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4 Objective-orientated summary of the project

In the 1970°s the cassava green mite (CGM) Mononychellus tangyoa Bondar was accidentally
introduced to Africa where it spread rapidly over the cassava belt from Mozambique through
Zaire and the Central Afncan Republic to the coast of West Afnica The damages caused by
this pest were devastating Yield losses reached 80% in dry years Controlling CGM wath
acaracides 1s economucally and ecologically mmpractical under African conditions and a
biological control strategy 18 more appropriate For this reason, the International Institute of
Agriculture (IITA) and the International Center of Tropical Agriculture (CIAT), mitiated mn
1984 a biological controf effort to search for effictent natural enemmes 1o South Amenica, where
cassava and CGM are T?rlgulated In Latin America ¢a 50 potential natural enemues of CGM
{

were 1dentified Smce&was A8 not feasible to introduce all of them selection procedures were

RECCssary

For the selectton of natural enemies of CGM 1t 15 important to know their food preferences
under field conditions In the present work we used two forms of analysis to study predation
behaviour Polyacrylamide Gel Electrophoresis (PAGE) to analyze the gut contents of predators

collected 1n the field and preference tests conducted in the laboratory and m the ficld

For the electrophoretical analyses we tested 10 enzymes to select the most pronusmg staming
method for mute enzymes Of these enzymes esterase yielded the clearest band patterns for the

predators, their gut content and the prey species With this enzyme we identified 93% of field



collected tetranychid samples Because of poor esterase stamming of the phytosends we could
not dentify more than 23% Despite of thus hmitation the high esterase activity of the prey
species permitted the identification of gut contents of 50% of the analyzed samples We assume
that the difficulties of the put analysis 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 important hmitation of this techmque was the wide range of esterase activity of
the various species This factor mmught have been responsible for the high fraction of
umdentified phytosend samples However, electrophoresis of esterase 1soenzymes provided an

excellent means for discrummating species of the cassava acanne complex

The limitations of the electrophoretic analyses caused us to focus on host preference analyses
with three selected phytoseuds Typhlodromalus mamhoti Moraes'(strams from Venezuela,
Brazil and Colombia), T Iimomicus Garman & McGregor' and Neosemdus 1daeus Denmark &
Muma We studied two strains of the latter species, one from Fonseca {Colombia} and the other
from Petrolina (Brazil) Both have been shipped to Afrnica for release as natural enemies of
CGM We offered CGM combined with other acarine prey, such as M caribbeanae McGregor,
Tetranychus wrticae Koch and Oligonychus gossypu Zacher, or non-acarine food rtems such
as nymphs of Frankimella williamsi: Hood (thrips), honeydew-secreting puparia of
Aleurotrachelus soctalis Bondar (whitefly) and comdia of the cassava fungus Owdium manthotis

Henn, to the predators under free-choice conditions

I
The species T marnhoti 1s synonymous with T hmomcus sensu lato and T hmomcus with T hmomcus sensy
stricto according to the new taxonomie classification of Moraes er af (1994)
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Preliminary experiments showed the importance of feeding hustory on predation behaviour The
predation behaviour of satiated predators was more vanable than that of starved Furthermore,
satiated phytosends killed more tmmature prey than starved predators All stramns fed on all
prey stages, however, the consumption of adults by N idaeus was extremely low The highest
killing rate m all strains was observed when larvae were offered In these prelimunary

experiments, T limonicus was the most voracious species

The preference tests showed that all phytosend species fed on all offered mite species CGM
and M cartbbeanae were the preference of favourite prey for all predators On this prey type
T hmoenmcus showed outstanding predabion efficiency and the highest fecundity The association
of CGM with T wrticae or O gossypu decreased the predation rate of all phytoseud species
N idaeus and T manihoti showed the highest oviposition rate on T wurficae, whereas T

fimomcus reproduced best on pure Monomychellus spp combinations

Thrips was of outstanding 1mportance among the alternative food items in the diet of T
manthofr This species thrived on this prey even better than on the combmation COM ~ M
carthbeanae In contrast, N rdaeus showed poor consumption of thrips when CGM was abun-
dant However, when CGM density decreased this phytosend species mcreased its consumption
of thrips nymphs In the presence of honeydew secretion from whitefly puparia, T himonicus
killed fewer protonymphs of CGM than n the other treatments The predation behaviour of the
other phytosends was not sigmficantly altered by the presence of honeydew The presence of

the comdia of O mamhotis had no mfluence on the consumption of CGM, however, T



fimonicus maintained a low level of oviposition of one egg per day on this diet

An unknown virus disease caused a complete breakdown of the CGM greenhouse colony and
made 1t necessary to replace this mite species with M caribbeanae 1n order to execute field
experiments The results were charactenized by sigmificant differences between the replicates
suggesting a vaniable dispersal activity of the predators M caribbeanae increased the density
of all phytoseud species and lowered vanathon among rephicates The presence of N rdaeus
from Brazil was highly correlated with that of 7 wrticae 1t 15 suggested that non-acarme food
like honeydew or O mamhotis had some benefits for some species, however, this hypothesis
could not be supported In presence of honeydew, 7 mamhoti mamntained a relatively high den-
sity level When whitefly was combined with mute prey ¥ 1daewus, from Fonseca could recover
to release density by the fourth evaluation date On cassava ash fungus, both Typhlodromalus
species maintaned a higher population density than N idaeus, indicating that the fungus was
supplemental food item for these two spectes The treatments with thrips confirmed the results

from the laboratory that this insect was an adequate prey item for 7 manihot:



5 Deseription of results

51  Electrophoretic analysis of gut content’

511 Experiments to umprove ¢lectrophoretical gut analysis system

Biochermcal gut analysis 1s a promising tool for the qualitative and gquantitattve determination
of predator diet components Relative sumple techmiques can separate the protems of the gut
content 1n polyacrylammde gels (PAGE) Sensitive staining methods of the specific enzymes
esterase are considered as a reltable method for their detection (Murray and Solomon, 1978,
vd Geest and Overmeer, 1985) However, preliminary gut analyses showed that the esterase

of some phytosend species (e g N idaeus) did not correspond to this method

Taxonomue studies on phytosends with electrophoretic methods performed at CIAT, indicated
enzymes other than esterase can be used for identification of species (Cuellar, 1992) For this
reason nne further enzymes were tested for thewr switability as indicator of gut contents of mute
predators, focussing on N 1daeus (one of the phytosends with the lowest esterase activity), 7

Iimonmicus and 7 mamhott

A short summary of about the charactenistics of each enzyme 1s listed 1n Table 1 Species could

be distingwished with various enzymes, such as esterase (EST), malate dehydrogenase (MDH),

® The major part of the description of the resulis of the electrophoretic studies was taken from Gaigl et al
{submutted}



acid phosphatase (ACP), and malic enzyme (ME) ME andd ACP also provided some mforma-

tion about gut contents

In the following part we show some examples of different staiming procedures as tools for
wentification of species and gut contents Figs 1 show that the enzyme esterase permuited
wdentification of prey i gut contents Discrinunation of predator (77 mamhoti) and prey species
(M tangpoa and M caribbeanae) was possible m this case The arrows mndicate the marker
band of each prey species The schematic illustration (Fig 1b) shows that band 18 15 the

marker band of M tangjoa and band 28 for M caribbeanae

The location of bands yielded with the MDH enzyme allowed discnimunation between prey (M
caribbeanae) and predator {N 1daeus) when they were processed separately, however, the gut
content could not be identified consistently even by using a sample concentration of five adult
females of N rdaeus (Figs 2) No clear band patterns could be obtained with the species T

tenurscutus (for this reason gel 15 not presented)

PGI showed a different bard location for N rdaeus and M cartbbeanae, but the latter species
was not to be detected as consumed prey m spite of processing 13 predator females macerated
i one sample (Figs 3) In the experniment with T Iimonrcus proteins of M caribbeanae--nor’

as single adult female nor as gut content--could not be wentified (Figs 4)

Stamning of protems extracted from N idgeus and M cartbbeanae samples for ACP resulted

i
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in two different band patterns, however, this method failed to detect the gut content (Figs 5)

The proteins of 7" lIimomcus remamed stainless (for this reason, gel 1s not presented)

Protem extracts from N idaeys females having fed on M caribbeance, and stamned for ME
showed the same (single) band as the extract from females of the prey spectes in the control
sample (Figs 6) indicating that only prey proteins were visible T himomcus extracts remained

stainless

512 Preparation of standards

Smce staining of mite extracts for esterase was the most sensitive method, consequently this
statning method was applied n all following experiments Standards were set up for the most
frequently encountered cassava-mnhabiting phytosends and tetranychids We found distinct band
patterns for each species of tetranychid and phytosend Comparison of the lanes 2 to 6 with
the lanes 7 to 9 1n Figs 7 showed that ¢sterase 1soenzymes from tetranychid samples were
concentraied 1n the upper part of the lane, whereas phytosend enzymes mgrated faster The
phytosends had relatively low esterase activities, whereas well-defined bands with high enzyme
activity were obtained m most cases from tetranychid samples The prey could be detected and
wdentsfied m gels with samples from laboratory experiments Figures 8 and 9 reveal that 7
mamthofi from Cordoba {Celombra) fed on all offered prey species because the marker bands
of T wurticge (14), M canbbeanae (16), M tanajoa (10), and M mcgregort (8, 11} could be

dentified Note that thus gel was run with Tris/Borat as tank buffer For this reason the patterns



of M tangoa and T wrticae differ from those of previous figures, where Tris/HCl was the
buffer Figures 10a and 10b show the electrophoretic standards of Amblyseius aerialts Muma

The marker bands (see Fig 10c¢) of T wriicae (21), M tangjoa (20) and M cartbbeanae (22)
are visible, however, the marker band of O gossypn (16) cannot be conststently 1dentified as
the gut content It 1s possible that band 16 in lane 2 and 3 respond to the esterase paftern of

the phytoseud

Stammng mtensity of the phytosends and their gut content depended on the strain T mamhott
from CIAT (Palmura) showed greater esterase activity than the stramn from Guayra (Fig 11)

Furthermore, the three fast migrating bands 54, 56, and 58 were characteristic for the Palmura

strain

513 Assays to evaluate mfluence of host plant on band patiern of pest

In order to know if cassava has an impact on the electrophoretic pattern of tetranychids we
conducted an expertment, where females of T wrticae and M caribbeanae vatsed on cassava
plants were confined on bean (Phaseolus vulgaris L) or cassava After three days they were
processed for electrophorests as previously described We ran extracts from macerated bean and
cassava leaves for comparison with the patterns given by the phytophagous mites Many
individuals of Mononychellus confined on beans were lost because they tried to escape or died
suggesting that these species does not feed on this host M fangioa and M caribbeanae fed

on cassava (clone CMC 40) showed a thick band (34) 1n the first third of the lane which had



the same nugration speed as the extremely thick esterase band of an electrophoresed cassava
leaf of the clone CMC 40 (Tigs 12) Thus band appeared m every case, whether or not the
individuals of the two Mononychellus species were taken from cassava or bean plants
However, electrophoresed females of T urticae kept on beans did not show the "cassava” band
The cassava band in phytoseud samples was an important indicator for consumption of a
cassava pest The presence of the position of a thick band of esterase 1soenzymes from cassava
leaves with a similar esterase band at the same position in samples of all mites which had fed

o cassava suggests that this band 15 due to ingestion of cassava proteins

514 Assays to estimate mfluence of digestzon time on detectibility of prey protems

Since the velocity of degradation of proteins as gut content is of crucial importance for the
electrophoretic defectamlity of proteins we ined to find a relation between digestion time and

staining intensity

No decrease n stamuing itensity was observed for starvation periods of zero and one hour with
T limornicus (Jaguaruna) (Figs 13) The typcal marker band of M caribbeanae was clearly
detectable (arrow b, band 28) After three hours only the thick cassava band associated wath
prey mites could be identified (arrow a, band 34) Identification of the prey item was
impossible due to the absence of marker bands of M caribbeanae After 12 hours no prey
protems were detectable We also observed variation 1n band intensity among individuals,

which were treated siumlarly The females starved for three or six hours, respectively, showed
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a notable vanation of the esterase activity (lanes 10-13, 14-17) Thus observation was made

frequently (see also Fig 1, compare lane 5 to lanes 6 and 7)
515 Electrophoretie evaluation of field samples

More than 1000 mites were collected m 30 cassava fields i Ecuador and brought to CIAT
station for electrophoretical dentification Imtially 263 samples were tested ldentification of
field-collected phytosend mutes was limited The predominant part of the phytosends collected
m Ecuadoran fields did not have sufficient esterase activity for their identification (Fig 14)
T temascutus was the most frequently 1dentified phytosend This species was more often
wdenttfied than Galendromus helveclus Chant The portion of samples with an unknown
esterase pattern was low, as well Each of the spemcsT/g/cakndm us and P macropilis were

wdentified once G" t AARCTeny

Identification rate of tetranychids samples was high m contrast to phytosends {Fig 15) 41%
were dentified as M caribbeanae, 20% as T wrticae, 18% as M megregor: Thirteen percent

of the samples gave a clear but unknown electrophoretic pattern

Figure 16 shows the fractions of the prey species detected by the gut analyses 37%--the major
fracton of the phytosend samples--did not yield sufficient esterase activity to allow
wdentification of predator gut contents M cartbbeanae was the most frequently dentified prey

species of the samples wath 1dentifiable gut contents

11



Fig 17 relates the gut content to the analyzed phytosends Phytosends which could not
wdentified due to insufficient esterase activity generally had poor staming mtensity of the gut
contents M caribbeanae was the most frequently identified prey The umidentifiable phytosend
species had a relatively high percentage of gut content which yielded legible, but unknown
staming patterns The gut contents of T fenuscutus--the most frequently collected phytosend
species--had a simlar portion of msufficient staimng ntensity to M caribbeanae as wdentified

consumed prey

516 Assays to quantify gut content of phytosend predators

Hypothesizing that the age of the prey may influence the staiming mtensity of the gut content,
we offered separately 50 eggs, 50 larvae, 50 proto- and 50 deutonymphs, and 10 female aduits
to starved females of T manmthon (Guapra) After five hours of association with the prey, the
females were macerated for electrophoresis, and the remaiming prey were counted To improve
staning quality two predator mutes were used per sample Assuming that the weight of the prey
and the quantity of killed individuals may grve some information about the actual intake, we
weighed the stages of M caribbeanae with a CAHN microbalance after anesthetisizing the
mites with diethylether, using three groups of 50 individuals of each motile stage and 100 for

eggs All measurements were repeated three times

The weights of different prey stages are histed in Table 2 Prey age classes mfluenced the

staiming intensity of the gut content (Figs 18) The gut contents of two females which

12



consumed 22 eggs (15 pg) m five hours did not vield the typical prey band 28, and the staining
mtensity was not greater than that of starved females Higher enzyme activity of the "cassava”
band occurred when 21 larvae (38 9 ug), 24 protonymphs (50 9 pg) or 11 deutonymphs (40 2
ug), respectively were consumed, buf only deutonymphs showed the marker band of M
cartbbeanae m the control sample The two phytosend females exposed to adult prey killed
three mdividuals (294 ug total weight) Their esterase activity was lower compared to the

predators which fed on mobile immature prey

The gel mn Figure 19 was chosen as representative example for eight gels to show that an
increase in consumed biomass did not necessarily merease staming intensity  Here, females of
T tenuiscutus were macerated immediately after they had consumed the desired quantity No
notable difference was found between consumption of two and three larvae, however, stamning
intensity mcreased abruptly, when four to eight larvae were consumed When 14 or 17 larvae

were killed the gut content had less esterase activity

No correlation between prey density and esterase activity was found, when field-collected
predators were tested Multiple box-and-whisker-plot analysis indicated that poor staiming
wntensity was sometumes associated with high prey density and vice versa (Fig 20) Fig 21

shows that predator density had no effect on the esterase activity of the analyzed samples

13



52 Preference tests

This experiment was divided into three phases During the first phase prelimmnary studies were
conducted on the mfluence of feeding history on the predation behaviour of N 1daeus from
Fonseca, Colombia The consumption capacity of the three species N rdaens, T hmomicus and
T manthotr was analyzed first Preference tests with three different prey denstties and different
diet combinations characterized the second phase of the lab experiments Field experiments

with two prey densities should venify the results of the anterior experiments

521 Impact of the feeding history on the consumption

In a prehminary experument we assessed the impact of predator satiation (feeding hustory) on
the predation rate with fed and starved females of N idaeus (Fonseca strain) The eggs, larvae,
nymphs and adults of M cartbbeanae were offered separately at high and low densities
Recently moulted females were mated Half of them were starved for 24 hours while the others

were fed on abundant prey before starting the expeniment

The females of N tdaeus (Fonseca) fed on all prey stages (Tables 3, Fig 22) Generally, there
was a large vanation m the consumption rate, especially at hugh prey density Hunger mereased

vanability of the killing rate

Prey age and predator feeding history affected the number of consumed individuals Satated

14



and starved ferales consumed more immature stages than adult prey at high and at low density
(P < 00001 Starved and satiated females consumed simlar numbers of immature ages,

whereas starved females consumed sigmficantly more larvae than nymphs (P < 0 0001)

When prey density was high and eggs or larvac were offered, starved and fed females showed
a sumilar feeding rate However, fed predators killed sigmficantly more nymphs than starved
ones (t-test, P < 0 001), whereas starved predators killed sigmficantly more adult prey (t-test,
P < 0 0001) At high density, the killing rate of starved predators was more heterogenous on

all prey stages than that of satiated predators (test of variance)

522 Consumption of N wduaeus, T limonicus and T manthott on different developmental

stages of M cartbbeanae

As the previous expeniment, behaviour of predators varied considerably within the same
treatments The four phytosend strains accepted all offered immature stages (Tables 4, Fig 23)
Overall, T ltmomicus was the most efficient of the three predator species (P < 0 0001) Then
followed the Fonseca strmn of N idaeus, which was more efficient than 7 monthoti and the
Brazihan stramn of N tdaeus (P < 00001) On a diet of larvae this species behaved similarly
to N idaeus from Petrolma (P < 0 05) T hmonrcus had by far the highest killing rate of eggs

and nymphs Both Typhlodromalus species killed significantly more adult prey than N idaeus,

® Three-way ANOVA were performed on the predation and oviposition data Means were tested with the Ryan
Einot Gabriel Welsch F test for sigmificance (SAS 1990) Vanances of predatron and field experiment data were
stabilized by transformation of natural loganthm those of oviposition data by square roots

15



which hardly fed on this prey stage (P <0 0001) Typhlodromalus were also more efficient on

eggs than N rdaeus (P < 0 0001)

N idaeus consumed more larvae than nymphs or eggs (P < 00001} The consumption by T
Irmorucus differed for each prey stage This species killed more larvae than eggs and more eggs
than nymphs The females of T mamhott killed a similar number of larvae and eggs, but they
consumed sigmficantly fewer nymphs and adults (P < 0 0001) All predators exhubited the

lowest killing rate on adult prey (P < 0 0001)

523 Preference test with six diet combinations, offered at hgh density

Table 5 gives an overview of the six prey combinations (= treatments) which were offered to
the phytosends Although larvae were the preferred prey in the prelimmnary experiments we
found that 1t was more practical to use protonymphs due to the delicacy of larvae Each combi-
nation contamed 50 protonymphs of M tanagoa Three of these combinations were associated
with acarine prey 50 protonymphs of either M caribbeanae, O gossypu or T writcae the
third Mycelmam of the muldew Owdium manthonis Henn, honeydew-preducing nymphs of the
whitefly Alenrotrachelus socialis Bondar or 10 individuals of the first or second instar of thrips

(Frankliruella williams: Hood) were used as complementary non-acarine diet

Since some prey mdividuals died of causes other than predation both dead and surviving prey

were counted A dead individual was considered consumed when the body was deformed due

16



to the loss of hemolymph that was sucked out by the predator In many cases discrimination
of species of the prev remnants was impossible Therefore, all killed individuals were counted

m order to obtain mformation about the effect of prey combination on the total consumption

of one predatory female

All four strains preyed on every prey combination Comparison of all 24 treatments suggested
that T [mmomcus was the most voracious species and I mamihot; had the lowest mean of
consumption (Table 6), however, due to high variablity 1n consumption rate, no differences

were sigmficant (Tables 7, Fig 24)

Prey combination sigmificantly affected predator consumption (P < 0 0048} The presence of
O gossypu and T wrticae tended to lower the consumption rate, however, only N idaeus from
Fonseca and T manmhont presented significantly different consumiptions on the three prey

SpeCIes

In the presence of nonacarine food items, the predators consumed equal numbers of CGM
{Tables 8) However, females of T limomcus klled fewer CGM when they were combined

with honeydew-producing nymphs of the whitefly, but differences were not significant

The means of hive prey (protonymphs and deutochrysalis) are presented in Tables 9 in order
to permut an evaluation of the impact of acarine prey combinations on the acceptance of CGM

by the phytosends To simplify presentation the values of CGM and of the three other

17
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tetranychuds were presented in two different tables, which can be directly compared with each
other ANOVA showed that the means of survived CGM did not sigmficantly differ N idaeus
(Petrolina) tended to kill less M caribbeanae than T Imowmcus (Table 9a) Both Typhlodro-
malus species presented a higher predation rate on the combination T wrticae - CGM than the
N deeus strains (t-test, P < 00001) In association with O gossypu or T urficae fewer

mdividuals of CGM survived than in the combimnation with M canbbeanae

The t-test 1n Table 10 showed that no stramn preferred CGM to M cartbbeanae However, all
the predators except N daeus from Petrohna preferred CGM to O gossypir or T urticae Both
N 1dacus strans killed sigmificantly fewer 7 wrficae than O gossypu (P < 0 0001) The two
species of Typhlodromalus consumed the same number of 7 wrficae and O gossypnt All three
predatory species preyed similacly on O gossypir Both Typhlodromalus species tended to kull
more I wrircae than N wdaeus, however, only the difference between T fimonmicus and N

dneus from Petrolina was sigmficant (P < 001)
Both species of Typhlodromalus consumed significantly more nvmphs of thrips than N daeus

{Tables 11, P < (0 0001) The latter species showed an average consumption rate of less than

(5 killed larvae

18



%24 Preference tests with diet combmations, excluding or mcluding M rtanajoa low

density

These expermments should provide mformation on how predators perform on alternate diets
when CGM 13 scarce or absent The low density treatments were set up by confiming 10
protonymphs of CGM together with other food tems in each experimental umt Alternate
acarine prey (M caribbeanae and T wrficae) and non-acarine food were offered at the same
densittes as described before O gossypn was not included 1n these experiments, because P
persmmlis mvaded and eliminated the small colony of this tetranychid which was established
for these experiments only Absence of this mute from fields m the North Coast of Colombia

mipeded the restoration of the colony

All species except T manthonr exhibited a hugher predation activity on pure acarine prey when
M caribbeanae and M tangjoa were offered 1 combination (Table 12, P <0 05) T Imonicus
was the most voractous species on M carbbeanae, whereas the consumption of thus prey by
the other specics did not differ sigmuficantly (P < 00001) On T wrticae both Typhlodromalus
species killed the same number of protonymphs Both strams of N daeus were less efficient
on this prey combination then the other species (P < 0 05) Every stram, except N idaeus from

Petrolina on T wriicae, killed significantly less protonymphs when M tangroa was absent

The most efficient predator on thrips in presence of CGM was T mamhon1 followed by 7

Iimomeus Both N idaeus stramns hardly fed on this prey (Tables 13, P <0 0001) When CGM
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was absent predator females tended to feed more thrips nymphs, however, differences were

only significant for N rdaeus from Petrolina

Companison of the predation behaviour of the three species towards CGM n presence of
nonacarine diets shows that the killing rate of T Itmonicus was lowest when nymphs of the
whitefly Were\gpresent {Tables 14) This species and 7' mamhbotr had the highest consumption
of CGM protonymphs when thrips were present (P < 0 01) The three alternative diets had no

sigruficant effect on the predation behaviour of the Colombian strain of N idaeus towards

CGM

Tables 15 indicate the mean number of live CGM nymphs of each treatment When whitefly
or mildew were present predators did not differ much n attacking CGM (P < 001) In the
presence of T wrticae and M caribbeanae, T Iimowmicus left the lowest number of CGM hive
The data of alive nymphs confirmed the result that 1 presence of thrips, T limonicus and T
manthott left less nymphs alive than N 1daeus On O mamhons the mean of alive nymphs did

not differ much from predator to predator

525 Companson of consumption at all three densihies

Figure 25 shows that with decreasmg CGM density the number of survived M cartbbeanae
increased When prey was associated with I° limomcus then the smallest number of M

cartbbeanae nymphs survived when CGM density was low When N idaens from Petrolina
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was the predator a decreasing number of survived nymphs of 7" urticae was accompamed by
decreasing CGM density With N wdaeus from Fonseca, T limonicus and T manihoti left the
smallest number of surviving T wurficae nymphs when they were associated with CGM offered
at low density By pooling the number of killed prey in each experiment unit we observed that
feeding activity tended to increase with CGM density On thrips all phytoseud species

increased their feeding activity when CGM density decreased (Fig 26)

526 Oviposition

The threc phytoseud species have different reproductive potentials (Tables 16) The species
with the generally highest oviposition rate was T limonicus, followed by T manihoti The two
strains of N idaeus had the same average oviposition Differences between the three species
were significant (P < 0 0001) On T wrticae, reproduction of the three species was simular,
however, on M caribbeanae T Iimomcus had an outstandingly higher fecundity than the other
two species (P <0 0001) On thrips T mamhoti laid more eggs than T limonicus (P < 0 001)
N idaeus did not oviposit on this diet On O mamhotis T Iimomicus laid nearly one egg per
day, sigmficantly more than the oviposition of the other species (P <0 001) 7T limonicus asso-
ciated with O manthotis and CGM maintained an average oviposition of more than one egg
per day during five days (Fig 27) All species had their lowest oviposition on whitefly N
idaeus of Petrolina did not oviposit at all on thus prey Both N idaeus and ' manihoti reached
their highest potential reproduction on 7' urticae (P <0 0001), whereas T limonicus oviposited

on this tetranychid not more than on M caribbeanae T manthoti reproduced on thrips as well
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as on T urticae

In most of cases, t-tests did not reveal any significant differences between treatments where
CGM was present at low density or completely absent Exceptions were N idaeus from Fon-
seca feeding on M caribbeanae (t-test, P <0 05), T limonicus feeding on O manihotis (t-test,

P < 005) and T manthoni associated with whatefly (t-test, P < 0 05)

527 Predator - prey relation under field conditions

The adaptability of predators to alternative food items 1s of crucial importance for their ability
to overcome penods of low prey density For this reason field experiments were designed 1n
order to study the mfluence of alternative prey and food 1tems on the population density of the
four phytosend predators In one part of the experiment they were released on plants which
were only infested with 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 tanagjoa

was present

A short time before the scheduled day of predator release a previously unknown virus disease
caused the death of thousands of mites during a few days The devastating colony breakdown
made the release of M tangjoa mmpossible But 1n order not to loose all the time and effort
invested 1n the preparation of the experiment, CGM was replaced by 1ts closely related species

M caribbeanae Since the predators did not show any preference for CGM or M caribbeanae
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durmg the lab expermments this replacement seemed to be a reasonable solution

Six-week old cassava plants wete set in the field Each plant was covered with a gauze tent
which was removed after six weeks According to the treatment, the plants were mfested with
M carthbeanae T wrticge and with adults of thrips The mmsects were collected m the fields
of CIAT The design of the expeniment also included whitefly and the mildew O manihetis
The adults of the whitefly were collected mn the greenhouse The plants for the fungus
treatment were exposed to natural infection for approximately four weeks in a greenhouse
situated m a macrochmate of high relative humudify near a lake When the plants were set m
the ficld the mycelrum covered at least a third, but not more than the half of the leaves The
presence of M caribbeanae at medium density (approximately 20 females per leaf 1n the upper
part of the plant) charactenized the first treatment, 1ts absence the second The medmum density
was considered as the most common field situation, whereas the absence of M caribheanae

was mncluded in order to study the adaptability of the phytosends to alternative prey or food

The expeniment was designed to evaluate the mnfluence of alternative prey on the population
dynamics of the three predatory species Therefore, these treatments were compared to the
confrol treatments, where only M caribbeanae was present According to previous experiments

conducted at CIAT 30 predator females were released on each plant to start the experiment

Generally, the number of predator individuals per plant were characterized by high standard

deviations mn all treatments The presence of M caribbeanae lowered the heterogeneity of
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phytosend densities slightly In the absence of tetranycluds the coefficient of variation was

83 7, n its presence, 66 4

Populations of all phytosend species decreased dramatically after release (Fig 28) Except N
wdaeus (Fonseca) on whitefly and i presence of M carthbeanae (F1ig 31) none of the species
recovered the mtial density M caribbeanae had a stimulating effect on the recovery of the
three phytosend species Then, after the first evaluation, all of them mcreased when M
caribbeanae was present After the fifth evaluation all phytoseud populations began to decrease
and disappeared completely until the 10th and last evaluation day In the absence of this prey
species population densities of all four predator types were low and did not exceed an average
of 15 individuals per plant The absence of M caribbeanae caused the lowest level and the
lowest recovery rate of all predatory populations Differences between the density of the
species were neghgible when M cartbbeanae was absent The density of both N 1daeus strains
did not increase significantly when 7 wrficoe was the alternative prey, whereas the population
of both species of Typhlodromalus mcreased remarkably A caribbeanae did not increase the
density of T mamhoti when it was combined with whitefly or mildew fungus, whereas the
density of T limonicus was sumnilar when O mamhons and thrips were part of the diet Table

17 gives an overview of all comparisons

Populations of Typhlodromalus recovered better than those of N rdaeus (Fig 28, P < 0 01)
The population curves of all phytosend species show that density of both species of

Typhlodromalus mereased until the fourth evaluation, whereas 7' limonicus recovered a shightly
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higher density Population density of &' idaeus from Petrolina raised from eight to only twelve
individuals per plant between the first and the second evaluation fo mamtan this level until the
sixth week The estabhishment of the Fonseca strain was slightly higher than that of Petrohina,
however, differences were not sigmificant The controi treatment did not show sigmficant

differences 1n spite of the big differences at the second, third and fourth evaluation

The population development of N idoeus (Petrolina) showed a low correlation with M
cartbbeanae 1 association with the whatefly (r=0 4, P<0 04, Fig 29) and O mambhornis (r=0 6,
P<0 0004, Fig 29) No correlation was observed when M cartbbeanae was associated with
thrips This phytosend stramn showed a slight positive correlation with O manthotis 1n associa-
tion with M caribbeanue (r=0 54, P<0 0022, Fig 30), however, m the absence of the
tetranychid the correlation between the phytosend density and fungus infestatton was
moderately negative (r=-0 43, P<0 02) The populations of thrips and this N 1daeus stramn were
not correlated, however, those of T wrticae and the predator were sigmificantly correlated
the absence of M caribbeanae (=05, P<00017, Fig 30) When T wrticae was present
together with M caribbeanue, the correlation between predator and first prey species was

highly sigmificant (r=0 6, P<0 0005, Fig 30)

As for the Brazihan strain, the populations of N idaeus from Fonseca and M caribbeanae
were correlated when whitefly was present (=05, P<00002, Fig 31) In contrast, the
wfestation of whitefly in presence of the tetranychrd was negatively correlaied with the density

of this phytosend (r=-0 4, P<0 044) Population dynamucs of M cartbbeanae and N idacus
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were highly correlated n plants infested with O mambhotis (=07, P<0 0001) In the presence
of thrips this predator presented a low correlaton with M caribbeanae (=04, P<0 016, Fig
32) Population density of this msect was never correlated with that of N idaews On a pure
M caribbeanae diet, prey and predator were significantly correlated (r=0 5, P<0 002, Fig 37),

as well as on pure diet of 7 wrticae (1=04, P<0 02, Fig 32)

Population densities of T Iimonicus and M caribbeanae were correlated 1n all treatments (see
Figs 33 and 34, whitefly =055, P<0 0017, O manthonis =0 74, P<0 0056, thnips =06,
P<0 0005, T wrticae =04, P<0 03) Density of this predator was negatively correlated with
that of whitefly (r=-0 45, P<00192) Development of thnips was correlated with that of the
predator with r=0 4, P<0 (3} In the absence of M caribbeanae no correlation with alternative

prey or food items could be documented

Density of T mambot: was only correlated with the population of M caribbeanae when only
this prey was present (Fig 37) or when whitefly was present (r=0 5, P<0 0061, Fig 35) When
the predator population decreased the whitefly density tended to mcrease This tendency was
observed 1n both treatments, however, this trend was clearer 1n absence of the acarine prey In
presence of M caribbeanae a nepative correlation between thrips and the predator was obser-
ved (r=-04, P<0 {5, Fig 36) Population dynamics of 7 wrticae and of this predator were

correlated m the presence of M caribbeanae (r=0 35, P<0 007, Fig 36)
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6 Discussion of results

61 Electrophoretic analysis

Experiments to improve electrophoretic gut analysis Five of the 10 tested enzymes (MDII,
PGI, ACP, ME and EST) were suitable for taxonomic discrimination of cassava-inhabiting
phytoseuds and four of them (ME, PGI, ACP and EST) could be used for identification of gut
contents The clearest band patterns were obtained with esterase Gordon (1977, in Guller,
1984) underhned that esterases are more diverse than other enzymes, thus facilitating discrimu-
nation of prey and predator proteins This hypothesis was corroborated by authors who have
used this enzyme for taxonomic 1dentification of phytosends and their gut content (e g Murray
and Solomon, 1978, Sula and Weyda, 1982, Solomon et al, 1985, Fitzgerald er al, 1986,

Bakker and Klein, 1993)

Preparation of standards The rather different migration pattern of the esterase enzymes of
tetranychids and phytosends facilitated the discrimination Phytophagous and predatory muites
could be identified by electrophoresis of esterase isoenzymes, corroborating results from a
sertes of publications reporting the applicability 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 experiment with 4 aerialis feeding on O gossypu 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, confirming smmlar observations by van der
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Geest and Qvermeer (1985} As 1n previous expenments where phyfosend gut contents were
analyzed (Murray and Seolomon, 1978), phytosends had lower esterase activity than
tetranychids Many gels with samples of N idaeus yielded no bands even in controlled studies
where consumption of known prey tvpes by individual N idaeus was documented before
electrophoresis We hypothesized that the absence of bands was due to proteolytic enzymes in
the gut of tlus phytesend However, we rejected this explanation after failing to observe
reduction 1n stainung intensity when N idaeus was macerated and electrophoresed together with

other phytoseud or tetranychid mites

Another possible explanation may be seen 1n the strong preference for young prey stages as
Table 4 suggests These stages are characterized by low esterase activity {as the example of
M tangjoa shows m Fig 38) However, the number of killed larvae in Table 4 mdicates an
protein intake which should have permutted esterase detection This open question may be the

object of further studies

Influence of the heost plant The presence of the postion of a thick band of esterase
1soenzymes from cassava leaves with a smmlar esterase band at the same position i samples
of all mites which had fed on cassava suggests that this band 15 due to igestion of cassava
protemns Individuals of M tanaroa and M cartbbeanae yielded this cassava marker band even
when transferred on beans on which they developed poorly No bands occurred 1n the esterase
pattern of mdviduals of the cosmopolitan species T wrticae after feeding on beans The cas-

sava host marker band 1n M tangjoa and M caribbeanae may be explamed by the specraliza-
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twn of Mononychellus spp for its cassava host (Braun ef af , 1993)

Influence of digestion time [n our experiment esterase (Figs 13) enzyme activity of
consumed prey was dramatically reduced after a digestion time of three hours This observation
contrasts with Murray & Solomon (1978), who detected esterase activity of the gut content of
Typhlodromus pyri Scheuten fed on Panonychus ulm: Koch after even 31 hours Bakker and
Klein (1993) detected esterase enzymes of CGM in T mamhotr after 24 hours In some
sporadic occastons we also found prey proteins as gut content after the same starvahon period
These observations and those of the other authors (who did not indicate the frequency of the

observations) indicate, that the lapse between last food mtake and detectibility of enzymes can

vary

A possible explanation for this contrast may be that in our experument phytosends were not
satiated when the starvation period was mitiated Assuming that the predators associated with
abundant prey mamntamn a certamn level of gut fullness, we took the samples from colomes m
order to deprive them of food for a determined lapse of time Comparing our results with those
of the authors mentioned before, we conclude that 1t 18 crucial to know the exact feeding
history 1 order to perform this experiment All these experiments indicate the importance of
digestion time for the detectibility of prey protemns or enzymes, especially when the predator

samples were collected m the field

Analysts of field samples The high proportion of identified tetranychid mutes corroborates
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electrophoresis as a valuable tool for taxonomic dentificatton when enzyme activity of the

sample 1s high However, this technique s not an adeq

uate method for 1dentification of field-

collected mrte predators It 1s worth while to reflect why 1t was easier to dentify phytosends

from laboratory colonies than from the field It s difficult to find convineing explanations,

however, differences between field and laboratory conditions may give a clue (a) in the lab

the predator and prey species are known, (b) high prey density 1s guaranteed, and (c} field

temperature may be considerably higher than in the lab where ca 25°C was the average

temperature

{(a) In order 1o know the range of possible species m

a field sample some individuals were

collected for identification However, 1t was possible that some not identified phytosend

specimens were processed electrophoretically

esterase activity

which belonged to species with low

(b) It 1s possible that the grade of gut fullness may affect the phystology of a mite However,

the effect of little gut satiation on mufe physio

logy 1s not clear Very little 15 known

about how and when the enzymes are produced Norton (1988) (cited in Evans, 1992,

p 240) speculated that enzymes acting on structural polysaccharides may be of

microbial and not of endogenous ongin In

the case of esterases, House (1974)

mentioned thewr functions m the digestion of fats and 1n the nervous system Florkin and

Jeumaux (1974) descnibed the esterases as a perg“manent part of the hemolymph Consi-

dering these works, 1t seems possible that lack

of nutrition reduces metabolism which

may have again a decreasing effect on esterase activity Waterhouse (1957) cited

vanous studies on different orders of msecis
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dimmmishes enzyme activity He reports that enzyme activity falls temporarily below the
starvation level when food 1s agam taken It 1s likely that this sifuation occurs under
field conditions the predator has to search for a prolonged tume to find a prey
individual

(c) We collected mites duning dry days when temperature was mostly over 30 °C Giller (1984}
and Dicke and de Jong (1988) mentioned the importance of terperature on the length
of digestion time of the waterbug Notornecta glauca and of phytosends collected 1n
Dutch orchards, respectively

Considering these three factors the poor stamming of field collected phytosends and therr gut

content seem understandable

The ligh portion of non-detectable gut content of field collected predatory mites was
previously reported in other publications In expenments conducted at CIAT with T manihont:
and 7 aripo, Bakker and Klem (1993) found that most gut content samples had msufficient
esterase activity Since many of the predators were assoctated with O mambons, tixey
hypothesized that the predators were feeding on this diet We also observed frequently in the
field the assocration of phytosends and fungus However, since they (and we) failed to

characterize this fungus electrophoretically, no consumption could be demonstrated by means

of gut analysis

Quantification of gut econtent Our imitial hypothesis of a positive correlation between predator

consumption rate and prey density required quantification of predator consumption rate
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However, companson of the stamming intensity with the number of consumed prey indicated that
a correlafion between staining intensity and the quantity of prey consumed did not necessarily
exist A similar conclusion was reached by Fitzgerald er of (1986), who also fatled to find a
linear correlation between gut content of 7 pyrr and stamng intensity with scanning of gels
Various reasons may give an explanation for this linitation
I The determination of the time of consumption 15 of crucial importance
for the quantification of the gut content Furthermore, variation 1n the time of
food mntake may mfluence the quantity of gut protemns as well
2 In spite of the exact determination of the quantity of consurmed prey m
the laboratory expetiments 1t was possible that the actual consumption of each
predator individual was different since the quantity of hqud which predators
sucked out of cach prey mdividual was unknown Therefore, relation between
weight of prey and staiming infensity must not necessarily exist This hypothesis
1s underlmed by the fact that starved predators had to be used for tlus
expertment However, our assays and those of other authors (Sabelis, 19835a,
Mort and Chant, 1966) on the mfluence of the nutritional history on the feeding
behaviour of predators showed that satiated predators fed more continuously on
captured prey than starved ones Latter ones frequently attacked and abandoned
prey within a short lapse leaving the prey alive Probably they are more
susceptible to disturbance caused by other prey than satiated predators (Mori and
Chant, 1966)

3 Prey age scemed to be a very important factor for the mntensity of the
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62

protein bands Table 2 shows that the predator had to kill nearly 15 eggs to
mgest the same quantity as an adult female prey can provide When prey density
was not abundant (as m our experiments m order to facilitate observation) and
only young stages were present, then 1t was obviously more difficult for the
predator to fill its gut

4 Dafferences between the staiming ntensity of different phytosend
individuals of the same species may have a negative effect on relation between
staiming intensity and protein quantity The shight differences i staiming mtensity
of the samples m the lanes 11-18 (Fig 13) are mentioned as an example They
may reflect the vanation of enzyme activity between individuals The low
staming intensity 1 lane 12 may be due to only partial filling of the stomach

This problem was discussed before in paragraph 2 of this section

Predation experiments

621 Tmpact of the feeding history on consumption

The starvation period of 24 hours strongly affected the behaviour of the predators We
observed that starved females frequently attacked and abandoned the prey in order to continue
their searching activity This observation was corroborated by the observation that starved
fernales showed a wider range of killing rate than satiated females Mon and Chant (1966)

mentioned the importance of the feeding history, a statement, which was later confirmed by
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Eveleigh & Chant (1981) For this reason Sabelis (1985a) suggested adapting of the predator

to the new conditions for a period of six hours before mitiaizing the predation experiments

The elevated kalling rate on mmmature stages compared to that on adult prey 1s easy to
understand for two reasons Firstly, the latter prey stage contains much more biomass, a few
individuals are sufficient to satiate a predator Secondly, 1t 1s suggested that the capture rate
of the predator 1s higher on immature stages which are easier 1o handle However, 1t 1s still an
open question why starved predators killed more adult prey than satiated predators
Interpretation becomes even more difficult when the significantly higher consumption of fed

females on nymphs 1s considered

622 Consumption of N wdaeus, T limonmicus and T manthoti on different prey stages

of M cartbbeanae

It was expected that the predator’s consumption depends to a major extent on the prey age
supplied (Sabelis, 1985a) For this reason 1t was surprising that all species preyed more on
larvae than on eggs except both strains of N 1daeus which killed the same number of eggs and
nymphs This suggests two explanations One s that all species preferred 1immature motile
stages or that eggs are more nutntive and satiate the predator with less biomass Takafup and
Chant (1976) observed that Iphiserus degenerans Berlese on Tefranychus pacificus McGregor
showed a shght preference for larvae and protonymphs to eggs, which 1s simular to our own

observation They explamed this preference by the stimulating effect of the prey movements

34




on the attacking activity Another explanation for higher killing rate on larvae might be seen
m the hypothesis that the egg 15 of lugher nutritive value than the other stages This assumption
justifies the conduet of an experument 1n order to measure the reproductive capacity of the

phytosends on various prey stages

The predation tests demonstrated supenior voracity of T limemcus suggesting that this species
was one of the most promising candidates for the control of Mononychellus sp It also has the
capabiity to catch and kill adult prey, which 1s for the population a much more sigmficant loss
than any mmmature stage (Ohnesorge, 1981) In contrast, T mamhot: secemed to be a predator
of mferior efficiency This species killed fewer mndividuals than the others and hardly attacked
adult prey The total consumption of T manmihotr was less than that of N idaeus from Fonseca,
however, the superior voraaity on adults stage may compensate for the relatively low predation
rate on the immature stages To get an estimate of the polential intake we assumed that the
predators sucked out all available liqud from therr victums and weighed eggs and motile prey
stages Under this assumption the mtake of T mamhoti did not depend sigmificantly on the prey
stages (Table 18) Accepting the same assumption the results suggested 7 Iimomcus sucked
out the same quantity of liquid from eggs and from adults but strongly preferred larvae and
nymphs In accordance with this assumption, N daeus mantamed the lowest feedig level on

adults
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623 Preference test with six diet combmations, offered at high density

The hugh standard errors and the sigmficant differences between variances mdicated that on
some prey types individual predator females differed m therr feeding activity This impeded
obtaiming sigmficant differences between considerably different means It 1s possible that the
design of this experiment needed to include more replicates than our preliminary experiments
where we studied the influence of the feeding history During our anterior experiments we
offered only one prey species In this expenment we offered CGM i combination with several
kinds of food types It 1s suggested that these combinations altered considerably the predacious

activity of the phytosends

In spite of the heterogeneity of vanances the results of these experiments confirmed the
outstanding voracity which T Iimonicus showed 1 the anterior experiment, especially when

pure acarine prey items were offered (except on Q gossypu at high prey density)

The highest consumption by all predator stramns of the acarine prey combimation M tanayoa -
M carihbeanae (except for T manmihot: which exhibited a similar predation rate on CGM -
M caribbeanae and on CGM - O gossypi) suggested that an affinity exists between the cassa-
va-inhabiting predators and these prey species T wriicee 18 an cosmopoliian pest and O
gossypu has been reported on cotton, beans and papaya (Pritchard and Baker, 1955), whereas
Mononychelfus sp 1s strongly associated with cassava (Braun ef af , 1993) Another reason for
this behaviour can be seen in the smaller body size of Mononychellus sp facilitated the attack

of phytoseud predators
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Analysis of the means of killed prey in the experiment conducted at lugh prey density mdicated
that 7 marnhot: was the only species which exhibited a similar predation rate on O gossypu
and on M cartbbegnae Former studies at CIAT (1990) showed that this species could not
complete the development to adult on the webbing prey type However, the daily change of
the leaf discs did not permut imtense webbing Unfortunately, the number of rephcates of the
treatments with O gossypn was too small, to allow statistically secure comparisons between

the means of the other treatmenis

The reduced consumption of CGM n presence of alternative food by all species (except N
daeus from Petrolina) indicated that the predators included alternative food items 1n their diet
The number of killed thrips nymphs mdicated without any doubt that this msect played a role
in the diet of both Typhlodromalus species Furthermore, observations in the stereomicroscope
revealed that the same two phytosend species feed on honeydew secretions of wintefly nymphs

And in the case of T limonicus this diet decisively lowered the killing activity on CGM

We found no evidence that any of the three phytosend species fed on the mycelium and
comdia of the mildew fungus Former studies showed that 44% of T mamhoti completed their
development from egg to adult on this diet (CIAT, 1990) This observation suggested that the
fungus may have some importance as a food supply, but we stil] do not know exactly 1n what
magmtude and which fungal organs are consumed Poor consumption of thrips and simular
killing rates of CGM 1 presence of the three non-acarme food types indicated that they did
not play an mmportant role 1n the nourishment of N idaeus This species exhibited the typical

charactenistics of a specialized predator behaviour (McMurtry, 1992)
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624 Preference tests with diet combmations, excluding or mncluding M tanajoa at low

density

This experiment confirmed some results discussed in the section above the vanation of
phytosends’ predation behaviour did not permut the detection of significant differences 1n spite
of big differences between the mean values, predators’ affinity to Mononychellus spp, the
outstanding voracity of T [imomicus and the suitability of thrips as food 1item for

Typhlodromalus spp

It was interesting that at low density of CGM T lIimonicus killed more CGM 1n presence of
alternative prey, such as M caribbeanae, T urficae or thrips than 1n presence of whitefly or
O manthons This observation raised the conclusion that the fungus or the honeydew secretion
were an attractive food resource for T limonicus reducing the necessity to attack CGM In
contrast, the ability of N idaeus to move and oviposit in the webbings of 7 wrficae (CIAT,
1990) suggests that this species 1s able to handle well these obstacles (1n our experiments 7'
urticae webbing was not dense since the leaf discs were renewed daily) This hypotheses seems
to be contradicted by the observation that at hugh prey density no alternative food type affected
the predation of any predator strain on CGM We think that at this density enough CGM

individuals were available to secure a mimimal consumption of at least 20 protonymphs

The explanation that predators’ consumption was reduced by hampered movement may fit 7'
manthoti However, 1n the lab T limomcus 1s able to reproduce on mixed prey colonies
consisting of M caribbeanae and T wrticae For this reason another possible explanation

theory should be discussed It 1s possible that the accompanying food may have altered the
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feeding activity on CGM Collyer (1964) and Putman and Herne (1964, both cited in Huffaker
et al , 1970) observed that T pyri controlled P ulnu better when Aculus fockeur or T glaud:-
cans, respectively, were also present than when only P u/mi was present It may be of interest
for further studies to examine 1n more detail the influence of alternative food like thrips on the

feeding behaviour of selected phytosend species

625 Comparison consumption at all three densities

It was expected that the killing rate of all predators would increase when density of offered
prey individuals increased Although differences were not significant the tendency was visible
These results corroborate observations of Akpokodje et al (1990) They observed that the
consumption rate of N idaeus and [ degenerans increased on CGM monotonously until
reaching a plateau forming the typical type Holling II functional response curve (Holling,
1965) Takafuyi and Chant (1976) and Eveleigh and Chant (1982) reported the same tendency

for P persimilis and Iphiseius degenerans, both feeding on T pacificus

Comparison of consumption on thrips at three CGM densities indicated that decreasing CGM
density increased the readiness of all phytosend species to accept thrips as complementary prey

Even N 1daeus was able to kill some thrips nymphs, indicating that this species, which almost
did not feed on the insect when CGM was abundant, was able to act as a generalist predator
when the mamn prey 1s scarce The low consumption rate suggested that the consumption of
thrips secured the maintenance of minimal physiological processes It 1s still not known if this
predator can reproduce on this diet, a question which generates interest for further studies

Experiments conducted at CIAT showed that T manthot: showed a similar oviposition rate on
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thrips and on CGM (CIAT, 1990} The importance of thnips was already reported by Swirsk
and Dorzia (1968), Shipp and Whitfield (1991), Hoy and Glenister (1991), and Gloutier and

Johnson (1993}

626 Oviposition

Five days oviposition on all acanine food items indicate that they were a switable food source
for reproduction of all three phytosend species T limomicus was not only the most voracious
but also the most fecund spectes on acanine prey The highest oviposition and feeding rate on
M cartbbeanae indicated that this species was the most cfficient predator on this prey This
supertotity did not occur on T wriicae, where no significant differences within the three
predacious species could be found The high oviposition rate of 7 mamhot: on thrips was
confirmed by expenments conducted at CIAT where T manthot: showed a sinilar oviposition
rate on thrips and on CGM (CIAT, 1990) Thus suggested that this species 1s not only a poten-
tial contral agent of mites but also of thrips which can cause damage of considerable econonuc

importance {Bellotti and van Schoonhoven, 1978)

The incapacity of all the three phytosend species to reproduce on whitefly honeydew made 1t
obvious that this food item does not have the essential nutrients such as protein to permnt
oviposition The same explanation muight be stated for the cassava mildew fungus Many
authors report the consumption by phyfosends of aliernative food which did not allow
ovipositton Huffaker and Kennett (1956) found that Amblyserus aurescens Athias-Henriot did
not reproduce m absence of prey mites but utilized honeydew or plant exudates for mere

survival Bakker and Klemn (1990) mentioned that this food item did not allow reproduction
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of T manthoti on cassava, however, they discussed the importance of exudate for plants to
maintamn their "bodyguards” Toko ef af (1994) observed that females of T manthott (from NE

of Brazil) did not reproduce, but increased survival rate and longevity on this non prey food

It was surprising that the females of T limormicus were able to mamtain oviposition on mildew
in presence of only ten protonymphs of CGM They were sufficient to permit an oviposition
of more than one egg per day Former expeniments showed that O manthotis 18 a potential
food stem for this phytoseud species 44% of 7 mamhon (from Palmira) survived from egg
to adult on this diet (CIAT, 1990) In this expeniment, a pure mitldew diet permutied the females
to oviposit 2 6 eggs dunng the oviposition pertod (compared to 25 4 when CGM was the prey)
This suggests that mildew permits T limomeus to mawntain 1ts population when density of

Mononychellus spp 15 low and supports 1rregular oviposttion

627 Prey preference under field conditions

Large differences between the replicates indicated that factors other than the treatments affected
predator behaviour and that three replicates were not sufficient One of the important mpacts
on field experiments is generally the rainfall However, in our expenment ramnfall was
obviously not a determinant factor since--1n spite of increasing precipitation--the tetranychid
and phytosend density increased until the second evaluation (Fig 39) The gauze cages
probably dimmished considerably the impact of the rain drops For this reason 1t seems more
convincing to attnibute the heterogeneous behaviour to the predator dispersal activity The
abrupt decrease after release was also observed for I mamhbon (CIAT, 1993) during a field

expeniment conducted m 1992 at CIAT However, in that experiment, N idaeus established
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immediately after release The higher release density {100 individuals/plant) combined with a
pertod of less ramfall (less than five mm per week) might have faciitated the establishment
The fact that the natural disinbution of N rdaeus and Typhiodromalus spp are restucted to
seasonally dry or seasonally hunud zones, respectively, (CIAT, 1990) suggests that the better

establishment of latter genus can be explamned by the ramny period after release

The mcreasing effect of the presence of M caribbeanae on the density of all predator strans
confirmed thewr preference for Mononychellus spp 1n the lab expenment mdicating the
importance of this prey species as part of their diet Assumung that the predators perform
simularly on M tanajoa suggests that they may be suitable agents in the classical biological

control of CGM

The positive correlations between N wdaeus and M caribbeanae i presence of the alternative
food ttems honeydew and O mamhotis suggested that these items complemented the acarine
diet This conclusion agrees with Tamgoshi er af (1993) who observed a prolonged survival
of this spectes on exudate and varous types of pollen McMurtry (1992) assumed that
supplemental food like honeydew or fungus considerably mcereases survival and oviposition on
mite prey, suggesting to include these food items in studies on determining reproductive rates
The mmportance of alternative food for the establishment of exotic predators was stressed by
McMurtry and Scriven (1966) They observed that Euseius Aihiser Chant suppressed more
effectively Ohgonychus punicae Hirst when pollen was present The real existing or negative
correlation between N idacus with supplementary food 1tems 1n absence of M caribbeanae
suggested, that these food 1tems had not sufficient nutritive values to mamtain a population

Bakker and Klem (1990) observed that T manthoti survived but did not reproduce on exudate
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of cassava plants The result that the presence of thrips had no influence on the density of both
strans of N idaeus corroborates the lab experiment where this predator fed poorly on thnips
The observation that the population of both N idaeus strains was strongly correlated with that

of T urticae confirmed its good adaptation to this web-producing species (Mesa ef al  1990)

The behaviour of 7 limomcus and T manthoit on whitefly was probably determined by the
same factors as discussed before for N wdaeus Nethertheless, 1t was curious that the density
of T marhot increased when that of whitefly decreased, and vice versa This indicated that
this phytosend did not only feed on honeydew but also on the msect Since wn the lab
experiment this phytoseud could not reproduce on this diet thus conclusion was surprsing
Furthermore we observed, that the wax protection hampers the movement of this nmte
However, the population dynamics of the msect and of this phytoseud suggested that T
manthof: controlled the whitefly It was possible that the lack of acarmne prey obliged this
predator to feed on immature whitefly stages that were probably still lacking a dense wax
protection Thus conclusion coroborates various authors who found that phytoseuds are able to
control this msect {Wysoki and Cohen, 1983, Maisonneuve ef af , 1985, Rao ef of 1989) It
would be interesting to evaluate this hypothesis m further experiments The reasons for the
negative correlation between T Iimormicus and whitefly can be seen in the dramatic increase
of the whitefly infestation in this freatment It 18 possible that the extremely high density of
whitefly hampered the movement of these predators The increase of the density of T fmmonu-
cus on a pure mildew diet until the fourth week, mantaining a level between 10 and 20 mutes
per plant also suggested that the T Imowmicus accepted temporarily this food The hgh
population densities on the combination T wrticae - M caritbbeanae and thrips - M caribbea-

nae indicated that this species found good nutritional condittons Comparison of these
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population dynamics with that on pure thrips diet suggested that T Irmomcus temporanly
accepted the insect, however, the combmation with acarme prey seemed to improve the
conditions for the establishment of this phytosend The extremely low density of 7 manthot
on plants infested with mildew in presence or in absence of M canbbeanae suggested that the
fungus had no attraction for this species It was surprising that 7' wrticae alone was positively
correlated with 7 manthoti Earlier experunents with this predator-prey combination showed
an extremely low survival rate of the phytoseud (CIAT, 1990), what makes it impossible to
rear this phytoseud on this prey The phytosend 1s known for its imited ability to move n the
dense webbing of the tetranychid However, mn our field experiment the rapid decrease of 7
urticae population did not permut formation of intense webbing, indicating that the predator stll

was able to attack acarine prey

63  General conclusions of all predation experiments

In the lab expenments M tangroa and M caribbeanae were the most preferred prey
species  Assummg that the phytosend species had no preference for CGM or M
cartbbeanae 1t can be concluded that CGM would have been also an essential part of

the diet of all tested phytosend species n the field experiment

T himonicus was the most efficient predator species In all lab experiments this species
was the most predacious phytoseud and performed also the highest oviposition rate In
the field experiment this species showed the highest density as well, but without

sigmficant differences to 7' mamhot:
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Thrips was an umportant prey species of T manmhoti 1 all experiments T limoncus
feeds and reproduces on this insect but this prey type had less importance 1n its diet
than m that of 7 mamhofi Thrips was not accepted by N 1daeus mn any experiment
Only when no other food was available this species killed a mumimal number of

individuals of this insect

The honeydew secretion of whiteflies had an mcreasing effect on the density of all
phytosend strams 1n the field experiment This result corroborated the sem-field experi-
ments of Bakker and Klem (1992) They abserved that 1n presence of cassava exudate
T mamhoti was able to reach a higher population density than n the absence of this
food item They concluded that the presence of carbohydrates leads to emhanced
Juvemle survival and to improved mass conversion {lower prey intake leads to equal

egg production)

Relevance of the results for farmers® practice

CIAT 1identified about 50 potential natural enemes of CGM m beginming the Classical
Biological Control Project Since the shipment costs of all these candidates to Africa are high
and m order to minimize or avoid mtroduction of species that have unknown ccological effects,
a selection process for the most promising candidates was needed The present project was
mtiated as part of the selection efforts with the objective to provide data on the three as

promusing considered phytosend species T manthonr T [monicus, and N 1daeus
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Preliminary mvesugations at CIAT yielded a great deal of data supporting mtroduction and
release of 7 manthofi 1n Afnca, based on 1ts preference for CGM However, efforts to establish
this candidate 1n the exotic site failed The present work showed that its consumption of thrips
and the lack of consumption of adult mites may be hrmted compared to 7 Iimonicus The high
voracity, fecundity and relative ease of establishment in the field of T limomcus highly
recommended the release of this phytosend for the control of CGM 1n Africa Furthermore, the
results of this project showed possible hmitations of N idaeus as a successful predator mn
Afnica Lanuted voracity and poor reproduction on alternative food such as fungi, thrips or
honeydew secretion of whitefly were considered as possible reasons However, its adaptation
to prolonged dry seasons indicates its importance as a potential control agent of CGM The
specific advantages of each species suggest that a multiple species release, as has been

practiced, 15 a good pragmatic approach to the problem in Africa

An additional, secondary output of this project was that 7 mambhot: seems to be a promising
control agent of thrips Qur experiments show that presence of alternative food sources, hke
honeydew, secretion or fungus, may a:d 1n the establishment of these phytosends on cassava

plants

8 Major problems/constramts

One of the most important limutations of the use of electrophoresis as tool for the diet analysis
of field collected predators was their low esterase activity The majonty of the collected phyto-
send specimen could not be 1dentified Furthermore, the fraction of unstained gut contents was

considerable  We failed to detect protens of the muldew O mamthoti as gut content of
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phytosends Bakker and Klem (1993} expenienced similar difficulties with this fungus They
concluded that the phytoseud gut capacity of 3-5 pg 1s too small to pernut 1ts dentification

Thetr, our and studies at CIAT (1989) suggested that this fungus 1s part of the diet of
phytosends as Typhlodromalus, however, this hypothesis remamed unsupported by

electrophoretic data

Another goal of the electrophoretic assays was to quantify predator consumption First of all,
1t was not possible to establish a calibration curve of consumed prey mdividuals and staiming
mtensity Even if this difficulty were be overcome, other unknown factors ke digestion time

and consumed prey stage impede reliable electrophoretic analysis

Two experimental problems hampered the realization of the experiments considerably The

break downs of the colomes of O gossypnt and M tangjoa

During the lab experiments it was very difficult to mamntain the colony of O gossypu
Phytosends (especially P persumils) reduced the colony considerably Absence of this mufe
i the fields at the North Coast of Colombia did not allow the reestablishment of the colony
For the second part of these experiments we were obliged to eluninate this part of the

experiment

The major constraint consssted in the sudden collapse of CGM colony due to an unknown virus
disease Since all the preparations like plant growing, rearing of pests and mildew were schedu-
led for the Ist of November 1993--the day of the release of the phytosends-—-we could not

postpone the expeniment Furthermore, for the release we needed to mcrease the phytoseud
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colomes The large quantity of plant matenial required for therr mamtenance, and the fact that
the cassava vanety CMC 40 was runmung short presented another pressure to release the phyto-
sends on the planned date For these reasons there was no other alternative but to substitute

CGM with its relative, M caribbeanae

One of the major constramts for the analysis of the results of field experiment was the
heterogenerty of the data This indicated that on otte side that the number of rephcates was too
small If evaluation personnel (as i our case) or space are hnuted then the number of
treatments should be reduced in favour of more replicates On the other side the results showed
that control treatments were mussing, where M cartbbeanae or only predators were present
The design of the expermment was charactenized by the thought to study the population
dynamics of the four predators on four different alternative food types testing aganst the
behaviour on pure M caribbeanae population For this reason and for the size of the
experiment these control treatments were not included Finally, the heterogenenty of the results
showed that more effects than only the food items influenced the phyiosends However,

without these control treatments 1t s difficult to identify these mmfluences
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g Documentation of results

Table 1 Applzcabilaity of enzymes for staining of prey proteins

and discrimination of N i1daeus

T limonicus and T manihot:

Enzyme Identifacation Identxzfication

of phytoseilrd of gut content
specles

Malate dehydrogenase (MDH) 4 +

Phospho~gluco-1gomerase (PGI) ++ +

Esterase {(EST) ot +

2Acad phosphatase {(ACP) +4 o

Daiaphorase {DIAB) o Q

Glucose-s~-phosphate + +

dehydrogenase (GeDEH)

Glutamate oxalatacetate trans- + o

aminase ([(GOT)

Malic enzyme (ME) o e

Alcohol dehydrogenase (ADH) o o

ghikimace dehydrogenase (SKDH} - +

o = 1o staining

+ = staining, however, bands
44 = 1dentification possible
b =

of all samples were uniform

rdentifieation with very good results
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Table 2 lLave weight of stages of M caribbeanae .

Stage (number of mean weight mean weight of range of n |
individuals per of group {pg} individual (ug) weighing errors :
group) + SE {ug) |
egg (100) 68 0 3 0 01 0 7 + 0 001 3 x 100
larva (80} 92 5 + 0 07 19 + 0 002 3 x 50
protonymph {50} 1056 & + 0 16 21 + 0 001 3 x 50
deutonymph (50) 182 5 1+ 0 18 37 + 0 001 3 x50
adult & (50) 490 0 + 0 50 S 8 + 0 040 3 x 50,
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Table 3a Influence of feeding history and prey density on predation rate of N i1daeus (Fonseca) (prey individuals killed)

low density high densaity

Prey age starved females fed females starved females fed females
______________ n__ bl meamsssSE ____m___ D ___  means#SE ____ 0m D ___ means s SE_______n___D___means : SE
eggs 32 12 5 10 940 S D 38 1c 8 9 640 S M 37 59 9 25 2+1 8 B3C 36 62 1 31 241 § AR
larvae 19 10 Q 9 5+0 4 D 18 10 0 8 240 7 D 11 40 Q 35 2+1 4 AB 19 40 0 37 740 6 A
nymphs 16 10 0 8 510 4 D 20 10 0 8 610 4 D 11 40 Q 20 442 7 C 20 40 0 30 81 1 AB
adult 12 10 0 1 830 5 F 16 10 0 1 140 2 F 13 30 0 4 51C & E 16 40 0 1 640 2 F
TOTAL 79 11 ¢ 8 710 4 52 10 2 7 640 4 72 48 2 22 611 & 91 48 6 26 Bil 4

Means which are followed by the same letter are not significantly different (REGW multipler F-test}

Table 3b bAnalysis of variance for data on influence of feeding
history and prey density on predation rate of N i1daeus (Fonseca)
(prey individuals killed)

Source of variation df Mean squares F-Value p
Prey age 3 54 6 390 2 <0 0001
Feeding history 1 o 3 2 4 =0 05
Density 1 59 4 424 9 <0 0001
Prey age*Feeding history 3 18 12 6 <0 0001
Prey age*density 3 20 14 2 <0 0001
Feeding history*density 1 0 4 2 8 >0 05
Feeding hastory*prey 3 D7 4 8 <0 003
age*density
Error 322 o1

''D, = 1nitial density
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Table 3c Coeffzcients of variance of data grouped in prey
density and feeding history

High density Low density
Fed predators 11 13 18 8
Starved Preadators 15 6 14 2
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Table 4a Mean consumption by the phytoseiids N idaeus, T limonicus and T manihoti of various prey stages of the tetranychid
M caribbeanae

Prey age N 1daeus (Petrolina) N 1daeus (Fonseca) T limonicus T manihoti
_____________ n___ D1 _______meansssE o n__ D meanssSE n D __ meanssSE___m __ D __ meanssSE  ____
eggs 13 61 3 27 814 2 E 36 61 1 29 911 & DE 19 71 4 59 6+3 2 4B 14 71 7 46 916 2 BCD
larvae 7 100 58 144 9 AR 10 1049 76 313 1 A 3 100 73 0x6 C AB 7 100 BE5 6+6 4 AB
nymphs 18 40 28 311 4 DE 20 40 30 841 1 CDE 21 50 45 611 1 BC 12 50 22 942 0 E
adults 14 15 1 3+0 4 G 8 15 0 4+0 3 G 10 15 3 540 ¢ F 14 15 6 110 8 F

TOTAL 52 46 8 24 942 8 74 56 1 33 32 4 56 56 4 45 B+3 2 47 63 8 29 943 4

Means followed by the same letter are not significantly different (REGW multiple F-test)

Table 4b Analysis of variance table for data ¢on mean consumption
by the phytoseiids N 1daeus T limonicus and T manihot:i of various
prey stages of the tetranychid M caribbeanae

Source of variation df Means of square F-Value P
Strain 3 3 6 24 4 <0 0001
Prey age 3 78 3 537 4 <0 0001
Specie*Prey age 9 16 10 8 <0 €001
Error 213 02

*p, = Initial density
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Table 5 Last of six treatments of the phytoseird species N

Fonseca) T limonicus and T manihotl

Phytogeiid strain

# idasus
{petrolina}

N 1daeus
{Fonseca)

T Iiwmonicus

T manihots

Pray of every treatment

M tanajoa

[

idaeus (strains of Petrollﬁa and

|
Complementary prey-~
and food item

M caribbeanae
C gossypll '

T urtice
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Alternative food |
Mildew

Whitefly

Thrins




Table 6 Means of consumption of phytoserids
on acarine prey {(all treatments, prey densilty
50 nymphs when alternative food was inciuded
100 nymphs when two tetranychid species were
offered) during 24 hours

Phytoseiad species n means + 5E
T laimonicus 73 33 0 £ 2 2
N 1daeus {Petrolaina; 74 28 2 + 1 8
KN idasus {Fonseca) 76 28 2 2 1 7
T manihotz 80 26 9 4+ 1 8
TOTAL 303 29 3 & 0 9

Means were not saignificantly different
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Table 7a Mean consumption of N 1i1daeus T Ilimonicus and T manihoti on prey combinations of M tanajoa with M caribbeanae
O gossypiil and T urticae (each prey species was offered with 50 protonymphs = high densaty)

M tanajoa +

M caribbeanae 0 gossypil T urticae
Phytoseiid species I x £ 8E ______.._ I ne x +SE o __ o BE e
N idaeus (Petrolina) 11 34 5+ 70 5 24 4 + 3 3 i1 24 5 + 3 9 ns
N idaeus (Fongeca) 11 41 8 + 3 3 A 5 30 0 + 3 3 B 12 24 B + 40 B *
T limonicus 10 50 5 + 71 5 37 8 £ 7 8 11 37 5 + 5 2 ns
T manihoti 11 40 9 + 3 6 A 6 42 3 + 3 7 A 12 24 0 + 5 2 B * ok ok
TOTAL 43 41 7 £+ 2 9 al 21 34 0 £ 3 2 AB 46 27 5 + 2 9 B * &

' Means 1in each row followed by the same letter are not significantly different (REGW multiple F-test)

ns = not significant
* =P < 0 05

LA =P < 0 01

*kx =P < 0 001

* kK = P < 0 0001

Table 7b Analysis of variance for data on consumption of N
i1daeus, T limonicus and T manihoti on prey combinations of
M tanajoa with M caribbeanae O gossypii and T urticae
(each prey specaies was cffered with 50 protonymphs = high den-

sity!}

Source of variation df Mean squares F-Value P
Phytoseid strain (1) 3 10 18 >0 05
Prey species {(2) 2 33 S 9 <0 01
{1) * (2) & 2 7 08 >0 05
Error 97 06
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Table Ba Consumption by N 1daeus,

combinations congigting of M tanajca and the alternative food items
O manihotis A sorialis und F owilliams:

T Iimonicus and T manihoti of prey

M tanajoa +

C manihotis

A socialis

F williamsz

_?hytqggﬁld apeclLes n X + 3B n_ X + BF o x + SE
N 1daeus{Petrolina)l 16 31 6 + 3 6 16 26 5 + 3 B 15 25 6 + 3 4
N a1daeus (Fonseca) 16 27 7 + 358 17 27 G + 3 6 16 27 8B + 3 0
T limonicus i5 31 3+ 4 5 17 21 0 + 4 3 15 32 6 + 3 4
T manihoty 19 23 7 + 4 4 15 21 5 4+ 3 2 16 22 7 + 3 7
TOTAL &5 28 3 + 0 1 &5 23 2 + 1 8 62 27 1 + 1 7

Table 8b Analysis of variance for data on consumption by ¥ idaeus,
T limonicus and T maniheti: of prey combinations consisting of M
tanajoa and the alternataive food items © maniheotis A

P williamsi

socialis und

Sources of variation df Mean squares P-Value P
Phyktoserid strain (1) 3 I8 1 7 >0 05
Alternative food i1tem (2) 2 102 14 »0 05
{1y » () 5 4 05 >0 05
Error 1Bl
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Table 9a Mean values of surviving individuals of the prey species M caribbeanae, 0 gossypiir and T urticae during an
obsgservation periocd of 24 hours (S0 i1ndividuals of each species as i1nitial density)

M caribbeanae O gossypli T urticae TOTAL
_Phytoseiid species = n _ means £ SE 0 @0 means + SE n_  means i SE ___nh means £ SE_______
N idaeus (Petrolina) 139 158 +16 11 24 9+ 41 18 35 1 % 23 48 251 +19 A
N idaeus (Fonseca) 17 12 3 + 1 2 10 24 4 + 3 9 19 34 1 + 2 4 46 24 2 + 2 0
T limonicus 17 8 4 + 1 2 11 19 4 £+ 3 0 20 25 9 + 2 6 48 18 2 + 1 7
T manihoti 19 11 7 + 1 5 12 25 8 + 3 0 20 24 5 + 3 2 51 200 + 1 8
TOTAL 72 12 3 + 1 5 C 44 23 6 + 1 7 B 77 29 9 + 1 4 A

1 Means followed by the same letter are not significantly different (REGWF multiple F-test)

Table $b Mean values of surviving individuals of the prey species M tanajoa in combaination with the tetranychid species M
caribbeanae, O gossypii and T urticae during an observation period of 24 hours (50 individuals of each species as initial
density)

M caribbeanae 0 gossypil T urticae TOTAL
_Phytoselid species 10 __ _____ X+SE . _____n ____XtSE . n_ _____ X+ SE n.- x 1 SE -
N 1daeus (Petrolina) 19 18 1 +1 89 11 16 3 + 2 7 18 12 7 + 1 8 48 15 6 + 1 2 A
N 1daeus (Fonseca) 17 13 5 +1 9 10 11 4 + 3 1 19 13 2 + 2 0 46 12 9 + 1 3 A
T limonicus 17 10 6 + 2 0 11 76 + 25 20 6 3 + 1 4 48 g8 1+ 10 B
T manihoti 19 12 5+ 15 12 13 3 £ 3 7 20 12 8 ¢+ 2 7 51 128 £+ 1 4 A
TOTAL 72 11 1 + 1 8 B 44 12 2 £+ 1 6 A 77 11 3 + 2 0 A

! Means followed by the same letter are not significantly different (REGWF multiple F-test)
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Table 9c

during an observation period of 24 hours

Analysis of variance of data on surviving individuals of the prey species M caribbeanae, 0 gossypiir and T urticae
(50 i1ndividuals of each species as initial density)

{refers to Table {(9a)}

Source of variation df Mean sguares P-vValue p
Phytoseiid strain (1) 3 15 50 <0 01
alternative tetranychid prey (2) 2 14 4 47 © <0 0001
(1) * (2) 6 05 16 >0 05
Error 180

Table 9d Analysis of variance for data on surviving individuals of the prey species M
O gossypii and T urticae during an observation period 24 hours

tetranychid species M caribbeanae

tanajoa in combination with the
(50 individuals of each

species as initial density) (refers to Table 9b}
Source of variation drf Mean square F-Value p
Phytoseiid strain (1) 3 6 1 10 1 <0 0001
alternative tetranychid prey (2) 2 20 33 <0 05
(L * (2) 6 o 3 0 4 >0 05
Error 180
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Table 10 T-test comparisons between means of alive CGM and alternative prey specles ({(comparing Tables 9a and
9b)

Phytoseiid species M caribbeanae 0 gossypizi T urticae
N 1daeus (Petrolina) ns ns * ok

N 1daeus (Fonseca) ns ** dek ok ok

T limeonicus ns * % *kk ok

T manihoti ns * ok *

ns = not significant

* = P<Q 05

* % = P<0 01

dok ok = P<0 (0001
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Table 1la Consumption of N idaeus T I:monicus and
T manihotr on Frapkliniella williams: {(thrips} in com-
baination with M tanajoa at high denszty

Phytoseird species N consumed thrips
means + SE

N idaeus (Petrolina) 15 0 4 + 0 2 A

N 1dagus (Fonseca) 16 g2zro1

T limonicus 11 1504

T manihoti 17 17 4+ 089 B

' Mzans followed by the same letter are not sagnifi-
cantly daifferent

Table 11k B2Analysis of variance on data for consumptaion
of ¥ 2daeus, T Iimonicus and T mapiheti on Frankii-
mella willzams: {thraps) in combination with M tanajoa
at high density

Source of variation df HMean sguare F-Value P
Phytoselid strain 3 2 2 i1 ¢ «0 0001
Error §4 ¢ 2
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Table 12 Influence of the presence of CGM on the feeding rate of phytoseiids on tetranychids ({(t-tests)

M caribbeanae T urticae
with M tanajca without M tanajoa with M tanajoa wlthout M tanajca
n means + SE n means + SE t-test n means + SE n means t+ SE £ test
N 1daeus {(Petrolina) 47 25 541 9 38 19 441 9 * 43 15 041 3 47 14 740 9 ns
N 1daeus (Fonseca) 44 30 042 2 41 22 611 8 ** 46 24 1+1 & 44 12 641 2 ko
T limonicus 50 47 01 3 49 35 712 0 Eww 45 33 142 3 48 21 531 8 *
T manihoti 40 32 312 9 44 24 012 4 * 42 31 5+2 0 45 24 2+1 5 *
TOTAL 181 34 041 2 172 25 211 1 el 176 26 01 1 184 19 3+0 8 bl
ns = not significant
* = P <« (0 05
* * =P <« 0 001

*** = P « 0 0001
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Table 13a Means of phytoseiid consumption of thraips (killed

larvae)

with M tanajca

only thrips

Phytoselrid species n means + BB n maansg & SE
H i1daeusn (Brazail) 33 044+ 01¢C 34 1 1+ 03B
N rdaeus {Fonseca}) 27 26 +04C¢C 32 074+£028
T limonicus 472 19 4+ 03B 46 2 3 &+ 0 3 A
T manihota 45 314+ 0384 41 3 4 + 0 3 A
TOTAL 153 16 4+ 4 2 183 2 0 + 0 2

! Means an every column which are followed by the same letter
are not significantly different {(P<0 0001, REGW multiple F-test}

Table 13k Analysis of variance for data on consumption of

thrips (killed larvae)}

Source of variance df Mean square F-Value P
Phytoseiird strain 3 16 & 46 1 <0 0001
Error 302 d 4

Table 13c Influence of pressnce of
CGM on phyteoseild fesding rate on
thrips larvae (t-tegt, wmeans arye
ghown in Table 14hb)

Phytoselid strain P

N 1daeus {Petrolina) *

N 1idaeus (Fonseca) nes

T limonicus ns

T manihoti ns

TOTAL ns
not saignificant

=
]
oo

P < 0 08
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Table l4a Means of kalling rate of phytoseiads on CGM in presence of non-acarine food

Whitefly Qadaum Theips
Phytosersd spacies n means £ $E o means ¢ SE o means + 8B
N i1daeus (Brazil) 39 4 4 + 05 BO 33 3%+ 45 <D 42 56 + 0 4 ABC
N zdaeus (Fonsecal 45 4 3+ 04 BCD 41 54+ 0658 ABCD 37 52 1 08 BCD
T limonicus 27 294+ 005 B g 51+ 068 BCD 45 T2 OB AR
T manthota 39 4 6 + 0 4 BCD 32 4 8 + 0 4 ARCD 45 FHE + G4 A

* Means which are followed by the same letter are not significantly different

Table 14b Analysis of wvarzance for data on feeding rate of phytoseirlds on CGM
in presence of non-acarine food

Bource of variation af Mean sguare Fevalue P
Phvtosexid straxn {1} 3 15 30 <0 03
Alternative non-acarine food i1tems (2} 2 § 9 13 8 <0 Q001
{1y * (2) & 13 2 6 <@ 02
Exrror 451 05
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Table 15a Mean survival of CGM after exposure to phytoseiids during 24 hours CGM was offered at low density (= 10 proto-
nymphs)

whitefly o1dium thrips M caribb T urticae
Specie n means i SE n means + SE n means ¥ SE n means i SE n means i SE
N 1daeus {Brazil) s 4 50 5 AB? 41 5 310 5 AB 44 3 440 5 ABC 47 3 810 B ABC 45 3 910 4 AB
N i1daeus (Fonseca} 45 4 140 4 AB 40 4 210 6 AB 38 3 540 & BC 45 3 930 5 AB 47 3 110 5 BC
T laimonicus 30 5 4+0 5 A 39 4 440 6 AB 45 2 00 4 BCD 50 0 610 2 E 46 1l 530 3 DE
T manihecta 42 3 6+0 2 A 33 4 210 4 AB 42 1 730 4 DE 40 3 7+0 & ABRC 42 2 7+0 4 BCD

! Means which are followed by the same letter are not significantly different (REGW multiple F test)

Table 15b Analysis of variance for data on mean survival of CGM
associated with alternative food or prey items after exposure to
phytoseiiads during 24 hours

Source of variation df Mean square F-Value p
Phyteseiid strains (1) 3 76 13 ¢ <0 0001
Alternative food or prey 4 100 17 1 <0 (001
1tem (2)

{1} + (2} 12 2 6 4 4 <0 0001
Error 820 06
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Table 16a Daily mean oviposition of phytoseiids on five different food items

Whitefly O1dium Thraips M caribbeanae T urticae
Phytoselild species n means+5E n means+SE n means+SE n meanstSE n meanstSE
N 1daeus (Brazil} 64 0 010 ¢ Gt 54 0 331 0 FG 60 0 110 1 FG 65 1 030 1 E 72 1 9£0 2 BC
N i1daeus (Fonseca) 59 G 3:0 1 FG 58 0 240 1 FG 50 ¢ 0+0 O G 67 1 140 2 71 1 810 2 BC
T limonicus 45 0 310 1 FG 52 0 B0 2 EF 71 1 440 2 cD 79 3 0£0 1 A T4 2 510 2 AB
T manihot1i 61 0 240 1 FG 53 0 310 1 FG 67 2 010 2 BC 67 1 140 2 DE 70 2 340 2 A

! Means followed by the same

letter are not significantly different (REGW multiple

Table 16b Analysis of variance for data on daily mean oviposition
of phytoseiids on five different food i1tems

Source of variation df Mean sgquare P-Value P
Phytoseiid strain (1) 3 8 3 46 1 <0 0001
Alimentation (2) 4 23 0 127 4 <0 0001
(1) * (2) 12 23 12 6 <0 0001
Error 1240 0 2
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Table 17 Increasing effect of presence of M car:ibbeanae 1n prey combinations
on densaty of phytoseiids in field experiment {t-test)

N 1daeus N i1daeus T limonicus T manihotr
{Petrolina)} {Fongeca)
whitefly * L ek ns
mildesw * * ns ng
thraps ns ok s *x
T urticae ne ng LA el
* P < 0 05
** P < ¢ 01
*+% P o< 0 001
¥hEkx P oo O 0001
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Table 18 Hypothized biomass ingestion of phytoseiids consuming on various prey stages Values of consumption (Tak 4] were
mulitziplied by weights (see Table 2) {Analysis of variance ssee Table 4a)

Prey age ¥ 1daeus {Petrclinal N idaeus (Fonseca) T  limonicus T manihoti

_____ e e e TEB0E_2 S AR . N .. neans y ¥ v H N Jhesns £ SE YV _H_ L B means # SE NV __.HE__ ___
eggs 13 18 9l 2 B B 36 20 446 § ¢ B 19 40 249 5§ B A 14 31 9413 7 B A =
larvae 7 10824 1 A AB 10 141418 A A € 135427 A A 7 103131 A B *
nympha i8 §8 5:14 5 A B 20 88 9414 § B B 21 132415 A A 12 §6 2120 2 BA c o
adulta 14 6 117 3 c B g 6 1+7 3 D B 10 34 3311 5 D A 14 60 2327 7 B A waew
TOTAL 52 53 7448 0 >k o 74 53 7148 0 ke B 56 83 7449 6 > A 47 59 7432 0 . ¢ wan

1 ¥ = Means in every column followed by the same letter are not signaificantly different (REGW multiple F-test)

? H = Means in every row followed by the same letter are not significantly different

* = P < 0 0S5

* =P <« 0 001

* ok ok P < 0 0001

Inatial prey densities
eggs {mean values} K i1daeus {P} 61 3, ¥ 1daeus (¥} 61 1 T limonicus 71 4 T manihofti 71 7

larvae 1G9
nymphs 40
adult 29 15
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Figure la. Staining for esterase-isoenzymes (EST). PAGE of
proteins extracted from T. manihoti (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).

: M. tanajoa
-4 : 3 9?9 of T. manihoti fed on M. tanajoa
7 : 3 99 fed on M. caribbeanae
1 @ of M. caribbeanae
3 92 of T. manihoti starved for 48 hours

2
5
8
9
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Figure 1b. Schematic illustration of Figure 1la

tanajoa

manihoti fed on M. tanajoa
caribbeanae

manihotli fed on M. caribbeanae
manihoti starved for 48 hours
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Figure 2a. Staining for malate dehydrogenase (MDH). PAGE of
starved or fed with M.

proteins extracted from N. idaeus,
caribbeanae (12.5 % homogenous gel,

aumbs W

19
2 99
10 99
4 29
5 99
2 99

RRFRA2

idaeus (starved for 24 hours)
ldaeus (starved for 24 hours)
idaeus (starved for 24 hours)
idaeus (starved for 24 hours)
idaeus fed on M. caribbeanae

caribbeanae

T

0.15 M boric acid (pH 8.2)
tank puffer, 100 V, 300 minutes running time).
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Figure 2b. Schematic illustration of Figure 2a

1l: 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 VvV, 270
minutes running time).

1: 7 99 N. idaeus (starved for 24 hours)
2: 1 9 N. idaeus (starved for 24 hours)
3. 2 99 N. idaeus (starved for 24 hours)
4: 5 992 N. idaeus (starved for 24 hours)
5: 2 99 M. caribbeanae

6: 13 99 N. idaeus fed on M. caribbeanae
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Figure 3b. Schematic illustraticn of Figure 3a.

1: 7 99 N. idaeus (starved for 24 hours)
2: 1 9 N. idaeus (starved for 24 hours)
3: 2 99 N. idaeus (starved for 24 hours)
4 : 5 99 N. idaeus (starved for 24 hours)
5: 2 29 M. caribbeanae (starved for 24 hours)
6: 13 99 N. idaeus fed on M. caribbeanae
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Figure 4a. Staining for phospho-gluco-isomerase (PGI). (15%

homogenous gel, 0.5 M Tris/HCl (pH 8.8) as tank puffer, 100 V,

270 minutes running time) .

1: 1 ? T. limonicus (starved for 24 hours)

2: 2 292 T. limonicus (starved for 24 hours)

3: 5 292 T. limonicus (starved for 24 hours)

4: 5 92 T. limonicus (starved for 24 hours)

S: 2 99 T. limonicus fed on M. caribbeanae (gut content did
not yield any visible staining)

6: 1 ? M. caribbeanae
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Figure 4b. Schematic illustration of Figure 4a. Represents the
three treatments T. limonicus (starved), M. caribbeanae, and T.
limonicus fed on M. caribbeanae
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Figure 5a. Staining for acid phophatase (ACP}. (15% homogenous
gel, 0.5 M Tris/HCl (pH 8.8) as tank puffer, 100 V, 210 minutes
running time) .

oW N

1 9 N. idaeus

2
7
4
un
2

%
e
-
s
?

? N. idaeus
? N. idaeus
? N. idaeus
tained)

(starved for 24 hours)
(starved for 24 hours)
(starved for 24 hours)
fed on M. caribbeanae {(gut content remained

Q M. caribbeanae

77



.
20—
A R, a 7570 g VI,
60— =
L
ool

Figure 5b. Schematic illustration of Figure 5a.

1: 7 9 N. idaeus (starved for 24 hours)

2: 4 99 N. idaeus fed on M. caribbeanae {(gut content remained
unstained)

3: 2 99 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
% homogencus gel, 0.15 M boric acid (pH 8.2) as tank puffer, 100
V, 225 minutes running time).

1 9 N. idaeus (starved for 24 hours)

2 99 N. idaeus (starved for 24 hours)
10 99 N. idaeus (starved for 24 hours)

2 99 N. idaeus vs M. caribbeanae

4 99 M. caribbeanae

ok W
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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/HCl (pH 8.8) as tank puffer, 120 V, 120 minutes
running time) .
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Figqure 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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1 2 3 4 5 6 7 8 9 10

Figure 8a. Standard of T. manihoti (Cb6rdoba) on different prey
types I. 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 T. manihoti vs T. urticae

4 : T. urticae

5-7 T. manihoti vs M. caribbeanae
8 M. caribbeanae

9-10 : T. manihoti, starving
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8b. Schematic illustration of Figure 8a

manihoti vs T. urticae
urticae

manihoti vs M. caribbeanae
caribbeanae

manihoti, starved
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Figure 9a. Standard of T. manihoti (Cbérdoba) on different prey
types II. Staining for esterase-isocenzymes (EST). 15% homogenous
gel, 0.15 M Tris/Borat (pH 8.2) as tank puffer, 100 V, 240
minutes running time).

1-3 T. manihoti vs M. tanajoca
4 M. tanajoa

5-7 T. manihoti vs M. mcgregori
8 M. mcgregori

9-10 T. manihoti, starving
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Figure 9b. Schematic illustration of Figure %a. Note, that
Tris/Borate was used as tank buffer, causing different patterns
compared to the use of Tris/HCl.

1 T. manihoti vs M. tanajoa

2 M. tanajoa

3 T. manihoti vs M. mcgregori
4 M. mcgregori

5 T.

manihoti, starved
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RSN

Figure 1l0a. Standard of A. aerialis on different prey types I.
Staining for esterase-isoenzymes (EST). 15% homogenous gel, 0.5 M

Tris/HCl (pH 8.8) as tank puffer, 120 V, 120 minutes running
time) .

1-2 : A. aerialis vs 0. gossypil
3 0. gossypii

4-7 : A. aerialis vs T. urticae
7 void

8 : T. urticae

9 A. arialis, starving
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Figure 10b. Standard of A. aerialis on different prey types II.
Staining for esterase-iscenzymes (EST). 15% homogenous gel, 0.5 M

Tris/HCl (pH 8.8) as tank puffer, 120 V, 120 minutes running
time) .

1-3 : A. aerialis vs M. tanajoa

4 s M. tanajoa

5-7 : A. aerialis vs M. caribbeanae
8 : M. caribbeanae

9 void

10 : A. arialis, starving
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Figure
L A.
2: Q.
3: T.
4 A.
52 A.
6: M.
T A.
B: M.

10c. Schematic illustration of Figures 10a and 10b
aerialis vs 0. gossypii

gossypii

urticae

aerialis vs T. urticae

aerialis vs M. tanajoa

tanajoa

aerialis vs M. caribbeanae

caribbeanae
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Figure lla. 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 2 99 T. manihoti (Palmira strain) fed on M. tanajoa
5-8 2 99 T. manihoti (Guajira strain) fed on M. tanajoa
9 1 ? M. tanajoa
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Figure 1llb. Schematic illustration of Figure 1l2a

1: T. manihoti (Palmira strain) fed on M. tanajoa
2.3 T. manihoti (Guajira strain) fed on M. tanajoa
3: M. tanajoa
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Pigure l12a. Effect of the host plant on the electrophoretic
esterase pattern of M. tamajoa, 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).

Bean leaf

tanajoa on bean

M. caribbeanae on bean
T. urticae on bean

M. tanajoa on cassava
M
T

=

caribbeanae on cassava
. urticae on cassava
Cassava leaf
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92



53 3

"
20— /// " I " -u : LU,

Il' 7.|
= I

3

-

“

" ’
80~ o

/

80

-
100

Figure 12b. Schematic illustration of Figure 1l3a.

Bean leaf

tanajoa on bean

M. caribbeanae on bean
T. urticae on bean

M. tanajoa on cassava
M
T

=

caribbeanae on cassava
. urticae on cassava
Cassava leaf
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10 11 12 13 14 15 16 17 18

19 20 21 22 23 24 25 26 27 28

Figure 13a. Effect of starvation pericd 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 minutesg running

time) .

1-4 0 hours

5-8 : 1 hour

9 : M. caribbeanae
10-13 : 3 hours

14-17 : 6 hours

18 : M. caribbeanae
19-21 : 12 hours

22-24 : 24 hours

25-27 : 48 hours

28 : M. caribbeanae
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Figure 13b. Schematic illustration of Figure 1l4a.
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T. tenuiscutus 17%

ni 4%
G. annectens 1%

G. helveolus 4%

P macropills 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 1 3% S

T, urticae 20%

M. mcgregor 18%

Figure 15. Identified phytophagous mites collected in Ecuador

= 97
isi = insufficient staining intensity
' = unknown esterase pattern
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isl 37%

O.gossypil 2%
i
ni 18% T b
it
W

M.mcgregor 4%

T.urticae 5%
M.caribbeanae 34%

Figure 16. Fractions of gut contents of phytoseiids ccllected in
Ecuador and identified by means of electrophoresis.

n = 166
isi = insufficient staining intensity
ni = unknown esterase pattern
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number of observations
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120._ ..............................................
100._ .............................................. o~
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B0 Lo
40 O O
20 —M ----------------------------------------------------
0 . - ] - . [rm——
T.ten G.ann G.hel. P mac. Isl ni
 Phytoseiids
[isi 0. gossypli B ni
NM. mcgregod  EIT. urticae ~ I M. caribbeanae

Figure 17. Gut contents of phytoseiid mites collected in Ecuador (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 esterase pattern
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1 2 3 4 5 6 7

Figure 18a. Influence of prey stage on the staining intensity of
the gut content of T. manihoti (Palmira) after feeding for five
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/HCl1 (pH 8.2) as tank puffer, 120 V, 120 minutes
running time) .

gtarved for 48 hours

consumed 22 eggs (15 ug)

consumed 21 larvae (38.9 ug)
consumed 24 protonymphs (50.9 ug)
consumed 11 deutonymphs (40.2 ug)
consumed 3 adults (29.4 ug)

1 9 M. caribbeanae

SNSau e WP
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Figure 18b. Schematic

starved for
consumed 22
consumed 21
consumed 24
consumed 11

S WO

illustration of Figure 19a.

48 hours

eggs (15 ug)

larvae (38.9 ug)
protonymphs (50.9 ug)
deutonymphs (40.2 ug)

consumed 3 adults (29.4 ug)
1 9 M. caribbeanae
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Figure 1l%a. 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.

2 99, starved for 24 hours
congumed larvae

consumed larvae
consumed larvae
consumed larvae

consumed larvae

consumed larvae

consumed 14 larvae
consumed 17 larvae

M. caribbeanae

oW o Q0 ke W
oo T PR R VA 8

=

102



T 1=
2ol T P . - 277 - T -
éQ"’"

- i o v 2 wrErra
o
80 1~
0 =

Figure 19b Schematic 1llustration of Figure 1l9a
2 99, starved for 24 hours
consumed larvae
consumed larvae
consumed larvae
consumed larvae
consumed larvae
consumed larvase
consumed 14 larvae
consumed 17 larvae

M caribbeanae
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tMultiple Box-and-Whisker Plot
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Figure 20 Effect of prey density {1 = no mites, 2 = less than 25
mices per leaf, 3 = more than 25 and less than 200 mites per leaf
and 4 = more than 200 mites per leaf, Yaninek et al , 198%) on
staining intensity (scale 0-6, where staining intensity increases
from 0 {invisible} to 4 (saturated banding pattern)} of gut
content nn = 163

The bottom and top of the box indicate the sample 25th and 75th
percentiles The center horizontal line represents the sample
median The central vertical lines indicate the data range (SAS,
15838, see alsc Tukey, 1977} The median does not appear when 1t
1s 1dentical with one of the lower or upper border of the box
When no box appears the values were concentrated at one point
Range 4 of mite density was never observed
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Multiple Box-asnd-Wh:skar Plot

Enterase activity

| | | | | 1 1 H |
(-] 1 16 2 26 3 ) -]

Predator densaty

Figure 21 Effect of predator density predators (no per leaf) on
Sstaining intensity (scale 0-6, where staining intensity 1ncreases
from 0 (=invisible) to 6 (=oversaturated banding pattern)) of gut
content (for more explanations of "box-and-whisker-plots" see

Fig 17) n = 163
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number of killed prey

treatments '
M iow density: starved
P iow denstty- fed
B2 high denslty- starved
N high denstty fed

eggs larvae nymphs  adult
prey ages

Figure 22 Influence of feeding history and prey density on
killing rate of adult females of N 1daeus (Fonseca) (11l s n s
46) 10 individuals of each prey stage were offered as low
density, 61 eggs, 40 larvae, 40 nymphs and 30 adults as high
density
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number of consumed prey

100
80
60 i
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40 i
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eggs larvae nymphs adults total
Prey stages
Predator strains

M N idaeus (F) ZIN idaeus (P) & Tlimonicus N T.manihoti

Figure 23 Means of consumption by the phytoseiids N idaeus, T
limonicus and T manihot:i of various developmental stages of M
caribbeanae

N 1idaeug from Petrolina
N 1daeus from Fonseca

N 1idaeus (P)
N idaeus (F)

non
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/ N
Completing proy specles

M M caribbeanae
O gossypit

B3 Turticae
N /

Figure 24 Consumption by N 1idaeus, T limonicus and T manihotae
on M tanajoa combined with M caribbeanae, O gossypii and T
urticae
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Figure 25 Predation rate of phytoseiids on M caribbeanae and T
urticae at three different CGM densities (50, 10, and 0 proto- |
nymphs) Means of killed and survived_prey.-are presented (10 = n
s 12 for M caribbeanae at high den81t§7ﬂ38 < n s 50 for low den-

sity or absence of M caribbeanae) |
qﬂf 7 |
P
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Number of killed thrips larvae

/
Density of CGM

H high
low
2 absence

AN

Strains

§
Figure 26 Killing rate of phytoseiid species on thrips at three :
densities of CGM (50, 10, 0 protonymphs) (11 s n s 46)
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Figure 27 Daily mean oviposition of phytosends in relation to food item (45 = n < 79)



counted phyloseiids J
M caribbeanae present
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Evaluation

Prytosadd straln
~ Nudaous(P) -+ Nidseus(F) * TEmonicus = T.manthot! =N idaeus{P) N ldaeus(F) * Tlimonicus = Tmanihot

Figure 28 Population dynamicg of phytoseirds in field experiment The chart shows the
influence of the presence of M caribbeanae on the density of phytoseiidae Values represent

means of all treatments (n = 12}
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whitefly and oidium were estimated as infested area per leaf
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10 Conclusions and recommendations for future research meclhiding necessary
follow-up through national agriculture research stations (NARS) and

farmers’ practice

The electrophoretic analysis of field-collected predators did not provide a reliable means for
wentification of therr diet We concluded that low food intake was one of the reasons why
enzyme activity of the analyzed samples was generally low For this reason we recommend for
studies where 1t 15 necessary to use only one mdividual, to restnict electrophoresis on controlled
laboratory experiments--where predators find optimal conditions--and/or taxonomic dentifi-
catton of tetranychid species It seems of interest to study, whether more sensitive biochemical
tools like polymerase chain reaction {(PCR, Mullis et o/ , 1986 and Mullis & Faloona, 1987)

can provide more rehiable data

The preference tests conducted 1n the laboratory dentified 7 limorrcus as the most voracious
predator Furthermore, this species had the highest fecundity among the tested predator types
These attributes and 1ts ability to survive on alternative food like thrips and even to oviposit
on pure (J muanhotis diet recommend this species as a highly promising candidate for the
bological control of CGM  In the field expeniment this species reached the highest average

population density with significant differences to N wdaeus

One of the future mterests is to study the predation behaviour of T Irmomeus 1n more detail

mcluding agroecological aspects such as relative humudity An mtense field survey of the
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mteraction of predator and prey populations should be conducted The focus on only two or
one types should allow the design of an expenment with more replicates than we could conduct

due to the quantity of predator and food types

Comparisons of plots where T /imonicus 1s present with plots where 1t 1s excluded should be
conducted n order to know the effect of this candidate on vicld Furthermore, 1t 1s of crucial
mmportance to test his adaptability to the climatic conditions of the target regions Sabelis
(1985b) stressed the influence of relative humidity on the effectiveness of phytosends The
problem of 7' limonicus 1s that ts regions of collection (e g Jaguariuna) are charactenized by
a humid climate (CIAT, umt of agroecological studies), whereas CGM 15 a dry season pest
(CIAT, 1990) Bakker er ol {1993) found in laboratory experiments that 50% of the eggs of

this phytoseud strain did not hatch when relative hunudity was lower than 72 3%

In contrast to this species, N idaeus 15 well adapted to dry zones (CIAT, 1992, Bakker et o/,
1993) Dinh er al (1988) reported that under lab conditions the eggs of this species hatched
at 30% RH Tlus predator 15 associated with CGM 1n seasonally dry NE Brazil It 1s one of
three phytosend species which could be established successfully in Africa The other candidates
are Brazilian strains of T limonicus and T arpo (CIAT, 1994) However, rehable data on the
efficiency of this species are still not available Prelimimary observations m Brazil showed that
the results are vanable from year to year, depending on the density of N idoeus In one
expetunent, where density was high, 30% higher yield was found n plots with this predator

compared to plots without predators {de Moraes, 1994, pers commumecation) More research



15 needed to study the efficiency of this species

As n any case of Classical Biological Controel 1t 1s recommended to realize studies on possible

undesirable ecological effects of the candidates 1n the target arcas where they do not ocowr

Another challenge was created by the sudden collapse of the CGM colony caused by a virus
If 1t would be possible to 1dentify, 1solate and rear this virus a milestone 1n the control of CGM
would be laid We observed that thus virus is very specific since adjacent colomes of 7 urfreae
and M caribbeanae were not affected Prelimmnary analyses mn the virology umt of CIAT
identified virus-like polyhedrical particles (Calvert, pers commurucation) This mterest of
virological control was reinforced by findings of another type of virus-like particles 1n A/
cartbbeanae, collected 1in Ecuador (Guerrero, pers communication) Various reports corroborate
that virus(es} can be a spectacular control agent of pests The cabbage setmi-looper Trichoplusia
mt ceased 1o be a serious problem 1n cotton 1in Colombia when a nuclear polyhidrosis virus was
introduced from Califormia (Bustillo, 1989) Bellott ef af {1992) reported a mortality of 99 8%
of the hornworm Ermnnyis ello on cassava when a granulosis virus of the family Baculovindae
was applied Since the viruses agamst CGM and M cartbbeanae seem to be very speafic, 1t
seems to be a promusing natural enemy if 1t would be possible to find an effective way of 1its

propagation among healthy individuals
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