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Abstract

Predatory mites that belong to the Phytoseiidae family are one of the main natural enemies of phytophagous mites, thus
allowing for their use as a biological control. Phytoseiulus macropilis (Banks, 1904) (Acari: Phytoseiidae) is among
the main species of predatory mites used for this purpose. Tetranychus urticae Koch, 1836 (Acari: Tetranychidae) is
considered to be one of the most important species of mite pests and has been described as attacking over 1,100 species
of plants in 140 families with economic value. The objective of the present study was to investigate, in the laboratory,
the reproductive parameters of the predatory mite P. macropilis when fed T. urticae. Experiments were conducted under
laboratory conditions at 25 + 2 °C of temperature, 70 + 10% RH and 14 hours of photophase. In addition, biological
aspects were evaluated and a fertility life table was established. The results of these experiments demonstrated that
the longevity of adult female was 27.5 days and adult male was 29.0 days. The population was estimated to increase
approximately 27 times (R ) in mean generation time (T), which was 17.7 days. Lastly, the mite population grew
1.2 times/day (L) and doubled every 3.7 days (TD).
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Parametros reprodutivos de Phytoseiulus macropilis (Banks)
predando Zetranychus urticae Koch (Acari: Phytoseiidae, Tetranychidae)
em laboratério

Resumo

Os acaros predadores pertencentes a familia Phytoseiidae constituem um dos principais inimigos naturais de acaros
fitéfagos, o que possibilita o seu uso em controle bioldgico. Entre as principais espécies destaca-se Phytoseiulus macropilis
(Banks, 1904) (Acari: Phytoseiidae). O acaro Tetranychus urticae Koch, 1836 (Acari: Tetranychidae) ¢ considerado uma
das espécies de acaros-praga mais importantes, atacando mais de 1.100 espécies de plantas em 140 familias de valor
economico. Este trabalho foi realizado com o objetivo de estudar, em laboratdrio, os pardmetros reprodutivos do acaro
predador P. macropilis, quando alimentado com 7. urticae. Os estudos foram conduzidos em laboratério a temperatura
de 25 +2 °C, 70 = 10% de UR e 14 horas de fotofase e foram avaliados os aspectos bioldgicos e confeccionada a
tabela de vida de fertilidade. Foi constatada uma longevidade de 27,5 dias para fémeas adultas e 29,0 dias para machos.
A populagdo foi estimada em aumentar aproximadamente 27 vezes (R ) no perfodo médio de duragdo de geracdo (T)
que foi de 17,7 dias. A populagao do acaro cresceu 1,2vezes/dia (L) e dobrou a cada 3,7 dias (TD).

Palavras-chave: acarologia agricola, acaro-rajado, tabela de vida de fertilidade, biologia, controle bioldgico.

1. Introduction

Predatory mites that belong to the Phytoseiidae family =~ favorable conditions in greenhouses, allowing for their
are one of the main natural enemies of phytophagous use in biological control. Phytoseiulus macropilis (Banks,
mites in the cultivation of rosebush (Rosa spp.) as wellas ~ 1904) (Phytoseiidae) is one of the main predatory mites
of other ornamental and horticultural crops produced in  used in greenhouses (Reis et al., 2005; Oliveira et al.,
greenhouses (Silva et al., 2005). Phytoseiidae mites find 2007, 2009).
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Studies involving the use of predatory mites for
biological control are worldwide common (McMurtry et al.,
2015). In Brazil, for example, P. macropilis and Neoseiulus
californicus (McGregor, 1954) are commonly studied, and in
addition to being efficient in the control of the Tetranychus
urticae (Koch, 1836) (Tetranychidae) in various crops, they
are commercially produced, which allows for their mass
liberation in crops (Sato et al., 2002; Poletti et al., 20006).

Studies carried out in Brazil using predatory mites,
especially P. macropilis and N. californicus, have shown
that these are potential species for the control of 7. urticae,
mainly in protected cultivation areas (Poletti et al., 2006).

The two-spotted spider mite is considered one of
the most important species of mite pests because it is
cosmopolitan and polyphagous. This species has been
described as attacking over 1,100 plant species in 140 families
of economic value (Grbi¢ et al., 2011). The two-spotted
spider mite is a pest that attacks fruit and berry plants such
as the strawberry plant (Fragaria spp., Rosaceae), papaya
tree (Carica papaya L., Caricaceae), peach tree (Prunus
persica L., Rosaceae), and others as well as ornamental
plants such as chrysanthemum (Chrysanthemum spp.,
Asteraceae) and roses (Rosa spp., Rosaceae) among others
(Chapman and Martin, 2005; Fadini et al., 2006; Moraes
and Flechtmann, 2008).

Ina greenhouse, the developmental cycle of the 7. urticae
mite varies considerably in relation to temperature. In hot
and dry conditions, it may complete its cycle in only seven
days since high temperatures and low relative humidity
favors its development. The biological cycle, from egg to
adult, has an average duration of ten days; it is adaptable
and presents a high capacity to develop resistance to
phytosanitary products (Reis et al., 2005; Silva et al., 2009).

The relatively stable environmental conditions that
are maintained for plant development in greenhouses
generally facilitate rapid pest development, with pest
populations often increasing significantly even before
producers notice them. Since greenhouses are closed and
artificial environments, the presence of natural enemies to
these pests inside greenhouses is almost inexistent, which
favors a rapid resistance through selection to the pesticides
used in greenhouses (Zhang, 2003).

The usual method to control the two-spotted spider
mite is with a synthetic mite killer (Sato et al., 2007).
Nevertheless, in many situations, synthetic mite killers
have led to the selection of resistant populations, creating
the need for additional pulverizations and/or an increase
of the dose applied (Sato et al., 2007, 2009).

A study of pests that occur in rosebush cultivation,
especially the two-spotted spider mite, is necessary to develop
a biological control method, less damaging to the health
of rose producers and more favorable to environmental
preservation. The present study addresses the biological
control of this pest with predatory mite, P. macropilis
referencing successful experiments that have been done
worldwide with diverse crops cultivated in greenhouses
(Opitetal., 2004; Alatawi etal., 2011; Ferrero et al., 2011).
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There is a need for the permanent study on the management
of pests found in protected cultivation systems in order to
ensure an efficient, economic, and ecologically sustainable
control. To do this, knowledge of biological and efficiency
of predators of pests also becomes necessary. The present
study was carried out with the objective of investigating,
under laboratory conditions, the reproductive parameters of
the predatory mite P. macropilis when fed with 7. urticae.

2. Material and Methods

The present study was conducted under controlled
conditions with a temperature of 25 +2 °C, RH of 70 + 10%,
and 14 hours of photophase in the Acarology Laboratory of
the EPAMIG-Sul de Minas — Research Center of Ecology
Management of Pests and Plant Diseases — EcoCentro,
Lavras, MG.

2.1. Rearing of two-spotted spider mite

Uncapped Petri dishes (15 cm in diameter) were used
and 1 cm thick foam, which was maintained moist with
distilled water, covered the entire bottom surface of each
dish. A Jack-bean leaflet [Canavalia ensiformis L. (DC),
Fabaceae] was placed on top of the foam and surrounded
by strips of cotton that were also in contact with the damp
foam in order to prevent the mites from escaping and to
better conserve the leaflet. Mite pests (7. urticae) were
placed on the Jack-bean leaflets, which were switched
out weekly.

2.2. Rearing of predatory mite

The predatory mites, P. macropilis, were originally
obtained from the Instituto Federal de Educacao, Ciéncia
e Tecnologia do Sul de Minas - Campus de Inconfidentes.
The mites were reared in the laboratory and kept there
throughout the project to ensure that there were enough
mites to complete the study.

For the laboratory maintenance rearing, P. macropilis
was placed on arenas of black flexible PVC plastic sheets
(26 x 22 cm). These were put over Styrofoam of equal
size, and in turn these were placed in water on plastic
trays (32 % 26.5 x 5.5 cm). Cotton was placed around the
Styrofoam and the arena and it was in contact with the
water from the tray. The cotton was used to prevent the
mites from escaping in addition to preserving the Jack-bean
leaves. The leaves were placed on the arenas with the
petiole over the damp cotton and were infested by mite
pests, which served as food for predators.

Based on the methodology adapted from McMurtry
and Scriven (1964), as the leaves withered, other new
leaves infested by 7. urticae were placed over the old
leaves. This system is commonly used for acquiring a
large number of predators in each rearing unit, which is
important as it ensures that predatory mites are available
in every stage of the project.

2.3. Biological cycle stages

In order to study the biological parameters of P. macropilis,
its embryonic development, post-embryonic development,
and fertility life table were evaluated using all stages of
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T. urticae as its prey, sufficient to develop the predatory
cach phase (ad libitum).

2.3.1. Embryonic development

During laboratory rearing, forty-three eggs of the
predator P. macropilis were individually collected less than
12 hours after hatching and maintained on Jack-bean leaf
discs (3 cm in diameter) placed inside Petri dishes 5 cm
in diameter filled with agar-water at 3%. The dishes were
covered with PVC film to impede ecloded larvae from
escaping. Each egg was observed daily, at 8:00 a.m. and
4:00 p.m. (Reis etal., 1998), to determine the approximate
moment of the larval eclosion.

2.3.2. Post-embryonic development

In the post embryonic development stage the predator
was fed with the mite pest 7. urticae. As in the study of
embryonic development, specimen observation was done
twice daily, at 8:00 a.m. and 4:00 p.m., for both the larvae
and nymph immature stages. After the larvae eclosion, the
duration, in days, of each mite developmental stage was
observed: larvae, protonymph, deutonymph, adult-egg
period, and the longevity of males and females. Forty-three
specimens were used for the evaluation of the predator
P. macropilis in the adult stage.

To study of the mites in the adult stage, 43 pairs were
formed using females still in the deutonymph stage and
males from the maintenance rearing. From those 43 pairs,
29 couples were studied. Others substituted males that died
from the laboratory rearing. Each couple was confined
in Petri dishes (5 cm of diameter) with agar-water and
a Jack-bean leaf, as described previously. The stages of
pre-oviposition, oviposition and post-oviposition, as well as
total female and male longevity were observed beginning
with the couples’ formation, according to the methodology
described by Reis et al. (2007). Only one observation a
day, at 4:00 p.m., was done in the adult stage.

The predators were fed a large amount of prey daily,
about 30 specimens, which is more than enough for the
development of the predator.

2.3.3. Fertility life table

The fertility life table of P. macropilis was established
using survival data (Ix), specific fertility (m ), and sex ratio,
all of females still in the deutonymph stage. As previously
mentioned, each deutonymph along with a male was placed
in a Petri dish (5 cm in diameter) with agar-water and
arenas of Jack-bean leaves, and observed every 24 hours.
Eggs laid by females during the oviposition stage as well
as dead adult mites were counted and removed.

The methodology of Andrewartha and Birch (1954)
apud Silveira Neto et al. (1976) was used in establishing
the fertility life table. Using the data obtained such as age
interval (x), specific fertility (m ), and survival probability (/)
the following values were calculated: R =X m_l (the net
reproductive rate or the number of times the pdpulation
increases in each generation), T= Y m [ .x/> . m .l , (time
interval of each generation),r = InR /T (intrinsié rate of
population increase), A= e™ (finite rate of increase), and
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TD (doubling time or the time necessary for the population
to double in number) which according to Tanigoshi et al.
(1975)isequal to In 2 /r_.

3. Results
3.1. Biological cycle phases

The duration, in days, of post-embryonic stages for
both female and male, the egg to adult development
period, the longevity and sexual ratio are reported in
Table 1. The average period, in days, of the P. macropilis
pre-oviposition, oviposition, post-oviposition, fertility of
female and the number of eggs laid by them every day are
reported in Table 2.

3.2. Fertility life table

A fertility life table of P. macropilis fed with T. urticae
is shown in Table 3. Phytoseiulus macropilis population
was estimated to increase approximately 27 times (R )

Table 1. Duration in days (Mean + SE) of the developmental
stages, biological cycle, and sex ratio of Phytoseiulus
macropilis, at 25 + 2 °C, 70 £ 10% of RH, and 14 hours of
photophase, when fed Tetranychus urticae.

Des\;:lgoé)s n;le:ltal Sex N Duration in days
. R Mean + SE?
biological cycle
Egg Female 29 1.72 £ 0.09
Male 14 1.82+0.13
Larvae Female 29 0.42+0.02
Male 14 0.45+0.02
Protonymph Female 29 1.03 +0.10
Male 14 1.61+0.19
Deutonymph Female 29 0.88 +0.07
Male 14 1.21+£0.16
Egg-Adult Female 29 4.13+£0.09
Male 14 5.14+0.16
Longevity Female 29 27.52+1.79
Male 14 29.00 +3.32
Sex ratio 0.67

'N = Number of specimens observed. SE = Standard error
of the mean.

Table 2. Duration in days (Mean + SE) of the stages and
reproductive parameters of Phytoseiulus macropilis, at
25+2°C, 70+ 10% RH, and 14 hours of photophase, when
fed Tetranychus urticae.

. Duration in
Stages and reproductive

parameters N days
Mean + SE?
Pre-oviposition 29 2.57 +£0.66
Oviposition 29 17.53 +£1.44
Post-oviposition 29 7.46 £1.79
Number of eggs/female 29 48.34+4.28

Number of eggs/female/day 29 2.72 +£0.13

'N = Number of specimens observed. *SE = Standard error
of the mean.
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Table 3. Life fertility table of Phytoseiulus macropilis, at 25
+2°C, 70 + 10% of RH and 14 hours of photophase, when
fed Tetranychus urticae.

x! mx? I mx.Ix mx.Ix.x
7.50 0.09 1.00 0.09 0.68
8.50 0.46 1.00 0.46 391
9.50 1.22 1.00 1.22 11.59
10.50 1.46 1.00 1.46 15.33
11.50 1,36 1.00 1.36 15.64
12.50 1.76 1.00 1.76 22.00
13.50 2.06 1.00 2.06 27.81
14.50 1.83 0.97 1.78 25.74
15.50 2.01 0.97 1.95 30.22
16.50 1.73 0.97 1.68 27.69
17.50 1.96 0.97 1.90 33.27
18.50 1.78 0.90 1.60 29.64
19.50 1.66 0.90 1.49 29.13
20.50 1.36 0.87 1.18 24.12
21.50 1.66 0.86 1.43 30.69
22.50 1.02 0.83 0.85 19.05
23.50 1.04 0.79 0.82 19.31
24.50 1.32 0.79 1.04 25.55
25.50 1.09 0.72 0.78 20.01
26.50 1.02 0.72 0.73 19.46
27.50 1.04 0.58 0.60 16.59
28.50 0.51 0.58 0.30 8.43
29.50 0.69 0.47 0.32 9.57
30.50 0.49 0.47 0.23 7.02
31.50 0.25 0.43 0.11 3.39
32.50 0.23 0.39 0.09 2.92
33.50 0.21 0.39 0.08 2.74
34.50 0.16 0.39 0.06 2.15
35.50 0.16 0.28 0.04 1.59
36.50 0.16 0.28 0.04 1.64
37.50 0.12 0.25 0.03 1.10
38.50 0.05 0.25 0.01 0.48
39.50 0.02 0.25 0.01 0.20
40.50 0.02 0.25 0.01 0.20
41.50 0.07 0.18 0.01 0.52
42.50 0.00 0.14 0.00 0.00
43.50 0.00 0.14 0.00 0.00
44.50 0.00 0.07 0.00 0.00
45.50 0.00 0.00 0.00 0.00

> R = 27.59 489.37

'Age interval. *Specific fertility. *Survival probability.

over the mean generation time (T), which was 17.74 days.
The mite population increased 1.21 times/day (A) and
doubled every 3.71 days (TD).

It was also observed that the survival rate (/) and
fecundity (m ) of P. macropilis female mites decreased with
as the age of the females increased (Figure 1). The maximum
predator population increase occurred around the 13th day
after the beginning of its development, and the maximum
fecundity was 2.06 eggs (Table 3).
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Survival ¢x)
t
Fecundity (nx)

15 12.5 175 225 275 325 375 425 525 775

Female age (days)

Figure 1. Survival (Ix) and fecundity (mx) of female mite
Phytoseiulus macropilis, fed with Tetranychus urticae, in
relation to the age and in laboratory rearing at 25 + 2 °C,
70 + 10% of RH, and 14 hours of photophase.

4. Discussion

4.1. Biological cycle phases

The average duration of the egg stage was a little over
a day for both eggs that rendered females and eggs that
rendered males.

The results of the present study were similar to
results obtained by Prasad (1967), who in evaluating the
development of P. macropilis fed with Tetranychus tumidus
Banks, 1900 (Tetranychidae) at 26 °C temperature, found
durations of 1.8, 0.5, 0.9, and 1.0 days for the egg, larvae,
protonymph, and deutonymph stages, respectively, and a
development time from egg to adult of 4.2 days for females.

Escudero and Ferragut (2005) observed that the
developmental stages of P. persimilis when fed with
T urticae had an average duration, in days, of 1.45 for
the egg, 0.65 for the larvae, 1.0 for the protonymph, and
1.04 for the deutonymph. Davies et al. (2009) found
values for P. persimilis of 0.6 and 1.4 days for the larvae
and protonymph development, respectively, when fed
with T urticae.

Silva et al. (2005) investigated thermal requirements at
five constant temperatures of P. macropilis fed with T. urticae.
At 26 °C, duration periods of 2.0, 1.1, and 1.0 days were
found for the stages of egg, protonymph, and deutonymph,
respectively, and the adult-egg lasted 4.8 days. Similar
results were obtained in the present study, except for the
larvae stage that in Silva et al. (2005) lasted 0.8 days and
in the present study lasted around 0.4 days. The different
results found in the larvae stage could be related to the
clapsed time between evaluations; in the present study,
observations were done at 8:00 a.m. and 4:00 p.m. while
in Silva et al. (2005) they were done every 12 hours
nevertheless, in both studies the larval stage period was
less than one day.

Ali (1998) investigated the effect of pollen and prey
other than 7. urticae on P. macropilis development at 25 °C.
The predator completed its development in full when fed
with T. urticae eggs and with prey in its immature stages.
However, when the predator was fed with other prey its
development was not completed. Ali (1998) also evaluated
the effect of five different temperatures on the development
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of P. macropilis when the predator mite was fed with eggs
of T urticae. At 25 °C, the same temperature used in the
present study, the author found higher results for almost
all developmental stages of P. macropilis compared to
the results found in this study, with the exception of the
protonymph stage. In that stage, Ali (1998) reported a
value of around 1.0 days for males and females; in the
present study the values were similar for females and
upper for males.

Mesa et al. (1990) compared T. urticae and Mononychellus
progresivus Doreste, 1981 (Tetranychidae) as prey for
P. macropilis. The results obtained in the present study were
similar to results found by those authors, who found that
the adult-egg development lasted 4.3 days when predator
mites were fed with 7. urticae, and 4.9 days when fed
with M. progresivus. In Abad-Moyano et al. (2009), the
duration of the adult-egg stage for P. persimilis fed with
T. urticae was 4.44 days.

Vasconcelos (2006) observed that P. fragariae had
a developmental duration of 2.2 and 0.7 days for eggs
and larvae, respectively, when fed with 7. urticae and an
oviposition period of 8.1 days. Similar values were found
for the P. macropilis in the present study. Although the
specie P. fragariae investigated by Vasconcelos (2006)
is different from the specie investigated in the present
study, the similar results found can be related to the fact
that both species belong to the same genus.

Silva et al. (2005) also found that at 26 °C the
pre-oviposition stage lasted 1.9 days. This result was less
than the 2.57 days found in the present study at 25 °C.
However, at the same temperature (26 °C), Silva et al.
(2005) reported values higher than the current study for the
other stages: oviposition, post-oviposition, and fecundity,
as well as both female and male longevity.

Ali (1998) also reported higher values for the
P. macropilis pre-oviposition and oviposition stages when
fed with eggs or immature stages of the 7. urticae, while
the post-oviposition stage was a little shorter than found
in the present study. In addition, the adults’ longevity at
25 °C was higher than the results found in the present study.
Although the female’s fecundity was higher, presenting
68.3 eggs/female, the oviposition rate was smaller than the
results found in the present study. The sex ratio at 25 °C
was similar in both studies.

Prasad (1967) reported a shorter pre-oviposition period
for P. macropilis than was found in the present study.
However, an oviposition period of 20 days, longevity of
30 days for males and 27 days for females, and fecundity
of 52 eggs/female were similar to the results found in the
present study. Although Prasad (1967) evaluated 7. tumidus
as the P. macropilis prey instead of 7. urticae as used in
the present study, similar results may have been found
because the two species of mites belong to the same
genus, Tetranychus.

In the study conducted by Mesa et al. (1990), the results
found for the oviposition stage as well as for P. macropilis
fecundity at 25 °C were higher than the results found in
the present study.
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Vasconcelos et al. (2008) also reported that the
P. fragariae oviposition period lasted 17.1 days, which
was close to the results found in the present study of 17.5,
however, the longevity of males and females, as well
as the fertility of P, fragariae fed with T. urticae, at the
same temperature of this study were lower. Escudero and
Ferragut (2005) and Abad-Moyano et al. (2009) assessing
the biological aspects of P. persimilis when fed T. urticae
found the oviposition rate of 3.9 and 3.7 eggs/female/day,
respectively, which was higher.

As previously stated, all development phases of phytoseiid
mites, both females and males, may have differences
with respect to the period of its duration. The same can
be observed for periods of pre-oviposition, oviposition,
post-oviposition, female fertility and longevity of females
and males. These differences may be related to different
temperatures as in Silva et al. (2005), different phases of de
pray supplied to the predatory mite as Ali (1998) and also
the different mite species studied as Escudero and Ferragut
(2005), Vasconcelos et al. (2008), and Abad-Moyano et al.
(2009), thus making it necessary to more biological studies
of predatory mites.

Therefore, the results presented in this study for
P. macropilis were close to the results presented in the
other studies done with P. fragariae and P. persimilis, the
latter, one of the most studied mites and used to biological
control in the world (Moraes, 2002).

4.2. Fertility life table

These results were similar both to those obtained by
Silva et al. (2005) of 0.19 r_ at 26 °C temperature and to
those of Mesa et al. (1990) who reported that P. macropilis
when fed with M. progresivus and T. urticae had r_ values
0f 0.16 and 0.20, respectively. Vasconcelos et al. (2008) also
found an intrinsic rate of increase (r, ) value for P. fragariae
biology similar to what was found in the present study.

The main parameter of the life table is represented
by the intrinsic rate of population increase (r, ), which
is defined as the innate increase capacity of a population
under ideal conditions; in other words, it corresponds to the
population biotic potential (Price, 1984; Pedigo and Zeiss,
1996). A biological control agent is considered effective
in the reduction of a certain pest if the r  parameter of
both organisms is, at a minimum, similar (Van Lenteren,
2000). A favorable condition is established for the natural
enemy in a certain area if the r_of the predator is superior
to the intrinsic rates found for their prey.

Although, a life table was not established for the
two-spotted spider mite in the present study, other authors
have established it for their investigations and found that
T urticae r, values can vary significantly. Tetranychidae
r_ values can be higher when the generational duration is
smaller and the fecundity is higher (Gutierrez and Helle,
1985), and T. urticae non-mated females can present a higher
r_value than mated females (Silva et al., 2009). However,
r_values may also be influenced by the nature or variety
of the host plant as well as by temperature. For example,
in different pear varieties at 27 °C the T. urticae r_ varied
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between 0.07 and 0.21 (Riahi et al., 2011). In the winter,
the two-spotted spider mite r_ value was 0.06 and in the
autumn it was 0.19 on beanstalk leaves, and the average
temperature was 26 £+ 1 °C (Hoque et al., 2008).

Although a variation for the values of T. urticae r |
exists, it was concluded that P. macropilis is efficient in
the control of T urticae because the value cited previously
(r, = 0.19 female/female/day) is higher or close to the
values found in several studies on the same pest, as shown
in the present study.

It has been shown that the higher the finite rate of increase
(M), the higher the daily population growth. Nevertheless,
in greenhouses and especially in the field, predators might
be subject to several factors that can alter reproductive and
developmental capacity. Thus, although laboratory tests
are important and necessary, tests in greenhouses and in
the field are also needed.

The mean generation time was similar to the numbers
reported by Silva etal. (2005) for P. macropilis; by Canlas et al.
(2006), Escudero and Ferragut (2005), Marafeli et al.
(2014) and by Mesa et al. (1990) for N. californicus; and
by Vasconcelos et al. (2008) for P, fragariae.

The finite rate of increase found (A) was similar to
the values found by Ali (1998) and Silva et al. (2005) for
P. macropilis; by Vasconcelos (2006) and Marafeli et al.
(2014) for N. californicus; and by Vasconcelos et al. (2008)
for P. fragariae, who also found similar net reproduction
rate (R ) values.

5. Conclusion

The predatory mite Phytoseiulus macropilis can be
considered a biological control agent for Tetranychus
urticae since the P. macropilis intrinsic rate of population
increase is higher than the pest intrinsic rate of increase.
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