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4 ObJectlve-onentated summary of tbe proJect 

In Ihe 1970's Ihe cassava grecn mlte (CGM) Mononychellus tanajoa Bondar was accldcntally 

mtroduced to Afnca where It spread rapldly over the cassava belt from Mozamblque through 

Zalre and the Central Afncan Repubhe to the coast of West Afnca The damages eaused by 

Ihls pest were devastatlng Yleld losses reaehed 80% In dry years Controlhng CGM wlth 

acaracldes 15 economlcally and ecologlcally lmpractlCal under Afrlcan condltlons and a 

blOloglCal control strategy 18 more appropnate For thls reason, the IntematlOnal Instltute oí 

Agnculture (lITA) and the InternatlOnal Center oí TropICal Agnculture (CIAT), Inltlatcd m 

1984 a blOloglcal control effort to search for efficlent natural enemles m South Amenca, where 

cassava and CGM are ongmated In Latm Amenca ca 50 potenttal natural enemles of CGM 

lt ? 
were ldentdied 8lnce was ,IS not feaslble to mtroduce all of them selectlOn procedures were 

t.. 
necessary 

For the selectlOn of natural enemles of CGM 1I 15 Important to know thetr food preferences 

under field condlttons In the present work we used two forms of analysls to study predatlOn 

behavlOur Polyacrylamlde Gel Electrophoresls (PAGE) to analyze the gut contents ofpredators 

collected In the field and preferenee tests eonducted In the laboratory and In the fie1d 

For the electrophoretlcal analyses we tested 10 enzymes to seleet lhe most promlsmg stammg 

melhod for mlte enzyrnes Of Ihese enzymes esterase Ylelded the dearest band patterns for the 

predators, thelr gut content and the prey specles Wlth thls enzyme we Identdied 93% of field 
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collected tetranychld samples Because of poor esterase stammg of fue phytosends we could 

no! ldenllfy more fuan 23% Desplte of tlus hmltallon fue hlgh esterase actlvlty of the prey 

speCles permltted fue IdenbficatlOn of gut contents of 50% of fue analyzed samples We asSlIn1e 

that the dlfficullles of the gut analysls were caused by the unknown tIme of the last food mtake 

and the prey developmental stage, two factors that are unknown for samples collected m the 

field Another Importan! hmltatlOn of thls techmque was the wlde range of esterase actlvlty of 

the varlOUS specles ThlS factor mlght have been responslble for the hlgh frachon of 

umdentIf'ied phytosend samples However, e1ectrophoresls of esterase Isoenzymes provlded an 

excellent means for dlsenmmahng speCles of the cassava aeanne complex 

The hmltatlOns of the electrophorettc analyses caused us to focus on host preference analyses 

wlfu three seleeted phytosends Typhlodromalus mamhotl Moraesl(strams from Venezuela, 

BrazIl and ColombIa), T lzmomcus Garman & McGregor I and Neoselulus ldaeus Denmark & 

Muma We studled two strams ofthe latter speCles, one from Fonseca (ColombIa) and Ihe ofuer 

from Petrolma (BrazIl) Both have been shlpped lo Afnea for release as natural enemles of 

CGM We offered CGM combmed wlfu other aearme prey, such as M canbbeanae McGregor, 

Tetranychus urt¡cae Koch and Dlzgonychus gOSSypll Zacher, or non-acarme food ltems such 

as nymphs of FranklImella w¡llzams¡ Hood (thnps), honeydew-secretmg puparm of 

Aleurotrachelus SOCzallS Bondar (whltefly) and comdla ofthe cassava fungus DldlUm mamhotls 

Henn, to the predators under free-chOice condltlons 

1 The sp«les r mamhOIl 15 synonyrnous wtth T hmomcus sensu lato and T Irmomcus wlth T Irmomcus SCI1SU 

slr/clo accordmg 10 the new taxonomlC claSSlficatlon of Moraes el al (1994) 
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Prehmmary expenments showed the Importance offeedmg hlstory on predatlOn behavlour The 

predatlOn behavlour of satJated predators was more vanable than that of starved Furthennore, 

satJated phytosends kllled more lmmature prey than starved predators Al! strams fed on all 

prey stages, however, the consumpuon of adults by N ldaeus was extremely low The hlghest 

kIlhng ratemall strams was observed when larvae were offered In these prehmmary 

expenments, T lzmomcus was the most voraclOUS specles 

The preference tests showed that aH phytoscnd speclcs fed on aH offered nute specles CGM 

and M canbbeanae were the preference of favounte prey fOI all predators On thls prcy type 

T hmomcus showed outstandmg predatlOl1 efficlency and the hrghest fecundlty The assoclatlon 

of CGM Wlth T urtlcae or O g05SYPll decreased the predatlon rate of all phytoselld specles 

N ldaeus and T mamhotl showed the hlghest OVlposlllon rate on T urtlcae, whereas T 

Itmomcus reproduced best on pure Mononychellus spp combmatlOns 

Thnps was of outstandmg unportance among the alternatlve food Items m the dlet of T 

ml1mhotl Thls specles thnved on thls prey even better than on the combmatlon CGM « M 

canbbeanae In contrast, N ¡daeui> showed poor consumptlOn of thnps when CGM was abun

dan! However, when CGM denslty decreased thls phytOSClld specles mcreased 115 consumptlOn 

oí' thnps nymphs In the presencc of honeydew secretlOl1 from whltefly pupana, T [lmomcus 

kllled fewer protonymphs 01' CGM than In the olher treatments The predatlOn behavlOur of ¡he 

other phytosends was not slgmficantly altered by the presence of honeydew The presence of 

the comdla of O mamhotls hOO no mfluence on (he consumptIOn of CGM, however, T 
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{¡momcus mamtamed a low level of oVlposltlon of one egg per day on IhlS dIet 

An unknown vIrus dlsease caused a complete breakdown of the CGM greenhouse coJony and 

made It necessary to replacc th1S mlte specles Wlth M canbbeanae morder to execute field 

expenments The results were charaetenzed by slgmficant dlfferences between the repltcates 

suggestmg a vanable dlspersal actlVlty of the predators M carzbbeanae mcreased the denslty 

of aH phytoseud speclcs and lowered vanatlOn among rephcates The presence of N ldaeus 

from Brazli was hlghly correlated wlth that of T urtteae It 15 suggested that non-acanne food 

hke honeydew or O mamhofls had sorne benefits for sorne speCles, however, thls hypothesls 

could no! be supported In presence ofhoneydew, T mamhotl mamtamed a relatlvely hlgh den

slty level When whltefIy was combmed wlth mlte prey N Idaeus, from Fonseca could recover 

to reJease denslty by the fourth evaluatlOn date On cassava ash fungus, both Typhlodromalus 

specles mamtamed a hlgher popula!lOn denslty than N Idaeus, mdlcatmg tha! the fungus was 

supplemental food ltem for these two specles The treatments wlth thnps confirmed the results 

from the laboratory that thls msect was an adequate prey ltem for T mamhotl 
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5 DescnptlOn of results 

5 1 ElectrophoretIc analysls of gut content' 

5 1 1 Expenments tu Improve electrophoretJcal gut analysls system 

BlOchemlCaI gut analysls 15 a promlsmg tool for the quahtatlve and quantltatlve determmahon 

of predator dlet components Relatlve simple techmques can separate the protems of the gut 

content m polyacrylamlde gels (PAGE) Seosluve stammg mcthods of the speclÍlc enzymes 

esterase are consldered as a rehable method for thelr detectIon (Murray and Solomon, 1978, 

vd Geest and Overmeer, 1985) However, prehmmary gut analyses showed that the esterase 

of sorne phytoseud specles (e g N Idaeus) dld not correspond to thls method 

Taxonomle studles on phytoseuds v.1th electrophorettc methods performed at erA T, mdlcated 

enzymes other than esterase can be used for IdentlficatlOn of specles (CuelIar, 1992) For thls 

reason mne further enzymes were tested for thelr sUltab¡bty as mdlcator of gut contents of mIte 

predators, focussmg on N ldaeus (one of the phytosellds w¡th the lowest esterase actIVlty), T 

hmomcus and T mamhott 

A short surnmary of about the charactensttcs of each enzyme IS hsted m Table 1 Specles could 

be dlstmgUlshed Wlth vanous enzymes, such as esterase (EST), malate dehydrogenase (MDH), 

, 
The maJor part of tbe descnptlOn of lhe results of Ihe electrophoretlc studles was taken from Galgl el al 

(submltted) 
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aCld phosphatase (ACP), and malle enzyme (ME) ME and ACP also provlded some mforma

hon about gut contents 

In the followmg par! we show some examples of dlfferent stammg procedures as tools for 

IdentlficatlOn of specles and gut contents FIgs 1 show that the enzyme esterase permltted 

Identlficatlon of prcy m gut contents DlscrImmabon of predator (T mamholl) and prey specles 

(M tanaJoa and M canbbeanae) was posslble m tlus case The arrows mchcate the marker 

band of each prey specles The schematlc IllustratlOn (Flg 1 b) shows that band 18 IS the 

marker band of M tanaJoa and band 28 for M canbbeanae 

The locatlOn of bands Ylelded wJth the MDH enzyme allowed dlscnmmatlon between prey (M 

cGnbbeanae) and predator (N Idaells) when they were processed separately, however, the gut 

conten! could not be IdentIfied conslstently even by usmg a samp!e concentratlOn of five adult 

females of N Idaeus (FIgs 2) No clear band pattems could be obtamed wlth the specles T 

tenU/sclltus (for thlS reason gel IS no! presented) 

PGI showed a dlfferent band JocatlOn for N Idaells and M canbbeanae, but the ¡atter specles 

was not to be detected as consumed prey m splte of processmg 13 predator females macerated 

m one sample (Flgs 3) In the expenment wlth T hmomcus protems of M canbbeanae--nor l 
, 

as smgle adult female nor as gut content--could no! be Identlfied (Flgs 4) 

Stammg of protems extracted from N Idaeus and M carlbbeanae samples for ACP resulted 
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m two dlfIerent band patterns, however, thls method fa:ded to deteet the gut content (FIgs 5) 

The protems of T ltmomcus remamed stalllless (for thls reason, gel IS not presented) 

Protem extraets from N ldaeus females havmg fed on M canbbeanae, and stamed for ME 

showed the same (slllgle) band as the extraet from females of the prey specles m the control 

sample (FlgS 6) mdlcatmg that only prey protems were VISIble T llmomcus extracts remamed 

stamless 

5 1 2 PreparatIOD oí standards 

Smce stalllmg of mlte extracts for esterase was the most sensltlve method, consequently thls 

stammg method was apphed In all follov.1ng expenments Standards were set up for the most 

frequently encountered cassava-mhabltmg phytosends and tetranychlds We found dlstmct band 

patterns for each specles of tetranychld and phytoseud Companson of the lanes 2 to 6 wtth 

Ihe ¡anes 7 to 9 m Flgs 7 showed that esterase Isoenzymes from tetranyehld samples were 

concentrated m the upper par! of the lane, whereas phytosend enzymes mlgrated faster The 

phytosends had relallvely low esterase actlVlues, whereas well-defined bands V.1th hlgh enzyme 

actlvlty were obtamed m most cases from tetranychld samples The prey could be detected and 

ldentlfied m gels wlth samples from laboratory expenments FIgures 8 and 9 reveal that T 

mamhofl from Cordoba (Colombia) fed on al! offered prey specles because the marker bands 

of T uN/cae (14), M canbbeanae (16), M tanaJoa (10), and M mcgregon (8, JI) could be 

Identlfied Note that thlS gel was run wlth TnsIBorat as tank buffer For thls reason the patterns 
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of M lanaloa and T ur/leae dlffer from those of prevlOus figures, where TnslHCI was the 

buffer Figures 1 Da and 10b show the electrophoretIe standards of AmblyselUs aertaf¡s Muma 

The marker hands (see Flg lOe) of T ur/lcae (21), M tanaJoa (20) and M earIbbeanae (22) 

are vIsible, however, the marker band of O gossypll (16) earmot be conslstently ldentIfied as 

the gut content It IS posslble that band 16 m lane 2 and 3 respond to the esterase pattern of 

the phytoselld 

Stammg mtenslty of the phytosellds and thelf gut content depended on the stram T mamhotl 

from CIAT (Palmlfa) showed greater esterase actlvlty than !he stram from Guajira (Flg 11) 

Furthermore, the tbree fasl mlgratmg bands 54, 56, and 58 were charactenstlc for the Palmlra 

stram 

5 1 3 Assays to evaluate mfluencc oC host plant on band pattcrn of pest 

In order lO know If cassava has an Impaet on the electrophoretlc pattern of tetranychlds we 

conducted an expenment, where females of T urtlcae and M canbbeanae ralsed on cassava 

plants were confmed on bean (Phaseolus vulgans L ) or cassava After tbree days they were 

processed for electrophoresls as prevlOusly descnbed We ran extracts from macerated bean and 

cassava lcaves for companson Wlth !he pattcms glven by the phytophagous mltes Many 

mdlvlduaJs of Mononyehellus confined on beans Were lost because thcy trled to escape or dled ' 

suggcstmg that these speclcs does not feed on thls host M tanaJoa and M canbbeanae fed 

on cassava (clone CMC 40) showed a thlck band (34) m the first thlfd of the lane WhlCh had 
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the same mlgratlOn speed as the extremely thlek esterase band of an electrophoresed cassava 

leaf of the clone CMC 40 (FlgS 12) ThlS band appeared m every case, whether or not the 

mdlvlduals of the two Mononychellus speCles were taken from cassava or bean plants 

However, electrophoresed females of T urtlcae kept on beans dld not show the "cassava" band 

The cassava band In phy10seud samples was an lmportant mdlcator for consumptlOll of a 

cassava pes! The presence of the poslllon of a tbck band of esterase Isoenzymes from cassava 

leaves wlth a slmtlar esterase band at the same posltlon In samples of all mltes WhlCh had fed 

on cassava suggests tha! thls band 15 due to mgcstIon of cassava protems 

5 1 4 Assays to eshmate mfluence of dlgesbon time on detectIblhty of prey protems 

Smce the veloclty of degradatlOn of protems as gut eontent IS of crucIal Importance for the 

electrophoretlc detectablltty 01' protems we tned to find a relatlOn between dlgestlOn tIme and 

stammg mtenslty 

No decrease m stammg mtenslty was observed for starvatlOn penods of zero and one hour wlth 

T /¡momcus (Jaguanuna) (FlgS 13) The typlcal marker band of M carlbbeanae was clearly 

detectable (arrow b, band 28) After three hours only the thlck cassava band assoclated Wlth 

prey mItes could be ldentlfied (arrow a, band 34) Idcntlficatlon of the prey Item was 

lmposslble due to Ihe absence of marker bands of M carzbbeanae After 12 hours no prey 

protems were detectable We also observed vanabon m band mtenslty among mdlvlduals, 

whlch were treated slffillarly The females starved for tbree or SIX hours, respectIvely, showed 
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a notable vanatlOn of the esterase actlvlty (lanes 10-13, 14-17) Trus observatlon was made 

frequently (see also Flg 1, compare lane 5 to lanes 6 and 7) 

5 1 5 ElectrophoretIc evaluatlOn of field samples 

More than 1000 mltes were collected In 30 cassava fields In Ecuador and brought to CIAT 

statlon for electrophorelIcal ldentlficatlOn Imllally 263 samples were tested IdentlficatlOn of I 

field-collected phytoseud miles was hmlted The predommant part of the phytosellds colIected 

m Ecuadonan fields dld no! have sufficlent esterase actlVlty for thelr IdentIficatlOn (Flg 14) 

T tenUlscutus was Ihe most frequently ldentlfied phytoseud ThlS specles was more often 

ldentlfied than Galendromus helveolus Chant The portlOn of samples wlth an unknown 

esterase pattern was low, as well Each of the specle~ro1ííÚs and P macrop¡lIs were 

Identlfied once G-, 4I'1l'1ec;.fllllS' 

IdentlficatlOn rate of !etranychlds samples was hlgb In contras! to phytosends (F Ig 15) 41 % 

were Identlfied as M carlbbeanae, 20% as T UffIcae, 18% as M mcgregorl Thlrteen pereen! 

of the samples gave a clcar bu! unknown eleetrophorettc pattern 

FIgure 16 shows the fraetlOns of the prey specles detected by the gut analyses 37%--the maJor 

fractlOn of the phytoselld samples--dId no! yleld suffielent esterase actIvtty to allow 

Identlficatlon of predator gut contents M canbbeanae was the most frequently ldentlfied prey 

specles of the samples WIth Identlfiable gut contents 
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Flg 17 relates lhe gut content to the analyzed phytosellds Phytoscnds whlch could not 

Idenúfied due to msufficlent esterase actlVlty generally had poor stammg mtenslty of the gut 

contents M canbbeanae was the most frequently Identdied prey The umdentlfiable phytoselld 

specles had a relahvely hlgh percentage of gu! content whlch Ylelded legible, but unknown 

stallllllg patterns The gut contents of T tenU/scllllls--the most frequently collected phytoselld 

speclcs--had a SImIlar portlon of lllsufficlent stammg llltenslty to M canbbeanae as Identlfied 

conslUlled prey 

5 1 6 Assays to quantlfy gut content of phytoselld predators 

HypotheslZlng that the age of the prey may mfluence the stamlllg mtenslty of lhe gut content, 

we offered separately 50 eggs, 50 larvae, 50 proto- and 50 deutonymphs, and JO female adults 

to starved females of T mamhotl (GuaJira) After five hours of assoclatlon wllh lhe prey, the 

females were macerated for electrophoresls, and Ihe remammg prey were counted To Improve 

stalllmg quallty two predator mltes were used per sample Assummg lhat the welght of lhe prey 

and the quantIty of kllIed mdlVlduals may glve sorne mformatlOn about the actual mtake, we 

welghed the stages of M carlbbeanae Wlth a CAHN nucrobalance after anesthetlslZlng lhe 

miles wlth dlethylether, usmg tbree groups of 50 mdlvlduals of each motile stage and 100 for 

eggs AH measurements were repeated three tImes 

The welghts of dlfferent prey stages are [¡sted m Table 2 Prey age classes mfluenced the ' 

stalilmg mtenslty of lhe gut content (Flgs 18) The gu! contents of two females whlch 
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eonsumed 22 eggs (15 ~g) m five hours dld no! yleld !he typleal prey band 28, and the stammg 

mtenslty was not greater than that of starved females Hlgher enzyme aetlvlty of the "cassava" 

band occurred when 211arvae (389 ¡.tg), 24 protonymphs (509 flg) or 11 deutonymphs (402 

flg), respectlvely were consumed, but only deutonymphs showed the marker band of M 

canbbeanae In the control sample The two phytoselld females exposed to adult prey kllled 

three mdlVlduals (29 4 flg total welght) Thelr esterase actlVlty was lower compared to the 

predators WhICh fed on mobIle Immature prey 

The gel m FIgure 19 was chosen as representatlve example for elght gel s to show tha! an 

mercase m consumed blOmass dld not necessanly mcrease stammg mtenslty Bere, females of 

T lenU/scutus were macerated Immedmtely afier they had eonsumed the deslred quantlty No 

notable dlfTerence was found between eonsumptlOn of two and three larvae, however, stammg 

mtenslty mereased abruptly, when four to clght Ia¡vae were consumed When 14 or 1 7 larvae 

were kllled the gU! conten! had less esterase actlvlty 

No correlatlOn between prey denslty and estcrase actlVlty was found, when field-colleeted 

predatora were tested Multtple box-and-wlusker-plot analysls mdlcated that poor stammg 

mtenslty was somettmes assoclated W!th hlgh prey denslty and vice versa (Flg 20) Flg 21 

shows that predator denslty had no effect on the esterase actlvlty of the analyzed sanlples 
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52 Preference tests 

Tlus expenment was dlvlded mto three phases Dunng the first phase prehmmary studles were 

conducted on the mfluence of feedmg hlstOry on the predatlon behavlOur of N Idaeus from 

Fonseca, Colombia The consumptlOn capaclty of the three specles N ldaeus, T {¡momcus and 

T mamholl ,vas analyzed first Preference tests wlth three dlfferent prey denSltles and ddTerent 

dlet combmatlOns charactcnzed the second phase of lhe lab expenments FJeld expenments 

wnh two prey denslttes should venfy the results of the antenor expenments 

5 2 1 Impact of the feedmg hlstOry on the consumptlOl1 

In a prehmmary experunent we assessed the lmpact of predator sattatlOn (feedmg hlstory) on 

the predatlOn rate wah fed and starved females of N ¡daeus (Fonseca stram) The eggs, larvae, 

nymphs and adults of M carlbbeanae were offered separate1y at hlgh and low densltlcs 

Recently moulted females were mated Half of tlJem were starved for 24 hours whlle the others 

were fed on abundant prey before star1.!ng tlJe expenment 

The femates of N ldaeus (Fonseca) fed on all prey stages (Tables 3, Flg 22) Generally, there 

was a large vanatlOn m tlJe consumptlOn rate, especlally at hlgh prey denslty Hunger mcreased 

vanablhty of the kllhng rate 

Prey age and predator feedmg lustory affected the number of consumed mdlVlduals Satlated 
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and starved females consurned more munature stages than adult prey at hlgh and at low denslty 

(P < 00001)' Starved and satlated females consumed simIlar numbers of Irnrnature ages, 

whereas starved females consumed slgmficantly more larvae than nymphs (P < O 0001) 

When prey densJty was hlgh and eggs or larvae were offered, starved and fed females showed 

a similar feedmg rate However, fed predators kllled slgmficantly more nymphs than starved 

ones (t-test, P < O 001), whereas starved predators kllled slgmficantly more adult prey (Hest, 

p < 00001) At hlgh denslty, the kllhng rate of starved predators was more heterogenous on 

all prey stages Ihan lhat of satlated predators (test of varlance) 

5 2 2 ConsumptJon of N rdaeus, T ltmomcus and T mamllOtl on dlfferent developmental 

stages of M carrbbeanae 

As the prevlOUS expenment, behavlOur of predators vaned conslderably wlthm the same 

treatments The four phytoscnd strmns acceptcd al! offercd Irnmature stages (Tables 4, Plg 23) 

Overall, T lzmomcus was the most effiClent of the three predator speCles (P < 00001) Then 

followed the Fonseca stram of N ldaeus, whlch was more efficlent than T mamhotl and the 

Brazlhan stram of N Idaeus (P < O 0001) On a dlet of larvae thls specles behaved slmllarly 

to N ldaeus from Petrohna (P < O 05) T /¡momcus had by far lhe h1ghest k111mg rate of eggs 

and nymphs Both Typhlodromalus specles kllled slgmficantly more adult prey than N ldaeus, 

J Thrcc-way ANOVA were performed on the predatlon snd OVlposltlOn data Means were tested Wlth the Ryan 
Emot Gabriel Welsch F test for SlgnIficance (SAS 1990) V.rlances of predallOn .nd field expenment data were 
stablhzed by transformatlOll of natural loganthm Ihose of oVlposlUon dala by 'quare root. 
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whlCh hardly fed on thlS prey stage (P < o 000 1) Typhlodromalus were algo more efficlent on 

eggs than N Idaeus (P < 00001) 

N IdaeUJ consumed more larvae than nymphs or eggs (P < O 000 1) The consumptlOn by T 

/¡momcus dlffered for each prey stage Thls specles kIlled more larvae Ihan eggs and more eggs 

than nymphs The females of T mamhotl kllled a SimIlar number of larvae and eggs, bul they 

consumed slgmficantly fewer nymphs and adults (P < O 0001) AH predators exhlblled Ihe 

lowest kIlhng rate on adult prey (P < O 0001) 

5 2 3 Preference test wIth SIX dlet combmahons, offered at hlgh denslty 

Table 5 glves an overvlew of the SIX prey combmatlOns (= treatments) whlch were offered lo 

the phytosellds Although larvae were the preferred prey m the prehnunary expenments we 

found that It was more practIcal to use protonymphs due lo the dehcacy of larvae Each combl

natlon contamed 50 protonymphs of M tanaJoa Three of Ihese combmatlOns were assoclated 

Wlth acanne prey 50 protonymphs of eaher lvf canbbeanae, O gOSsypll or T urtlcae the 

tlurd Mycehum of the mIldew Old/Um mamhofls Heun, honeydew-produemg nymphs of the 

whltefly Aleurotrachelus soc/G/¡s Bondar or 10 mdIvIduals of the tirst or second mstar of thnps 

(Frankllmella w¡[[¡amsl Hood) were used as complementary non-acarme dlet 

Smce some prey mdlvlduals dIed of causes other than predatlOn both dead and survIvmg prey 

were counted A dead mdIvldual was consIdered consumed when the body was deformed due 
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to the loss of hemolymph that was sucked out by the predator In many cases dlscnmmatlOn 

of specles of the prey rernnants was lmposslble Therefore, aH kllled mdlvlduals were counted 

m order lo obtam mfonnatlOn about lhe effect of prey combmatlOn on the total consumptJon , 

of one predatory female 

AH four strams preyed on every prey combmatlon Companson of aJi 24 treatments suggested 

lhat T /¡momcus was the most voraClOus specles and T mamhotl had the lowest mean of 

consumptlon (Table 6), however, due to hlgh vanablhty m consump!lon rate, no dlfferenees 

were slgmficant (Tables 7, Flg 24) 

Prey combmatlOn slgmficantly affected predator consumptlOn (P < O 0048) The presence of 

o gossypu and T urtlcae tended to lower lhe consumptlon rate, howcvcr, only N ldaeus fram 

Fonseca and T mamhotl presented slgmficantly dlfferent consumptJons on lhe tbree prey 

specles 

In the presence of nonacarme food Items, lhe predators consumed equal numbers of CGM 

(Tables 8) However, femaIes of T [¡momclIs ktlled fewer CGM when they were combmed 

\V1th honeydew-producmg nymphs of the whl!efIy, but dlfferences were no! slgmficant 

The means of bve prey (protonymphs and deutochrysahs) are presented m Tables 9 morder 

to pennlt an evaIuatIOn of the lmpact of acarme prey combmabons on the acceptance of CGM 

by the phytosends To slmphfy presentabon the values of CGM and of the tbree other 
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tetranychlds were presented m two dlfIerent tables, whwh can be dlrectly eompared wlth each 

other ANOV A showed that tbe means of sU!Vlved CGM dld not slgmfieantly dIfIer N ¡daeus 

(Petrolma) tended to klll less M canbbeanae tban T [¡momcus (Table 9a) Both Typhlodro

malus specles presented a hlgher predatlOn rate on the combmatlOn T urflcae - CGM than the 

N Idaeus strams (Hest, P < O 0001) In aSSoclatlOn wlth O gossyp/l or T urtlcae fewer 

mdlvlduals of CGM survlved than m the combmatlOn wlth M canbbeanae 

The Hest m Table 10 showed Ihat no stram preferred CGM to M canbbeanae However, aH 

the predators except N ldaeus from Petrohna preferred CGM to O gossy¡m or T urtlcae Both I 

N uiaeus strams klHed slgmficantly fewer T urtlcae than O gos~ypll (P < O 0001) The two 

specles of Typhlodromalus consumed the same number of T urtlcae and O gossypll AII tbree 

predatory specles preyed slmllarly on O gossyp/l Both Typhlodromalus specles tended to klll 

more T ur[¡cae than N ldaeus, however, only the dlfference between T {¡momcus and N 

ldaeus from Petrolma was slgmficant (P < 001) 

Both specles of Typhlodromalus consumed slgmficantly more nymphs of thnps than N ldaeu:. 

(Tables 11, P < O 0001) The lalter specles showed an average consumptlOn rate of less than I 

O 5 kIlled larvae 
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5 2 4 Preference tests wltb dlet combmatlOns, excludmg or mcIudmg M tanaJoa low 

densdy 

These experlments should provlde mformatlOn on how predators perform on alternate dlets 

when CGM 15 scarce or absent The low denslty treatments were set up by confimng 10 

protonymphs of CGM together wlth other food I1ems m each experimental umt Alternate 

acarme prey (M canbbeanae and T urtlcae) and non-acarme food were offered at the sarne 

densItles as descnbed before O gOSsypll was not mcluded m these expenments, because P 

perSlm¡l!s mvaded and ehmmated the small colony of thls tetranychtd WhlCh was estabhshed 

for these expenments only Absence of thlS mlte from fields m the North Coast of ColombIa 

Impeded the restofabon of the colony 

Al! specles except T mamhott exhlblted a hlgher predauon actlVlty on pure acanne prey when 

M canbbeanae and M [anaJoa were offered m combmatIon (Table 12, P < O 05) T l!momcus 

was the most voraclOUS specles on M canbbeanae, whereas the consumptlOn of thts prey by 

Ihe other speeles dld not dlffer slgmficantly (P < O 0001) On T urtlcae both Typhlodromalus 

specles kllled the same number of protonymphs Both strams of N ldaeus were less efficlent 

on thlS prey combmahon then the other specles (P < O 05) Every stram, except N Idaeus from 

Petrolma on T urtlcae, ktlled slgnlficantly less protonymphs when M tanaJoa was absent 

The mast efficlent predator an thrlpS m presence of CGM was T mamhotl followed by T 

/¡momcus Both N ldaeus strams hardly fed on thls prey (Tables 13, P < 00001) When CGM 
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was absent predator females tended to feed more t1mps nymphs, however, dlfferences were 

only slgmficant for N ldaeus from Petrohna 

Companson of the predatlOn behavlOur of the three specles towards CGM m presence of 

nonacanne dlets shows that the kllhng rate of T {¡momcus was lowest when nymphs of lhe 
, 

whltefly were present (Tables 14) Thls specles and T mamhO(l had the hlghest consumpuon 

of CGM protonymphs when thrlpS were present (P < O 01) The three alternatlve dlets had no 

slgmficant effect on the predatlon behavlOUf of the Colomblan stram of N ¡daeus towards 

CGM 

Tables 15 mdlcate the mean number of hve CGM nymphs of each treatment When whltefly 

or mJldew were present predators dld not dlffer mueh m attackmg CGM (P < O 01) In the 

presence of T urtlcae and M canbbeanae, T ltmomcus left the lowest number of CGM hve 

The data of ahve nymphs confirmed the result that In presence of thnps, T ltmomcus and T 

mamhotl left less nymphs ahve than N ldaeus On O mamholls the mean of abve nyrnphs dld 

not dlffer rnuch from predator to predator 

5 2 5 Comparlson of consumptlOn at all tbree denslÍlcs 

Figure 25 shows that Wlth decreasmg CGM denslty the number of survlVed M canbbeanae 

mcreased When prey was assocIaled Wlth T /¡momcus then the smallest number of lv! 

canbbeanae nymphs sUfVlved when CGM denslty was low When N ldaeus from Petrohna 
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was the predator a decreasmg number of survlved nymphs of T urtlcae was accompamed by 

decreasmg CGM denslty Wlth N ldaeus from Fonseca, T hmomcus and T mamhotl left the 

smallest number of survlvmg T urtlcae nymphs when they were assoclated wlth CGM offered 

at low denslty By poolmg the number of killed prey m each expenment umt we observed that 

feedmg actlvJty tended to mcrease wlth CGM densJty On thnps all phytosel1d specJes 

mcreased thelr feedmg actlVlty when CGM densJty decreased (F Ig 26) 

5 2 6 OVlposltJon 

The three phytosel1d specles have dlfferent reproductlve potentlals (Tables 16) The specles 

wlth the generally hlghest oVlposJtlOn rate was T hmomcus, followed by T mamhotl The two 

strams of N ldaeus had the same average oVlposltJon Dlfferences between the three specles 

were slgmficant (P < O 0001) On T urtlcae, reproductlOn of the three specles was similar, 

however, on M canbbeanae T hmomcus had an outstandmgly hlgher fecundJty than the other 

two specJes (P < O 0001) On thrlPS T mamhotl laJd more eggs than T hmomcus (P < O 001) 

N ldaeus dld not OVlpOSlt on thls dlet On O mamhotls T hmomcus lald nearly one egg per 

day, slgmficantly more than the OVlposltJon of the other specles (P < O 001) T hmomcus asso

cJated wlth O mamhotls and CGM mamtamed an average oVlposJtlOn of more than one egg 

per day dunng five days (FIg 27) AII specles had thelr lowest oVlposJtlOn on whltefly N 

ldaeus of Petrohna dld not OVlpOSlt at all on thlS prey Both N ldaeus and T mamhotl reached 

thelr hlghest potentJaI reproductlOn on T urflcae (P < O 0001), whereas T hmomcus oVlposlted 

on thls tetranychld not more than on M canbbeanae T mamhotl reproduced on thrlpS as well 
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as on T urtlcae 

In most of cases, t -tests dld not reveal any slgmficant dlfferences between treatments where 

CGM was present at low denslty or completely absent ExceptlOns were N ldaeus from Fon

seca feedmg on M carzbbeanae (t-test, P < O 05), T lzmomcus feedmg on O mamhotls (t-test, 

P < 005) and T mamhotl assoclated Wlth whJtefiy (t-test, P < 005) 

5 2 7 Predator - prey relahon under field condlhons 

The adaptablhty of predators to alternatIve food Items IS of crucial lmportance for theu ablhty 

to overcome penods of low prey densJty F or thls reason field expenments were deslgned m 

order to study the mfiuence of alternatIve prey and food Items on the populatlOn denslty of the 

four phytoselld predators In one part of the expenment they were released on plants whICh 

were only mfested wlth alternatIve prey In the other part they could choose between CGM and 

alternatIve food These treatments should be compared to the treatment where only M tanaJoa 

was present 

A short time before the scheduled day of predator release a prevlOusly unknown ViruS dlsease 

caused the death of thousands of mltes dunng a few days The devastatmg colony breakdown 

made the release of M tanaJoa Imposslble But morder not to loo se aH the time and effort 

mvested m the preparatlOn of the expenment, CGM was replaced by Jts c10sely related specles 

M carzbbeanae Smce the predators dld not show any preference for CGM or M carzbbeanae 
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dunng the lab expenments tJ:l1S replacement seemed to be a reasonable solutlOn 

Slx-week old cassava plants were sel m the field Each plant was covered Wlth a gauze tent 

whlch was removed after SIX weeks Accordmg lo the treatment, the plants were mfested Wlth 

M canbbeanae T url¡coe and wlth adults of Ihnps The msects were colleeted m the fields 

of CIA T The deslgn of the expcnment also mc1udcd whltefly and the illlldew O momhotls 

The adults of the whltefiy were collected m the grcenhouse The plants for Ihe fungus 

treatment were exposed lo nalural mfeellOn for approxlmately four weeks m a greenhouse 

sttuated m a mleroehmate of hlgh relatlve humldlty near a lake When the plants were set m 

Ihe field Ihe mycehum eovered al least a t1urd, but nol more than the half of the leaves The 

presence of M canbbeanae al medlum densJty (approxlmately 20 females per leaf m the upper 

part of the plant) charactenzcd the first treatment, Its absence the second The medlUm denslty 

was consIdered as the most eoromon field SItuatlon, whereas the absence of M cartbbeanae 

was mcluded morder to study the adaptabIhty of the phytosends to a1tematIve prey or food 

The expenment was deslgned lo evaluate the mfluence of alternatIve prey on the populatlon 

dynamIcs of the three predalory specJes Therefore, these treatments were compared lo the 

control trealmenls, where only M carzbbeanae was present Accordmg to prevlOUS expenments 

conducted at CIAT 50 predalor females were released on each planl lo start the expenment 

Generally, Ihe number of predalor mdlVlduals per plant were charactenzcd by hlgh standard 

devlatlOns m all Ireatments The presence of M cOrIbbeanae lowered the heterogenelty of 
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phytoselld denSltleS shghtly In the absence of tetranycIuds the coefficlent of vanatlon was 

83 7, m lIs presence, 66 4 

PopulallOns of all phytoseud specles decreased dramatleally after release (Flg 28) Except N 

Idaeus (Fonseca) on whItefiy and In presence of M canbbeanae (FIg 31) none of lhe specles 

recovered lhe mltIal denslty M canbbeanae had a sumulaung effeet on the recovery of Ihe 

three phytOselld speCles Then, afler Ihe firsl evaluatlOn, all of Ihem Illcreased whcn M 

canbbeanae was present After the fifth evaluallOn aH phytoselld popuLa1:Ions began lo decrease 

and dlsappeared complelely unId Ihe 10th and last evaluatlOn day In the absence of thlS prey 

specles populatlOn densllles of aH four predator types were low and dld not exceed an average 

of 15 mdlvlduals per plant The absence of M carzbbeanae caused the lowest level and the 

lowest recovery rate of aH predalory populatlOns Dlfferences between the denslly of the 

specles were neghglble when M canbbeanae was absent The denslty of both N Idaeus slrams 

dld not mcrease slgmficantly when T ur{¡cae was the altematlve prey, whereas the populatlOn 

of both specles of Typhlodromalus mcreased remarkably M canbbeanae dld not mcrease the 

denslty of T mamhotl when II was eombmed Wlth whllefiy or mddew fungus, whereas the 

denslly of T hmomcus was sImIlar when O mamhofls and thnps were par! of Ihe dlet Table 

17 glves an overvlew of all comparlsons 

PopulatlOns of Typhlodromalus recovered better than thosc of N ldaeus (Flg 28, P < 001) 

The populatlOn curves of al! phytOselld specles show that denslty of both speCles of 

Typhlodromalus mcreased untd the fourth evaluatlOn, whereas T flmomcus recovered a shghl1y 
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hlgher denslty PopulatlOn denslty of N ldaeus fram Petrolma rmsed from etght to only twelve 

mdlVlduals per plant between the first and the second evaluatlOn to rnamtam thlS level tmttl the 

slxth week Ihe estabhshment of the Fonseca stram was shghtly lugher thall that of Petrolma, 

however, dlfferences were not slgnlficant The control treatment dld not show slgnlficant 

dlfferences m splte of the blg dlfferences at the second, thlrd and fourth evaluatton 

Ihe populatlOn deveJopment of N ldaeus (PetroJma) showed a low correJahon WIth M 

cartbbeanae m asSoCtatlOn wlth the whttefly (r=O 4, P<O 04, FIg 29) and O mamhofls (r=0 6, 

P<O 0004, FIg 29) No correlatlOn was observed when M cartbbeanae was assoclated WIth 

thnps Thls phytoseud stram showed a shght posltlve correlatlOn wlth O mamhotls m assocla

tlOn Wlth M cartbbeanae (r=0 54, P<O 0022, FIg 30), however, m the absence ol' the 

tetrallychld the correlatton between the phytoseud densJty and fungus mfestatlOn was 

moderately negatJve (r=-O 43, P<O 02) Ihe populatlOns ofthnps and thls N ldaeus stram were 

not correlated, however, those of T urtlcae alld the predator were slgnlficantly correlated m 

the absence of M cartbbeanae (r=0 S, P<O 0017, Flg 30) When T urtlcae was present 

together wlth M canbbeanae, the correlatlOn between predator and first prey specles was 

hlghly slgmficant (r=O 6, P<O 0005, FIg 30) 

As for the Branhan strrun, the populatlOns of N ldaeus from Fonseca and M cartbbeanae 

were correlated when whltefly was present (r=0 5, P<Q 0002, FIg 31) In contrast, the 

ml'estatlOn of whltefly III presence of the tetranychld was negatlvely correlated wlth the denslty 

of thlS phytosend (r=-O 4, P<O 044) PopulatlOn dynarnlcs of M cartbbeanae and N ldaeus 
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were hlghly correlated m plants mfested Wlth O mamhotls (r=0 7, P<O 0001) In the presence 

of thnps thls predator presented a low correlatlon wlth M carzbbeanae (r=0 4, P<O 016, FIg 

32) PopulatlOn densJty of tllIS msect was never correlated wJth that of N Idaeus On apure 

M carzbbeanae dlet, prey and predator were slgmficantly correlated (r=0 5, P<O 002, Flg 37), 

as weH as on pure dIe! of T urtlcae (r=0 4, P<O 02, Flg 32) 

Populatlon densltles of T llmomcus and M canbbeanae were correlated m all treatments (see 

Flgs 33 and 34, whltefly r=0 55, P<O 0017, O mamhotls r=0 74, P<O 0056, thnps r=0 6, 

P<O 0005, T urtlcae r=0 4, P<O 03) Denslty of thIS predator was negabvely correlated Wlth 

tha! of whltefly (r=-O 45, P<O 0192) Development of thnps was correlated Wlth that of the 

predator wlth r=O 4, P<O 03) In the absence of M carrbbeanae no correlatlOn wlth a1tematIve 

prey or food Items could be documented 

Denslty of T mamhotl was only correlated Wlth the populabon of M canbbeanae when only 

thIS prey was presen! (Flg 37) or when wmtefly was present (r=O S, P<O 0061, FIg 35) When 

the predator populatlOn deereased the whltefly denslty tended to merease ThIS tendeney was 

observed m both treatments, however, thls trend was clearer In absenee of the acarme prey In 

presence of M canbbeanae a negatlve correlatlOn between thnps and the predator was obser

ved (r=-O 4, P<O 05, FIg 36) PopulatlOn dynamlcs of T urtlcae and of thls predator were 

correlated m the presence of M canbbeanae (r=O S, P<O 007, Flg 36) 

26 



6 DlscusslOn oC resuIts 

6 1 ElectrophoretIc analysls 

Expenments to Improve electrophoretIc gut analysls Flve ofthe 10 tested enzymes (MDH, 

PGI, ACP, ME and EST) were sUltable for taxonomlc dlscnmmatIOn of cassava-mhabltmg 

phytosellds and four of them (ME, PGI, ACP and EST) could be used for IdentdicatIOn of gut 

contents The clearest band patterns were obtamed wlth esterase Gordon (1977, m GllIer, 

1984) underhned that esterases are more dlverse than other enzymes, thus faclhtatmg dlscnml

natIOn of prey and predator protems Thls hypothesls was corroborated by authors who have 

used thls enzyme for taxonomlc IdentdicatIOn of phytosellds and theu gut content (e g Murray 

and Solomon, 1978, Sula and Weyda, 1982, Solomon et al, 1985, FJtzgerald et al, 1986, 

Bakker and Klem, 1993) 

PreparatIon oC standards The rather dlfferent mlgrabon pattern of the esterase enzymes of 

tetranychlds and phytosellds faclhtated the dlscnmmatIOn Phytophagous and predatory mltes 

could be Identdied by electrophoresIs of esterase Isoenzymes, corroboratmg results from a 

senes of pubhcatIOns reportmg the apphcabIhty of thIS method for taxonomIC analysIs WIth 

mItes and other arthropods (e g Wagner and Selander, 1974, AVIse, 1974, Ayala, 1978, Buth, 

1984), however, the expenment wIth A aena!zs feedmg on O gossypll showed that the 

assIgnment of bands to predator or prey was not always possIble The bands of the predator 

can mask those of the gut content or vice versa, confirmmg sImIlar observabons by van der 
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Geest and Overmeer (1985) As m prevlOus expenments where phytoselld gut contents were 

analyzed (MlIrray and Solomon, 1978), phytosellds had lower esterase actlVlty than 

tetranychlds Many gels wlth samples of N ldaeus ylelded no bands even m controJled studles 

where consumphon of known prey types by mdlVldual N ldaeus was documentcd before 

electrophoresls We hypotheslzed that the absence of bands was dlle to proteolytlc enzymes m 

the gut of thls phytoselld However, we reJected thls explanatlOn after falhng to observe 

reductlOn m stammg mtenslty when N ¡daeus was macerated and e1ectrophoresed together wlth 

other phytoselld or tetranychld mltes 

Another posslble explanatIOn may be seen m the strong preferenee for young prey stages as 

Table 4 suggests These stages are charactenzed by low esterase actIVIty (as the example of 

M tanajoa shows m Flg 38) However, the number of killed larvae m Table 4 mdlCates an 

protem mtake whlch should have permltted esterase detectlOn Trus open questIOn may be the 

obJcct of further studles 

Influence of the host plant The presence of the posmon of a thlck band of esterase 

lsoenzymes from cassava Icaves Wlth a SImilar esterase band at the same posltlon m samples 

of all mltes WhlCh had fed on cassava suggests that thls band 15 due to mgestlon of cassava 

protems Indlvlduals of M tanajoa and M carzbbeanae Ylelded thls cassava marker band even 

when transferred on beans on whICh they developed poorly No bands occurred m the esterase 

pattern of mdlvlduals of the cosmopohtan specles T urtlcae after feedmg on beans The cas

saya host marker band m M tanajoa and M carzbbeanae may be explamed by the specJahza-
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tlOn of Mononychellus spp for Jts cassava host (Braun et al, 1993) 

fnfluenee of dlgeshon tIme In OUT expenment esterase (Flgs 13) enzyme actlVlty of 

consumed prey was dramatlcally reduced afier a dlgestlOn tIme of three hoUTs Thls observatlOn 

contrasts wlth Murray & Solomon (1978), who detected esterase actlVl!y of the gu! conten! of 

Typhlodromus pyn Scheuten fed on Panonychus ulrm Koch after even 31 hOUTS Bakker and 

Klem (1993) detected esterase enzymes of CGM m T mamho(/ after 24 hours In some 

sporadlC occaslOns we also found prey proterns as gut content afier the same starvatlOn penod 

These observatlOns and those of the other authors (who dld no! mdlcate the frequency of the 

observatlOns) mdlcate, that the lapse between last food mtake and detectIblhty of enzymes can 

vary 

A possIble explanatlOn for thls contrast may be tha! m our expenment phytosends were not 

satlaled when the starvatlOn penod was IrutIated Assummg that the predators assocIated Wlth 

abundant prey mamtam a certam level of gU! fuHness, we took the samples from colorues m 

order to depnve them of food for a deterInmed lapse of tIme Companng OUT results wlth those 

of the authors mentlOned before, we conclude Ihat 1I 18 crucial to know the exact feedmg 

hlstory morder to perform thts expenment AH these expenments mmcate the Importance of 

dlgestlOn time for the detectIblhty of prey protems or enzymes, especIally when the predator 

samples were collected m the tield 

AnalYSIS of field samples The hlgh proportlOn of Identlfied tetranychld mltes corroborates 
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electrophoresls as a valuable tool for taxonomlc Identdicabon when enzyme acbvlty of the 

sample 1S hlgh However, thls techmque IS not an adequate method for IdenbficatlOn of field-

collected mlte predators It 15 worth whtle to reflect why It was easlcr to IdentIfy phytoscuds 

from laboratory colomes fuan from fue tield It lS dltficult to find convmcmg explanabons, 

I 
however, dlfferences between fieId and laboratory condltIons may glve a c1ue (a) m the lab 

I 
the predator and prey speCles are known, (b) hlgh prey denSJty IS guaranteed, and (c) field 

I 
temperature may be conslderably hlgher than m the Iab where ca 25°C was fue average 

temperature 

(a) In order to know the range of posslble specles IJ a field sample sorne mdlvlduals were 

collected for IdenbficatlOn However, It was pos~lble that sorne not IdentItied phytoscnd 

! 

speClmens were processed electrophoretlcally! whlch belonged to speCles wlth low 
o 

esterase aetlvlty 

! 
(b) It 18 posslble fuat tbe grade of gut fullness may affeet the physlOlogy of a mlte However, 

I 
thc effeet of [¡ttlc gut satIatlon on mlte physlOlogy 18 not clcar Very httle 15 known 

I 
about how and when the enzymes are produced Norton (1988) (clted m Evans, 1992, 

I 
p 240) speculated that enzymes actmg on struetural polysaccharldes may be of 

mlcroblaI and not of endogenous ongm In the case of esterases, House (1974) 
, 

mentloned theu funcbons In fue dlgestlOn of fats and m the nervous system F10rkm and 

Jeumaux (1974) descnbed the esterases as a pe~manent part of the hemolymph Consl-
! 

dermg these works, It seems posslble that lack 'of nutntIon reduces mctabobsm WhlCh 

may have agam a decreasmg effect on esterhsc acuvlty Waterhouse (1957) clted 
I 

varlOus studles on dlfferent orders of Insects concIudmg tbat starvatlOn generally 
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dlmlnIshes enzyme actlvlty He reports that enzyme actlVlty falls temporanly below the 

starvatlOn level when food 15 agam taken It IS hkely that thls sltuatlOn occurs under 

field condltlons the predator has to seareh for a prolonged tIme to find a prey 

mdlvldual 

(e) We col!ected mltes durmg dry days when temperature was mostly over 30 oc Glller (1984) 

and Dlcke and de Jong (1988) mentlOned the Importance oftemperature on the Jength 

of dlgestlon tlme of the waterbug Notonecla glauca and of phytosellds colIected In 

Duteh orchards, respectlvely 

Consldenng these three factors the poor stammg of field colIected phytosellds and thelr gut 

eontent seem understandable 

The hlgh portlOn of non-detectable gut conten! of ficld collected predatory mltes was 

prevlOusly reported m other pubhcatlOns In expenments conducted at CIAT wlth T mamhotl 

and T anpo, Bakker and Klem (1993) found that most gut eontent samples had Insufficlent 

esterase actlvlty Smce many of the predators were assoclated wIth O mamhotls, they 

hypotheslzed that the predators were feedmg on thlS dIet We also observed frequently m the 

ficld the assOClatlOn of phytoseuds and fungus However, smce they (and we) faded to 

charactenze thlS fungus eleetrophoreheally, no consumptlOn could be demonstrated by means 

of gut analysls 

Quantlficatlon of gut content Our mlllal hypothesls of a poslttve correlatlOn between predator 

consumptlOn rate and prey denslty reqUlred quantlfieatlOn of predator consumptlOn rate 
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However, companson ofthe stammg mtenslty wlth the number ofconsumed prey mdlcated that 

a correlaÍlon between stammg llltenslty and the quantlty of prey consumed dld no! necessanly 

eXlst A similar concluslOn was reached by Fltzgerald el al (1986), who also fa!led to find a 

lmear correlatlon betwcen gut conten! of T pyr¡ and stammg mtenslty Wlth scarmmg of gels 

VarlOus reasons may gl ve an explanatlOn for thls hmltatlon 

The detenmnatlOn of the time of consumptlOn IS of CruCial Importance 

for the quantlficatlOn of the gut content Furthennore, varlatlOn m the time of 

food mtake may mfluence the quantIty of gut protellls as well 

2 In splte of the exact determmatlOn of the quantIty of consumed prey m 

the laboratory expenments It was posslble that the actual consumptlon of each 

predator mruvldual was dlfferent smce the quantJty of hqUld whlch predators 

sucked out of each prey mdlvldual was unknown Therefore, relallon between 

welght of prey and stammg mtenslty must not neeessanly eXIst Thls hypothesls 

15 11l1derlmed by the faet that staryed predators had to be used for tllls 

expenment However, our assays and those of other authors (Sabehs, 1985a, 

MOr! and Chant, 1966) on the mfluence of the nutntlonal hlstory on the feerung 

behavlOur of predators showed lhat satlated predators fed more contllluously on 

captured prey Ihan starved ones Latter ones frequently attacked and abandoned 

prey wlthm a short Iapse leavmg the prey ahve Probably they are more 

susceptible to dlsturbance caused by other prey than sahated predators (MOTI and 

Chant, 1966) 

3 Prey age seemed to be a very Important factor for the mtenslty of the 
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protem bands Table 2 shows that the predator had to kili nearly 15 eggs to 

mgest the same quantlty as an adult fema1e prey can provlde When prey denslty 

was not abundant (as m our expenments morder to faclhtate observatlOn) and 

only young stages werc present, then It was obvlOusly more dlfficult for the 

predator to fill Its gut 

4 Dlfferences between the stammg mtenslty of dlfferent phytoscnd 

mdlvlduals of the same specles may have a negallve effect on relatlOn bctwcen 

stammg mtensIty and protem quantlty The shght dlfferences m stammg mtensIty 

of the samples m the lanes 11-18 (FIg 13) are mentlOncd as an example They 

may feflect the vanatlOn of enzyme actlvlty between mdlvlduals The low 

stammg mtensIty In lane 12 may be due to only par1laI fillmg of the stomach 

Thls problem was dlscussed before m paragraph 2 of thls sectlOn 

6 2 PredatlOn experlments 

6 2 1 Impact oC the feedmg hlstory on consumptIon 

The starvatlOn penod of 24 hours strongly affected the behavlOur of the predators We 

observed thal starved females frequently attacked and abandoned the prey morder 10 contmue 

¡he Ir searchmg actIVJty TI118 observallon was corroborated by the observallon that starved 

females showed a wlder range of ktIlmg rate than satmted females MOfl and Chant (1966) 

mentlOned the Importance of the feedmg hlstOry, a statement, whlch was later confirrned by 
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Evelelgh & Chant (1981) For thls reason Sabehs (1985a) suggested adaptlllg of fue predator 

to the new condltlOns for a penod of SIX hours before Imtlahzlllg the predatlOn expenments 

The elevated Ialhng rate on Immature stages compared to that on adult prey IS easy to 

understand for two reasons Flrstly, fue ¡atter prey stage contallls much more blOrnass, a few 

II1dlVlduals are sufficlCnt to satlate a predator Secondly, lt IS suggested fuat the capture rate 

of the predator IS hlgher on Immature stages WhlCh are easler to handle However, It IS stIlI an 

open quesÍlol1 why starved predators kdled more adult prey than satlated predators 

InterpretatlOn becomes even more dlfficult when fue slgmficantly hlgher consumptIon of fed 

females on nymphs IS consldered 

6 2 2 ConsumptIon oC N Idaeus, T IlmQmcus and T mamhotl on dlCferent prey stages 

oC M carlbbeanae 

It was expected fuat fue predator' s consumptlOn depends to a maJOf extent 011 fue prey age 

supphed (Sabehs, 1985a) For thls reason It was surpnsll1g fuat al! speeles preyed more on 

Iarvae than 011 eggs except both strams of N ¡daeus whlCh kdled the same number of eggs and 

nymphs Thls suggests two explanallons One IS that al! speCles preferred Immature motIle 

stages or fuat eggs are more nutntlve and satlate fue predator wlth less blOmass TakafuJI and 

Chant (1976) observcd that Iph¡selUs degenerans Berlcse on Tetranychus pacificus McGregor 

showed a shght preference for larvae and protonymphs to eggs, WhlCh IS simIlar to our own 

obscrvatlOn They explamed fulS preference by fue stlmulatmg effcet of the prey movemcnts 
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on the attackmg actlvlty Another explanatlon for hlgher kIllmg rate on larvae mlght be seen 

m the hypothesls that the egg 18 of hlgher nutntlve value than the other stages Thls assumptlOn 

J usttfies the conduet of an expenment morder to measure the reproductlve capaclty of the 

phytoscuds on vanous prcy stages 

The predatlOn tests demonstrated supenor voraCIty of T /¡momcus suggestmg that thls specles 

was one of the most promlsmg candldates for the control of Mononychellus sp It also has the 

capablhty to catch and kIli adult prey, whlch IS for the populat1On a much more slgmficant 1055 

than any lmmature stage (Ohnesorge, 1981) In contras!, T mamhotl seemed to be a predator 

of mfenor efficJency Thls speCICS kllled fewer mdlVlduals than the others and hardly attacked 

adult prey The total consumpt1On of T mamhotl was less than that of N Idaeus from Fonseca, 

however, the supenor voracJty on adults stage may compensate for the relatlvely low predatlOn 

rate on the lmmature stages To get an estImate of che potentlal mtake we assumed that the 

predators sucked out all avallable hqwd from thelr vlctlms and welghed eggs and motile prey 

stages Under thlS assumpt10n the mtake of T mamhotl dld not depend slgmficantly on the prey 

stages (Table 18) Acceptmg the same assumpt10n the results suggested T ltmomcus sucked 

out the same quantlty of hquld from eggs and from adults but strongly preferred larvae and 

nymphs In accordance Wlth thls assumptlOn, N Idaeus mamtamed the lowest feedmg level on 

adults 
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6 2 3 Preference test wIth SIX dlet combmatlOns, offered at hlgh denslty 

The hlgh standard errors and the slgmficant dlfferences between vanances mdlcated that on 

sorne prey types mdlVldual predator females dlffered m thelr feedmg actlvlty Thls lmpeded 

obtammg slgmficant dlfferences between conslderably dlfferent means lt 15 posslble tha! the 

deslgn of thls expenment needed to tnclude more rephcates than our prelllrnnary expenments 

where we studled the mfluence of the feedmg hlStOry Durmg our antenor expenments we 

offered only one prey specles In thls expenment we offered CGM m combmabon Wlth several 

ktnds of food types lt 15 suggested ¡hat these combmatIons altered conslderably the predaclous 

aetlVlty of the phytosends 

In splte of the heterogenelty of varlances the results of these expenments confirmed the 

outstandmg voraclty whlch T /¡momcus showed m the antenor expenment, especlally when 

pure acarme prey Items were offered (except on O gossypll al hlgh prey denslty) 

The hlghest consumphon by all predator strams of the acartne prey combmatlon M tanaJoa -

M canbbeanae (except for T mamhotl whlch exhlblted a sImilar predatlOn ratc on CGM -

M canbbeanae and on CGM - O gOSsypll) suggested tbat an affimty eXlsts between the cassa

va-mhabltlng predators and these prey specles T ur(¡cae IS an cosmopohtan pest and O 

gossypu has been reported on eotton, beans and papaya (Pntchard and Baker, 1955), whereas 

Mononychellus sp 15 strongly assoclated W1th cassava (Braun el al , 1993) Another reason for 

thlS behavlOur can be seen m the smaller body SIZC of Mononychellus sp faclhtated the attaek 

of phytosel1d predators 
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Analysls ofthe means ofk¡Jled prey In the expenment conducted at hlgh prey denslty mdlcated 

that T mamhotl was the only specles wmch exhlblted a sImilar predatlOn rate on O gossypll 

and on M canbbeanae Former studles at CIAT (1990) showcd that thls specles could n01 

complete the development to adult on the webbmg prey type However, the dally change of 

the leaf dlscs dld not penmt mtense webbmg L'nfortunately, the number of repheates of the 

treatments wlth O gossypll was too small, to allow stattstlcally secure compansons betwccn 

the means of the other treatments 

The reduced consumptlOn of CGM m presence of alternatlve food by all specles (except N 

Idaeus from Petrolma) mdlcated that the predators mcluded alternattve food ¡tems m thelf dIe! 

The number of kllled thnps nymphs mdlcated wlthout any doubt that thlS msect played a role 

m the dlet of both Typhlodromalus spec!es Furthermore, observatlOns m the stereomlcroscope 

revealed that the same two phytosel1d speclcs feed on honeydew secretlOns of whltefly nymphs 

And m lhe case of T ltmomcus thlS dlet decIslvely lowered the kllhng actlvlty on CGM 

We found no eVldence that any of the three phytosend specles fed on the mycehum and 

comdIa of the mJ1dew fungus Former studles showed that 44% of T mamhot¡ completed theJr 

development from egg to adult on thlS dlet (CrA T, 1990) Thls observatlOn suggested that the 

fungus may have sorne Importance as a food supply, but we stlll do not know exactly In what 

magmtude and whlch fungal organs are consumed Poor consumptlOn of thrlPS and sImilar 

kIllmg rates of CGM In presence of lhe three non-acanne food types mdlcated that ¡hey dld 

not play an Important role m the nouflshment of N Idaeus Thls specles exhlblted the typlcal 

charactenstlcs of a specIahzed predator behavlour (McMurtry, 1992) 
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6 2 4 Preference tests wlth dlet cornbmahons, excludmg or mcludmg M tanaJoa at low 

densJty 

Thls expenment confirmed sorne results dlscussed m the sectIOn aboye the vanatIOn of 

phytosends' predatIOn behavIOur dld not penmt the detectIOn of slgmficant dlfferences m spIte 

of blg dlfferences between the mean values, predators' affimty to Mononychellus spp, the 

outstandmg voraclty of T /¡momcus and the sUltablllty of thnps as food Item for 

Typh/odroma/us spp 

It was mterestmg that at low densIty of CGM T /¡momcus kllled more CGM m presence of 

alternatlve prey, such as M carzbbeanae, T urtlcae or thnps than m presence of whItefly or 

O mamhotls Thls observatIOn raIsed the conclusIOn that the fungus or the honeydew secretIOn 

were an attractlve food resource for T /¡momcus reducmg the necessIty to attack CGM In 

contrast, the ablhty of N ldaeus to move and OVlpOSlt m the webbmgs of T urtlcae (CIA T, 

1990) suggests that thls specles IS able to handle well these obstacles (m our expenments T 

urtlcae webbmg was not dense smce the leaf dlscs were renewed daIly) Thls hypotheses seems 

to be contradlcted by the observatIOn that at hlgh prey denslty no alternatlve food type affected 

the predatIOn of any predator stram on CGM We thmk that at thls denslty enough CGM 

mdlVlduals were aVaIlable to secure a mlmmal consumptIOn of at least 20 protonymphs 

The explanatIOn that predators' consumptIOn was reduced by hampered movement may fit T 

mamhotl However, m the lab T /¡momcus IS able to reproduce on mlxed prey colomes 

conslstmg of M carzbbeanae and T urtlcae F or tlus reason another posslble explanatIOn 

theory should be dlscussed It IS posslble that the accompanymg food may have altered the 
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feedmg actlVlty on CGM Collyer (1964) and Putman and Heme (1964, both clted m Huffaker 

el al, 1970) observed that T pyrz controlled P ulm/ better when Aculus fockeU/ or T glaud/

cans, respectJvely, were also present than when only P ulm/ was present It may be of mterest 

for further studles to examme m more detall the mfluence of altematJve food hke thnps on the 

feedmg behavlOur of selected phytosend specles 

6 2 S Comparlson consumptlOn at a11 three densltIes 

It was expected that the kilhng rate of all predators would mcrease when denslty of offered 

prey mdlVlduals mcreased Although dlfferences were not slgmficant the tendency was vIsible 

These results corroborate observatlOns of AkpokodJe el al (1990) They observed that the 

consumptlOn rate of N /daeus and J degenerans mcreased on CGM monotonously untJI 

reachmg a plateau formmg the typlcal type Holhng II functlOnal response curve (Hollmg, 

1965) TakafuJI and Chant (1976) and Evelelgh and Chant (1982) reported the same tendency 

for P perslm¡[/s and Jph/~e/Us degenerans, both feedmg on T pacificus 

Companson of consumptlOn on thnps at three CGM densltJes mdlcated that decreasmg CGM 

denslty mcreased the readmess of all phytosend specles to accept thnps as complementary prey 

Even N /daeus was able to kili sorne thnps nymphs, mdlcatmg that thls specJes, whlch almost 

dld not feed on the msect when CGM was abundant, was able to act as a generahst predator 

when the mam prey IS scarce The low consumptlOn rate suggested that the consumptlOn of 

thnps secured the mamtenance of mlmmal physlOlogICal processes It IS stJlI not known If thls 

predator can reproduce on thls dlet, a questlOn whlch generates mterest for further studJes 

Expenments conducted at CrA T showed lhat T mamholl showed a simIlar oVlposltlOn rate on 
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thnps and on CGM (CIAT, 1990) The Importance of thnps was already reported by SWIrskI 

and Dorz¡a (1968), Shlpp and WllItfield (1991), Hoy and Glemster (1991), and Gloul1er and 

lohnson (1993) 

6 2 6 OVlposItlon 

Flve days oVlposltlOn on all acanne food ltems mdlcate ¡hat they were a sUltable food source 

for reproductlon of all ¡hree phytoselld specles T /lmomcus was nol only the most voraclOus 

bu! also ¡he mosl fecund specles on acarme prey The hIghest OVlposltlon and feedmg rate on 

M carlbbeanae mdlCated that Ihls speeles was the most efficlent predator on ¡hlS prey 11m 

supenonty did not occur on T urfIcae, where no slgmficant dlfferences Wlthm the three 

predaclOus specles could be found The hlgh OVlposltlOn rate of T mamhotl on thrlPS was 

confinned by expenments conducted at CrAT where T mamhotl showed a SimIlar OVlposltlon 

rate on thrlPS and on CGM (CIAT, 1990) Thls suggested that thls specles IS not only a poten

tIaI control agent of mltes but al50 of thnps whlch can cause damage of conSiderable economlc 

Importance (Bellottl and van Schoonhoven, 1978) 

The mcapaclty of al! the lhree phytoselld specles to reproduce on whltefly honeydew made It 

obvlOUS tha! Ihls food I!em does no! have the essentIal nutrlents such as protem to permJt 

OVlposltlOn The same explanatlon mlght be stated for the cassava mlldew fungus Many 

authors report the consumptIon by phytosellds of alternatIve food whIch dld no! allow 

oVlposltlon Huffaker and Kennett (1956) found tha! Amblyse/Us aurescens AthIas-Hennot dld 

not reproduce m absence of prey mltes but utIhzed honeydew or plant exudates for mere 

survlval Bakker and Klem (1990) mentIoned !hat thlS fbod Item dld not allow reproductlon 
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of T mamhotl on cassava, however, they dlscussed the lmportance of exudate for plants to 

mamtam thelr "bodyguards" Toko et al (1994) observed that fema!es of T mamhotl (from NE 

of Brazll) dld not reproduce, but mcreased survlval rate and longevlty on thls non prey food 

It was surpnsmg that the females of T lzmomcus were able to mamtam oVlposltlOn on mIldew 

m presence of only ten protonymphs of CGM They were sufficlcnt to permlt an oVlposttlOn 

of more than onc egg per day Former expenments showcd that O mamkotls IS a potentlal 

food Itcm for thls phytoselld spccles 44% of T mamhotl (from Palmlra) survlved from egg 

to adult on Ihls dlet (CIAT, 1990) In thlS expenment, apure mtldew dlct permltted the females 

to OVlpOSlt 2 6 cggs dunng the OVlposltlon penod (compared to 25 4 when CGM was the prey) 

Tlus suggests that Imldew permlts T lzmomcus to mamtam tts populatlOn when den51ty of 

Mononychellus ~pp IS low and supports megular OVlposltlon 

6 2 7 Prey preference under field condlÍlons 

Large dlfferences between the rephcates mdlcated that factors other than the treatments affected 

predator behavlOur and that tbree rephcates were not sufficlent Dne of Ihe Important lmpacts 

on field expenments 15 genera!ly the ramfall However, m our expenment ramfall was 

obvlOusly not a determmant factor smce--m splte of mcreasmg preclpltatlon--the tetranyclud 

and phytoselld denslty mcreased untll the second evaluabon (Flg 39) The gauze cages 

probably dlffilntshed conslderably the Impact of the ralll drops For thls reason It seems more 

convlllClIlg to attnbute the heterogeneous behavlOur to the predator mspersa! actlvlty The 

abrupt decrease after release was also observed for T mamhotl (CIAr, 1993) dunng a field 

expenment conducted m 1992 at CIA T However, In that expeTlment, N ldaeus estabhshed 

41 



mmledlately afier release The hlgher release denslty (100 mdlVlduals/plant) combmed wlth a 

penod of less ramfal! (less tban five nml per week) rnlght have facllltated the estabhshment 

The fact that the natural dlstnbutlOn of N Idaeus and Typhlodromalus spp are restncted to 

seasonally dry or seasonal!y hunud zones, respechvely, (CIAT, 1990) suggcsts tha! the better 

establIshment of Jatter genus can be explamed by the ramy penod after release 

The mcreasmg effeet of the presence of Al canbbeanae on the denslty of al! predato! strams 

confirmed theu preference for Alononychellus spp m the lab expenment mdlcatmg the 

Importance of thls prey speCles as par! of thelr dlet Assummg that the predators perform 

slmilarly on Al tanajoa suggests that they may be sUltable agents m the c1asslcaJ blOJoglcal 

control of CGM 

The poslhve correlatlOns between N Idaeus and Al canbbeanae m presenee of the alternabve 

food Items honeydew and O mamhotls suggested that these Items complemented the acarme 

dlet Thls concluslOn agrees wlth Tamgoshl et al (1993) who observed a prolonged survlval 

of thls specles on exudate and vanous types of pollen McMmtry (I992) assumed that 

supplemental food lIke honeydew or fungus eonslderably mereases survlval and oVlposltlOn on 

mlte prey, suggestmg to mclude these food Items m studles on determmmg reproductlve rates 

The Importanee of alternauve food for the estabhshment of exotte predators was stressed by 

McMurtry and Scnven (1966) They observed that Euselus hlblSCI Chant suppressed more 

effecttvely Obgonychus pumcae Hlrst when polIen was present The real eXlstmg or negatlve 

correlatlOn between N Idaeus wlth supplementary food Items m absence of Al carzbbeanae 

suggested, that these food Items had not sufficlent nutntlve values 10 mamtam a populatlOn 

Bakker and Klem (1990) observed that T mamhotl survlved but dld not reproduce on exudate 
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of cassava plants The result that the presence of thnps had no mfluence on the denslty of both 

strams of N Idaeus cOIToborates the lab expenment where thls predator fed poorly on thnps 

The observatlOn that the populatton of both N ¡daeus strams was strongly correlated wlth that 

of T urf¡cae confirmed Its good adaptatlon to thls web-produemg speeles (Mesa et al 1990) 

The behaVlour of T lImomcus and T mamhot¡ on whttef1y was probably deternuned by the 

same factors as dlscussed before for N Idaeus Nethertheless, It was cunous that the denslty 

of T mamhot¡ mcreased when that of whltef1y decreased, and vIce versa ThlS mdlcated that 

thls phytoselld dld not only feed on honeydew but also on the msect Smce m the ¡ab 

expenment thls phytoselld could not reproduce on thls dlet thlS concluslOn was surpnsmg 

Furthermore we observed, that the wax protectlOn hampers the movement of thlS mlte 

However, the populatlOn dynamlcs of the msect and of thls phytoscud suggested that T 

mamhotl controlled the whltefly It was posslble that the lack of acanne prey obhged th¡S , 

predator to feed on Immature whltef1y stages that were probably stlll lackmg a dense wax 

protectlon Thls concluslOn corooorates vanous authors who found that phytoseuds are able to 

control thls msect (Wysokl and Cohen, 1983, Mmsonneuve el al, 1985, Rao el al 1989) It 

would be mterestmg to evaluate thlS hypothesls m further expenments The reasons for the 

negallve corre1atlOn between T hmomcus and whltefly can be seen m the dramatIc mcrease 

of the wrutef1y mfestatlOn m thls treatment It IS posslble that the extremely hlgh denslty of 

wrutef1y hampered the movement of these predators rhe mcrease of the denslty of T {¡mom

cus on apure m¡ldew dlet unhl the fourth week, mmntammg a level between 10 and 20 mltes 

per plant also suggested that the T {¡momcus aecepted temporanly trus food The hlgh 

populatlOn densltles on the combmatlOn T urtlcae - M canbbeanae and thnps - M canbbea

nae mdlcated that thlS specles found good nutntlOnal condIllons Companson of these 
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populatlOn dynanucs Wlth that on pure thnps dlet suggested that T [¡momcus temporanly 

acceptcd the msect, however, the combmatlOn wlth acanne prey seemed to Improve the 

condltlOns for the establIshment of thlS phytosclId The extrcmely low denslty of T mamhot¡ 

on plants mfested wlth m!ldew m presence or m absence of M canbbeanae suggested that the 

fungus had no attractlOn for thls specles It was surpnsmg that T urtlcae alone was posltlvely 

correlated wlth T mamhot¡ Earher expenments wüh tbs predator-prey combmatlOn showed 

an extremely low survlVal rate of the phytoselld (CIAT, 1990), what makes It Imposslble to 

fear thlS phytoselld on ¡hls prey The phytosend 15 known for 115 hmlted abIlIty to move m the 

dense webbmg of the tetranychld However, m our field expenment the rapld decrease of T 

urtlcae populatlOn dld not permlt formatlOn of mtense webbmg, mdleatmg lhat the predator stlll 

was able to attack acarme prey 

6 3 General conclUSlOns of all predatlOn cxpcnmcnts 

In the ¡ab expenments M tanaJoa and M carzbbeanae were the most preferred prey 

specles Assummg that Ihe phytoselld specles had no preference for CGM or M 

carzbbeanae Jt can be concluded that CGM would have been also an essentlal par! of 

the dlet of all tested phytosend specles m the field expenment 

T hmomcus was the most efficlent predator specles In all lab expenments tbls spec¡es 

was the most predaclOus phytoselld and perforrned also the blghest OVlposltlOn rate In 

the field expenment thls specles showed the hlghest denslty as well, but ""'Ithout 

slgmficant dlfferences to T mamhotl 
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Thnps was an Important prey specles of T mamhotl In al! expenments T llmomcus 

feeds and reproduces on thlS msect but thlS prey type had less Importance m lis dlet 

than m that of T mamhot¡ Thnps was nol acccpted by N ldaeus m any expenment 

Only when no other food was aVallable thls specles kJ!led a Immmal number of 

mdlvlduals of thlS msect 

The honeydew secretlon of whltefltes had an Increasmg effect on the denslty of all 

phytOselld strams m the field expenment Thls result corroborated the seml·field experl· 

ments of Bakker and Klem (1992) They observed that m presence of cassava exudate 

T mamhol! was able to reach a hlgher populahon densIty than m the absence of thlS 

food Item They concluded that Ihe presence of carbohydrates leads to enhanced 

Juvemle survlval and lo Improved mass converSlOn (lower prey mtake leads lo equal 

egg productlOn) 

7 Relevance of the results for farmers' practlce 

CIAT ldenhfied aboul 50 potenlIal natural enemles of CGM m begmmng Ihe Classlcal 

BlOloglcal Control PrOJect Smce the shlpmenl costs of all these candldates to Afnca are hlgh 

and In order to mlmmlze or avold mtroductlOn of specles that have unknown ecologlCal effects, 

a selectlon process for the most promlsmg candldates was needed The present proJect was 

ImlIated as par! of the selecllon efforts Wlth the obJectlve to provlde data on the three as 

promlsmg consldered phytOSClld specles T mamhotl T /¡momcus, and N ldaeus 
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Preltmmary mvestlgatlOns at CIAT Ylelded a great dea! of data supportmg mtroductlOn and 

release of T mamhot! m Afuca, based on Its preference fOf CGM Howcvcr, efforts to cstabhsh 

tlns candldate m the exotlc slte falled The present work showed that lts consumptlOn of thnps 

and the lack of consumptlOn of adult mltes may be hmlted compared to T IImomcus The hlgh 

voraclty, fecundlty and relatlve ease of estabhslunent m the field of T /¡momcus hlghly 

recommended the release of thlS phytOSCl1d fOf the control of CGM m Afnca Furthermore, the 

results of thls proJeet showed posslble ltmltatlons of N ldaeus as a successful predator m 

Afnca Lumted voraclty and poor reproductlon on alternatlve food such as fungl, thnps Of 

honeydew secrctlon of whltef1y wcrc conSldcrcd as posslble rcasons However, Its adaptatlOn 

to prolonged dry seasons mdlcates ItS Importance as a potentla! control agent of CGM The 

speclfie advantages of eaeh spCCles suggest that a multlplc specles release, as has becn 

practlCed, IS a good pragmatlc approach to the problem m Afnea 

An addltlOnal, seeondary output of thls proJcet was that T mamhotl seems to be a promls1Og 

control agent of thnps Our expenments show that presence of allemahve food sources, hke 

honeydew, secretlOn or fungus, may atd m the estabhslunent of these phytosel1ds on cassava 

plants 

8 MaJor problems/constramts 

One of the mos! Importan! hmltatlons of the use of electrophoresls as tool for the dlet ana!ysls 

of field collected predators was thelr low esterase actlvl!y The maJonty of the collected phyto

scud speclmen could not be Identlfied Furthermore, the fractlOn of unstamcd gut contents was 

considerable We falled lo detect protems of the m!ldew O mamhotl as gut content of 
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phytosellds Bakker and Klem (J 993) expenenced sImilar dlfliculttes w¡th tlus fungus They 

concluded that thc phytoselld gut capaclty of 3-5 flg 15 too small to penmt ItS IdentlficatlOn 

Thelr, our and studles at CIAT (1989) suggested that thls fungus 15 part of the dlet of 

phytosends as Typhlodromalus, however, thls hypothesls remamed unsupported by 

electrophoreuc data 

Another goal of the electrophoretlc assays was to quantlfy predator consumptlOn Flrst of all, 

1\ was not poss!ble lo estabhsh a cahbratlOn curve of consumed prey mdlvlduals and stammg 

mtenslty Even If thlS dlffieulty were be overcome, other unknown factors hke dlgestlon time 

and consumed prey stage Impede rehable electrophoretlc analysls 

Two experImental problems hampered the reahzatlOn of the expenments cons!derably The 

break downs of the colomes of O gossypu and 111 tanaJoa 

Dunng the lab expenments lt was very dlfficult to mamtam the colony of O gossypll 

Phytosellds (especlally P perslmlhs) reduced the colony conslderably Absence of !hIS mlle 

m the fields at the North Coast of Colombia dld not allow the reestabhshment of the colony 

For the second par! of these expcrtments we were obhged to ehmmate thls par! of the 

expenment 

The maJor constrarnt eons15ted m the sudden collapse of CGM eolony due to an unknovm VIruS 

dlsease Smce all the preparahons hke plant growmg, rearmg of pests and nuldew were schedu

led for the 1st of November 1993--!he day of the release of the phytosellds--we could not 

postpone the expenment Furthenuore, for the release we needed to mercase !he phy10selld 
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colomes The large quantIty of plant matenal reqUlred for thelr mamtenance, and the faet that 

the cassava vanety CMC 40 was runmng short presented another pressure to release the phyto

sellds on the planned date F or these reasons there was no other alternatlve but to substltute 

CGM wlth ItS relatlve, M canbbeanae 

One of the maJor constramts Eor the analysls oE the results of field expenment was the 

heterogenelty of the data Thls mdlCated that on one slde that the number of rephcates was too ' 

small lE evaluatlon personnel (as m our case) or space are hmIted then the number of 

treatments should be reduced m favour of more rephcates On the other slde the results showed 

lhat control treatments were mlssmg, where M canbbeanae or only predators were present 

The deslgn of lhe expenment was characlenzed by the thought to study the populatton 

dynamlcs of lhe four predators on four dlfferent alternattve food types testmg agamst the 

behavlour on pure M canbbeanae populatlOn For Ihls reason and for lhe SIZC of the 

expenment these eontrol treatrnents were not mcluded Fmally, lhe heterogenelty of lhe resu!ts 

showed that more effects than on!y the food Items mfluenced the phytosellds However, 

wlthout these control treatments Jt IS dlfficult to IdentJfy these mfluences 
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9 Documentat10n of results 

Tabla 1 App11cab111ty oí enzymes for sta1n1ng of prey prote1ns 
and dlscrlmlnatlon of N ~daeus T 1~mon2cus and T manlhot~ 

Enzyme 

Malate dehydrogenase (MDH) 

Phospho-gluco-l.somerase (PGI) 

Esterase (EST) 

AC1d phosphatase (ACP) 

Dl-aphorase (DIAPl 

Glucose-6-phosphate 
dehydrogenase (G6DPH) 

Glutamate axalatacetate trans
am1nase (GOT) 

Ma11c enzyme (ME) 

Alcohol dehydrogenase (ADH) 

Sh1k1ml-C dehydrogenase (SKDH) 

o = no stalnlng 

rdentl-f1catl.On 
of phytose11d 

++ 

++ 

+++ 

++ 

o 

+ 

+ 

++ 

o 

+ 

Ident1f1cat:LOn 
of gut content 

+ 

+++ 

o 

o 

+ 

o 

++ 

o 

+ 

+ = stalnlng¡ however( banda of al1 samples were unlform 
++ = ~dentlflcatlon posslble 
+++ l.dentl-f1cat1on w1th very good resulte 
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Table 2 L~ve we1ght of stages oi M car~bbea.nae 

Stage (number of mean we1ght mean we~ght of range of n 
:tnd1v1duals per of group (1'9) 1nd1v1dual (I'g) we1ghl.ng errars 
groupl + SE (I'g) 

egg (100) 68 O ± O 01 O 7 ± O 001 3 x 100 

larva (50) 92 5 ± O 07 1 9 ± O 002 3 x 50 

protonyrnph (50) 105 O ± O 16 2 1 ± O 001 3 x 50 

deutonyrnph (50) 182 5 ± O 16 3 7 ± O 001 3 x 50 

adult '" (50) 490 O + O SO 9 8 ± O 040 3 x 50 
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Table 3a Influence of feedlng hlstory and prey denslty on predatl0n rate of N ~daeus (Fonseca) (prey lndlvlduals kllled) 

low dens~ty h~gh densl.ty 

Prey age starved females fed females starved females fed females 

______________ ~ ____ .P_~ ____ ~e:.~~s_J:_~~ _______ ~ _____ p ______ ~:.~n_~J:_~~ ________ ~ ___ Pl __ __ ~!~::~_!_~~ ________ '2 ___ E ___ _ ~!~::::::_!_~~ _____ _ 
eggs 

larvae 

nymphs 

adult 

TOTAL 

32 

19 

16 

12 

79 

12 5 

10 O 

10 O 

10 O 

11 O 

10 9±0 5 

9 s±o 4 

S StO 4 

1 B±O 5 

B 7±O 4 

D 

D 

D 

F 

38 

18 

20 

16 

92 

10 9 

10 O 

10 O 

10 O 

10 2 

9 6±O S 

B 2±O 7 

8 6±O 4 

1 líO 2 

7 6±O 4 

D 

D 

D 

F 

37 59 9 

11 40 O 

11 40 O 

13 30 O 

72 48 2 

25 2±1 8 

35 2±1 4 

20 4±2 7 

4 S±O 6 

22 6±l 5 

BC 

AB 

C 

E 

36 

19 

20 

16 

91 

Means WhlCh are followed by the same letter are not slgnlflcantly dlfferent (REGW multlpler F-test) 

Table 3b Analysls of varlanCe for data on lnfluence of feedlng 
hlstory and prey denslty on predatl0n rate of N ~daeus (Fonseca) 
(prey lndlvlduals kll1ed) 

Source of varlatlon df Mean sguares F-Value 

Prey age 3 54 6 390 2 

Feedlng hlstory 1 O 3 2 4 

Denslty 1 59 4 424 9 

Prey age*Feedlng hlstory 3 1 8 12 6 

Prey age*denslty 3 2 O 14 2 

Feedlng hlstory*denslty 1 O 4 2 8 

Feedlng hlstory*prey 3 O 7 4 8 
age*denslty 

Error 322 O 1 

51 

P 

<O 0001 

>0 05 

<O 0001 

<O 0001 

<O 0001 

>0 05 

<O 003 

62 1 

40 O 

40 O 

40 O 

48 6 

:n 2±1 6 

37 7±O 6 

30 S±l 1 

1 6±O 3 

26 S±l 4 

A 

AB 

F 



Tabla 3c COéffec~ents of var~ance of data grouped ~n prey 
dens~ty and feed~ng h1story 

Fed predators 

Starved predators 

Hlgh dens1ty 

11 1 

16 6 

Low denslty 

18 8 

14 2 
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Table 4a Mean consumptlon by the phytosellds N ~daeus, T l~mon~cus and T man~hot~ of varlOUS prey stages ef the tetranychld 
M car~bbeanae 

Prey age 

eggs 

larvae 

nymphs 

adults 

TOTAL 

13 

7 

18 

14 

52 

N l.daeus (Petroll.na) 

61 3 

100 

40 

15 

46 8 

27 8±4 2 

58 1±4 9 

28 3±1 4 

1 3±O 4 

24 9±2 s 

E 36 

AB 10 

DE 20 

G 8 

74 

N l.daeus (Fonseca) 

61 1 

100 

40 

15 

56 1 

29 9±l 6 

76 3±3 1 

30 S±l 1 

o 6±O 3 

33 3±2 4 

DE 

A 

CDE 

G 

19 

6 

21 

10 

56 

714 

100 

50 

l5 

56 4 

59 6±3 2 

73 O±6 o 

45 6±1 1 

3 S±O 4 

45 8±3 2 

Means followed by the same letter are not slgnlflcantly dlfferent (REGW multlple F-test) 

Tabla 4b Analysls 
by the phytosellds 
prey stages of the 

of varlance table fer data en 
N ~daeus T l~mon~cus and T 
tetranychld M car~bbeanae 

mean consumptlon 
man~hot~ of varlOUS 

Source of varlatlon df Means of square F-Value p 

Straln 

Prey age 

SpeCle*Prey age 

Error 

3 

3 

9 

213 

3 6 

78 3 

1 6 

o 2 

24 4 

537 4 

10 9 

<O 0001 

<O 0001 

<O 0001 

53 

AB 14 

AB 7 

BC 12 

F 14 

47 

T manl.hotl. 

71 7 

100 

50 

l5 

63 8 

46 9±6 2 

55 6±6 4 

22 9±2 o 

6 líO 8 

29 9±3 4 

BCD 

AB 

E 

F 



Tabla 5 
Fonseca) 

L~st of s~x treatments of the phytose~~d spec~es N 
T l~mon~cus and T mán~hot~ 

Phytose:l.1d stral.n 

N l.daeus 
(petro11na) 

N 1-daeua prey of every treatment 
(Fonseca) 

M tanaJoa 
T 11ffion1cus 

T man1hotl 

54 

,daeus (stra,ns of Petro11ria and 

Complementary 
I 

prey-
and food l.tem , 

I 
I 

M car~bbeanae 

O gossyp:u I 

T urtl.ce 

, 
AlternatJ.ve food , 
M11dew 

I 

Whltefly 

Thr:lps 



Table 6 Means of consumptl0n of phytosel1ds 
on acarlne prey (all treatments, prey denslty 
50 nymphs when alternatlve food was lncluded 
100 nymphs when two tetranychld specles were 
offered) durlng 24 hours 

Phytose11d spec1es n means ± SE 

T l~mon.1cus 73 33 O ± 2 2 

N ~daéus (Petro11na) 74 28 2 ± 1 8 

N J.daeus (Fonseca) 76 28 9 ± 1 7 

T maníhotl 80 26 9 ± 1 8 

TOTAL 29 3 9 

Means were not slgnlflcantly dlfferent 
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Tabla 7a Mean consumpt10n of N ~daeus T l~mon~cus and T man~hot~ on prey cornb1nat10ns of M tana]oa w1th M car~bbeanae 
O gossyp" and T urt'cae (each prey spec1es was offered w1th 50 protonymphs = h1gh dens1ty) 

M tana]oa + 

M car~bbeanae o gossyp~~ T urt~cae 

_~_~~~..s_':==.? __ '!!?=3_':.!~ _____________ n ________ ~_j __ ~~ _____________ r: ______ ~ __ ± __ ~~ ______________ ~ ________ ~_j __ ~~ ____________________________ _ 

N ~daeus (Petro11na) 11 34 5 ± 7 O 5 24 4 ± 3 3 

N ~daeus (Fonseca) 11 41 B ± 3 3 A 5 30 O ± 3 3 B 

T l~mon~cus 10 50 5 ± 7 1 5 37 B ± 7 8 

T man~hot~ 11 40 9 ± 3 6 A 6 42 3 ± 3 7 A 

TOTAL 43 41 7 ± 2 9 A' 21 34 O + 3 2 AB 

1. Means 1n each row followed by the same letter are not s1gn1f1cantly d1fferent 

ns not s1gn1f1cant 
* P < O 05 
** P < O 01 
*** P < O 001 
**** P < O 0001 

Tabla 7b Analys1s of var1ance for data on consurnpt~on of N 
~daeus, T l~rnon~cus and T man~hot~ on prey comb1nat10ns of 
M tanaJoa w1th M car~bbeanae O gossyp~~ and T urt~cae 
(each prey spec1es was offered w1th 50 protonymphs = h1gh den
S1ty) 

Source of var1at10n di Mean sguares F-Value P 

Phytose1d stra1n (1) 3 1 O 1 8 >0 05 

Prey spec1es (2 ) 2 3 3 5 9 <O 01 

(1) * (2) 6 2 7 O 8 >0 05 

Error 97 O 6 

56 

11 24 5 ± 3 9 ns 

12 24 8 ± 4 O B * 
11 37 5 ± 5 2 ns 

12 24 O ± 5 2 B **** 

46 27 5 + 2 9 B ** 

(REGW mult1ple F-test) 



Tabla 8a Consumptlon by N ~daeus, T l~monlCus and T man~hot~ of prey 
comb~natlons cons1st1ng of M tanaJoa and the alternat1ve foad ~tems 
O man2hot2s A soclalls und F wlIllamsl 

N ldaeus(Petrollna) 

N ~daeus (Fonseca) 

T llmon.l.cus 

T man"lhot.1 

TOTAL 

H 

16 

15 

19 

66 

o manlhot"ls 

31 6 ± 3 6 

27 7 ± 3 5 

31. 3 ± 4 5 

23 7 ± 4 4 

28 3 + O 1 

16 

17 

17 

1.5 

65 

M tana]oa + 

A soc"lal"ls 

26 5 ± 3 6 

27 O ± 3 6 

21 O ± 4 3 

21 5 ± 3 2 

23 9 + 1 8 

1.5 

1.6 

15 

16 

62 

F w~ll~ams~ 

25 6 ± 3 4 

27 8 ± 3 O 

32 6 ± 3 4 

22 7 ± 3 7 

27 1 ± 1. 7 

Tabla ab Analysls of varIance for data on consumptlon by N ldaeus, 
T l"lmon"lcus and T man"lhot"l of prey comblnatl0ns conslstlng of M 
tanaJaa and the alternatlve foad ltems O man~hot~s A soclalls und 
F wll11amsl 

Sources of varlatlon 

Phytoselld straIn (1) 

Alternatlve food ltem (2) 

(1) * (2) 

Error 

df Mean aguares 

3 1 5 

2 1 2 

6 O 4 

181 

57 

P-Value 

1 7 

1 4 

O 5 

P 

>0 05 

>0 05 

>0 05 



Tabla 9a Mean values of surv1v1ng 1nd1v1duals of the prey spec1es M car~bbeanae, O gossyp~~ and T urt~cae dur1ng an 
observat10n per10d of 24 hours (SO 1nd1v1duals of each spec1es as 1n1t1al dens1ty) 

N ~daeus (Petro11na) 

N ~daeus (Fonseca) 

T l~mon~cus 

T man~hot~ 

TOTAL 

19 

17 

17 

19 

72 

M car~bbeanae 

15 8 ± 1 6 

133±12 

8 4 ± 1 2 

11 7 ± 1 5 

12 3 ± 1 5 e 

11 

10 

11 

12 

44 

o gossyp~~ 

24 9 ± 4 1 

24 4 ± 3 9 

19 4 ± 3 O 

25 8 ± 3 O 

23 6 ± 1 7 B 

18 

19 

20 

20 

77 

T urt~cae 

35 1 ± 2 3 

34 1 ± 2 4 

25 9 ± 2 6 

24 5 ± 3 2 

29 9 ± 1 4 

1 Means followed by the same letter are not s1gn1f1cantly d1fferent (REGWF mult1ple F-test) 

A 

TOTAL 

48 25 1 ± 1 9 

46 24 2 ± 2 O 

48 18 2 ± 1 7 

51 20 O ± 1 8 

A' 

A 

B 

B 

Tabla 9b Mean values of surv1v1ng 1nd1v1duals of the prey spec1es M tana]oa 1n comb1nat10n w1th the tetranych1d spec1es M 
car~bbeanae, O gossyp~~ and T urt~cae dur1ng an observat10n per10d of 24 hours (SO 1nd1v1duals of each spec1es as 1n1t1al 
dens1ty) 

M car~bbeanae o gossyp~~ T urt~cae TOTAL 

_:'_J:.~~~-"_':~~,? __ ~~~:_~':~ _______ ~ ________ ::_j: __ ~~ ___________ !' _______ ~L.?_E!. __________ !' _______ ::_L~~ ___________ ~ ______ !'_L.?.!' ___________ _ 
N ~daeus (Petro11na) 

N ~daeus (Fonseca) 

T l~mon~cus 

T man~hot~ 

TOTAL 

19 

17 

17 

19 

72 

18 1 ± 1 9 

135±19 

10 6 ± 2 O 

12 5 ± 1 5 

111±18 B 

11 

10 

11 

12 

44 

16 3 ± 2 7 

11 4 ± 3 1 

7 6 ± 2 5 

13 3 ± 3 7 

12 2 ± 1 6 A 

18 

19 

20 

20 

77 

12 7 ± 1 8 

13 2 ± 2 O 

6 3 ± 1 4 

12 8 ± 2 7 

11 3 + 2 O 

1 Means followed by the same letter are not s1gn1f1cantly d1fferent (REGWF mult1ple F-test) 

58 

A 

48 

46 

48 

51 

15 6 ± 1 2 

12 9 ± 1 3 

8 1 ± 1 O 

12 8 ± 1 4 

A' 

A 

B 

A 



Tabla 9c Analys1s of var1ance of data on surv1v1ng 1nd1v1duals of the prey spec1es M car~bbeanae, O gossyp~~ and T urt~cae 
dur1ng an observat1on per10d of 24 hours (50 1nd1v1duals of each spec1es as 1n1t1al dens1ty) (refers to Table (9a) 

Source of var1at10n 

Phytese11d stra1n (1) 

alternat1ve tetranych1d prey (2) 

(1) * (2) 

Error 

Tabla 9d Analys1s ef var1ance fer 
tetranych1d spec1es M car~bbeanae 
spec1es as 1n1t1al dens1ty) (refers 

Source of var1at1on 

Phytese11d stra1n (1) 

alternat1ve tetranych1d prey (2) 

(1) * (2) 

Error 

data on surv1v1ng 
O gossyp~~ and T 
te Table 9b) 

df 

3 

2 

6 

180 

Mean squares 

1 5 

14 4 

O 5 

P-Value 

5 O 

47 O 

1 6 

P 

<O 01 

<O 0001 

>0 05 

1nd1v1duals of the prey spec1es M tanaJoa 1n comb1nat1on w1th the 
urt~cae dur1ng an observat10n per10d 24 hours (50 1nd1v1duals of each 

59 

df 

3 

2 

6 

180 

Mean square 

6 1 

2 O 

O 3 

F-Value P 

10 1 <o 0001 

3 3 <o 05 

o 4 >0 05 



Table 10 T-test compar~sons between means of al~ve CGM and alternat~ve prey spec~es (compar~ng Tables 9a and 
9b) 

Phytose11d spec1es M car~bbeanae O gOSSypl~ T urtlcae 

N ~daeus (Petrohna) ns ns **** 

N ~daeus (Fonseca) ns ** **** 

T l~mon~cus ns ** **** 

T rnanlhotl ns ** * 
ns not s~gn~flcant 
* P<O 05 

** P<O 01 
**** P<O 0001 
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Table lla Consumpt1on of N ~daeus T 1,mon,cus and 
T manlhotl on Frank11nlella w,111amsl (thrlps) ln com
b1nat1on w1th M tana]oa at hlgh dens1ty 

PhytOS91ld specles N consumed thrlpa 
meana :t SE 

N ldaeus (Petrollna) 15 O 4 :t O 2 A' 

N ldaeus (Fonseca) 16 O 2 ± O 1 A 

T llmon.lcu$ 11 1 5 ± O 4 B 

T man~bot2 17 1 7 O 9 B 

1 Means followed by the same letter are not s1gnlfl-
cantly dlfferent 

Tabla llb Analysls of varlance on data for conaumptl0n 
of N ldaeus, T llmon2cus and T manlnotl on Frankll
nle11a wl11lams~ (thrlpsl ln comb1natl0n wlth M tanaJoa 
at hlgh denslty 

Source of var1at10n 

Phytose11d stra1n 

Error 

df Mean sguare 

322 

64 o 2 

61 

F-Value p 

11 O <o 0001 



Table 12 Influence of the presence of CGM on the feedlng rate of phytosel1ds on tetranychlds (t-tests) 

M car~bbeanae T urt~cae 

w~th M tanaJoa wl.thout M tanaJoa wl.th M tanaJoa wl.thout M tanaJoa 

n means ± SE n means ± SE t-test n means ± SE n means ± SE t test 

N ~daeus (PetrolJ.na) 47 25 5" • 3B " 4" • • 43 15 0" 3 47 14 7±0 • ns 

N ~daeus (Fonseca) 44 30 0±2 2 41 22 6±1 B •• 46 24 lil 6 44 12 6il 2 ... 
T l~mon~cus SO 47 Oil 3 4' 35 7,2 O ••• 45 33 li2 3 4B 21 Sil B .. 
T man~hot~ 40 32 3i2 • 44 24 Oi2 4 • 42 31 5i2 O 45 24 2±1 5 • 

TOTAL lBl 34 Oil 2 172 25 2±1 1 ••• 176 26 O±l 1 lB4 lB 3iO B ••• 

ns not slgnlflcant 
* p < O 05 

** p < O 001 

*** p < O 0001 
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Tabla l3a Means of phytose11d consumpt1on of thr1ps (k111ed 
larvae) 

w1th M tanaJoa only thr1ps 

Phytose11d specles n means ± SE n means ± SE 

N J.daeus (Brazll) 39 Q 4 ± Q 1 e 34 1 1 ± o 3 B 

N ~daeus (Fonseca) 27 o 6 ± o 4 e 32 o 7 ± o 2 B 

T l~mon~cus 42 1 9 ± o 3 B 46 2 3 ± o 3 A 

T manJ.hotJ. 45 3 1 ± o 3 A 41 3 4 ± o 3 A 

TOTAL 153 1 6 + o 2 153 2 o + o 2 

l Means ln every column whJ.ch are followed by the same letter 
are not s1gnlflcantly d1fferent (P<O 0001, REGW multJ.ple F-test) 

Tabla l3b Analysls of varJ.ance for data on consumptl0n of 
thrJ.ps (k111ed larvae) 

Source of var1ance 

Phytose11d straln 

Error 

df 

3 

302 

Mean 

16 6 

O 4 

Table 13c Influence of presence of 
CGM on phytoselld feedJ.ng rate on 
thr~ps larvae (t-test, means are 
shown J.n Table 14b) 

Phytosel1d straJ.n P 

N ~daeus (PetrolJ.na) • 
N ~daeus (Fonseca) ns 

T l~mon~cus ns 

T man~hot~ ns 

TOTAL ns 

ns not Slgnlf1cant 
* p < O OS 

F-Value p 

46 1 <o 0001 

63 



Tabla 14a Means of k~ll~ng rate of phytose~~ds on CGM ~n presence of non-acar~ne food 

Wh:üefly Oldl.Utn Thn.ps 

PhytoSe1.1d speCíes n means ± SE n means i SE n means ± SE 

N l.daeus (Bral.ul) 39 4 • ± o 5 BCOl 33 3 9 ± o 5 CD 42 5 6 ± o 4 

N ldaeus (Fonseca) 45 4 3 ± o 4 BCD 41 5 • ± o 5 ABCD 37 5 2 ± o 6 

T ll.ffionl.cus 27 2 9 ± o 5 D 38 5 1 ± o 6 BCD 45 7 2 ± o 5 

T manl.hotl. 39 4 6 ± o 4 BCD 32 4 e ± o 4 ABCD 45 7 6 ± o 4 

1 Means Wh1Ch are followed by the same letter are not s~gn~f~cantly dlfferent 

Tabla l4b Analys~s of var~anCe for data on feed~ng rate of phytosel1ds on CGM 
~n presence of non-acar1ne food 

Source of var1at1on 

Phytosel1d straln (l) 

Alternatlve non-acarlne food ltems (2) 

(1) * (2) 

Error 

df Mean sguare 

3 1. 5 

2 6 9 

6 1 3 

451 O 5 
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F-value 

3 O 

13 9 

2 6 

p 

<O 03 

<O 0001 

<O 02 

ABe 

BCD 

AB 

A 



Tabla ISa Mean surv~val of CGM after exposure to phytose~~ds durlng 24 hours 
nymphs) 

whüefly ol.dl.um thrl.ps 

specl.e n means ± SE n means ± SE n means ± SE 

N l.daeus (Brazl.l) 39 4 S±O 5 AB' 41 5 3±0 5 AB 44 3 4±0 5 ABC 

N l.daeus (Fonseca) 45 4 líO 4 AB 40 4 2±0 6 AB 3B 3 S±O 6 BC 

T ll.monl.cus 30 5 4±O 5 A 39 4 4±0 6 AB 45 2 OtO 4 BCD 

T manl.hotl. 42 3 6+0 2 A 33 4 2±0 4 AB 42 1 7±0 4 DE 

1 Means whl.ch are followed by the same letter are not sl.gnl.fl.cantly dl.fferent (REGW multl.ple F 

Tabla lSb Analysls of varlance for data on mean survlval of CGM 
assoclated wlth alternatlve foad or prey ltems after exposure te 
phytosellds durlng 24 hours 

Source of varl.atl.on dE Mean square F-Value P 

Phytosel.l.d stral.ns (1) 3 7 6 13 O <O 0001 

Alternatl.ve foad or prey 4 10 O 17 1 <O 0001 
l.tem (2) 

(1) * (2) 12 2 6 4 4 <O 0001 

Error B20 O 6 

65 

CGM was offered at low denslty (= 10 proto-

M carl.bb T urtl.cae 

n means ± SE n means ± SE 

47 3 B±O 5 ABC 45 3 9±0 4 AB 

45 3 9±0 5 AB 47 3 1±0 5 BC 

50 o 6±0 2 E 46 1 S±O 3 DE 

40 3 7+0 6 ABC 42 2 7+0 4 BCD 

test) 



Table l6a Dally mean OV1pos1tl0n of phytose11ds on flve d1fferent 

Whl.tefly Ol.dl.um Thrl.ps 

Phytoseiid species n means+SE n means±SE n meanStSE 

N l.daeus (Branl) 64 o OiO o G' 54 O 3±l o FG 60 O líO 1 

N l.daeus (Fonseca) 59 O 3±O 1 FG 5B O 2±O 1 FG SO O OtO O 

T 11.mon1cus 45 O 3±O 1 FG 52 O BiO 2 EF 71 1 4±O 2 

T manl.hotl. 61 O 2±O 1 FG 53 O 3±O 1 FG 67 2 OiO 2 

]. Means followed by the same letter are not slgnlflcantly dlfferent 

Table 16b Analysls of varlance for data on dal1y mean OVlposltlon 
of phytose11ds on f1ve d1fferent food 1tems 

Source of varlatlon 

Phytose11d stra1n (1) 

A11mentat1on (2) 

(1) * (2) 

Error 

df 

3 

4 

12 

1240 

Mean sguare 

8 3 

23 O 

2 3 

O 2 

P-Value 

46 1 

127 4 

12 6 

p 

<O 0001 

<O 0001 

<O 0001 

66 

food ltems 

M carl.bbeanae T urt1cae 

n means±SE n means±SE 

FG 65 1 OtO 1 E 72 1 9±O 2 BC 

G 67 1 1iO 2 E 71 1 BiO 2 BC 

CD 79 3 OiO 1 A 74 2 5iO 2 AB 

BC 67 1 I±O 2 DE 70 2 3iO 2 A 

(REGW mult1ple F-test) 



Table 17 Increas~ng effect of presence of M car~bbeanae ~n prey comb~nat~ons 
on dens1ty of phytose11ds 1n f1eld exper1ment (t-test) 

wh1tefly 

m11dew 

thr1ps 

T urt.1cae 

* P < O 05 
** P < O 01 
*** P <: O 001 
**** P < O 0001 

N ~daeus 
(Petro11na) 

* 
* 

ns 

ns 

N ~daeus T hmon2cus T man2hot2 
(Fonseca) 

*** *** ns 

* ns ns 

*-* ns ** 
ns *** **** 

67 



Table 18 Hypoth~zed b~omass ~ngest~on of phytose~~ds consum~ng on var~ous prey stages Values of consumpt~on (Tab 4) were 
mult~pl~ed by we~9hts (see Table 2) (Analys~s of VarAance see Table 4a) 

Prey age 

egga 

larvae 

nymphs 

adults 

TOTAL 

13 

7 

la 

14 

52 

1 V Means 
, H = Means 

* p < 

** p < 
**** p < 

~n 

~n 

o 
o 
o 

N ldaeus {Petrollna} 

18 9±lO 2 

l08±24 1 

98 9±H 5 

6 l±7 3 

53 7±4S o 

8 

A 

A 

e 

**** 

B 

AS 

S 

8 

e 

every column followed 
every row followed by 
os 
001 
0001 

In1t1al prey dens1t1es 

N ldaeus (Fonsec:a) 

n means ± SE v 

36 20 4±6 6' e 
10 141±18 A 

20 aa 9±H 5 s 

a 6 li7 3 o 

74 53 7±ole o **** 

¡.¡ 

B 

A 

s 
B 

s 

6 

21 

10 

56 

T ll.monl.-cus 

40 2±9 5 

135±27 

132±15 

34 3±11 S 

83 7±49 6 

B 

A 

A 

o 

**** 

by the same letter are not s~gnAf~cantly d~fferent 
the same letter are not s~gn~flcantly d~fferent 

T man1hotl. 

A 14 31 9±l3 7 

A 7 lOl±3! 

A 12 66 2±20 2 

A 14 60 2±27 7 

A 47 59 7±32 O 

(REGW multAple F-test) 

eggs (mean values) N Adaeus (P) 61 3, N ~daeus (F) 61 1 T l~mon~cus 71 4 T man~hotA 71 7 
larvae 100 
nymphs 40 
adult 'n 15 
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Figure la. Staining for esterase - isoenzymes (EST). PAGE of 
proteins extracted from T. rnanihoti (Cruz das Almas, Brazil) fed 
on M. tanajoa and M. caribbeanae. Arrows indicate marker bands of 
M. tanajoa and M. caribbeanae (15% homogenous gel, 0 . 5 M Tris/HCl 
(pH 8.8) as tank puffer, 120 V, 120 minutes running time). 

1 M. tanajoa 
2-4 3 ~~ of T. rnanihoti fed on M. tanajoa 
5-7 3 ~~ fed on M. caribbeanae 
8 1 ~ of M. caribbeanae 
9 3 ~~ of T. rnanihoti starved for 48 hours 
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Figure lb. Schematic illustration of Figure la 

1 M. tanajoa 
2 T. manihoti fed on M. tanajoa 
3 M. caribbeanae 
4 T. manihoti fed on M. caribbeanae 
5 T. manihoti starved for 48 hours 
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Figure 2a. Staining for malate dehydrogenase (MDR). PAGE of 
proteins extracted from N. idaeus, starved or fed with M. 
c~ribbeanae (12.5 % homogenous gel, 0.15 M boric acid (pR 8.2) as 
tank puffer, -100 V, 300 minutes running time; . 

1 : 1 '? N. idaeuB (starved for 24 hours) 
2 : 2 '?'i' N. idaeus (starved for 24 hours) 
3 : 10 n N. idaeuB (starved for 24 hours) 
4 : 4 '?'i' N. idaeuB (starved for 24 hours) 
5 : 5 n N. idaeuB fed on M. caribbeanae 
6 : 2 '?'? M. caribbeanae 
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Figure 2b. Schematic illustration of Figure 2a 

1: N. idaeus (starved or fed with M. caribbeanae) 
2: M. caribbeanae 
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Figure 3a. Staining for phospho-gluco-isomerase (PGI). Page from 
proteins extracted from N. idaeus fed M. caribbeanae. 15% homoge
nous gel. 0.5 M Tris/HCl (pH 8.8) as tank puffer, 100 V, 270 
minutes running time) . 

1 : 7 en N. idaeus (starved for 24 hours) 
2 : 1 9 N. idaeus (starved for 24 hours) 
3 : 2 92 N. idaeUB (starved for 24 hours) 
4: 5 22 N. idaeUB (starved for 24 hours) 
5 : 2 22 M. caribbeanae 
6 : 13 22 N. idaeuB fed on M. caribbeanae 
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Figure 3b. Schematic illustration of Figure 3a . 

1 : 7 <;><;> N. idaeus (starved for 24 hours) 
2: 1 <;> N. idaeus (starved for 24 hours) 
3: 2 <;><;> N. idaeus (starved for 24 hours) 
4 : 5 <;><;> N. idaeus (starved for 24 hours) 
5 : 2 <;><;> M. caribbeanae (starved for 24 hours) 
6 : 13 n N. idaeus fed on M. caribbeanae 
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Figure 4a. Staining fer phesphe-gluce-isemerase (PGI). (15% 
hemegeneus gel, 0.5 M Tris/Hel (pH 8 . 8) as tank puffer, 100 V, 
270 minutes running time) . 
1: 1 ~ T. limenicus (starved fer 24 heurs) 
2: 2 9~ T. limonicus (starved fer 24 heurs) 
3: 5 9~ T. limonicus (starved fer 24 heurs) 
4: 5 99 T. limonicus (starved fer 24 heurs) 
5: 2 99 T. limonicus fed en M. caribbeanae (gut content did 

net yield any visible staining) 
6 : 1 9 M. caribbeanae 
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Figure 4b. Schematic illustration oE Figure 4a. Represents the 
three treatments T. limonicus (starved), M. caribbeanae, and T. 
limonicus Eed on M. caribbeanae 
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Figure Sa. Staining for acid phophatase (ACP). (15% homogenous 
gel, 0.5 M Tris/He1 (pH 8.8) as tank puffer, 100 v, 210 minutes 
running time) . 

1: 1 'i? N. idaeuB (starved fer 24 hours) 
2: 2 'i?'i? N. idaeus (starved for 24 heurá) 
3 : 7 'i?'i? N. idaeuB (starved fer 24 heurs) 
4: 4 'i?'i? N. idaeus fed on M. caribbeanae (gut content remained 

unstainedl 
5 : 2 'i?'i? M. caribbeanae 
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Figure Sb . Schematic illustration of Figure Sa. 

1: 7 22 N. idaeus (starved for 24 hours) 
2: 4 22 N . idaeus fed on M. caribbeanae (gut content remained 

unstained) 
3: 2 22 M. caribbeanae 
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Figure 6a. Staining for malic enzyme (ME). PAGE of proteins 
extracted from females of N. idaeus fed with M. caribbeanae (12.5 
% homogenous gel, 0.15 M boric acid (pH 8.2) as tank puffer, 100 
V, 225 minutes running time) . 

1 : 1 ~ N. idaeus (starved for 24 hours) 
2 : 2 ~~ N. idaeus (starved for 24 hours) 
3 : 10 'n N. idaeus (starved for 24 hours) 
4: 2 99 N. idaeus vs M. caribbeanae 
5 : 4 n M. caribbeanae 
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Figure 6b . Schematic illustration of Figure 6a 

1: N. idaeus fed on M. caribbeanae 
2: M. caribbeanae 
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Figure 7a. Fingerprints of starved phytoseiids and tetranychids. 
Phytoseiids were starved for 24 hours. The phytoseiids were 
stained for esterase overnight, the tetranychids were stained 
only for three hours to avoid excessive staining (15% homogenous 
gel, 0.5 M Tris/Hel (pH 8.8) as tank puffer, 120 V, 120 minutes 
running time) . 

1-2 2 '?'? of T. manihoti (Sta. Isabel) 
3-4 2 '?2 of T. limonicus (Jaguariuna) 
5-6 2 n of N. idaeus (Fonseca) 
7 1 2 of M. tanajoa 
8 1 '? of M. caribbeanae 
9 1 '? of T. urticae 
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Figure 7b. Schematic illustration of Figure 7a 

1: T. manihoti (Sta. Isabel) 
2: T. limonicus (Jaguariuna) 
3: N. idaeus (Fonseca) 
4: M. tanajoa 
5 : M. caribbeanae 
6: T. urticae 
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Figure Ba. Standard of T. manihoti (Córdoba) on different prey 
types l. Staining for esterase-isoenzymes (EST). ~5% homogenous 
gel, 0.~5 M Tris/Borat (pH 8 . 2) as tank puffer, ~Oo V, 240 
minutes running time) . 

~-3 

4 
5-7 
8 
9-10 

T. manihoti vs T. urticae 
T. urticae 
T. manihoti va M. caribbeanae 
M. caribbeanae 
T. manihoti, starving 
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Figure ab. Schematic illustration of Figure Ba 

1: T. manihoti va T. urticae 
2 : T. urticae 
3 : T. manihoti va M. caribbeanae 
4: M. caribbeanae 
5 : T. manihoti, starved 
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Figure 9a. Standard of T. manihoti (Córdoba) on different prey 
types II. Staining for esterase-isoenzymes (EST). 15% homogenous 
gel, 0.15 M Tris/Borat (pH 8.2) as tank puffer, 100 V, 240 
minutes running time) . 

1-3 
4 
5-7 
8 
9-10 

T. manihoti va M. tanajoa 
M. tanajoa 
T. manihoti va M. mcgregori 
M. mcgregori 
T. manihoti, atarving 
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Figure 9b. Schematic illustration of Figure 9a. Note, that 
Tris / Borate was used as tank buffer, causing different patterns 
compared to the use of Tris/HC1. 

1 : T. manihoti vs M. tanaj o a 
2 : M. tanajoa 
3 : T. manihoti vs M. mcgregori 
4: M. mcgregori 
5 : T. manihoti, starved 
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Figure lOa. Standard of A. aerialis on different prey types l. 
Staining for esterase-isoenzymes (EST). 15% homogenous gel, 0.5 M 
Tris / Hel (pH 8.8) as tank puffer, 120 V, 120 minutes running 
time) 
1-2 
3 
4-7 
7 
8 
9 

A. aerialis 
O. gossypii 
A. aerialis 
void 
T. urticae 
A. arialis, 

vs O. gossypii 

vs T. urticae 

starving 
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Figure lObo Standard of A. aerialis on different prey types II. 
Staining for esteraee-isoenzymes (EST). 15% homogenous gel, 0.5 M 
Tris/HCl (pH 8.8) as tank puffer, 120 V, 120 minutes running 
time) 
1-3 
4 
5-7 
8 
9 
la 

A. aerialis vs M. tanajoa 
M. tanajoa 
A. aerialis ve M. caribbeanae 
M. caribbeanae 
void 
A. arialis, starving 
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Figure lOco Schematic illuetration of Figures lOa and lOb 
1: A. aerialis ve O. goseypii 
2: O. gossypii 
3: T . urticae 
4 : A . aerialis ve T. urticae 
5: A. aerialis vs M. tanajoa 
6 : M. t anajoa 
7 : A . aerialis ve M. caribbeanae 
B: M. caribbeanae 

B 9 



1 2 3 4 5 6 7 8 9 

I
r¡ · ,) ' ,-

-- _ ~-OIOO --. 
- ----- -

J t 

) 

) 

Figure 11a. Effect of strain on esterase activity of T. manihoti 
(12.5 % homogenous gel, 0.15 M boric acid (pH 8.2) as tank 
puffer, 100 V, 240 minutes running time) . 

1-4 
5-8 
9 

2 ~~ T. manihoti (Palmira strain) fed on M. tanajoa 
2 ~~ T. manihoti (Guajira strain) fed on M. tanajoa 
1 ~ M. tanajoa 
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Figure llb. Schematic illustration of Figure 12a 

1: T. manihoti (Palmira strain) fed on M. tanajoa 
2: T. manihoti (Guajira strain) fed on M. tanajoa 
3: M. tanajoa 
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Figure 12a. Effect of the host plant on the electrophoretic 
esterase pattern of M. tanajoa, M. caribbeanae and T . urticae 
(clone CMC 40) (15 % homogenous gel, 0 . 5 M Tris/HCl (pH 8.8) as 
tank puffer, 120 V, 120 minutes running time). 

1: Bean leaf 
2: M. tanajoa on bean 
3 : M. caribbeanae on bean 
4: T. urticae on bean 
5: M. tanajoa on cassava 
6 : M. caribbeanae on cassava 
7: T . urticae on cassava 
8: Cassava leaf 
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Figure 12b. Schematic illustration of Figure 13a. 

1: Bean leaf 
2 : M. tanajoa on bean 
3: M. caribbeanae on bean 
4: T. urticae on bean 
5: M. tanajoa on cassava 
6: M. caribbeanae on cassava 
7: T. urticae o n cassava 
8: Cassava leaf 
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Figure 13a. Effect of starvation period on esterase activity of 
gut content of T. limonicus fed on M. caribbeanae. One female was 
processed per sample. Arrow a indicate the cassava band, arrow b 
the marker band of M. caribbeanae (15 % homogenous gel, 0.5 M 
Tris/HCl (pH 8.8) as tank puffer, 120 V, 120 minutes running 
time) 

1-4 
5-8 
9 
10-13 
14 -17 
18 
19-21 
22-24 
25-27 
28 

O hours 
1 hour 
M. caribbeanae 
3 hours 
6 hours 
M. caribbeanae 
12 hours 
24 hours 
48 hours 
M. caribbeanae 

94 



1 2 3 4 5 El 7 

o 

" " " " " " 20 • 
" • 

40 • • • • • • 
M .. M .. .. .. 

60 

" " " 
80 

100 

Figure 13b. Schematic illustration of Figure 14a. 

1 : O hours 
2: 1 hours 
3 : 3 hours 
4 : 6 hours 
5: 12 hours 
6: 24 and 48 hours 
7: M. caribbeanae 
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I"n: isi 74% 

T. tenuiscutus 17% 

ni 4% 
G. annectens 1% 

G. helveolus 4% 

P. macropllls 1 % 

Figure 14. Identification of in Ecuador collected phytoseiids using 
electrophoresis. 

n 166 
isi = insufficient staining intensity 
ni = unknown esterase pattern 
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M. caribbeanae 41 % 

isi 8% 

ni 13% 
T. urticae 20% 

M. mcgregori 18% 
Figure 15. Identified phytophagous mi tes collected in Ecuador 

n 97 
isi = insufficient staining intensity 
ni = unknown esterase pattern 
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¡si 37% 

O.gossypil 2% 

ni 18% 

M.mcgregorl 4% 

T. urtlcae 5% 
M.caIbbeanae 34% 

Figure 16. Fractions of gut contents of phytoseiids collected in 
Ecuado r and identified by means of electrophoresis. 

n 166 
isi : insufficient staining intensity 
ni = unknown esterase pattern 
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number of Obs8rvatlons 
160.---------------------------------------~ 

140 .. ...... ..... . .......... . . .. .. . . .. . . .. . ... . .. . . . .. .. . . .. ........ . . . 

120 .. .. ......... ... .. . ........ . ........ ...... . . . . 

100 ... . . ..... .. ... . ..... . .. . . .... .... . .. .. . . .... . 
I.XJ<,X X;><.X;< 

80 ... . ............ .. ...... ........ ....... .. .... . 

60 ............................................ .. 

40 .................................. ..... . ..... . 

20 .................................... .. 

O 
T. tan G. ann G. hal. P. maco Isl ni 

Phytoseiids 

Disi 11 ni 

~ M. mcgragorl 

~ O. gossypll 

~T. urtlcaa • M. car1bbaanaa 

Figure 17. Gut contents of phytoseiid mites collected in Ecuado r (n 
= 166) , 

Abbreviations: 
T. ten = T. tenuiscutus 
G. ann = G. annectens 
G. hel = G. helveolus 
P. mac P. macropilis 
isi = insufficient staining intensity 
ni = unknown e sterase pattern 
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Pigure ~8a. Influence of prey stage on the staining intensity of 
the gut content of T. manihoci (Palmira) after feeding for fiv e 
hours on different stages of M. caribbeanae (the females were 
starved for 48 hours prior to the experiment). Two females were 
used per sample . The number of consumed individuals and the 
calculated ingestion of biomass is given below (15 \ homogenous 
gel, 0.5 M Tris/Hel (pH 8.2) as tank puffer, 120 V, 120 minutes 
running time) . 

1 
2 
3 
4 
5 
6 
7 

starved for 48 hours 
consumed 22 eggs (15 ~g) 
consumed 21 larvae (38.9 ~g) 
consumed 24 protonymphs (50 . 9 ~g) 
consumed 11 deutonymphs (40 . 2 ~g) 
consumed 3 adults (29.4 ~g) 
1 ~ M. caribbeanae 
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Figure 18b. Schematic illustration of Figure 19a. 

1 starved for 48 hours 
2 consumed 22 eggs (15 ¡.;g) 
3 consumed 21 larvae (38.9 ¡.;g) 
4 consumed 24 protonymphs (50.9 ¡.;g) 
5 consumed 11 deutonymphs (4 O .2 ¡.;g) 
6 consumed 3 adults (29.4 ¡.;g) 
7 1 'i' M. caribbeanae 
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Figure 19a. Influence of consumed biomass on the staining 
intensity of the gut content of T. tenuiscutus. Larvae of M. 
caribbeanae were offered as prey (15 % homogenous gel, 0.5 M 
Tris/HCl (pH 8.2) as tank puffer, 120 V, 120 minutes running 
time) For each sample one female was processed. 

1 2 99, starved for 24 hours 
2 consumed 2 larvae 
3 consumed 3 larvae 
4 consumed 4 larvae 
5 consumed 4 larvae 
6 consumed 8 larvae 
7 consumed 8 larvae 
8 consumed 14 larvae 
9 consumed 17 larvae 

10 M. caribbeanae 
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Figure 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

19b Schemat~c ~llustrat~on of 
2 ~~, starved for 24 hours 
consumed 2 larvae 
consumed 3 larvae 
consumed 4 larvae 
consumed 4 larvae 
consumed 8 larvae 
consumed 8 larvae 
consumed 14 larvae 
consumed 17 larvae 
M car~bbeanae 
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Flgure 20 Effect of prey dens1ty (1 = no m1tes, 2 = less than 25 
m1tes per leaf, 3 = more than 25 and less than 200 m1tes per leaf 
and 4 = more than 200 m1tes per leaf, Yan1nek se al , 1989) on 
sta1nlng 1ntens1ty (scale 0-6, where sta1n1ng 1ntens1ty 1ncreases 
from O (1nv1s1ble) to 4 (saturated band1ng pattern» of gut 
content n = 163 

The bottarn and top of the box 1ndlcate the sample 25th and 75th 
percent1les The center hor1zontal line representa the sample 
medlan The central vert1cal llnes lndlcate the data range (SAS, 
1989, see also Tukey, 1977) The med1an daes not appear when 1t 
lS 1dent1cal wlth one of the lower or upper border of the box 
When no box appears the values were concentrated at one p01nt 
Range 4 of mlte denslty was never observed 
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Mult~plB 8ox-and-Wh~skar Plot 
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Figure 21 Effect of predator dens~ty predators (no per leaf) on 
sta~n~ng ~ntens~ty (scale 0-6, where sta~n~ng ~ntens~ty ~ncreases 
from O (=~nv~s~ble) to 6 (=oversaturated band~ng pattern)) of gut 
content (for more explanat~ons of "box-and-wh~sker-plots" see 
F~g 17) n = 163 
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Flgure 22 Influence of feedlng hlstory and prey denslty on 
kllllng rate of adult females of N ldaeus (Fonseca) (11 s n s 
46) 10 lndlvlduals of each prey stage were offered as low 
denslty, 61 eggs, 40 larvae, 40 nymphs and 30 adults as hlgh 
denslty 
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F1gure 23 Means of consumpt1on by the phytose11ds N 1daeus, T 
l1mon1cus and T man1hot1 of var10US developmental stages of M 
car1bbeanae 

N 1daeus (P) = N 1daeus from Petro11na 
N 1daeus (F) = N 1daeus from Fonseca 
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F1gure 24 Consumpt1on by N 1daeus, T l1mon1cus and T man1hotae 
on M tanaJoa comb1ned w1th M car1bbeanae, O gOSSyp11 and T 
urt1cae 
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F1gure 25 Predat10n rate of phytose11ds on M car~bbeanae 
urt~cae at three d1fferent CGM dens1t1es (50, lO, and O 
nyrnphs) Means of k111ed and surv1ved:prey~are presented 
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and T 
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S1ty or absence of M car~bbeanae) 
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F~gure 26 Kllllng rate of phytoselld specles on thrlps at three 
densltles of CGM (50, 10, O protonymphs) (11 s n s 46) 
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F1gure 29 Denslty of N ~daeus (Petrollna) on two dlfferent food types (n;3) 
data refer to populatlon densltles of phytosellds and lndlcated food ltem 
whltefly and oldlum were estlmated as lnfested area per leaf 
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Figure 38 Esterase act~v~ty of atages of M tanaJoa 

1 4 eggs 
2 1 protonymph (2 ) 
3 1 protonymph 
4 1 deutonymph 
5 1 deutonymph 
6 1 adult (2) 
7 1 adult (2 ) 
8 1 protochrysal~s 
9 1 adult (o) 
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F~gure 39 Denslty of M car1bbeanae and the four phytoselld stralns ln treatments wlthout 
alternatlve food (n=3) Densltles of N ldaeus (r=O 5, P<O 002) and T manlhotl (r~O 6, 
P<O 0009) correlated wlth prey 
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10 ConcluslOns and recommendahons for future research mcludmg necessary 

follow-up through natlOnal agnculture rescarch statlOns (NARS) and 

farmers' practJce 

The electrophoretlc analysls of field-collected predators dld not provlde a rehable means for 

IdentlficatlOn of thelr dlet We concluded that low food mtake was one of the reasons why 

enzyme actlvlty ofthe analyzed samples was generally low For thls reason we recommend for 

studles where It IS necessary to use only one mdlVldual, to restnct electrophoresls on controlled 

laboratory expenments--where predators find optlmal condltlOns--andlor taxonomlc ldennfi

catlOn oftetranychld speclcs lt seems ofmterest to study, whether more scnslhve blOchemlcal 

tools lIke polymerase cham reactlOn (PCR, Mulhs el al, 1986 and Mulhs & Faloona, 1987) 

can provlde more rehable data 

The preference tests conducted m the laboratory ldentlfied T [¡momcus as the most voraClOUS 

predator Furthermore, thlS specles had tbe hlghest fecundlty among tbe tested predalor types 

These attnbutes and lIs ablhly to survlve on alternahve food hke thnps and even to OVlpoSIt 

on pure O mamhotls dlet recommend th1S speclcs as a hlghly promlsmg candldate for the 

blOloglcal control of CGM In tbe field expenment thls specles reached Ihe hlghest average 

populatlon denslty wlth slgmficant dlfferences to N ldaeus 

One of the future mterests lS to study Ihe predatlOn behavlour of T lzmomcus m more detall 

mcJudmg agroecologlcal aspects such as relattve humldlty An mtense field survey of Ihe 
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mteractlOn of predator and prey populatlons should be conducted The focus on only two or 

one types should allow the deslgn of an expenment wlth more rephcates than we could conduc! 

due to the quantlty of predator and food types 

Compaflsons of plots where T Izmomcus IS present Wlth plots where It IS excJuded should be 

conducted morder to know the effect of thlS candldate on yleld Furthermore, It IS of crucial 

Importance to test hls adaptablhty to the chmatlc condJtlons of the target reglons Sabehs 

(1985b) stressed the mfluence of relatlve humldJty on the effectIveness of phytoseuds The 

problem of T /¡momcus IS that Its reglOns of collectlOn (e g Jaguanuna) are charactenzed by 

a humld chmate (CIAT, umt of agroecologlcal studles), whereas CGM IS a dry season pest 

(CIAT, 1990) Bakker et al (1993) found m laboratory expenments that 50% of the cggs of 

thls phytosclId stram dld not hatch when relatlve humldlty was lower than 72 3% 

In contrast to thIS specles, N Idaeus 15 well adapted to dry zones (CIA T, 1992, Bakker el al , 

1993) Dmh el al (1988) rcported tha! under lab condltIons the eggs of thls specles hatched 

at 30% RH Trus predator IS assoclated wlth CGM m seasonally dry NE Brazll It 15 one of 

three phyt05eud specles whlch could be estabhshed successfully m Afflca The other candldates 

are Brazlhan strams of T /¡momcus and T arlpO (CIAT, 1994) However, rehable data on the 

efficlency of thls specles are sttll not avallable Prehmmary observatlons m Brazll showed that 

lhe resulta are vanable from year to year, dependmg on the denslty of N Idaeus In one 

expenment, where denslty was hlgh, 30% htgher yleld was found m plota wlth thls predator 

compared to plots Wlthout predators (de Moraes, 1994, pers commumcatlon) More research 
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IS needed 10 study the efficlency of thls specles 

As m any case of ClaSSlcal BlOloglcal Control 11 IS recommended 10 reahze studles on posslble 

undeslrable ecologlcal cffccts of the candldates m the target areas where Ihey do nol occur 

Another challenge was created by the sudden collapse of tbe CGM colony caused by a ViruS 

If It would be posslble lo IdentIfy, Isolate and rear Ihls VIruS a mllestone m the control of CGM 

would be lald We observed that thls ViruS IS very speclfic smce adJacent colomes of T urflcae 

and M carlbbeanae were not affected Prehmmary analyses m the vlrology umt of CIA T 

Identlfied vlrus-hke polyhedncal partlcles (Calvert, pers commurucallOn) Thls mleresl of 

vlrologlcal control was remforced by findmgs of another Iype of vlrus-hke partlcles m M 

carzbbeanae, collected m Ecuador (Guerrero, pers commurucallOn) Vanous reports corroborate 

that vlrus(es) can be a spectacular control agent ofpests The cabbage seml-Iooper Tnchoplus/G 

ni ceased to be a senous problem m cotton In ColombIa when a nuclear polyhldrosls VIruS was 

mtroduced from CalIfornia (Bustlllo, 1989) Bellottl el al (1992) reported a mortahty of99 8% 

of the hornworm Ermnyls ello on cassava when a granulosls vIrus of the fatmly BaculovIfldae 

was apphed Smce the vlruses agamst CGM and M carlbbeanae seem lo be very specdic, II 

seems to be a promlsmg natural enemy If It would be posslble to find an effectlve way of Its 

propagatlOn among healthy mdlVlduals 
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