution dataof thripsandO. niger werepooledover eachplantpart
at eachsamplingdate. The relationsbetweenlarvaeof thrips and nymphsof Orius on
variouspartsof plantsin 1994and1996wereassessedbecauseseasonal�uctuations of
theadultFrankliniella spp.andO. niger in thecotton�o wershadbeenstudiedby Atakan
andOzgur(5). Thripsandpredatorscollectedat eachsamplingdateweredividedby the
numbersof plant partssampledto obtainan averagenumberof thrips per structure.The
numbersof thripslarvaeandOriusnymphsin �o wersin 2000– 2003wereexcludedfrom
dataanalysisdueto theirverylow numbers.Measurementof thepredationonvariousplant
partswasdoneby dividing overall numbersof thrips larvaeperplantstructureby overall
numbersof Orius nymphs.Associationsbetweenthrips larvaeandpredatornymphswere
investigatedusing a total of 14 and 16 datapoints in 1994 and 1996, respectively. To
determinethedegreeof associationsbetweenthemeannumbersof thripsandpredatorsor
�o wersthroughoutthesamplingperiods,a total of tendatapointswerequali�ed peryear.
All relationswereexaminedby a simplecorrelationtest(Pearsoncorrelation)at P� 0.05.
Ratiosof thripslarvaeto Oriusnymphsonall plantstructuresweresubjectedto analysisof
variance(ANOVA) andsigni�cant differenceswereidenti�ed by Duncan'smultiple range
test(P� 0.05). Datawerelog-transformed(x+1) prior to analysisof variancein orderto
correctfor heterogeneityof variance. All analyseswere performedusing the SYSTAT
version9.0.1statisticalpackage(33).

RESULTS

Distrib ution of Frankliniella spp. and O. niger on cotton structur es Accordingto the
datapresentedin Table1, mostthrips larvaewerefoundon bolls (55.2–66.3%),followed
by leaves(22.4–33.8%),whereasfew thripslarvaewererecordedin �o wers.Frankliniella
spp.andO.niger adultswerefoundmostlyon�o wers.Mostnymphsof O.niger colonized
leaves(65.1–73.8%),followedby bolls (15.8–17.7%).Squareswerelessfavorableplant
structuresfor predatorynymphs.Adultsof O.niger occupiedmainly�o wers(66.0–74.8%).
Therewereonly few adultsof Oriuson thebollsandsquaresduringthesamplings.

Prey-to-predatorratios on squares,�o wers and bolls were similar and signi�cantly
lower than thoseof leaves in 1994 (F=4.885; P=0.032; df=3,11) (Table 2). In 1996,
prey:predatorratios on leavesandbolls were similar but signi�cantly higher than those
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 higher in the late-
planted�eld in 1996 than in 1994 (Figs. 1 and2). The meannumberof thrips larvae
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TABLE 1. Distribution of immaturesandadultsof Frankliniella spp. andOrius niger on various
cottonstructuresin Adanaprovince,Turkey, in 1994and1996

Year/insectz Distribution of Frankliniella thripsor Oriusnigery (%)
Immature Adult
Leaves Squares Flowers Bolls Leaves Squares Flowers Bolls

1994/Thrips 33.8 4.9 6.0 55.2 0.3 < 0.1 99.5 < 0.1
1994/O. niger 65.1 13.8 3.4 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
1996/O. niger 73.8 7.0 3.4 15.8 17.0 11.3 66.0 5.7

z Thrips= FrankliniellaoccidentalisplusF. intonsa.
y Averagedover all samplesin eachyear.

TABLE 2. Prey:predatorratioson variouscottonstructuresin Adanaprovince,Turkey, in 1994and
1996

Year Prey:predatorratiosonvariousplantstructuresz

Leaves Squares Flowers Bolls
1994 1.04� 0.19ay 0.18� 0.05b 0.13� 0.11b 0.59� 0.52b
1996 1.05� 0.67bc 0.98� 0.36c 0.18� 0.13c 2.37� 0.56ab

z Valueswerecalculatedfrom raw data;analysisof variancewasperformedon log (+) values.
y Within rows, means(� SEM) of prey:predatorratiosfollowed by a commonletter do not differ accordingto
Duncan's multiple rangetest(P� 0.05).

waslow on the squaresand�o wersbut high on the leavesandbolls in both years. Two
peaksof thrips larvaewerenoticedon leavesin mid- andlate-seasonin 1994. Seasonal
�uctuations of Orius nymphson plant structuresvaried in 1994 and1996. Nymphsof
Oriuswereassociatedwith thepopulationof thripslarvaeonleavesandbolls. Therelation
betweenthenumbersof thrips larvaeandOrius nymphson leaveswassigni�cant in both

TABLE 3. Correlationanalysisbetweennumbersof thripslarvaeandOriusnymphsonvariousplant
structuresin cotton�elds in Adanaprovince,Turkey, in 1994and1996

Year Plantstructures P r
1994 Leaves 0.0001 0.925**

Squares –z –
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�cant at P� 0.01.
z Correlationwasnotcalculatedbecauseof low valuesof boththripslarvaeandOriusnymphsonsquaresin 1994.

TABLE 4. Correlationanalysisbetweennumbersof �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 I 0.026 0.664*

Late/ Field II 0.001 0.877**
� ; �� Asterisksdenotecorrelationssigni�cant at *P� 0.05,** P� 0.01.
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TABLE 5. Correlationanalysisbetweennumbersof Orius niger and Franklinella intonsaor F.
occidentalisoncotton�o wersin Adanaprovince,Turkey, in 2000–2003

Year Plantings/
�eld

Insecticide
application

Correlations P r

2000 Normal No O. niger andF. intonsa 0.264 0.417
O. 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 I No O. niger andF. intonsa 0.035 0.703*
O. niger andF. occidentalis 0.004 0.845**

Late/Field II Yes O. niger andF. intonsa 0.657 0.173
O. niger andF. occidentalis 0.640 0.182

� ; �� Asterisksdenotecorrelationssigni�cant at *P� 0.05,** P� 0.01.

Fig. 1. Mean numbersof thrips larvae and predatorynymphs of Orius niger on various plant
structuresof cotton in Haciali, Turkey, in 1994. Broken line, thrips larvae; solid line, predatory
nymphs.

years(P� 0.05) (Table3). Therewerealsosigni�cant correlationsbetweenthe number
of nymphson bolls and the numberof larvae in both years(P� 0.05). However, the
relationshipsbetweenO. niger andthripslarvaeon �o wersandsquaresremainedsteadyat
very low or negligible levels.

Seasonal�uctuations of Frankliniella spp. adults and O. niger on cotton �o wers The
seasonal�uctuations of adult Frankliniella spp. thrips andO. niger parallel the fruiting
developmentof plants in the normal-plantedcotton �elds (Figs. 3a, b). The highest
populationdensitiesof Frankliniellaspp.coincidedwith thelate-bloomingperiodof plants
in all years. Frankliniella spp. peaked in the �o wers at boll formation or maturation
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Fig. 2. Mean numbersof thrips larvae and predatorynymphs of Orius niger on various plant
structuresof cotton in Haciali, Turkey, in 1996. Broken line, thrips larvae; solid line, predatory
nymphs.

stage,andmeannumbersof squaresand�o werswererelatively low in thenormal-planted
cotton�elds during2000–2002.Correlationsbetweenmeannumbersof Frankliniellaspp.
and�o werswerenot signi�cant (P> 0.05) (Table4). Trendsin the seasonal�uctuations
and abundanceof thrips specieswere similar in both �elds in 2000 and 2001. Thrips
populationsusuallypeakedin mid-Augustandthengraduallydecreasedto low levels.The
meannumbersof F. occidentalisandF. intonsawerehigherin 2002thanin 2000and2001.
F. occidentalisrapidly colonized�o wersand increasedto its highestpopulationlevel in
mid-Julyin 2002.After thesecondapplicationof insecticide(acetamiprid20%),F. intonsa
increasedrapidly to apeaklevel in the�o wersin lateAugust,whenpopulationdensitiesof
F. occidentalisandO. niger werelow (Fig. 3b).

Population�uctuationsof thripsspeciesandO.niger accordingto fruiting development
of plants in late-plantedcotton �elds in 2003 are displayedin Figures4a and b. In
the two late-planted�elds, the populationcurvesof F. intonsaandF. occidentaliswere
usuallysimilar, but their densitiesweredifferent. In treated�eld II, populationdensities
of F. occidentaliswerehigher thanin other �elds except in 2002. The highestlevels of
total thrips populationscoincidedwith a peakbloom of cotton,andcorrelationsbetween
numbersof Frankliniella spp. and �o wers were signi�cant in both �eld I and �eld II
(P� 0.05)(Table4).

The population density of O. niger was signi�cantly correlatedwith that of F.
occidentalisin normal-plantedcotton �elds in 2000and2001(P� 0.05) but not with F.
intonsapopulations(P> 0.05)(Table5). In these�elds, Orius-to-Frankliniella spp. ratios
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Fig. 3. Meannumbersof (a) plantstructurespercottonplant,andof (b) adultsof Frankliniella spp.
andOrius niger on cotton�o wersin Haciali,Turkey, duringtheyears2000,2001and2002.Arrows
indicatespraysagainstleafhoppers.

rangedfrom 1:2 to 1:15 in the courseof the season.Signi�cant correlationswere also
detectedbetweenOrius andF. occidentalisandbetweenOrius andF. intonsain the late-
planted�eld I in 2003. The ratios of predator-to-prey in this �eld varied between1:8
and1:19 from the secondto sixth sampling. The meannumbersof Orius in �o wers in
theinsecticide-treated�elds in 2002and2003werelower thanthosein other�elds (Figs.
3b and4b). Therewasno correlationbetweenthrips andpredatorpopulationsin either
insecticide-treated�eld (P> 0.05) (Table5). The ratiosof predator-to-total thrips ranged
between1:12and1:29in 2002,and1:36and1:16in 2003.

DISCUSSION

Themajorityof thripslarvaeinfestedcottonbolls (� 60%),whereasadultsof Franklin-
iella thripsspeciesvisitedmostly�o wers.Theseresultsarein agreementwith the�ndings
of Pickett et al. (27), who determinedthat theproportionsof thrips larvaeon leavesand
bolls were higher thanon otherplant partsand that adult thrips were attractedmostby
cotton�o wers. The low abundanceof adult thrips on bolls andleavesmay re�ect rapid
escaperatherthanlow occurrence.Therefore,the �o wer samplingmethodis muchmore
precisefor estimatingtheabundanceof �o wer-inhabitingthripson cotton. Most nymphs
of O. niger colonizedleavesandto a lesserextentbolls. Thehighdensityof Oriusnymphs
on leaveswas relatedto high densitiesof anotherprey, the cottonaphid Aphisgossypii
Glov. (Homoptera:Aphididae),whichfedonleavesduringmid-seasonin bothyears,prior
to theoccurrenceof themaincolonizationof �o wersby Frankliniella. Thereafter, Orius
nymphsinhabitedthe bolls, infestedby most thrips larvae for several weekslate in the
season.In contrast,datawereobtainedby Wilson andGutierrez(42) for nymphsof Orius
tristicolor (white) during the peakperiodof squareretention(mid July), andthe highest
proportionof thepopulationoccurredon cottonfruit, in SanJoaquinValley. Gonzaleset
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Fig. 4. Meannumbersof (a) plantstructurespercottonplant,andof (b) adultsof Frankliniella spp.
andOrius niger oncotton�o wersin Haciali (Field I) andBalcali (Field II), Turkey, in 2003.Arrows
indicatespraysagainstwhite�y andcottonleafworm.

al. (16) reportedthat immaturesof generalistpredators,viz. Orius, Nabis,Geocorisand
Chrysopa,werelessaccessiblebecauseof their tendency to hideinsidefruiting partsof the
cottonplant.This wasparticularlytruefor Oriusnymphs,andto a lesserextentfor adults.
The occurrenceof a high proportionof nymphson fruits in previous work may be due
to their protectingthemselvesfrom predaciousattacksof othergeneralistfeeders– which
werehighly abundantontheplants– nearlyall of whicharecannibalisticandfeedonother
predatorspecies(42). In contrast,in the presentstudy, the numbersof other generalist
predatorswerefewer on plantsanda vastnumberof their prey werepresent.Thus, the
resultsmaysuggestthatdistribution of Orius nymphson cottonplantschangesaccording
to availability of thedifferentpreys,whenothergeneralistpredatorsarescarce.Adults of
O. niger wereattractedmostly to �o wers. SomereportsindicatethatO. tristicolor adults
readily visit cotton �o wers(42) andalsofeedon plant pollen whenotherprey is scarce
(11,22,32).

Frankliniella intonsawasthedominantthripsspeciesin cotton�o wersin themonocul-
ture-cottonareasof the easternpart of Turkey's Mediterraneanregion in the years1994-
1997 (5). Recently, F. occidentalisspreadquickly to all cotton areas,becomingthe
dominantthripsspecies,anddisplacedF. intonsawithin 4 yearsafter its �rst introduction
into themonoculture-cottonareain theeasternMediterraneanin 1996.Amongthe33,041
adult thrips extractedfrom �o wers during the 4-yearstudy, F. occidentalisrepresented
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� 70%of the total numberof adult thripscollected.F. occidentalisis a bettercompetitor
becausethefemalesarehighly fecund[up to 230eggsperfemale:K.L. Robb(1989)Ph.D.
thesis,Univ. of California,Riverside,CA, USA] andmaycolonizethesamehostplantfor
several generations.The ability of adultsto detectshifts in hostquality andto disperse,
greatlycontributesto their reproductivesuccess(37).

Adults of F. intonsawerenot detectedon plantsuntil �o wering, but a few adultsof
F. occidentaliswererecordedon seedlingsalsopopulatedby redspidermitesin theearly
season.In contrast,in cotton�elds in Greece,F. 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 eachgeographicalarea. The numbersof Frankliniella spp. peaked in the �o wersat
similar samplingperiods,mid-or-late August, in the normal-or late-planted�elds. The
occurrenceof high numbersof thripsspeciesin a few �o wersat boll formationor during
the maturationperiod in the normal-planted�elds might have beendue to migrationof
thrips from other host plants, including weedsnear by or late-seasoncrops, to cotton
�elds. Seasonal�uctuations in theabundanceof �o wer thripson cottondid not show the
seasonalpatternsin thenumberof cotton�o wersin thenormal-planted�elds. Signi�cant
correlationsbetweenthe numbersof thrips and�o wers in the late-planted�elds suggest
thatcottonservesasa preferredhostfor thesethripsspeciesin theeasternpartof Turkey's
Mediterraneanregion.

The meannumbersof thrips larvae were greatly reducedto low or even extinction
levels after peaksof predatorynymph numbersin both years. Although adult F. intonsa
on �o wersslightly exceededthethresholdlevel of 50–75adultsper�o wer (3) for 4 weeks
in 1996(2), no damagecausedby larvaewasnoticed. This presumablywasdueto high
predatoryactivity of Orius nymphs,sinceothergeneralistpredatorswerevery rareon the
plantsduring the samplingperiodsin both years.Overall, thrips larvaeweremostlikely
preyed uponon �o wersandsquares(0.92and0.47prey per predator, respectively), and
bollsweresafeplantparts– with alow larval predationrate(11.57larvaeperpredator).An
intermediatebut relativelyhighpredationrateoccurredonleaves(4.72larvaeperpredator).
Theseresultsagreewith �ndings of a previous studyin Israeli cotton�elds wherethrips
weremostlikely preyedupononsquaresdueto overallnumbersof polyphagouspredators:
D. pallens,C. carneaandOriusspp.,andanintermediatebut relatively highpredationrisk
occurredon theleavesof bothPimaandAcalacottonplants(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 aggregation in responseto pollen availability (�o wer-
inhabitingthripsspeciesandOriusreadilyfeedonpollen).Althoughin thisstudyaspeci�c
experimenthadnot beenplannedto investigatetheef�ciency of O. niger on cottonthrips,
thereweresigni�cant andpositivecorrelationsbetweenthripsandpredatorpopulationsin
the�o wersin non-treated�elds butnotin thetreated�elds. Theoccurrenceof Frankliniella
spp.populationsat lower densitiesin the�o wersthroughouttheseasonin untreated�elds
mayhave beendueto thehigh predationby Orius. Theabundanceof thrips in �o wersin
insecticide-treated�elds wasmuchhigherthanin untreated�elds. Theuseof insecticides
in the�elds mighthaveresultedin anincreaseof boththripspopulations,while suppressing
thepopulationsof Orius. Ripper(29) suggestedthatnegative or no correlationsbetween
predatorandprey could indicateprey resurgenceor outbreaksof a target pestafter the
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eliminationof predators.StoltzandStern(34) found thatnumbersof F. occidentalisand
Oriuswereclearlyreducedin plotstreatedby dimethoateandnaled+ toxaphenein cotton
�elds, whereasthereafterthe populationof F. occidentalispeaked dueto the elimination
of generalistpredators.ThepredatorO. insidiosus(Say)effectively suppressedpopulation
increasesof Frankliniella spp. on pepper�o wersin non-treatedplots,andeliminationof
thepredatorby useof syntheticpyrethroidsresultedin permanentthripsinfestations(14).

The low levels or absenceof thrips larvae in the �o wers in 2001–2003may show
the predaciouseffects of Orius. Immaturethrips are easily preyed upon by predators
becausethey are lessmobile andsmallerthanadult thrips. A similar casewasreported
by Deligeorgidis (9), who found that in laboratoryexperimentsO. niger wasan effective
predatorof thrips speciesincludingThrips tabaciLindemanandF. occidentalis, andhad
promisingpotentialfor usein greenhouses.Under laboratoryconditions,adult O. niger
mostlypreferredimmaturethripsto adultthrips.

The insecticideapplicationsnever reducedpredatorpopulationsto extinction levels
and allowed the survival of predatorsto a low extent. This may be a reasonfor thrips
neverexceedingtheeconomicthresholdlevel on �o wersin thetreated�elds. It wasnoted
that no typical damagecausedby thrips appearedon plants,particularly in late-planted
andsprayed�elds. In a previousstudy, theseriousdamagecausedby largepopulationsof
Frankliniella spp.wasobservedon youngplantsin late-plantedcommercialcotton�elds,
wherepredatoryspeciessuchasO. niger wererarelyfound(3).

Increasedef�ciency of a predatoron prey populationsmost likely dependsupon
associationsbetweenpredators,the predator:prey ratio, andthe time neededto suppress
pestpopulations,whichareimportantfactorsfor a betterunderstandingof prey – predator
dynamics. Delayedsuppressionof thrips populationswasassumedfor anthocorid:thrips
ratiosabove 1:217,and immediatesuppressionof populationswithin 6.5 daysat preda-
tor:prey ratiosabove 1:50 (40). In the presentstudy, the ratio of prey to predatorranged
from 1.53to 19.28andwasbelow four adult thrips per Orius on mostsamplingdatesin
2000and2001. Funderburk et al. (14) found that numbersof F. occidentalisandlarvae
colonizing�eld pepperswerecloseto extinctionlevel within daysafterpredator:prey ratios
hadreached1:40.Theresultsobtainedfrom thenon-treated�elds mayindicatethatthrips
on cotton�o wersmight have sufferedmostfrom predationinducedby O. niger, because
prey:predatorratioswereoftenlower thantheratiospreviouslypublished.

Although usually phytophagous,F. occidentalisis known to feed on small insects
includingtetranychidmites(17,39).Theimportanceof F. occidentalisasthemajornatural
enemyof spidermitesin theearlygrowing seasonin SanJoaquinValley cottonhasbeen
demonstrated(15,17,39). Without thrips, seriousdamageoccurs(17,43). Gonzalesand
Wilson (17) statedthat thrips inhabited�o wers late in the growing seasonof cottonand
were less effective predatorsof spidermites. Pollen may be a better food sourcefor
thripsthanleaves.Availability of alternative food,andfoodquality, mayaffect late-season
control of spidermitesin this system. Additionally, althoughthereis no observation on
the interactionbetweenF. occidentalisand spidermites in this study, spidermitesmay
have beenlessaffectedby preying of this thrips in mid- or late-seasoncotton,becauseof
thehigh predationof F. occidentalisby Orius duringthatperiodin thenon-treated�elds.
F. occidentalisoffers an alternative prey for somegeneralistpredatorssuchasGeocoris
pallens(Stal),G. punctipes(Say)andO. tristicolor in cotton�elds (17).

Clearly, the identi�ed distributions of larval thrips and Orius nymphsto plant parts
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suggestthatcost-effectivemonitoringof populationsof theseinsectscouldbeachievedby
samplingleavesandbolls ratherthanotherplantparts.Likewise,thepopulationdensities
of adult thrips andO. niger could be estimatedby examining the �o wers. The absence
of a signi�cant positive relationshipbetweenmeannumbersof total thripsandof fruiting
structures,mainly �o wers,mayindicatethatnormal-plantedcottonin theregion servesas
a temporaryhostfor thrips species,ratherthanasa favorablehostfor their development.
Furthermore,late-plantedcotton�elds arepresumablymoredamagedby �o wer-inhabiting
thrips species,sincesigni�cant correlationsare often found betweenmeannumbersof
thripsandof �o wers.Therefore,it is suggestedthatavoiding late-plantingof cotton�elds
will beanimportantculturalpracticein �o wer-inhabitingthripsmanagement.The�ndings
of this studysuggestthatusinginsecticidesto control the �o wer-inhabitingthripsspecies
in normal-plantedcotton�elds is needlessbecause(i) plantshave enoughbolls to recover
andproducesuf�cient yield, whenmain infestationsof Frankliniella spp. occurred,and
(ii) thenumberof �o wer exposedto thrips infestationsis low andmostbolls will mature.
With regardto thrips– predatorinteractions,theresultssuggestthatOrius spp. mayplay
amoreimportantrole in regulatingpopulationsof thripsoncottonbecause(i) positiveand
signi�cant correlationswere recordedbetweenthrips and predatorpopulations,and (ii)
prey:predatorratiosin non-sprayed�elds werelower thanthe ratiospreviously predicted
andpublished.
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