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Characterization of Biotype T of BemisiatabaciAssociated
with Euphorbia characiasin Sicily

StefanoDemichelist ClaudioArno Y** DomenicoBosco?
DanieleMariar? andPieroCaciag|f

The T biotype of Bemisiatabaci (Gennadius,1889), a populationfound colonizing Eu-
phorbiacharaciasL. plantson the Nebrodi-Peloritanmountainsn Sicily, wasbiologically
characterized. The minimum developmenttime was 29.7 days at 28 C. Basedon the
regressiorof 1/dayvs T, therate of developmentwascalculatedas0.00206 the theoretical
lowertemperatur¢hresholdor developmenias9.3 C, andthesumof effective temperatures
as485.1.At 25 C, egg-to-adulidevelopmentvassigni cantly shorteron Datura stramonium
(30.1days)than on either Euphorbiapulcherrima or Euphorbiacharacias (35.6 and 35.4
days, respectiely). The fourth instar nymphs grovn on D. stramoniumhad the typical
oval outline and seren pairs of dorsal setaelocatedon cone-like processespften barely
visible. The fourth instar nymphs and their pupal casesgronn on E. characias had the
outline deformedby the presenceof hairs on the lower surface of the leaf. The pupae
on D. stramoniumwere signi cantly larger (both longer and wider) than thoserearedon
E. characias on both host plants,female pupaewere signi cantly larger than male ones.
Analysisof varianceshavedthatwidth of femaleson D. stramoniumwassigni cantly larger
thanthe width of thoserearedon E. characias Attemptsat courtshipbetweenT- and Q-
biotypeswere obsered, but adultsfrom differentbiotypeswere never seenmating. Only
maleswere obtainedfrom the seven heterologousrossingattempts,either way, whereas
homologous,control breedingproducedmalesand females. The T biotype was able to
transmitTomatoyellowleafcurl Sadinia begomwirus (TYLCSV) from D. stramoniunto D.
stramonium from tomatoto tomatoandfrom tomatoto D. stramonium Attemptsto transmit
TYLCSYV from D. stramoniunto tomatowereunsuccessfulThetransmissioref ciency was
signi cantly lower whentomatowasthetestplant. Thediversebiology andecologyof the T
biotypecon rm thatit is geneticallydifferentfrom mostMediterraneamiotypes.

KEY WORDS: Bemisia tabaci biotype T; Euphorbig whitey; Sicily; virus vector;
geminvirus?

INTRODUCTION

Bemisiatabaci(Gennadius1889)(Hemiptera:Aleyrodidae)is a pestof food, ber and
ornamentatropsthroughoutheworld andis theknown vectorof atleastl11plantviruses
(24). Theworldwidedistribution andthe hugenumberof host-planspeciesesultin ahigh
biologicalandgeneticvariability, sothatB. tabaciis considered “speciescomple (7),
with a numberof populationsidenti ed, alsode ned ashostracesor biotypes(33). The
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differentbiotypesvary considerablyin their ability to colonizedifferenthostplants(3,8)
andto inducephysiologicaldisorderdn somehosts(11),in theirratesof developmeni(41)
andyvirus transmissioref ciencies (3,42).

The presencef B. tabaciin Italy hasbeenrecordedsincethe endof the 19th Century
(37), but the white y was not consideredan importantagricultural pestuntil the early
1980s(31). The pestrole of B. tabaciincreasedvhen Tomatoyellow leaf curl Sadinia
virus(TYLCSV, Geminviridae: Begomuovirus),speci cally transmittedy thesweetpotato
white y, appearedn ltaly (26,35). Sincethen, both the B biotype of B. tabaci andthe
indigenousQ biotype have beenrecordedin several partsof Italy on a numberof host
specieq5,14). During a suney in Sicily, a populationof B. tabaciwasfound colonizing
Euphorbiacharacias L. plantsat about1000 m above sealevel (a.s.l.). Accordingto
analysisof the sequencef the cytochromeoxidasel (COIl) mitocondrialgene(39), the
populationis unrelatedo otherMediterraneatiotypesfor whichthis analysids available,
but relatedto the Indian clade of B. tabaci, in which the M biotype from Turkey has
beenplacedby esteraseslectrophoretigattern(3) and RAPDS (19). It hasan esterase
electrophoretigatterndistinct from both the B and Q biotypes,andis restrictedto E.
characias Thepopulatiorhasbeenrecognizedsanew biotype,namedT (38). Theaimof
thepresentvork wasthebiologicalcharacterizationf the T biotypeof B. tabaci expected
to be somavhattolerantto low temperaturesandsomeha reproductvely isolated,given
the peculiarbiotopewherethe biotypelives(38). Temperature-deelopmentrelationships,
reproductve isolation,morphology morphometryandvectoringability of T biotypewere
investicated.

MATERIALS AND METHODS

Field surveysand white y rearing BemisiatabacibiotypeT (38), originally collected
in year20000n E. characiasplantsin the areaof Selladei Mandrazzi(Messinaprovince)
on the Nebrodi-Peloritanmountainsin Sicily (approximatecoordinates:37 58' N, 15
08' E; 600—1000m a.s.l.),weremaintainecbn E. characiasplantsin a climate-controlled
chamber(25 1 C; 60-90%r.h.; 16L:8D photoperiod). Theserearing conditionswere
usedthroughoutthe work, unlessotherwisespeci ed. Insectsfrom the samecolory
werealsorearedon Datura stramoniumandEuphorbiapulcherrima (Willd. ex Klotzsch)
(poinsettia). A colory of B. tabaci Q biotype, originally collectedon melon plantsat
Oristano(SardiniaRegion), wasrearedon cucumberCucumissativusL.) underthe same
conditions.

Furthersamplingof white ies on E. characiaswas carriedout at varioussitesin the
sameareaat the beginningof March2001.

Developmentrate andtime Todetermingherelationshipbetweerdevelopmentateand
temperaturethree E. characias plantsfor eachexperimentaltemperaturevere infested
with adult white ies (sex ratio 1:1), which were allowed to oviposit for 24 h at 25 C
andthenremoved. Plantswerethenplacedwithin Plexiglas andnylon cagesin climate-
controlledchamberst16,19,22,25,28and31 C( 0.5 Casindicatedby theequipment,
1 C asmeasuredy the temperatureecorder)and examinedfor emegenceof adults.
Newly emegedadultswerecounteddaily andremoved. Thetheoreticalowertemperature
threshold(LDT) for egg-to-adultdevelopment(the temperaturet which the development
rate equalszero, TO) was estimatedoy weightedlinear regressionof the inverseof days
(1/day) vs rearingtemperaturgT) (20). The sum of effective temperature¢SET) was
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estimatedrom the reciprocalof the slopeof the regressionine. Developmentiime on a
day-degree( D) time scalewascomputedcas D =days (T-TO)for T>TO (16).

The developmenttime at 25 C wasalsoestimatedn E. pulcherrimaandD. stramo-
nium in the sameway.

Sexratio and parthenogenesis The sex ratio wasdeterminedat 25 C on the progery

of four couplesreared,one couple per plant, on either E. characiasor D. stramonium,
counting and removing the newly emeged adults almostdaily. Parthenogenesisvas
checledby rearingvirgin femaleson E. characiasplants,eitherindividually or in groups.
Virgin femaleswvereobtainedrom singlefourth-instamymphsisolatedin glasstubeswith

theleaf piecethey wereattachedo, until emegence.

Mor phometry and morphology Samplesof T biotype fourth-instar nymphs were
obtainedfrom E. characiasandD. stramoniumby cutting small piecesof leaveshosting
white ies. Lengthandwidth of pupae,recognizedby the disappearancef mycetomes
(25), were measuredundera stereomicroscopat 25 total magni cation, with 10
micrometriceyepiece. Measuresvere roundedto the smallesteyepiecedivision, i.e., 40
m. Eachfourth-instarnymph on its leaf piecewasisolatedin a glasstubeon wet Iter

paperuntil the emegenceof theadultfor sex identi cation.

For comparisonwhite ies of the Q biotypewererearedon D. stramoniumplants,and
fourth-instamymphstreatedasT biotypesamples.

Leaf pieceswith oneor morepupaeor freshexuviaewerecut from rearingplants,both
E. characiasand D. stramonium,delydratedby 1-h passage& 70% ethanol,absolute
ethanol,andcyclohexane,anddried on absorbenpaperin a vacuumdesiccatomwith silica
gel asdesiccantat room temperature Specimensvere gluedto aluminumstubsby two-
sidedsticky adhesie tapeand then coatedusing a sputtercoatermodel E 5000 C-PS3
duringtwo consecutie treatmentg$60 s each,10 mA, 0.1 Torr). Obsenationsweremade
underSEM (Cambridge200)at 13 KV, magni cationrangingfrom 100to 150.

Crossingexperiments Attemptsweremadeto crossbiotypeT with biotypeQ, thelatter
beingindigenougdo the Mediterranearregion andspreadingn Sicily (38). Virgin females
andmalesfrom both biotypeswere obtainedfrom singlefourth-instarnymphsisolatedin

glasstubes,with the leaf piecethey were attachedo, until emegence. The adultswere
thenrearedseparatelyon D. stramonium the only experimentalhostplant sharedby the
two biotypes.Malesof onebiotypewerethentransferredo the cagewherefemalesof the
otherbiotypewere beingreared. Insectswere obsenred for courtshipand matingwith a
magnifyinglensfor 1 h eachof the5 daysfollowing thetransfer andthenremoved. Plants
werekeptuntil the emepgenceof thelastadultor for 2 monthsin caseno white ies were
noticedin thecage.

Vectoring ability In orderto testvectoringability of the E. characias biotype, adult
white ies wereallowedto feedon TYLCSV-infectedplantsfor 24 h, after which insects
weretransferredn small clip cagesto testplantsfor 72 h of inoculationaccess.Virus
sourceandtestplantswereeithertomato(LycopesiconesculentunMill.) cv. "Marmande'
or D. stramonium.Sourceplantswere experimentallyinfectedby insectstestplantswere
exposedto viruliferous white ies at the fourth leaf stage. Insectsweretransferreceither
individually or in groupsof three. At the end of the inoculationaccessthe test plants
werefreedfrom insectsby removing the cagespbsenedfor symptomsn aninsect-proof
greenhousegndtestedoy dot-blothybridizationassay2) in afew dubiouscasesFromthe
samevirus sourcescontroltransmissioniestsweredoneusingB. tabaciof the B biotype.
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Statisticalanalysis All statisticakalculationavereimplementedisingGenstaé.2(VSN
Internationaltd., Oxford, UK) (32).

TABLE 1. Development(dev.) time for the T biotypeof Bemisiatabacion Euphorbiacharaciasin
daysaswell asin day-dgreeq D) attheexperimentatemperatures

Exp. Adults Mean & Meandev. rate Mean D & Range
temp. obtained dev.time Rangé (1/day SD) ( SD)

(O (no.) (days SD)

16 122 775 53 68-87 0.01297 0.00090 519.7 35.6 456.2-583.6
19 382 48.1 49 41-57 0.02088 0.00148 467.3 34.2 398.0-553.4
22 449 37.3 3.8 29-49 0.02705 0.00256 474.1 47.0 368.5-622.7
25 98 35.4 3.3 28-46 0.02853 0.00265 555.4 52.3 439.8-722.6
28 72 29.7 3.2 25-38 0.03402 0.00360 556.2 60.4 467.7-710.9
31 60 35.7 3.9 29-44 0.02839 0.00320 773.9 85.6 629.5-955.2

2Rangendicatesthedaysof the rst andthelastemegence.

TABLE 2. A Lengthandwidth (in  m) of maleandfemalepupaeof the T biotyperearedon either
Datura stramoniumor Euphorbiacharacias plants. B Length and width of pupaeof the T- and
Q-biotypesrearedon D. stramonium

A T biotype
Hostplant Sex n Meanlengttf MeanwidthY
SD SD
D. stramonium F 14 874.3 41.1 637.1 39.9
M 28 734.3 38.1 494.3 33.0
E. characias F 28 762.9 26.5 520.0 32.7
M 56 657.9 38.8 4429 27.3
Z2LSD=13.9YLSD=11.7.
B T- andQ-biotypeson D. stramonium
Biotype Sex n Meanlength MeanwidthV
SD SD
T F 14 874.3 41.1 637.1 39.9
M 28 734.3 38.1 494.3 33.0
Q F 28 862.9 35.2 611.4 34.2
M 56 730.0 33.5 504.3 31.1

XLSD=13.3;" LSD=12.8.

RESULTS

Field surveysand white y rearing At thebeginningof Marchonly nymphs,from rst-
to fourth-instay were obsered and collectedon E. characiasat all sitesin the Selladei
Mandrazziarea. At 1000m a.s.l. the populationof immaturestagesshaved the highest
proportionof rst-instar, andno fourth-instarnymphswereobsered. At lower altitudes,
theproportionof fourth-instamymphsgraduallyincrease@nd rst-instar onesweretotally
absent.

Continuousbreedingof T biotype white ies was successfulonly on E. characias
Nevertheless,D. stramoniumproved to be suitable for rearing white ies for a few
generations.In spite of repeatedattemptsto rear T biotype on poinsettia,only in one
casewasalow numberof progely obtained.
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TABLE 3. HeterologougrossingattemptsetweerbiotypesT andQ on Datura stramoniumplants
(H1:::H7) andhomologougontrolsonthe samehost(CL: : :C2)

Exp. Biotype T BiotypeQ Progey
Female Male Female Male Female Male

H1 19 13 0 19
H2 6 10 0 0
H3 4 2 0 91
H4 13 26 0 0
H5 1 2 0 14
H6 1 1 0 3
H7 4 5 0 91
C1 24 26 13 75
Cc2 1 3 45 15

TABLE 4. Vectoringability of Bemisiatabaci, T biotype, asdeterminecby transmissiortestsof
Tomatoyellowleaf curl Saidinia begomaorvirus

Biotype Insectsper Source Testspecies Positive Tested P

plant species (no.) (no.)
B 3 Datura Datura 7 14 0.50
T 3 Datura Datura 12 25 0.4gbic
T 3 Datura Tomato 0 16 0.00~d
T 3 Tomato Datura 17 18 0.94ide
T 3 Tomato Tomato 4 28 0.1k
B 3 Tomato Tomato 19 24 0.79
T 1 Tomato Tomato 1 25 0.04
B 1 Tomato Tomato 10 25 0.4¢

P having the samesuperscriptliffer very signi cantly in the 2-test(P< 0.01;df=1).

Developmenttime Developmentimesandratesof B. tabaciT biotypeon E. characias
are shavn in Table 1. The minimum time was attainedat 28 C. The only higher
temperaturetested(31 C) did not shortenthe egg-to-adultcycle while resultingin a
high mortality, asjudgedby the low numberof adultsemeged comparedwith at lower
temperaturesyhile the conditionsfor ovipositionwerethesame At 28 C theegg-to-adult
developmentimewas29.7 3.2days(mean SD)(median= 30).

The equationtted to 1/dayvs T betweenl6 and28 C by weightedlinearregression
was: 1/day=0.002061( 0.000025)T —0.019153 0.000436)seeFig. 1)
(percentagevarianceaccountedfor: 87.7; df=1127; P<0.001; residualsare normally
distributed). This indicatesa theoretical LDT of 9.3 C for abolishing egg-to-adult
developmentanda SET equalto 485.1( SE:479.8-490.6)Developmentimeson aday-
degree( D) time scalecalculatedor eachexperimentatemperatur@areshovn in Tablel.
Evenexcludingthe obviousoutlierat T=31 C, anapparenhon-lineartrendis visible, but
themeanvaluescalculatedor eachexperimentatemperatureverereasonablyloseto the
calculatedSET.

At 25 C, egg-to-adultdevelopmenttook 30.1 2.2 days(n=86) on D. stramonium
35.6 3.8days(n=31)on poinsettia,and35.4 3.3 days(n=98)on E. characias Data
from the different host plantswere comparedby the Mann-Whitngs U test becauseof
the non-homogeneougarianceq 2=20.630n df=2 by Bartlett's testfor homogeneityof
variance;P< 0.001). Therewasno signi cant differencebetweerthe developmenttimes
on E. characiasandon E. pulcherrima (U=1475.5;P=0.811). The developmenttime on
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Fig. 1. Rateof developmentrom egg to adultof Bemisiatabaci T biotype(1/day)in relationto the
rearingtemperatureTheregressiorine is calculatecby weightedlinearregressionnot considering
thepointat31 C.

D. stramoniumis signi cantly shorterthan on either Euphorbiaspecieg(P< 0.001 with
U=255.5andU=746.5for E. pulcherrimaandE. characias respectiely).

Sexratio and parthenogenesis In the progery of threecouplesrearedon E. characias,
46, 31 and 30 females,and 31, 34 and 28 maleswere counted. The progery of one
couplerearedon D. stramoniumwasrepresentethy 29 femalesand37 males. Therewas
no signi cant differenceamongthe experiments. The female-to-maleglobal ratio was
1.0226:0.9774,the value being not signi cantly differentfrom a 1:1 ratio atthe 2 test
(P=0.71;df=1). Female-to-tota({females+ males)ratio, accordingto a morecommonly
usedparameterwas thereforenot signi cantly differentfrom 0.5. Whenrearedfrom a
relatively large groupof individuals (asin the experimentreportedasC1 in Table 3), the
female-to-totakatio wasonly 0.14 (95% con dencelimits of the proportionare0.12and
0.24).0f 16 virgin femalesrearedon E. characiasplants,207 maleswereobtainedandno
females.

Mor phometry and morphology Meanlengthandwidth of pupaeof theT biotypereared
eitheron D. stramoniumor E. characiasarereportedin Table 2A. The variancesof the
measurementdid notdiffer signi cantly by Bartlett'stestfor thehomogeneityf variances
( ?=5.35and3.84,respectiely, bothwith 3 df andP>0.14)andtherewasno signi cant
relationshipbetweenmeanand variance,so that data did not needto be transformed
for statisticalanalysis. As revealedby the analysisof variance,therewas a signi cant
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Fig. 2. SEM imagesof fourth-instar nymphs of Bemisiatabaci T biotype rearedon Datura
stramonium(A andB) or on Euphorbiacharacias (C andD). On D. stramoniumthe fourth-instar
nymphsshowv anoval outlineandsevenpairsof dorsalsetadocatedon cone-like processesvariation
in thenumberof setaevasusualon fourth-instamymphs(a variantwith four pairsof setadn A; part
of thewaxyfringe, indicatedoy anarraw, is alsovisible). Setaeareoftenlostandcone-like processes
barelyvisible in mostpreparationgrom D. stramonium(B). The fourth-instarmymphsgrown on E.
characias(C andD) have sevenpairsof easilydistinguishediorsalsetaebut theiroutlineis deformed
by the presencef hairson thelower surfaceof theleaf.

differencein the overall dimension: (i) the pupaeon D. stramoniumwere signi cantly
larger(bothlongerandwider)thanthoserearedon E. characias(P< 0.001);and(ii) onboth
hostplants femalepupaeweresigni cantly largerthanmaleones(P< 0.001).Theanalysis
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of varianceof width revealeda signi cant interactionbetweerplanthostandinsectsex, the
width of femaleson D. stramoniumbeinglargerthanthatof thoserearedon E. characias

The differentialin uence of the hoston the width of pupaewascon rmed by analyzing
theratio of thetwo dimensiongratio = length/ width): therewasno signi cant difference
betweerratiosof maleson the two hosts,but the ratio of femaleson D. stramoniumwas
signi cantly greatethanthatof femalegearednE. characias(t=2.91on40df; P=0.003).

Measurementef the pupaeof the Q biotyperearedon D. stramoniumaresummarized
in Table 2B. Femalesof the Q biotype were longer and wider than males(t=16.87 for
lengthand t=14.39for width, respectiely, on 82 df; P<0.001at the one-sidedest for
both). As seenin Table2B andcon rmed by analysisof variancetherewereno signi cant
differencesdbetweerthe measurementsf the two biotypesrearedon the commonhostD.
stramoniumthe only differencebeinglinkedto the sex of pupae.

The fourth-instarnymphsgrown on D. stramonium andtheir exuviae (Fig. 2A, B),
hadthetypical aspectdescribedn theliterature(25), with anoval outline andsevenpairs
of dorsalsetadocatedon cone-like processesVariationin the numberof setaewvasusual
on fourth-instarnymphs (seea variantwith four pairs of setaein Fig. 2A; part of the
waxy fringe is alsovisible). Setaewvereoftenlostandcone-like processebarelyvisible in
mostpreparationgrom D. stramonium The fourth-instarnymphsgrown on E. characias
andtheir pupal caseqFig. 2C, D) hadseven pairsof dorsalsetae but their outline was
deformedby the presenceof hairs on the lower surface of the leaf. The nymphswere
nevertheleswital anddevelopedinto adults.

Crossingexperiments Attemptsat courtshipbetweenl andQ biotypeswereobsened.
Neverthelessadultsfrom differentbiotypeswere never seenmating. Seven attemptsat
heterologousrossingwerecarriedoutasdescribedn the MaterialsandMethods together
with two homologouscrossingsas controls. Details of the experimentsand resultsare
shavn in Table 3. Only maleswere obtainedfrom the heterologousrossingattempts,
eitherway, whereashomologousreedingproducedothmalesandfemales.

Vectoring ability Resultsof virus transmissiortestsaresummarizedn Table4. TheT

biotypewasableto transmitTYLCSV from bothD. stramoniumandtomatoto homologous
testplants. The transmissioref ciency was comparableo that of the B biotype when
transmittingfrom D. stramoniunto D. stramonium(12 positive out of 25 testedand7 out

of 14, respectiely), but wassigni cantly lower whentransmittingfrom tomatoto tomato,
independenthof the numberof vectorsusedpertestplant( 2=9.44and 2=11.39,both

with 1 df, for transmissiortestsmadewith oneandthreeinsectsper plant, respectiely;

P<0.01in both cases).On tomatotestplants,only teninsectsof the T biotypeout of 25

survivedto the endof theinoculationaccesgeriod (3 days),comparedvith 19 out of 25

of the B biotype. As shavn in Table4, transmissiorfrom tomatoto D. stramoniumplants
by biotype T was very ef cient, comparableo transmissiorof biotype B from tomato
to tomato, whereagsransmissiorwith the T biotypefrom D. stramoniumto tomatowas

unsuccessfullthoughthe contemporarfhomologoudransmissionsucceeded.

DISCUSSIONAND CONCLUSIONS
The biotype T Bemisiatabaci originally isolatedfrom E. characiasin Sicily, and

geneticallysimilar to the Indian clade(38), is oneof the nearlymonophagoupopulations
of the B. tabacicomple, like the biotypesE (Asysthasig N (Jatrophg, andthe Casssa
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biotype from the Ivory Coast(7). This notwithstandingthe T biotype could reproduce
on D. stramoniumunderexperimentalconditions. Therefore,D. stramoniumcould sene
asa commonhostplant, allowing comparisongndinterbreedingexperimentswith the Q
biotype.

Wheninsectcoupleswererearedseparatelyon eitherE. characiasor D. stramonium
plants,the T biotype had a global sex ratio not signi cantly differentfrom 1:1, thatis,
0.5if computedasratio of femalesto total. The female-to-totakatio hasbeenreportedto
vary from 0.51to 0.61for the A biotype (15), and0.76in B. tabaciB biotype obtained
from a large numberof adults(sex ratio of parents,1:1) on poinsettia(16) at the same
temperature.Underthe sameconditions,usingrelatively large numbersof adultswith a
se ratio approx. 1:1, the T biotypehada female-to-totakatio of 0.140n D. stramonium,
indicatingthatdifferentbreedingconditionscansigni cantly in uence theglobalsex ratio.
The parthenogenesisf the T biotypewasarrhenotokus,asfor mostwhite ies (10), with
unmatedemalesproducingmaleoffspringonly.

Developmentmeantime of the B. tabaci T biotype on E. characias varied with
temperaturdrom 77.5daysto a minimum of 29.7 days,attainedat 28 C. This is longer
thanreportedby Wagner(40) for the B biotype on cotton (16.2 days)at aboutthe same
optimaltemperatur€27.6 C). The only highertemperaturéested(31 C) did not shorten
the egg-to-adultcycle. This phenomenoiis well known in variousbiotypesof B. tabaci
(5,15)andfor Bemisiaargentifolii (Bellows and Perring)on differenthostplants(30). A
signi cant reductionof the meandevelopmenttime on solanaceou$iosts(30.1 dayson
D. stramonium comparedwith 35. 4 and35.6dayson E. characiasandE. pulcherrima,
respectiely, at the sametemperaturejs known alsofor the B biotype,which, at 25 C,
develops much faster on eggplant than on poinsettia(or cotton) (15), and it is also
documentedor the Q biotype on differentsolanaceoubosts,althoughto a lesserextent
(28).

Theslopeof developmentatefrom eggto adultof the T biotypeonE. characiasagainst
temperatur€0.002061 0.000025)was sensiblylower thanthe value calculatedfor an
Italian populationof the B biotyperearedon Frenchbeang5), for the B- and Q-biotypes
rearedon sweetpeppern(29), andfor the poinsettiastrainon E. pulcherrima(16), whichis
amongthe lowestreportedfor B. tabaci(15,30). This meanshatthe developmentrateis
relatively higherat alowertemperaturewhich is typical of cold-adaptegbopulationg22).
The theoreticalLDT of 9.3 C for abolishingegg-to-adultdevelopmentis also unusually
low comparedo the above-mentionediotypes(13.9 C and11.5 C, respectiely, for the
Italian B biotype(5) andthe poinsettiastrain(16)), but slightly higherthanthosereported
by Muhiz andNombela(29) for B- andQ-biotypeson sweetpepperascalculatedwith the
linearequationwe alsoused.The LDT wasquite closeto the lower temperaturghreshold
of the B biotype as calculatedby the sameauthors(29) using a non-linearmodel. An
attemptto usethe samemodelon our datafailedto corverge,giving unreliableparameters,
possiblybecausehetemperaturg@ointswe usedwerenotwell choseror wereinsufcient
for the four-parametercune. The calculatedSET was485.1 D andthis alsois unusually
high, whencomparedo datareportedfor developmentof B. tabacion cotton(9,43),0n
poinsettia(16), andon Frenchbeang5), for the B- and Q-biotypeson sweetpeppen(29).
These ndings, togethemwith the locationof the population,indicatethatthe T biotypeis
very well cold-adaptedmuchmorethanthe previously describedtalian B biotype from
Sardinia(5). Thecold adaptatiorof the T biotypeis con rmed by its distribution restricted
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torelatively coldareasyhereotherB. tabacibiotypesarenot presentMoreover, T biotype
is ableto overwinterunderprolongedsnov coverage,an unlikely performancedor other
biotypes.RecentlytheT biotypehasalsobeenfoundin the ForestaJmbra,in theGargano
areaof Apulia (approximatecoordinates41 41' N, 15 58' E; 600-800m a.s.l.),on E.
characias outsidethe northeastertvoundarydistribution of the otherB. tabacibiotypesin
outdoorconditionsin Italy (5). Analysisof themt CO| genesequenceon rms thatthis
populationbelongsto T biotype(unpublishedesults).

Developmenttime on a day-degree time scale calculatedfor each experimental
temperatureshaved a non-lineartrend (seeTable 1), even excluding the obvious outlier
at T=31 C, but the mean values calculatedfor each experimentaltemperaturewere
reasonablycloseto the calculatedSET (approximated5% con dencelimits for the mean
values: 474-496). A non-lineartrend for the SET calculatedfor each experimental
temperaturehas alreadybeennoted by Hart et al. (20) in the caseof the Syrphidae
Epysirphusbalteatus Use of a quadraticmodelwould also t the D value calculated
for 31 C. It shouldbe stressedhereforethat the independencef D from temperature
is an approximateassumption,and should be usedwith caution. On the other hand,
assumingsuchindependeny thatis, usingthe SET value (485 D) to predictthe average
time of development,would leadto an acceptableerror, for ervironmentaltemperatures
varying moderately asit underestimatethe effect of low and high temperatureshut it
overestimatesimilarly theeffect of thecentraltemperaturesyithin therangeof individual
variations.

The absenceof overwintering adults suggeststhat the T biotype cannotcomplete
egg-to-adultdevelopmentundernaturalconditionsduring winter. However, the different
immaturestagedound at the differentcollectionsites(from 600to 1000m a.s.l.) suggest
thatthe T biotypecould overwinterasegg and/or rst instar Field surweysandcontinuous
breedingin the laboratoryat 25 C exclude the presenceof a dormantstage. In Israel
(18) and southernCalifornia (12), all stagesjncluding adult, were found during winter.
The different overwinteringmode of the T biotype seemsrelatedto the colder winter
temperaturesf the Peloritani-Nebrodmountainarea. Previous studiesundercontrolled
conditionsshavedthattheadultis the mostsensitve stageto cold in B. tabaci(5).

As expected7,36),therewereno morphologicabetailsto tell the T biotypefrom other
B. tabacibiotypes.Thedimensionglengthandwidth) of pupaearealsonot differentfrom
thoseof the pupaeof the Q biotype rearedon the samehost plant, whereassigni cant
differenceswere detectedwithin the B biotype whenrearedon either D. stramoniumor
E. characias The hosteffect is alsodocumentedor two populationsof B. tabacifrom
California (cottonandpoinsettia)(4), although,in this case the interactionbetweenhost
plantandpopulationis signi cant, meaninghatbothfactorsin uence thelengthof fourth-
instarnymphs. The D. stramoniumrearedT biotype pupaearelongerthanreportedfor
other populations(4,25), but the dimensionsof pupaeare strongly in uenced by their
densityon the leaf surface (4), and we have not consideredhis factor As reportedfor
otherpopulationg(4,17), pupaeof malesandfemaleswere signi cantly differentin both
length and width within the T biotype (aswell aswithin the Q biotype), althoughwith
someoverlap. Therefore extremevaluesof dimensionscanbe usedto selectmalesand
females,in caseof need,but dimensionsper se did not allow total separatiorof sexes
before emegenceof adultsin the T biotype, asis true for the cassaa biotype (17).
Furthermoreaswe do notknow thein uence of geneticotherthansex onthedimensions
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of pupae building populationsrom dimension-selecterhalesandfemalescanintroduce
uncontrolledselectionpressure.

Attempts to crossthe T biotype with the Q biotype in both combinationswere
unsuccessfulas only males were obtainedfrom the heterologouscrossingattempts,
althoughin afew casesve obsenred courtshipbetweermembersf heterologougouples.
Also in interstrain crossesbetweenA and B biotypes, Perring et al. (34) obsered
courtshipbehaior, but noneof the pairsmated. Even leaving out the controversial case
of B. argentifolii (21), all kinds of reproductve interactionhave beendemonstrateth the
B. tabacispecies-comple from total reciprocalimatingincompatibility (27),to production
of fertile hybrids, e.g. betweenJatropha and Arizona biotypes(6), throughsomesort
of matingisolation, with productionof possiblysterile hybrids (13). Thus, unsuccessful
matingbetweenT- and Q-biotypesis not surprising. The limited numberof experiments
doesnot allow usto assumeotal matingincompatibility, but successfutrossingmustbe
rare or absentunderexperimentalconditions,andis improbableundernaturalconditions
becaus®f thegeographicaindecologicalisolationof the T biotype.

The last aspectof the biology of the T biotype we have consideredis its ability
to transmit TYLCSV, the main white y-borne begomovirus infecting tomatoin Sicily,
althoughnottheonly one(1). T biotypecouldtransmitTYLCSV bothfrom D. stramonium
to D. stramoniumandfrom tomatoto tomato. Transmissioref ciency wascomparabldo
that of the B biotypewhentransmittingfrom D. stramoniumto D. stramonium but was
signi cantly lower whentransmittingfrom tomatoto tomato. Wheneer tomatowasthe
testplant,transmissiorwasvery inef cient, regardlessof the sourceplant. Differencesn
theef ciency of transmissiorf aplantvirus by differentB. tabacibiotypesarewell knovn
for geminviruses(3) and criniviruses(42), andin uences of the sourceand test plants
on efciency have alsobeenreported(3,23). On the otherhand,biotypesB andQ have
comparablesfciencies in transmittingTYLCSV from tomatoto tomato(14), and from
tomatoto SolanumnigrumandD. stramonium from D. stramoniumbackto tomato(23).
In our experimentsthelow transmissioref ciency of TYLCSV from tomatoto tomatoby
the T biotypewaslinkedto reducedsurvival on tomatoplants. The S biotypeis unableto
survive ontomatolong enoughto acquireor transmitTYLCSYV, althoughit could transmit
the virus from S. nigrumto S. nigrum (23). Becauseof the failure to transmitTYLCSV
from Datura (apossiblentermediaténost)to tomato,andbecausef thequasi-monophagy
theT biotypecannotbe considered threatto agriculture.

The presenceof this biotypeis probably not due to recenttransferassociatedvith
agriculturalactivity, becausehis biotypeis restrictedto a wild plant speciesgrowing in
naturalareas. We can speculatethat the T biotype represents residualpopulationof
the Indian clade, originally widespreadn the Mediterraneararea(the Indian region is
consideredhe geographicabrigin of the species(7)), con ned to E. characias by the
spreadf more t Mediterranearbiotypes.
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