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Abstract

Generalist phytoseiids are often observed for long periods on plants in the absence of prey, feeding on alternative foods and reaching
high population levels. The persistence of generalist predatory mites on plants with a scarcity or absence of prey is a requirement for
successful biocontrol strategies of herbivore mites. The importance of pollen as an alternative food for the support of generalist pred-
atory mite populations is widely recognized. However, on grape the presence of pollen is often limited and thus other food sources should
contribute towards generalist predatory mite persistence on perennial plants. Previous field observations reported the relationships
between the population increases of generalist phytoseiids with late-season spread of grape downy mildew (GDM) Plasmopara viticola.

In this study, we test the hypothesis that GDM could be a suitable food source for the predatory mites Amblyseius andersoni and Typhlo-

dromus pyri. In the laboratory we compared the development times, oviposition rates and life-table parameters of predatory mites feeding
on pollen or GDM mycelium and spores. Grape downy mildew supported the survival, development and oviposition of T. pyri and
A. andersoni. Life-table parameters showed that GDM was a less suitable food source than pollen for both phytoseiid species and that
it was more favorable for A. andersoni than for T. pyri. Implications for predator–prey interactions and conservation biological control
in vineyards are discussed.
� 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Perennial plant ecosystems are characterized by fluctua-
tions of food resources’ availability that may influence
predator population dynamics. In these systems, predators
may locally drive a herbivore to extinction and thus have to
cope with food scarcity. In these circumstances, predators
that can exploit a wide range of food sources have an
advantage compared with less polyphagous species. Those
species able to maintain their populations by feeding on
alternative foods when prey are scarce can potentially limit
pest resurges (Symondson et al., 2002).

The acarine family Phytoseiidae includes a large number
of generalist predators that can develop and reproduce
using various food sources as alternatives to their primary
prey, tetranychid mites (McMurtry and Croft, 1997). Gen-
eralist phytoseiids are often observed for long periods on
plants in the absence of prey, feeding on alternative foods
(McMurtry, 1992; Eichhorn and Hoos, 1990; Bakker and
Klein, 1992; Karban et al., 1995) and reaching high popu-
lation levels (McMurtry and Rodriquez, 1987). The persis-
tence of generalist predatory mites on plants with a scarcity
or absence of prey plays an important role in the biological
control of herbivorous mites in several perennial plant sys-
tems. The presence of alternative prey or food sources may
explain their persistence in these contexts (Walde et al.,
1992; Nyrop et al., 1998). Generalist predatory mites can
prey upon insects (e.g., thrips) and mites other than tetr-
anychids (e.g., phytoseiids, eriophyids, tydeids, and
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tarsonemids) (McMurtry et al., 1984; Overmeer, 1985;
McMurtry and Rodriquez, 1987; Calis et al., 1988; Bonde,
1989; Dicke et al., 1990; Engel and Ohnesorge, 1994b;
Schausberger and Croft, 2000; Schausberger, 2003), and
they can also exploit other food sources such as honeydew
and plant-based substances (e.g., plant exudates) (e.g., van
Rijn and Tanigoshi, 1999; Nomikou et al., 2003; Gnanvos-
sou et al., 2005). Pollen has been shown to be among the
alternative foods for generalist phytoseiids in various labo-
ratory experiments (e.g., Dosse, 1961; Overmeer, 1985;
McMurtry and Rodriquez, 1987; McMurtry et al., 1991).
For some predatory mites, pollen feeding results in higher
reproduction than preying upon spider mites (McMurtry
and Johnson, 1965; McMurtry and Croft, 1997). Field
observations and experiments with pollen augmentation
showed that phytoseiid population dynamics on plants
can be correlated to pollen availability (McMurtry and
Johnson, 1965; Kennett et al., 1979; Eichhorn and Hoos,
1990; Wiedmer and Boller, 1990; Grout and Richards,
1992; Ouyang et al., 1992; Engel and Ohnesorge, 1994b;
Duso et al., 1997; Addison et al., 2000; Duso et al.,
2004). However, on some crops (i.e., grapes and apples)
the presence of significant amounts of pollen is often lim-
ited to the first part of the growing season (Eichhorn and
Hoos, 1990; Duso et al., 1997; Addison et al., 2000), and
thus other food sources should contribute towards general-
ist predatory mite persistence later in the season.

Relationships between late in-season population
increases of Amblyseius andersoni (Chant) and Typhlodro-

mus pyri Scheuten, important biocontrol agents in Euro-
pean and North-American vineyards (Schruft, 1985;
Duso and de Lillo, 1996; Marshall and Lester, 2001; Pris-
chmann et al., 2005), and the spread of grape downy mil-
dew (GDM) Plasmopara viticola (Berk. and Curtis ex de
Bary) Berlese and De Toni foliar symptoms, have been
reported from northern Italy (Duso et al., 2003). In this
study the presence of GDM was detected in the phytoseiid
guts, suggesting the role of this plant-pathogenic fungus as
a food source for predatory mites. Analysis of predatory
mite gut contents showed that the number of GDM-posi-
tive phytoseiids increased as a function of the time they
remained on infected leaves. Moreover, GDM spread was
associated to the competitive displacement of T. pyri by
A. andersoni. There is a lack of information on the suitabil-
ity of grape pathogenic fungi and other fungi for the sur-
vival, development and reproduction of predatory mites
and thus their role in contributing to the persistence of phy-
toseiid populations cannot be delineated.

In this study, we tested the hypothesis that GDM can
represent a suitable food source for A. andersoni and
T. pyri. We conducted laboratory experiments comparing
the developmental times, oviposition rates and life-table
parameters of predatory mites feeding on pollen or on
GDM mycelium and spores. The nutritional value of
GDM was compared with that of pollen, which is known
to be an alternative food for generalist phytoseiids (Over-
meer, 1985).

2. Materials and methods

2.1. Stock cultures

Predatory mites used in experiments were obtained from
laboratory colonies (20–25 �C, 50–70% RH, and 16L:8D
regime) maintained at the Department of Environmental
Agronomy and Crop Science, University of Padua, Legna-
ro (PD), using plastic arenas (10 � 15 cm) placed on a wet
sponge in a plastic tray containing water, as described by
Overmeer (1985). Strips of wet tissue paper were placed
along the periphery of the plastic arena as a drinking water
supply and to prevent mite escape. A piece of transparent
plastic sheet (1–2 cm2) folded in the shape of a tent, was
placed over each arena as shelter and oviposition site for
the mites. Pollen of Typha spp. and Carpinus spp. was pro-
vided as food.

GDM-infected leaves used in the experiments were
obtained from a GDM laboratory colony. Samples of
leaves infected by GDM were collected from vineyards
not receiving fungicide treatments and transported to the
laboratory. Lesions were induced to sporulate by incubat-
ing leaves overnight in darkness in a humid chamber. Dis-
tilled water suspensions of freshly-produced sporangia
were transferred onto detached leaf sections (5 � 4.5 cm)
obtained from greenhouse-grown grape plants. After the
transfer of sporangia, leaf portions were incubated over-
night in darkness to allow infection. The next morning,
excess water was removed from the leaf discs. Leaf discs
were maintained in Petri dishes with moistened filter paper
in the bottom at room temperature (25 �C) with a 16L:8D
regime. Sporulation was obtained on 7-day-old lesions by
incubating leaf sections overnight in darkness in a humid
chamber. Laboratory colonies were maintained with a
weekly inoculation by transferring sporangia onto new leaf
discs and repeating the post-inoculation procedures.

Grape leaves used both for experiments and for GDM
colonies were collected from potted grape plants (Vitis
vinifera L. cv. Chardonnay) maintained under greenhouse
conditions (20–27 �C).

2.2. Laboratory experiments

In the laboratory, we determined if GDM can support
the survival, development and oviposition of T. pyri and
A. andersoni. We also compared these life history parame-
ters with those expressed by predatory mites feeding on
Papaver rhoeas L. pollen as a reference alternative food.
In preliminary investigations and other studies, P. rhoeas

pollen was described as an adequate food source for the
development and reproduction of both predatory mite spe-
cies (Tsolakis and Ragusa Di Chiara, 1994; Pozzebon and
Duso, unpublished). Mites of the two species were isolated
on leaf discs without any food as a control. We used grape
leaf discs (1.5 cm diameter) as the experimental arena.
These were floated basipetal surface up on water saturated
sponges to prevent desiccation and mite escape. GDM
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mycelium was offered to phytoseiids using leaf discs
obtained from infected leaves, including the fresh downy
felt of fungus sporulation on leaf undersurfaces. In pollen
treatments, P. rhoeas pollen (ca. 0.5 mg) was added to
the leaf discs using a fine paint brush. Pollen was previously
dried at 53 �C for 24–36 h and stored at �20 �C until its
use. To obtain a cohort of even-aged larvae, females of
T. pyri and A. andersoni were collected from laboratory
colonies, allowed to lay eggs on leaf discs for 24 h, and then
removed. At eclosion, a single larva was transferred to each
experimental unit and monitored throughout the develop-
ment from larva to adult, or death. The experimental units
were placed in climate-controlled chambers held at
23 ± 2 �C, 70–75% RH with a 16L:8D regime. We made
three observations per day (every 8 h) to assess survival
and duration of each developmental stage. Leaf discs were
replenished every 2 days and placed close to the older disc
in order to allow mite movement to the new discs. Proto-
nymphs were distinguished from larvae by the number of
legs. Deutonymphs were distinguished by the presence of
an eight-legged exuvium. Once the adult stage was reached,
after an additional molt, one male and one female obtained
from the same food source, were placed together onto each
disc. The experiment was repeated four times for a total of
40 eggs per species, per treatment. In addition, we evalu-
ated the longevity and the oviposition of T. pyri and A.

andersoni adult females feeding on the same food sources.
Experimental units were constructed using the protocol
described above. Single, recently-molted adult females
obtained in the previous experiment using pollen or
GDM as food, were placed on each disc with a male.
The experiment was conducted in climate chambers held
at 23 ± 2 �C, 70–75% RH with a 16L:8D regime. Female
survival and the number of eggs laid were recorded every
24 h. The eggs that were laid in the first 48-h period were
followed throughout their complete development cycle to
assess sex-ratio and survival of progeny in each treatment
and to enable estimation of life-table parameters (Maia
et al., 2000).

2.3. Data analysis

The effects of different food sources on phytoseiid devel-
opment and oviposition were analyzed with one-way
ANOVA using the GLM procedure of SAS (SAS Institute
Inc., 1999). We evaluated the effect of food source on the
duration (h) of each developmental stage, pre-oviposition
time, fecundity (number of eggs per female) and adult lon-
gevity (days) applying the Tukey–Kramer’s test (a = 0.05).
Only individuals that reached the adult stage were included
in the analysis. Data on the development times of females
and males were analyzed separately. Data were checked
for conformity to ANOVA assumptions prior to analysis.
Juvenile survival (number of females + males/number of
initial eggs) and sex-ratio (number of females/number of
females + males) were analyzed by applying a logit model
using the GENMOD procedure of SAS (SAS Institute

Inc., 1999). Fecundity table parameters [Reproductive rate
(Ro); mean generation time (T); intrinsic rate of increase
(rm); doubling time (Dt); finite rate of increase (k)] were
estimated and compared using a SAS-based procedure
developed by Maia et al. (2000) which applies a Jackknife
method to the variance estimate and performs specific pair-
wise comparisons between treatments using a two-tailed t-
test (a = 0.05). Treatment effects on the survival curves of
females and males were estimated using the Kaplan–Meier
method and were compared by Wilcoxon v2 test using the
LIFETEST procedure of SAS (Allison, 1995). Data on
age-specific fecundity were fitted using the NLIN proce-
dure of SAS (SAS Institute Inc., 1999) to the following
equation based on the two-parameter Weibull density dis-
tribution function:

Asf t ¼ Eggsmxabtb�1e�atb

where Asft is the age-specific oviposition rate observed at
time t, Eggsmx is the maximum total oviposition of a female
and a and b are positive constants.

3. Results

3.1. Typhlodromus pyri

Typhlodromus pyri completed development to the adult
stage in all treatments except the control, where larvae
became protonymphs but died soon thereafter (Table 1).
No effects of food sources were observed on the duration
of egg, larval and protonymphal stages (female eggs:
F1,32 = 0.81, P = 0.37; female larvae: F1,32 = 1.31,
P = 0.26; female protonymphs: F1,32 = 1.69, P = 0.20;
male eggs: F1,24 = 2.31, P = 0.08; male larvae:
F1,24 = 0.34, P = 0.56; male protonymphs: F1,24 = 0.82,
P = 0.37) (Table 1). Female deutonymphs provided
GDM required longer time to reach the adult stage com-
pared to those provided pollen (F1,32 = 19.94,
P < 0.0001). However, there were no differences in time
of development from deutonymph to adult for males
(F1,24 = 0.54, P = 0.47). T. pyri females reared on GDM
developed more slowly overall than females reared on pol-
len (F1,32 = 14.78, P < 0.0001) (Table 1). For males, differ-
ent food supplies did not influence development
(F1,24 = 0.86, P = 0.47) or adult longevity (F1,24 = 0.24,
P = 0.63) (Table 1). Food types did not affect the length
of the pre-oviposition period (F1,32 = 0.11, P = 0.98).
Females provided pollen had higher fecundity
(F1,32 = 147.36, P < 0.0001) and greater longevity
(F1,32 = 7.07, P = 0.01) than those provided GDM (Table
1). Juvenile survival and sex-ratio were similar between
treatments (juvenile survival: v2 = 1.04, df = 1, P = 0.30;
sex-ratio: v2 = 0.03, df = 1, P = 0.87; Table 2). The food
source affected female survival (Wilcoxon v2 = 6.67, df =
1, P = 0.01; Fig. 1), but not male survival (Wilcoxon
v2 = 0.13, df = 1, P = 0.71). Females fed on pollen reached
higher rates of oviposition than those reared on GDM
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(Table 3 and Fig. 1). Food sources had significant effects on
all life-table parameters. T. pyri provided pollen had higher
rm, Ro, k, T, and lower Dt than those provided GDM
(Table 4).

3.2. Amblyseius andersoni

Both food sources were suitable for the development of
A. andersoni. The duration of egg and larval stages were
similar between treatments (female eggs: F1,37 = 0.82,
P = 0.52; female larvae: F1,37 = 0.02, P = 0.89; male eggs:
F1,27 = 0.50, P = 0.48; male larvae: F1,27 = 0.09, P = 0.76)
(Table 1). In the control, protonymphs died before molting
to deutonymphs. The duration of the protonymphal and
deutonymphal stages were not influenced by food source
(female protonymphs: F1,37 = 0.11, P = 0.74; male proto-
nymphs: F1,27 = 1.21, P = 0.28; female deutonymphs:

F1,37 = 1.15, P = 0.29; male deutonymphs: F1,27 = 0.031,
P = 0.87 (Table 1). No effects of food source were found
for female development (F1,37 = 0.18, P = 0.67) or male
development (F1,27 = 0.31, P = 0.58) (Table 1). Pre-ovipo-
sition period was similar between treatments (F1,37 =1.20,
P = 0.28; Table 1). Food sources did not influence adult
longevity (females: F1,37 = 1.52, P = 0.22; males:
F1,27 = 0.15, P = 0.70). A. andersoni females fed pollen
had greater fecundity than those reared on GDM
(F1,37 = 67.76, P < 0.0001; Table 1). No effects of food
source were observed on juvenile survival (v2 = 1.40,
df = 1, P = 0.23), sex-ratio (v2 = 0.01, df = 1, P = 0.95;
Table 2), survival of females (Wilcoxon v2 = 3.95, df = 1,
P = 0.05; Fig. 1) or survival of males (Wilcoxon
v2 = 0.21, df = 1, P = 0.64). Females provided pollen had
a higher age-specific oviposition rate than females provided
GDM (Table 3 and Fig. 1).

Food sources affected some life-table parameters of A.

andersoni: feeding on pollen resulted in higher rm, Ro, k,
and lower Dt than feeding on GDM. Mean generation time
T was not influenced by food source (Table 4).

4. Discussion

Our results show that GDM mycelium and spores are
suitable food sources for the development, survival and
reproduction of T. pyri and A. andersoni. Results obtained
with P. rhoeas pollen confirmed its value as food for gener-
alist phytoseiids (Tsolakis and Ragusa Di Chiara, 1994).
Mites reared on healthy leaf discs and without pollen sur-
vived for only a few days at the protonymphal stage and
were unable to develop into deutonymphs. These data are
consistent with previous observations on the effect of the

Table 1
Effects of diet (pollen of Papaver rhoeas versus grape downy mildew) on the development, fecundity and longevity (means ± SE) of Typhlodromus pyri and
Amblyseius andersoni

Control Female Male

Pollen GDM Pollen GDM

Typhlodromus pyri

Egg (h) 52.05 ± 1.11 53.56 ± 1.20 51.20 ± 1.25 50.50 ± 1.22 48.29 ± 1.26
Larvae (h) 14.72 ± 0.99 15.28 ± 0.91 17.10 ± 1.14 14.23 ± 0.59 14.96 ± 0.99
Protonymph (h) 125.10 ± 7.95 51.33 ± 1.61 52.63 ± 1.06 46.92 ± 1.08 45.13 ± 1.47
Deutonymph (h) — 55.00 ± 1.56b 66.30 ± 2.10a 49.69 ± 1.15 51.00 ± 1.10
Eggs–adult (h) — 175.17 ± 2.57b 187.23 ± 2.11a 161.35 ± 2.42 159.38 ± 2.08
Pre-oviposition (h) — 58.22 ± 3.29 59.20 ± 3.65
Fecundity (eggs/female) — 11.17 ± 1.21a 4.87 ± 0.50b
Adult longevity (days) — 27.38 ± 1.04a 23.13 ± 1.23b 13.63 ± 0.27 13.84 ± 0.31

Amblyseius andersoni

Egg (h) 47.60 ± 2.63 44.80 ± 2.35 44.00 ± 2.53 48.67 ± 0.89 47.85 ± 1.14
Larvae (h) 27.20 ± 0.90 28.00 ± 1.36 28.00 ± 0.97 26.67 ± 2.30 28.00 ± 2.22
Protonymph (h) 118.00 ± 7.87 34.40 ± 1.31 35.11 ± 1.85 22.93 ± 1.54 25.54 ± 1.40
Deutonymph (h) — 40.40 ± 1.97 43.56 ± 1.96 22.40 ± 1.40 22.15 ± 0.97
Eggs–adult (h) — 147.60 ± 3.41 150.67 ± 4.30 120.67 ± 2.90 123.54 ± 2.25
Pre-oviposition (h) — 47.20 ± 1.92 50.67 ± 2.42
Fecundity (eggs/female) — 15.05 ± 1.40a 7.50 ± 0.68b
Adult longevity (days) — 24.50 ± 1.55 22.00 ± 1.26 9.80 ± 0.47 9.53 ± 0.48

Values within a row bearing different letters were significantly different (Tukey–Kramer’s test, a = 0.05).

Table 2
Survival rate to adult and sex ratio (means ± SE) observed for Typhlo-

dromus pyri and Amblyseius andersoni reared on two diets (pollen of
Papaver rhoeas versus grape downy mildew)

Pollen GDM

Typhlodromus pyri

Survival to adulta 0.78 ± 0.09 0.68 ± 0.07
Sex ratiob 0.58 ± 0.03

(f = 18, m = 13)
0.55 ± 0.04
(f = 15, m = 12)

Amblyseius andersoni

Survival to adulta 0.88 ± 0.09 0.77 ± 0.02
Sex ratiob 0.57 ± 0.04

(f = 20, m = 15)
0.58 ± 0.05
(f = 18, m = 13)

a Number of females + males/number of initial eggs.
b Number of females/number of female + males.
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lack of food on predatory mite development in experimen-
tal systems involving leaf substrates (Chant, 1959; Hard-
man and Rogers, 1991). Moreover, our results confirmed
work by Zhang and Croft (1994) that A. andersoni and
T. pyri can only reach the protonymphal stage under star-
vation conditions.

In the present work we show that GDM is an alternative
food (according to definitions suggested by Overmeer,
1985) for T. pyri and A. andersoni. In fact, plant-patho-
genic fungal mycelium and spores provided nutrition ade-
quate for predatory mite development and reproduction.
The life-table parameters revealed that GDM can sustain

an increase in predatory mite populations. The results of
our study help to explain the positive relationships
observed between GDM foliar symptoms and generalist
phytoseiid populations in vineyards (Duso et al., 2003;
Pozzebon, 2006).

Our results are consistent with previous studies on other
fungi–phytoseiid relationships. For example, apple leaves
infected by Podosphaera leucotricha (Ell. and Everh.) were
a suitable substrates for the successful development of
Amblyseius umbraticus Chant, Kampimodromus aberrans
(Oudemans) and Euseius finlandicus (Oud.) (Chant, 1959;
Kropczynska-Linkiewicz, 1971; Daftari, 1979). Cassava

Fig. 1. Age-specific survival and oviposition rate (number of eggs per female) of Typhlodromus pyri and Amblyseius andersoni females reared on two diets
(pollen of Papaver rhoeas versus grape downy mildew). Data on age-specific oviposition rate was fitted to a Weibull density distribution model.

Table 3
Parameters and confidence intervals estimated by fitting the age-specific oviposition rate of Typhlodromus pyri and Amblyseius andersoni females to a
Weibull density distribution model

Eggsmx a Confidence interval (95%) b Confidence interval (95%)

Lower Upper Lower Upper

Typhlodromus pyri

Pollen 11.77 3.3 � 10�5 �0.2 � 10�5 8.4 � 10�5 3.844 3.282 4.406
GDM 5.19 5.49 � 10�7 �8.4 � 10�7 1.93 � 10�6 5.492 4.541 6.443

Amblyseius andersoni

Pollen 16.77 3 � 10�4 �1 � 10�4 6.9 � 10�4 3.149 2.642 3.657
GDM 8.58 8.3 � 10�5 �0.4 � 10�5 2.1 � 10�4 3.727 3.132 4.322
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mildew, Oidium manihotis Henn., was suggested to be an
adequate food for the development and reproduction of
Typhlodromalus limonicus (German and McGregor) but
supported only the development of Typhlodromalus aripo

DeLeon (Bakker and Klein, 1992; Bakker, 1993). High per-
formance of Typhlodromus doreenae Schicha was obtained
when the mold mite Tyrophagus putrescentiae (Schrank)
fed on the fungus Rhizopus stolonifer (Ehrenberg ex Fr.)
Lind was provided as food (James, 1993). Regarding the
phytoseiid species considered in the current study, a posi-
tive association between T. pyri density and false smut,
Grapholia spp., infections were observed on date palm
leaves and the fungus was detected in the phytoseiid gut
by microscopic analysis (Zaher and Shehata, 1971). T. pyri

was able to feed on the conidia of Oidium fragariae Harz.
from strawberry leaves, to feed and develop on apple leaves
infected by powdery mildew, P. leucotricha, and on the
conidia of Erysiphe orontii Cast. from tobacco leaves
(Zemek and Prenerova, 1997). That the latter food source
supported the development and only a negligible amount
of reproduction resulting in an overall negative intrinsic
growth rate (rm = – 0.017), suggests that predator popula-
tions may decline if exploiting this resource exclusively
(Zemek and Prenerova, 1997). Feeding on grape powdery
mildew, Uncinula necator (Schw.) Burr., by T. pyri was sug-
gested by Eichhorn and Hoos (1990). In a previous investi-
gation, we observed an increase in the ingestion of GDM
mycelium by T. pyri and A. andersoni in response to
increased residence times on infected leaves (Duso et al.,
2003). Alternative food sources can be of importance if
they help predators to maintain themselves when prey is
scarce (Overmeer, 1985). Here we show, for the first time,
that a fungus (i.e., GDM) can be an alternative food source
that meets the nutritional requirement for predatory mite
increase and populations maintenance.

Life-history parameters are measurements of reproduc-
tive performance and numerical responses and they are

useful for the estimation and comparison of the relative
suitability of different food sources for predatory mites
(Tanigoshi, 1982; Sabelis, 1985; Dicke et al., 1990). The
intrinsic rates of increase of both predatory mites that fed
on GDM were lower than those calculated in another study
in which the same predators fed on the herbivorous mites,
Panonychus ulmi (Koch) or Aculus schlechtendali (Nalepa)
(Dicke et al., 1990). This suggests that a lower suitability
of GDM compared to animal prey for both predatory
mites. The presence of alternative foods (e.g., apple pow-
dery mildew, Typha latifolia pollen) can reduce short term
predator pressure on the prey (Wei and Walde, 1997;
Zemek, 2005). Theoretically, a predator should prefer to
forage on a more profitable food (energy content divided
by handling time) and switch to a less profitable food when
the first is scarce, allowing predator persistence (Murdoch,
1969; van Baalen et al., 2001). Assuming rm as the measure
of nutritional value, the comparison of our results on
demographic parameters (Table 4) with those obtained
by Dicke et al. (1990) suggests that both predatory mites
should switch to GDM at low prey density.

The results of our comparative experiments highlighted
a differential response to alternative foods by T. pyri and A.

andersoni, both classified as generalists type III by McMur-
try and Croft (1997). For T. pyri females, feeding on GDM
led to slower development, lower fecundity, and reduced
longevity compared to feeding on pollen. Life-history
parameters indicate that GDM is a less suitable food than
P. rhoeas pollen. Comparing our results with previous
investigations on life-history parameters of phytoseiids cal-
culated on other alternative foods, the nutritional quality
of GDM appears similar to pollen of Vitis vinifera L., Bet-

ula pendula Roth and Zea mais L., the thrips Drepanothrips

reuteri Uzel and the tydeid mite Tydeus caudatus (Dugès)
(Calis et al., 1988; Engel and Ohnesorge, 1994a). On the
other hand, GDM’s nutritional quality proved to be lower
than that of pollen of various taxa and the scale insect,
Quadraspidiotus perniciosus Comstock (Overmeer, 1981;
Duso and Camporese, 1991; Engel and Ohnesorge,
1994a; Schausberger, 1998). Regarding A. andersoni, the
effects of the GDM diet are highlighted by reduced ovipo-
sition, although developmental time, survival and longevity
were similar to that observed on pollen. Life-table param-
eters of this predatory mite also suggest that GDM is a less
suitable food source with respect to P. rhoeas pollen, even
if no effects on mean generation time were observed. Thus
GDM appears to be a food source of relatively low nutri-
tional quality compared to other foods alternative to her-
bivorous mite prey (Duso and Camporese, 1991; Tsolakis
and Ragusa Di Chiara, 1994).

Comparing life-table parameters between the two pred-
atory mites, the reproductive performance of A. andersoni

when feeding on GDM proved to be higher than that of
T. pyri. Late-season GDM spread in vineyards was associ-
ated with T. pyri displacement by A. andersoni (Duso et al.,
2003). Our findings shed additional light on the mecha-
nisms that may be involved in this intraguild interaction.

Table 4
Life-table parameters (±SE) of Typhlodromus pyri and Amblyseius

andersoni reared on two diets (pollen of Papaver rhoeas versus grape
downy mildew)

Treatment

Pollen GDM

Typhlodromus pyri

Dt (day) 5.501 ± 0.286b 14.374 ± 2.957a
k (female/female/day) 1.134 ± 0.007a 1.047 ± 0.009b
rm (female/female/day) 0.126 ± 0.007a 0.046 ± 0.009b
Ro (female/female) 5.293 ± 0.571a 1.719 ± 0.183b
T (day) 13.310 ± 0.417b 11.810 ± 0.302a

Amblyseius andersoni

Dt (day) 3.982 ± 0.165b 6.207 ± 0.470a
k (female/female/day) 1.190 ± 0.009a 1.117 ± 0.009b
rm (female/female/day) 0.174 ± 0.007a 0.111 ± 0.008b
Ro (female/female) 7.201 ± 0.672a 3.321 ± 0.300b
T (day) 11.387 ± 0.198 10.839 ± 0.332

Values within a row bearing different letters were significantly different in
pairwise comparisons (two-tailed t-test, a = 0.05).
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The competitive displacement of T. pyri by A. andersoni
can be explained by differential population growth on
GDM combined with interspecific predation (Croft and
Croft, 1996; Croft et al., 1996; Zhang and Croft, 1995).

This work addresses the role of GDM as a food source
for generalist predatory mites, which are effective biocon-
trol agents of phytophagous mites in commercial vine-
yards (Duso, 1989; Kreiter et al., 2000; Prischmann
et al., 2006). The persistence of generalist predatory mites
on perennial plants in the absence of prey contributes to
successful biological control and numerous factors are
implicated (e.g., alternative foods, leaf traits, spatial
aggregation, and metapopulation structure) (Ivancich-
Gambaro, 1973; Walde et al., 1992; Strong et al., 1997;
Nyrop et al., 1998; Engel and Ohnesorge, 1994b; Duso
et al., 1997; Lester et al., 2005). Nevertheless, we also note
that in other systems, persistence and stability of oligoph-
agous predatory mite populations can be promoted by
spatial aggregation traits and by the metapopulation
structure (Jansen and Sabelis, 1992; Nachman, 2001; Ell-
ner et al., 2001; Oliveira et al., 2007). In perennial plant
systems such as grapes, generalist predators may improve
their chances of persisting in the absence of prey by feed-
ing on a wide range of food sources. Early in the growing
season, the presence of GDM is limited by fungicide
applications. However, fungicides are not usually applied
late in the season or at post-harvest due to the low eco-
nomic importance of GDM infections. In this scenario,
GDM could represent a valuable nutritional resource
for phytoseiid populations. Since both predatory mites
can exploit GDM, this worldwide obligate grape patho-
gen (Weltzien, 1981) could play an important role in com-
pensating for the lack of other food sources and allowing
their persistence on grapevines, thus favoring successful
conservation biological control.
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Wiedmer, U., Boller, E.F., 1990. Blühende Rebberge in der Ostschweiz: 1.
Zum Pollenangebot auf den Rebenblättern. Schweiz Zeit Obst-
Weinbau 126, 426–431.

Zaher, M.A., Shehata, K.K., 1971. Biological studies on the predator mite
Typhlodromus pyri Sch. (Acarina Phytoseiidae) with the effect of prey

and non prey substances. Zeitschrift für Angewandte Entomologie 64,
389–394.

Zemek, R., 2005. The effect of powdery mildew on the number of prey
consumed by Typhlodromus pyri (Acari: Phytoseiidae). Journal of
Applied Entomology 129, 211–216.

Zemek, R., Prenerova, E., 1997. Powdery mildew (Ascomycotina:
Erysiphales)—an alternative food for the predatory mite Typhlodromus

pyri Scheuten (Acari: Phytoseiidae). Experimental and Applied Aca-
rology 21, 405–414.

Zhang, Z.Q., Croft, B.A., 1994. A comparative life history study of
immature Amblyseius fallacis, Amblyseius andersoni, Typhlodromus

occidentalis and Typhlodromus pyri (Acari: Phytoseiidae) with a review
of larval feeding patterns in the family. Experimental and Applied
Acarology 18, 631–657.

Zhang, Z.Q., Croft, B.A., 1995. Intraspecific competition in immature
Amblyseius fallacis, Amblyseius andersoni, Typhlodromus occidentalis

and Typhlodromus pyri (Acari: Phytoseiidae). Experimental and
Applied Acarology 19, 65–77.

A. Pozzebon, C. Duso / Biological Control 45 (2008) 441–449 449


