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Delphastus catalinae and Coleomegilla
maculata lengi (Coleoptera: Coccinellidae)

as biological control agents of the greenhouse
whitefly, Trialeurodes vaporariorum
(Homoptera: Aleyrodidae)
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Abstract: Predation efficacy and compatibility of the predatory lady beetles Coleomegilla maculata lengi
Timberlake and Delphastus catalinae (Horn) against the greenhouse whitefly, Trialeurodes vaporariorum
(Westwood) were studied in laboratory on glabrous fuchsia (Fuchsia hybrida Voss cv Lena Corolla) and
pubescent poinsettia plants (Euphorbia pulcherrima Willd ex Klotzch cv Dark Red Annette Hegg). On
glabrous plants (fuchsia), fourth-instar and adults of C maculata were the most efficient, both against
whitefly eggs and pupae. On pubescent plants (poinsettia), the larger stages of C maculata were negatively
affected and less efficient than adults of D catalinae. The presence of plant structure did not affect the
voracity of either predator species. Finally, the simultaneous use of both predator species generated
inter-specific competition. These results provide recommendations for biological control of whitefly in

horticultural greenhouses.
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1 INTRODUCTION
The greenhouse whitefly, Trialeurodes vaporariorum
(Westwood) is one of the main pests of greenhouses
around the world.!'? The whitefly is resistant to an
array of chemical pesticides®# including insect growth
regulators.’ In vegetable greenhouses, the parasitoids
Encarsia formosa Gahan and Eretmocerus spp®~8 and
the mirid bugs Macrolophus caliginosus (Wagner) and
Dicyphus hesperus Knight>° are successfully used to
control the pest all season long. In greenhouses
for ornamental production, even low densities of
whiteflies are judged unacceptable and their control
may require massive releases of natural enemies.
Because of their voracity, coccinellids may be good
candidates for whitefly control in these conditions.!®
The lady beetle, Delphastus catalinae (Horn) [formerly
D pusillus (LeConte)] is one of the main predators
of whiteflies in citrus orchards in Florida''"1? and
in cassava in Colombia.!* This minute coccinellid
(1.5mm of length) is a specialized aleurophagous
predator commercialized for the control of Bemisia

tabaci (Gennadius) and B argentifolii (Bellows and
Perring). Heinz and Parrella!® demonstrated that the
introduction of this coccinellid successfully controlled
B argentifolii populations.

The twelve-spotted lady beetle, Coleomegilla mac-
ulara lengi Timberlake is a medium size coccinellid
(about 6—7mm) present in North America, South
America and Northern Europe. The predator is one
of the dominant species in several crops includ-
ing maize,'® wheat,!” potato!® and orchards.!%?° Its
polyphagous habits'® improve field survival during
periods of whitefly scarcity, and allow successful rear-
ing on a liver diet.?! Furthermore, it can attack
several other greenhouse pest species including the
green peach aphid, Myzus persicae (Sulzer),??>=2* the
two-spotted spider mite Terranychus urticae Koch?®
and eggs of several lepidopteran species.?%2” Previous
observations by Dysart?®® and Link and Costa®®
demonstrated that C maculata also attacked and
consumed 7Trialeurodes aburilonea (Haldeman) and
B tabaci.
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Several physical characteristics of ornamental plants
including height, plant structure and pubescence
may have an impact on biological control of
whiteflies. The presence of trichomes especially affects,
mechanically or chemically, locomotion, foraging
behavior, attachment to the plant and oviposition
of phytophagous and predaceous insects.>*~3*> For
example, whiteflies laid significantly more eggs on
pubescent cultivars of soybean and cotton than on
glabrous ones.>*> Plant morphology and architecture
also significantly influenced efficiency against natural
enemies, 3640

In this study, we examine and compare the potential
of the two coccinellid predators against greenhouse
whiteflies. It constitutes the first evaluation of the
twelve-spotted lady beetle against T wvaporariorum.
We predicted that, according to its larger size, C
maculata may be more efficient than D caralinae. In
the laboratory, we examined the predation efficacy of
the two predators on glabrous fuchsia and pubescent
pointsettia. The simultaneous utilization of both
species for the biological control of the greenhouse
whitefly was also evaluated.

2 MATERIALS AND METHODS

2.1 Insect material

Delphastus catalinae were obtained from a commercial
rearing facility (Applied Bionomics, Vancouver, BC).
Once in the laboratory, they were reared on T
vaporariorum eggs. Coleomegilla maculara individuals
came from permanent rearing on an artificial liver-
based diet. Rearing originated from field-collected
insects around Montreal (Canada) and new material
was taken from the field each year. Both coccinellids
were reared at 24 (+1)°C, 70% RH and a 16:8h
light:dark photoperiod. Trialeurodes vaporariorum eggs
and pupae were reared in greenhouses at the beginning
of spring, on poinsettia (Euphorbia pulcherrima Willd
ex Klotzch cv Dark Red Annette Hegg) and fuchsia
(Fuchsia hybrida Voss cv Lena Corolla) plants.

2.2 Predation on glabrous fuchsia

All the experiments were done under laboratory
controlled conditions as in Section 2.1. The first test
compared the voracity of C maculara and D catalinae on
whitefly eggs and pupae. Whitefly egg predation was
assessed by testing adults and second and fourth instar
of C maculate, and adult D caralinae. The experimental
setup consisted of a Petri dish (9 cm diameter) covered
with a moistened filter paper. A fuchsia (glabrous) leaf
infested with 500 T vaporariorum eggs was overturned
and put on the filter paper. The exact number of
eggs was obtained by cutting the leaf. This process
minimized egg manipulation and allowed the eggs to
maintain their natural upright position. Before the test,
eggs were examined under a stereo microscope in order
to remove aborted or damaged eggs. Controls without
predators were used in order to evaluate counting
errors. Twenty replicates were carried out.
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Pupal predation used the same experimental set-
up. Three predator treatments were tested: adult and
fourth-instar C maculata, and adult D catalinae. Eighty
T wvaporariorum pupae were individually transferred
onto a clean fuchsia leaf. Damaged pupae and also
pupae closed to adult emergence were withdrawn.
Twenty-one replicates were carried out.

The experiment started with the introduction of a
24-h starved individual predator in the Petri dish. After
6 h, the predator was removed and each Petri dish was
stored at 4°C for 1 h to avoid hatching of the eggs or
emergence of the pupae. Predation was then assessed
by using a stereo microscope. Pupae were examined to
detect all signs of predation. The number of predated
eggs or pupae was counted. For each prey type (eggs or
pupae) the number of prey consumed was compared
using a one-way ANOVA followed by a LSD Fisher’s
protected post-hoc test.*! Predator-free controls were
carried out in order to evaluate counting errors. All

analyses were performed with SuperAnova®.4?

2.3 Effect of pubescence

In order to evaluate the predation efficiency on a
pubescent plant, an experiment was done on poinsettia
seedlings. The experimental set-up and conditions
were similar to those in the previous experiment,
except that a pointsettia leaf with 500 T vaporariorum
eggs was cut instead of a fuchsia leaf. Three predatory
treatments were tested: adult and second-instar C
maculata and adult D catalinae. Twenty replicates
were carried out. Data were compared by a one-
way ANOVA.

In order to evaluate the effects of pubescence on
coccinellid voracity, results obtained with eggs on
glabrous fuchsia were compared to the same treatment
on pubescent poinsettia. The comparison was done
separately for C maculata adults, C maculara second
instar and D catalinae adults using one-way analyses
of variances.

2.4 Effect of plant structure

Predator voracity was compared in presence and
absence of plant structure. A Petri dish (9.0cm
diameter) with a moistened paper was used as a set-up
without vertical structure. A caged poinsettia seedling
was used as a vertical structure. The seedling, with
three equal-sized and undamaged leaves, was fixed
with Plasticine in a hole pierced in the bottom of
a plastic container (8.1 cm high x 15.0 cm diameter).
This container was then placed into a second plastic
container with water which soaked the seedling
roots. The set-up was hermetically sealed by a
plastic lid with a meshed opening (muslin) to allow
ventilation. A poinsettia leaf was cut in order to
present 500 T wvaporariorum eggs and put either on
the moistened paper in the Petri dish, or on the
superior leaf of the seedling in the cage. A coccinellid
predator starved for 24h was introduced at the
beginning of the experiment. Two treatments were
carried out: (1) one adult of C maculata and (2) one
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adult of D catalinae. The experiment was replicated
twenty times. Experimental conditions were similar to
those described in Section 2.3. The number of prey
consumed was compared using a one-way ANOVA.

2.5 Use of both predator species

In this experiment, both predators were used
together. The experimental conditions and set-up were
similar to those of the previous experiment with a
caged poinsettia seedling (Section 2.4). Two adult
coccinellids, one D catalinae and one C maculata
were introduced onto the seedling at the beginning
of the experiment. Twenty replicates were carried out.
A theoretical value (representing a non-interaction
situation) was calculated with the results obtained
in the preceding experiment on poinsettia seedlings.
The theoretical consumption corresponded to the sum
of the consumption of one adult D catalinae and
the consumption of one adult C maculata found in
the preceding experiment. This theoretical value was
calculated for each replicate and then compared to
the observed predation by the two predators using a
one-way ANOVA.

3 RESULTS
In all the tests, counting error was less than 1.5%.

3.1 Predation on glabrous fuchsia
Egg consumption on fuchsia differed significantly
among the different predators (F376 = 2.95, P =
0.0382) (Fig 1). The fourth-instar C maculata was the
more voracious stage, consuming 214.8 eggs, followed
by adult C maculata with 186.3 (87% of the fourth-
instar consumption) and by second-instar C maculata
with 145 eggs (68%). Both fourth-instar and adults
had a significantly higher consumption (respectively
LSD, P=0.007 and P = 0.033) than adults of D
catalinae with only 87.3 eggs eaten (41% of the fourth-
instar consumption). Coleomegilla maculata consumed
entirely the egg while D caralinae sucked completely
the egg leaving a standing membrane.

When consuming whitefly pupae on fuchsia, the
voracity of the different predator stages differed
(Fz.60 = 25.64, P =0.001) (Fig 1). All the predator

@ Coleomegilla - L2
B Coleomegilla - L4
a O Coleomegilla - Ad
O Delphastus - Ad

Number of prey consumed

Pupae Eggs-Fuschia Eggs-Poinsettia

Figure 1. Number (£SE) of whitefly eggs and pupae consumed
during 6 h by Coleomegilla maculata adults and larvae and Delphastus
catalinae adults on fuchsia (glabrous) and poinsettia (pubescent)
seedlings. Different letters indicate a significant difference in predator
consumption for the same prey (ANOVA, P < 0.05).
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treatments were significantly different (LSD, P <
0.05). Fourth-instar C maculata were again the more
voracious stages, consuming 47.5 pupae during 6h,
whereas adults consumed about 27.5 pupae (this
is 52% of larval consumption). Delphastus catalinae
consumed only 3.7 pupae, this is 8% of the fourth-
instar C maculata consumption. Both stages of C
maculata generally ate the entire pupae or occasionally
consumed portions of the pupal underside. Delphastus
catalinae extracted the internal fluids of the pupae
entirely or in part.

3.2 Effect of pubescence
Egg consumption on the pubescent poinsettia also
differed according to the predator type (F2 57 = 11.42,
P =0.0001) (Fig1). Second-instar C maculata had
the maximal consumption with 176.4 eggs eaten,
significantly more than adult D caralinae with 80.1 eggs
eaten (45% of the second-instar consumption) (LSD,
P = 0.004), and also significantly more than adults C
maculata with 24.8 eggs (14%) (LSD P = 0.0001).
Adult C maculata saw a 7-fold reduction in their
consumption on the pubescent poinsettia compared
to the glabrous fuchsia (Fj 33 = 20.59, P = 0.0001)
(Table 1). By contrast, whitefly egg consumption was
similar on both plants for the second-instar C maculata
(F138 =0.61, P =0.440) and for D catalinae adult
(F138 =0.09, P=0.7632). The predators had the
same characteristic foraging behavior on both plant
types, beginning with an extensive search (long linear
paths, fast speed); and once a prey was consumed,
exhibiting intensive search (increase in angular speed,
decrease in linear speed), as observed elsewhere.*> 44

3.3 Effect of plant structure

Plant structure did not affect the predation efficiency
on whitefly eggs of either adult C maculata (F; 35 =
0.33, P =0.5685) or of adult D catalinae (F) 33 =
0.55, P = 0.4618) (Table 1). Egg consumption was
higher for D catalinae than C maculata, both on plant
structure (5.6-fold increase) and in Petri dishes (3-
fold increase). The two predator species had very
different foraging behaviors. When put on the seedling,
D catalinae had a slow displacement and localized its
prey a short while later. This lady beetle spent the
majority of its time on the seedling. By contrast, C
maculata thoroughly explored the experimental set-up
after its introduction, before resting.

3.4 Use of both predator species

Egg consumption in the multi-specific treatment
(42.73 (£4.55)) was significantly lower than the
theoretical result (57.75 (£5.24)) obtained by one
individual of each species (F; 35 = 4.69, P = 0.0366).
No behavioral interference among the individuals has
been observed.

4 DISCUSSION
Our prediction that C maculata would be more efficient
than D catalinae was not verified. Coleomegilla maculata
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Table 1. Effect of plant pubescence and plant structure on whitefly eggs consumption by Coleomegilla maculata and Delphastus catalinae

Number of whitefly eggs consumed®

Predator species-stage? Mean SE

Mean SE

Effect of pubescence
Poinsettia (pubescent)

Coleomegilla-1.2 176.4 311
Coleomegilla-Ad 24.8 11.0
Delphastus-Ad 80.1 21.5

Effect of plant structure

No plant structure (Petri dish)

Coleomegilla-Ad 24.8 11.0
Delphastus-Ad 80.0 21.5

Fuchsia (glabrous)

1451 255 ns
186.3 33.9 *
87.3 10.4 ns

Plant structure (Pointsettia)
17.5 6.4 ns
98.1 11.1 ns

212 = second instar, Ad = adult.

b An asterisk indicates a significant difference between means on the same line (ANOVA, P < 0.05), ns = non significant.

was more efficient on glabrous fuchsia whereas D
catalinae was more efficient on pubescent poinsettia.
Factors determining their respective efficiencies were
mainly their size and the presence or absence
of trichomes.

In the absence of trichomes, the larger species,
C maculata, was more efficient than the smaller D
catalinae, and among the different stages of C maculata,
the fourth-instar larvae were the most voracious.
The mean biomass of C maculata adult (16.4
(£0.5)mg) is more than thirty times greater than the
mean biomass of D catalinae adult (0.53 (+0.1)mg).
Body size is a determinant factor usually correlated
(positively or negatively) with several ecological
characteristics, including locomotory abilities, home
range, susceptibility to extraguild, intraguild or intra-
specific predation, metabolic and ingestion rate.*>~%°
In Coccinellidae, the voracity is usually maximum
in larger species and during the fourth larval and
adult stages.’® Thus, in the case of inundative
release of predatory biological control agents on
glabrous plants, the largest and most voracious
stages/species may be the most appropriate agents
to use.

The other predominant factor is the presence or
absence of trichomes. Adults of C maculata showed
a reduction of 7-fold in their consumption when
trichomes were present. In this case, body size also
may be very important since, smaller individuals
like second-instar C maculata or adult D catalinae
were not adversely affected. Since adult D catalinae
consumption did not decrease in the presence of
trichomes, body shape may not be a predominant
factor concerning trichome susceptibility. If further
studies confirm that larger life stages are more affected
by the presence of trichomes, it can mean that larger
natural enemies may be at a disadvantage in systems
with pubescent plants. The literature indicated that
whiteflies laid significantly more eggs on hirsute and
pubescent cultivars of soybean and cotton than on
glabrous ones.?*3> Obrycki and Tauber’! observed
that adult coccinellids were evenly distributed among
potato cultivars with differing levels of pubescence, but
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eggs were more abundant on plants with high trichome
density. This suggests a higher level of egg predation
on less pubescent plants. Several studies described
how plant pubescence adversely affected the foraging
behavior of chrysopid, syrphid, and coccinellid species,
including C maculara, Adalia bipunctata (L), Coccinella
septempunctata L, C transversogurtata Faldermann and
Hippodamia convergens Guerin-Meneville.?°~32 On
tobacco, a high density of trichomes reduced the
searching speed of H convergens larvae®® and increased
their probability of being captured by glandular
trichomes.>?

Glandular trichomes increased larval C maculata
mortality and reduced Helicoverpa zea (Boddie)
egg consumption on tomatoes.”> On potato plants,
intraguild predation by C maculata on Aphidoletes
aphidimyza (Rondani) eggs was also reduced when
trichome density increased.>®> Furthermore, small,
first-instar C maculata were more efficient in capturing
eggs of A aphidimyza than large, fourth-instar
coccinellids at high trichome density, agreeing with the
hypothesis that larger individuals may be more affected
than smaller ones. Despite our interesting results on
pubescent plants, a previous study by Heinz and
Parrella®* showed that D catalinae (formerly D pusillus)
oviposition and consumption of B argentifolii nymphs
and eggs were higher on less pubescent poinsettia
cultivar (Annette Hegg Brilliant Diamond). Also, on
two cultivars of Gerbera jamesonii Bolus, the parasitoid
E formosa was not affected by trichome density
except at high whitefly density, where parasitism
was lower on the cultivar with the higher hair
density.>>

In this study, the presence of a plant structure
did not affect the efficacy of predation by adults of
either species. While tests in Petri dishes evaluate
the maximum consumption of the predator, tests on
vertical plant structure likely provide results closer
to the real efficacy in the field. A previous study’®
showed that the voracity of C maculata on Leptinotarsa
decemlineara (Say) eggs was similar on a plant structure
(four-leaf potato stem, Solanum tuberosum 1.) and
in a Petri dish were similar. Coleomegilla maculata
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is commonly observed on potato plants in the field,
predating CPB eggs despite the presence of trichomes.
However, in both studies, the experimental set-ups
were different from the situation in situ. Carter et al>’
has shown that coccinellid larvae can be affected
by the plant structure. Otherwise, the two predator
species may be affected differently by the presence of
the plant structures, according to their respective size
and foraging behaviors. The slow D catalinae stayed
almost the whole time on the seedling, whereas the
rapid C maculata thoroughly visited the experimental
set-up after its introduction. These results need to
be confirmed in greenhouses on larger seedlings of
different species.

Despite significant differences in both species ecol-
ogy (prey specificity, size, mobility, etc), interspecific
competition was recorded between the two coccinel-
lids. Further studies involving larval stages, on dif-
ferent plant types, in the presence of different prey
types, should be conducted to confirm these results.
Nevertheless, the great difference in size among the
two species should favor intraguild predation, mainly
among larval stages and then limit the efficacy of such a
combination.’”-*® That releases of D catalinae failed to
control whitefly population in field-grown cotton and
study observations suggested that intraguild predation
by the local predator fauna may have been responsible
for the failure of the program.>® However, in green-
houses, such local fauna are absent. Moreover, possi-
ble compatibility may exist with other natural enemies
such as parasitoids. Fourth-instar and adult female
D catalinae avoided fourth-instar B tabaci parasitized
by the endoparasitoids Encarsia transvena (Timber-
lake) and Eretmocerus sp in a laboratory study.’ In
an experiment including D catalinae and two para-
sitoids, E formosa and E pergandiella Howard, releases
of the coccinellid in combination with one or both of
the parasitoids provided the greatest levels of whitefly
control.5!

Finally, the results of this study provide preliminary
recommendations for biological control of whiteflies
in horticultural greenhouses. The selection of the
biological control agent in an inundative program
should depend on plant species and cultivars. On
glabrous plants, C maculara may be a suitable auxiliary,
more efficient than D catalinae since its voracity
is higher. In this case, older larval instars and
adults may have the strongest short-term impact.
On pubescent plants, the situation should be rather
different. Large stages would be inefficient and D
catalinae or younger larval instars of C maculata
should be more appropriate candidates. Since inter-
specific competition was recorded, the simultaneous
use of both coccinellid species should be avoided.
These preliminary results have to be confirmed with
different levels of whitefly density over a longer period.
Furthermore, in order to assess the real potential of
these predators as biological control agents of the
whitefly, their efficacy and their acceptability should
be tested in a commercial greenhouse system.
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