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ABSTRACT — The predaceous mite Neoseiulus californicus is one of the major biological control agents of tetranychids in
greenhouses of several countries. The two-spotted spider mite Tetranychus urticae is one of the main pests affecting rose
(Rosa spp.) cultures in Brazil. Chemical methods are used for its control, causing a significant environmental impact.
Thus, this work aimed to study the predatory potential of N. californicus as an agent of biological control of T. urticae on
roses. For the predatory capacity studies, 40 T. urticae mites /arenas of Jack bean leaves (Canavalia ensiformis) were offered
to one specimen of each life stage of N. californicus. The adult females were the most efficient in preying upon immature
stages, followed by nymphs. For the functional and numerical responses, adult females of N. californicus were confined
to arenas made of Jack-bean leaves, and offered immature stages of T. urticae at the following densities: 0.14, 0.28, 0.70,
14,2.8,4.2,49,63,7.7,9.8,14.1, 17.6 and 28.2 / cm?. The number of killed prey (functional response) and the number
of eggs laid by the predator (numerical response) were assessed every 24 hours for 8 days. A type II functional response
was inferred through a regression analysis. N. californicus preyed on a maximum of 60 specimens of T. urticae per adult
female per day.

KEYWORDS — Agricultural Acarology; predatory mite; two-spotted spider mite; Rosa; biological control

INTRODUCTION

The two-spotted spider mite Tetranychus urticae
Koch (Acari: Tetranychidae) is a major pest in
greenhouses. The stability conditions of tempera-
ture and humidity maintained for plant growth also
generally favour the rapid development of this pest
(Zhang 2003).

The two-spotted spider mite usually causes

http://www1l.montpellier.inra.fr/CBGP/acarologia/
ISSN 0044-586-X (print). ISSN 2107-7207 (electronic)

chlorotic or discoloured spots on the leaves, which
later turn into bronze and get dry. Ultimately, defo-
liation, sometimes total, occurs (Cruz 2000). Other
damages caused to cultures are: plant growth re-
duction and web formation and depreciating the
final product (Barbosa 2003). The production and
consumption of ornamental flowers and plants in
Brazil have followed the expanding world mar-
ket trend (Junqueira and Peetz 2002). Roses, Rosa
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spp., are the major cut flower products in Minas
Gerais (Landgraf and Paiva 2005). In Brazil, the
rose-growing area is of 426 ha (Junqueira and Peetz
2002), with Minas Gerais accounting for 35.38 %
of the production (Landgraf and Paiva 2009). Pest
control is one of the challenges faced by ornamen-
tal flower and plant growers, with any foliage and
flower injury caused by insects and other arthro-
pods being unacceptable for marketing (Carvalho
et al. 2009). In spite of often being the only strat-
egy adopted by producers, chemical control of T.
urticae has become increasingly difficult due to the
rapid development of resistance to pesticides and
decrease in the number of products registered for
use (Zhang 2003; Sato et al. 2004, 2005). As a re-
sult, producers may increase pesticide doses, caus-
ing health risks to labour workers, environment and
consumers (Kim ef al., 2006). Predatory mites of the
family Phytoseiidae are considered the most effec-
tive natural enemies for biological control of pest
mites (Moraes et al. 2004).

The first consistent and well-documented at-
tempts to use predatory mites as a means of con-
trolling agricultural pests date from the second half
of the twentieth century. However, pest mite con-
trol projects using predatory mites, as well as eco-
logical studies under field conditions are still scarce
in Brazil (Moraes 2002). The species Neoseiulus cali-
fornicus (McGregor) (Phytoseiidae) (Reis et al. 2005)
is among the main predatory mite used in green-
houses. Phytoseiid mites are the subject of many
taxonomic, biological and ecological studies for be-
ing mainly predators, and of great importance in
the control of phytophagous mites, especially those
belonging to the family Tetranychidae (McMurtry
and Croft 1997).

Assessment of the functional response and
predatory capacity of Phytoseiidae when offered T.
urticae is a critical step in determining their ability
to regulate preys.

The functional response concept first described
by Holling (1959) has been widely utilized to eval-
uate effectiveness of predacious insects and mites
(Laing and Osborn 1974; Everson 1980; Sabelis 1985;
Trexler et al. 1988; De Clercq et al. 2000; Badii et al.
2004; Reis ef al. 2003, 2007; Timms ef al. 2008). The
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functional response of the predator to the prey can
follow one of three following mathematical mod-
els: Type I (linear), Type II (convex) or Type III (Sig-
moid). In Type I model, the proportion of prey con-
sumed increases linearly with prey availability up
to a maximum. In Type II model, the proportion
of prey consumed declines monotonically with prey
density. Type III model depicts a sigmoid relation-
ship in which the proportion of prey consumed is
positively density- dependent over some ranges of
prey density (Holling, 1959, 1961; Trexler et al. 1988;
De Clercq et al. 2000; Timms et al. 2008).

Thus, the objective of this work was to study
the predatory capacity, functional and numerical re-
sponses of the predatory mite N. californicus as a
contribution to its use as an agent of biological con-
trol of T. urticae in rose greenhouses.

MATERIALS AND METHODS
Two-spotted spider mite rearing

Adults of T. urticae were collected from rose (Rosa
alba L.) leaves under greenhouse conditions at the
"Fazenda Experimental da Empresa da Pesquisa
Agropecuaria de Minas Gerais — EPAMIG", in
Lavras, MG, Brazil, without pesticide application.
Rearing was conducted at the Acarology Labora-
tory of the "Centro de Pesquisa em Manejo Eco-
logico de Pragas e Doencas de Plantas — EcoCentro,
EPAMIG", at the "Universidade Federal de Lavras -
UFLA", Lavras, MG, at 25 +£2°C, 70 + 10 % RH and
14 hours photophase, on Jack-bean [Canavalia ensi-
formis (L.) DC.] leaves placed on a disk of foam (1
cm thick) covering the bottom of a Petri dish 15 cm
in diameter, without cover, and constantly moist-
ened with distilled water. Hydrophilic cotton was
placed around the leaves as a physical barrier to
prevent mite escape, according to the technique of
McMurtry and Scriven (1965).

Predatory mite rearing

Adults of N. californicus were collected from Jack-
bean leaves in a greenhouse without pesticide ap-
plication, at the "Instituto Federal de Educacéo,
Ciéncia e Tecnologia do Sul de Minas Gerais", In-
confidentes Campus. The mites were placed on



flexible black plastic PVC arenas (3 cm in diameter),
floating in distilled water in Petri dishes (15 cm in
diameter), without cover, according to the method-
ology of Reis and Alves (1997). These arenas were
remained in the Acarology Laboratory, EPAMIG/
EcoCentro, at a temperature of 25 + 2 °C, 70 £+ 10
% RH and 14 hours photophase. The predatory
mites were fed with castor bean (Ricinus commu-
nis L.) pollen and T. urticae from the stock rearing
colony.

Studies of predator abilities

The predatory capacity potential of N. californicus
was evaluated through bioassays in arenas (3 cm
diameter), constituted of leaves of Jack-bean plant
floating in distilled water in Petri dishes (15 cm di-
ameter), without cover, according to methodology
adapted from Reis et al. (1998).

The possible combinations between each stage
of development of the predatory mite N. californicus
[larva, nymphs (protonymph and deutonymph),
adult female and male] and each phase of develop-
ment of the pest-mite T. urticae [egg, larvae, nymphs
(protonymph and deutonymph) and adult] were
studied. Four bioassays, (one for each phase of de-
velopment of T. urticae), were carried out in a com-
pletely randomized design. In each arena, for each
phase of the predator, 40 pest-mites from the rear-
ing stock were supplied in the phase intended for
the study, with 10 replications.

The evaluations were made after 24 hours,
counting the number of T. urticae consumed by the
predatory mite. The mean daily mite consumed
were compared with variance analyses and subse-
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quent mean comparison test (Tukey test). The data
were transformed in v/z + 0.5 (Ferreira 2008).

For the functional response (number of preys
killed) and numerical response (number of eggs
laid), adult females of N. californicus were con-
fined into arenas as previously described. Imma-
ture stages of T. urticae were offered to one N. califor-
nicus adult female. Larvae and nymphs were used
based on the prey’s preference in immature stages
for predation by phytoseiids (Gravena et al., 1994;
Reis et al., 2000), at the following densities: 0.14,
0.28,0.70, 1.4, 2.8, 4.2 and 4.9 (seven replicates), 6.3
(four replicates), 7.7 (three replicates), 9.8, 14.1, 17.6
and 28.2 / cm? (two replicates) according to Reis et
al. (2003, 2007) methodology. The number of repli-
cates decreased when T. urticae densities increased
due to the difficulty in handling a large number of
mites.

The number of preys consumed (functional re-
sponse) and the number of eggs laid by the preda-
tor (oviposition rate) were evaluated every 24 hours
for 8 days. These data (consumed preys and num-
ber of eggs) were submitted to regression analyses
(Ferreira 2008). The number of preys was daily re-
placed up to the limit of the initial number in each
prey density.

RESULTS AND DISCUSSION

Predatory capacity potential

All the life stages of N. californicus consumed more
larvae of T. urticae than other stages. The adult fe-
males were the most efficient consuming 86.3 %, fol-
lowed by the adult males with 54.8 %, the nymphs

TABLE 1: Number of Tetranychus urticae mites (mean =+ SE) preyed at their different life stages by larva, nymphs (protonymph plus
deutonymph), and adult (male and female) of the predatory mite Neoseiulus californicus (n = 40)

Treatment Number of Tetranychus urticae mites by phases of development!
(Predator stages) Egg Larva Nymphs Adult
Adult (Male) 14,6 + 0,90 bB 21,9+2,93 bA 12,1+2,06 bB 09+0,23 aC
Adult (Female) 8,2+0,91 aC 34,2 +1,54 cA 18,7 +2,22 cB 0,5+0,22 aD
Nymphs 13,1+1,98 b AB 18,7 +2,67 ab A 6,6 +0,92 abBC 1,4+0,37 aC
Larva 6,2+0,64 a AB 9,9+1,92 aA 3,0+0,49 aBC 0,8+0,29 aC

Means followed by same lowercase letter in the columns and uppercase letter in the lines do not differ by Tukey’s test (P < 0.05)
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with 46.8 % and the larvae with 24.8 % as also ob-
served by Cedola et al. (2001) (Table 1 and Figure 1).

Similar results were observed by Forero et al.
(2008) in studies with N. californicus in rose culti-
vation in Sabana de Bogotd. They also reported
a higher consumption of larvae and nymphs, thus
confirming the predator’s preference for immature
forms of the phytophagous mite.
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FIGURE 1: Percentage of predatory capacity of Tetranychus urticae
at different life stages by larvae, nymphs, adult male and fe-
male of Neoseiulus californicus

Several studies with the predatory mite species:
Phytoseiulus persimilis Athias-Henriot, Galendromus
occidentalis (Nesbitt) and N. californicus also showed,
that these predators preferred the nymphal stage
than the eggs Panonychus citri (McGregor) in citrus,
when offered simultaneously (Xiao and Fadamiro
2010).

According to Blackwood ef al. (2001), spider
mite larvae may be more profitable than eggs for
generalist phytoseiids, in regards to both nutritional
benefit and handling time. In their study, these lat-
ter authors observed that females of several gener-
alist species often attempted to pierce eggs without
success before attacking larvae. One possible expla-
nation for this observation would be that general-
ist species might have mouthparts not as effective
at piercing the T. urticae egg chorion as mouthparts
of more specialized species. Flechtmann and Mc-
Murtry (1992) found that cheliceral characteristics
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differ between Phytoseiidae species primarily feed-
ing on spider mites and pollen.

As in the present work, Cedola et al. (2001) eval-
uated the predatory capacity of N. californicus at the
nymph stages (protonymph and deutonymph) and
observed that these immature stages have a lower
predatory capacity than the adult females. Such a
result can be explained by the greater energy re-
quirements for oviposition compared with the im-
mature phases, although the larger size of the adult
females also must be taken into account. All N. cali-
fornicus phases showed a low consumption of T. ur-
ticae adults, compared to the other offered phases
(Table 1), probably due to their greater mobility and
size.

The N. californicus larvae were less efficient
predators, likely due to their reduced size and the
short duration of this stage, as also observed by Reis
and Alves (1997) and Reis et al. (1998).

Functional Responses and Oviposition Rate

Both the functional response (preys consumed) and
oviposition rate of N. californicus were found to in-
crease with increasing prey density, presenting a
positive and significant interaction with the coeffi-
cient of determination (r?) of 0.94 and 0.83, respec-
tively (Figures 2 and 3). The maximum oviposi-
tion of 1.5 eggs / day was found at the density 6.3
preys / cm? (Table 2).

704 y=-0,0929x2 +4,7117x + 2,75523
60 - 12=0,94

50
40
30
20 A
10

Number of T. urticae
consumed / day

O T T T L L) ]
0 5 10 15 20 25 30

Number of T. urticae/cm?/day

FIGURE 2: Number of Tetranychus urticae preyed upon by one
Neoseiulus californicus female per day, according to the den-
sity offered (original and tendency curve)

The regression analysis results showed that the
functional response is of type II (convex). The num-



ber of attacked preys by the predator’s female in-
creases asymptotically with the increasing number
of offered preys. Then it gradually decelerates until
reaching a level at which the predatory capacity rate
becomes more or less constant, regardless of prey
density.

- b 2,0 y =0,0006x° - 0,0287x2 + 0,3439x + 0,011
S « _
o % 15 r2=0,83
o0 =
o2
B8 & 1,0
g s
g% 05
z z
0,0 T T T 1
0 10 20 30

Number of T. urticae / cm?

FIGURE 3: Number of eggs laid by one Neoseiulus californicus
adult female per day, according to the density of Tetranychus
urticae offered (original curve and trend)

Such response, according to Hassel (1978) is sup-
posedly typical of arthropod predators. Although
predators which exhibit the Type III functional re-
sponse are commonly regarded as efficient biolog-
ical control agents (Ferndndez-Arhex and Corley
2003; Pervez and Omkar 2005), many of the preda-
tors that have been successfully released as bio-

Acarologia 51(4): 499-506 (2011)

logical control agents have been shown to exhibit
a Type II functional response (Xiao and Fadamiro,
2010). According to Castagoli et al. (2002), less
clear features were evidenced for N. californicus that
is generally considered as a specialist or selective
type II predator, but it seems that an intermediate
behaviour between specialist and generalist type
seems more appropriate.

At a density of 14.1 preys / cm?, the percent-
age of predation decreases fewer than 50 %, sug-
gesting a predator’s satiation, or that there may
have been interference in its ability to prey due
to increased prey density (Sandness and McMurtry
1970; Reis et al. 2003), indicating that N. californicus
will be more efficient at densities between 10 and 20
preys / cm? than for higher ones (Table 2).

Koehler (1999) corroborate the observation that
mite control by predators is very efficient, particu-
larly at low prey densities, including the mite of the
family Phytoseiidae.

Bliimel et al. (2002) concluded that N. cali-
fornicus is an efficient predator for the control of
mites on rose and vegetable cultivations, also sur-
viving for long periods without the presence of
preys, and by feeding on pollen and other alter-
native food sources. A similar result was found

TABLE 2: Functional responses and oviposition rate of the predatory mite Neoseiulus californicus, having Tetranychus urticae as feed in the
laboratory at 25 = 2 °C, 70 £ 10 % RH and 14 hours photophase

Prey density Mean Range
B ) Mites ) Predation (%)
y arena By cm preyed/day Eggs laid/day Prey Eggs

1 0,14 1 0,04 0-1 0-1 100
0,28 2 0,09 1-2 0-1 100

0,7 5 0,09 1-5 0-2 100

10 1,4 10 0,45 1-10 0-2 100
20 2,8 19,45 0,86 17-20 0-2 97,23
30 4,2 23,09 1,16 16 - 30 0-3 76,96
35 4,9 26,73 0,97 13-35 0-3 70,34
45 6,3 21,72 1,54 14 -45 0-3 48,26
55 7,7 35,83 1,25 21-55 0-4 65,15
70 9,8 46,68 0,88 39-63 0-3 66,7
100 14,1 38,19 0,69 27 -52 0-3 38,19
125 17,6 62,43 0,94 50 - 80 1-2 49,95
200 28,2 61,94 1,13 52 -69 1-2 30,97

503



Marafeli P. de P. et al.

by Forero et al. (2008) with the same predatory
mite preying upon T. urticae. Phytoseiid mites are
an ecologically diverse group of species, including
oligophagous specialist predators of spider mites of
the genus Tetranychus to broadly polyphagous gen-
eralists feeding on mites, insects, fungi, plant flu-
ids and pollen (McMurtry and Rodriguez 1987; Mc-
Murtry and Croft 1997; Pratt et al. 1999). Species
have been classified as either specialists or gener-
alists according to diet breadth (McMurtry and Ro-
driguez 1987; Schausberger and Croft 2000a, b) and
according to life-style types based on diet breadth
and other related biological and morphological fea-
tures (McMurtry and Croft 1997).

For effective employment of N. californicus as a
biological control agent, its predation activity must
be better understood. The functional responses of
N. californicus can differ depending upon a num-
ber of factors: strains with different nutritional his-
tories (Castagnoli ef al. 1999), environmental tem-
perature (Gotoh et al. 2004) and the use of pesti-
cides (Poletti et al. 2007). Ahn et al. (2010) stud-
ied the functional response of N. californicus on T.
urticae in strawberries and concluded that the func-
tional response of adult female was not influenced
by non-glandular trichomes on abaxial leaves but
was affected by temperature. Castagnoli et al. (1999)
stated that it is important to know the host and the
prey history of the predator strain used for success-
ful biological control. However, this study has also
shown that N. californicus has an excellent predatory
capacity on T. urticae (60 pest-mites per adult female
per day).

CONCLUSION

Although obtained in laboratory conditions, the re-
sults of this work allow to conclude that N. californi-
cus can be considered an efficient predator of imma-
ture stages of T. urticae, at different densities of the
prey. The results suggest that the testing should be
done in a greenhouse for consolidation of biolog-
ical control with N. californicus in integrated man-
agement systems.

504

ACKNOWLEDGEMENT

To Fundagdo de Amparo a Pesquisa do Estado de
Minas Gerais — FAPEMIG, for financial support; to
Conselho Nacional de Desenvolvimento Cientifico
e Tecnolégico — CNPq and, Coordenagdo de Aper-
feicoamento de Pessoal de Nivel Superior — CAPES,
for the scholarships granted.

REFERENCES

Ahn JJ.,, Kim KW, Lee J.H. 2010 — Functional re-
sponse of Neoseiulus californicus (Acari: Phytoseiidae)
to Tetranychus urticae (Acari: Tetranychidae) on straw-
berry leaves — ]. Appl. Entomol.,, 134: 98-104.
doi:10.1111/j.1439-0418.2009.01440.x

Barbosa J.G. 2003 — Crisantemos: producdo de mudas,
cultivo para corte de flor, cultivo em vaso, cultivo
hidroponico — Vigosa: Aprenda F4cil Editora. pp.
232.

Badii M.H., Hernédndes-Ortiz E., Flores A., Landeros J.N.
2004 — Prey stage preferene and functional response
of Euseius hibisci to Tetranychus urticae (Acari: Phyto-
seiidae) — Exp. Appl. Acarol., 34: 263-273.

Blackwood ].S., Schausberger P., Croft B.A. 2001 — Prey-
stage preference in generalist and specialist phytoseiid
mites (Acari: Phytoseiidae) when offered Tetranychus
urticae (Acari: Tetranychidae) eggs and larvae — Env-
iron. Entomol., 30: 1104-1111. doi:10.1603 /0046-225X-
30.6.1103

Blumel S., Walzer A., Hausdorf H. 2002 — Successive re-
lease of Neoseiulus californicus McGregor and Phyto-
seiulus persimilis AH. (Acari: Phytoseiidae) for sus-
tainable biological control of spider mite in green-
house cut roses - interim results of a two years study
in a commercial nursery — IOBC / WPRS Bull,, 25:
21-24.

Carvalho L.M., Bueno V.H.P, Santa-Cecilia L.V.C., Silva
R.A., Reis P.R. 2009 — Pragas na floricultura: identifi-
cagdo e controle — Inf. Agrop., 30:36-46.

Castagnoli M., Liguori M., Simoni S. 1999 — Effect of two
different host plants on biological features of Neoseiu-
lus californicus (McGregor) — Internat. J. Acarol., 25:
145-150. d0i:10.1080/01647959908683626

Castagnoli M., Liguori M., Simoni S. 2002 — Interspecific
predation and cannibalism in four phytoseiid species
of the Mediterranean area (Acari: Phytoseiidae) — In:
Bernini F, Nannelli R., Nuzzaci G. and De Lillo E.
(Eds). Acarid Phylogeny and Evolution: Adaptation
in mites and Ticks. The Netherlands: Kluwer Aca-
demic Publishers: 341-349.


http://dx.doi.org/doi:10.1111/j.1439-0418.2009.01440.x
http://dx.doi.org/doi:10.1603/0046-225X-30.6.1103
http://dx.doi.org/doi:10.1603/0046-225X-30.6.1103
http://dx.doi.org/doi:10.1080/01647959908683626

Cedola C.V,, Sanchez N.L., Lijesthrom G. 2001 — Ef-
fect of tomato leaf hairiness on functional and nu-
merical response of Neoseiulus californicus (Acari: Phy-
toseiidae) — Exp. Appl. Acarol., 25: 819-831.
doi:10.1023/ A:1020499624661

Cruz FEZ. 2000 — Pragas em plantas ornamentais — In:
Kampf A.N. (coord.) Producdo comercial de plantas
ornamentais. Guaiba: Agropecudria, Press. pp. 254.

De Clercq P, Mohaghegh J., Tirry L. 2000 — Effect of
host plant on the functional response of the preda-
tor Podisus nigrispinus (Heteroptea: Pentatomidae) —
Biol. Control, 18: 460-470. d0i:10.1006 /bcon.1999.0808

Everson P. 1980 — The relative active and functional re-
sponse of Phytoseiulus persimilis (Acarina: Phyosei-
idae) and Tetranychus urticae (Acarina: Tetranychidae):
the effect of temperature — Can. Entomol., 112: 17-24.
doi:10.4039/Ent11217-1

Ferreira D.F. 2008 — SISVAR: um programa para anélises
e ensino de estatistica — Rev. Cientif. Symp., 6(2): 36-
41.

Fernandez-Arhex V., Corley J.C. 2003 — The functional
response of parasitoids and its implications for biolog-
ical controle — Biocontrol Sci. Tech., 13: 403-413.

Flechtmann C.H.W., McMurtry J.A. 1992 — Studies on
how phytoseiid mites feed on spider mites and pollen
— Int. J. Acarol., 18: 157-162.

Forero G., Rodrigues M., Cantor F,, Rodrigues D., Cure
J.R. 2008 — Critérios para el manejo de Tetrany-
chus urticae Koch (Acari: Tetranychidae) con el acaro
depredador Amblyseius (Neoseiulus) sp. (Acari: Phyto-
seiidae) en cultivos de rosas — Agron. Colomb., 26:
78-86.

Gotoh T., Mitsuyoshi N., Yamaguchi K. 2004 — Prey
consumption and functional response of three ac-
arophagous species to eggs of the two-spotted spider
mite in the laboratory — Appl. Entomol. Zool., 39:
97-105.

Gravena S., Benetoli 1., Moreira, PH.R., Yamamoto P.T.
1994 — Euseius citrifolius Denmark & Muma predation
on citrus leprosis mite Brevipalpus phoenicis (Geijskes)
(Acari: Phytoseiidae, Tenuipalpidae) — An. Soc. En-
tomol. Brasil, 23: 209-218.

Hassel M.P. 1978 — The dynamics of arthropod predator-
prey systems — Princeton: Princeton University Press.
pp- 237.

Holling C.S. 1959 — The components of predation as re-
vealed by a study of small-mammal predation of Eu-
ropean pine sawfly — Can. Entomol., 91: 293-329.
doi:10.4039/Ent91293-5

Holling C.S. 1961 — Principles of insect predation
— Annu. Revw. Entomol., 6: 163-182.
doi:10.1146 /annurev.en.06.010161.001115

Acarologia 51(4): 499-506 (2011)

Junqueira A.H., Peetz M.S. 2002 — Os p6los de producao
de flores e plantas ornamentais do Brasil: uma andlise
do potencial exportador — Rev. Brasil. Hortic. Or-
nam., 18: 25-47.

Kim YJ., Park HM., Cho J.R., Ahn Y.J. 2006 — Multiple
resistance and biochemical mechanisms of pyridaben
resistance in Tetranychus urticae (Acari: Tetranychidae)
— J. Econ. Entomol., 99: 954-958. do0i:10.1603/0022-
0493-99.3.954

Koehler HH. 1999 — Predatory mites (Gamasina,
Mesostigmata) — Agric., Ecosyst. Environ., 74: 395-
410. doi:10.1016/S0167-8809(99)00045-6

Laing J.E., Osborn J.A.F. 1974 — The effect of prey density
on functional and numerical response of three species
of predatory mites — Entomophaga, 19: 267-277.

Landgraf P.R.C., Paiva P.D.O. 2005 — Produgdo e comer-
cializagdo de flores em Minas Gerais — Inf. Agrop.,
26: 7-11.

Landgraf PR.C., Paiva P.D.O. 2009 — Produgdo de
flores cortadas no estado de Minas Gerais —
Ciénc. Agrotec., 33: 120-126. doi:10.1590/51413-
70542009000100017

McMurtry J.A., Scriven G.T. 1965 — Insectary production
of phytoseiid mites — J. Econ. Entomol., 58: 282-284.

McMurtry J.A., Rodrigues J.G. 1987 — Nutritional ecol-
ogy of phytoseiid mites — In: Slanski F. and Rodrigues
J.G. (Eds). Nutritional ecology of insets, mites, spiders
and related invertebrates, New York: 609-644.

McMurtry J.A., Croft B.A. 1997 — Life-styles of phy-
toseiid mites and their roles in biological con-
trol — Annu. Rev. Entomol., 42:291-321.
do0i:10.1146 /annurev.ento.42.1.291

Moraes G.J. de 2002 — Controle biolégico de 4caros
fitéfagos com &caros predadores — In: Parra J.R.P,
Botelho PS.M., Correa-Ferreira B.S. and Bento J.M.S.
(Eds). Controle biolégico no Brasil: parasitéides e
predadores. Sdo Paulo: Manole: 225-237.

Moraes G.J., McMurtry J.A., Denmark H.A., Campos C.B.
2004 — A revised catalog of the mite family Phytosei-
idae — Zootaxa, pp. 434.

Pervez A., Omkar 2005 — Functional responses of coc-
cinellid predators: an illustration of a logistic ap-
proach — J. Insect Sci., 5: 1-6.

Pratt P.D., Schausberger P., Croft B.A. 1999 — Prey-food
types of Neoseiulus fallacis (Acari: Phytoseiidae) and
literature versus experimentally-derived prey-food es-
timates for five phytoseiid species — Exp. Appl. Ac-
arol., 23: 551-565. d0i:10.1023/ A:1006186218093

Poletti M., Maia A.H.N., Omoto C. 2007 — Toxicity
of neonicotinoid insecticides to Neoseiulus californicus
and Phytoseiulus macropilis (Acari: Phytoseiidae) and

505


http://dx.doi.org/doi:10.1023/A:1020499624661
http://dx.doi.org/doi:10.1006/bcon.1999.0808
http://dx.doi.org/doi:10.4039/Ent11217-1
http://dx.doi.org/doi:10.4039/Ent91293-5
http://dx.doi.org/doi:10.1146/annurev.en.06.010161.001115
http://dx.doi.org/doi:10.1603/0022-0493-99.3.954
http://dx.doi.org/doi:10.1603/0022-0493-99.3.954
http://dx.doi.org/doi:10.1016/S0167-8809(99)00045-6
http://dx.doi.org/doi:10.1590/S1413-70542009000100017
http://dx.doi.org/doi:10.1590/S1413-70542009000100017
http://dx.doi.org/doi:10.1146/annurev.ento.42.1.291
http://dx.doi.org/doi:10.1023/A:1006186218093

Marafeli P. de P. et al.

their impact on functional response to Tetranychus ur-
ticae (Acari: Tetranychidae) — Biol. Control, 40: 30-36.
doi:10.1016/j.biocontrol.2006.09.001

Reis PR., Silva E.A., Zacarias M.S. 2005 — Controle
biolégico de dcaros em cultivos protegidos — Inf.
Agrop., 26: 58-67.

Reis PR., Alves E.B. 1997 — Criacdo do acaro predador
Iphiseiodes zuluagai Denmark & Muma (Acari: Phyto-
seiidae) em laboratério — An. Soc. Entomol. Bras., 26:
565-568. d0i:10.1590/50301-80591997000300021

Reis P.R., Chiavegato L.G., Alves E.B. 1998 — Bi-
ologia de Iphiseiodes zuluagai Denmark & Muma
(Acari:Phytoseiidae) — An. Soc. Entomol. Bras., 27:
185-191. doi:10.1590/50301-80591998000200003

Reis P.R., Teodoro A.V., Pedro Neto M. 2000 — Preda-
tory activity of phytoseiid mites on the developmen-
tal stages of coffee ring spot mite (Acari: Phytoseiidae:
Tenuipalpidae) — An. Soc. Entomol. Bras., 29: 547-
553. d0i:10.1590/50301-80592000000300017

Reis PR., Sousa E.O., Teodoro A.V., Pedro Neto M. 2003 —
Effect of prey density on the functional and numerical
responses of two species of predaceous mites (Acari:
Phytoseiidae) — Neotrop. Entomol., 32 (3): 461-467.
doi:10.1590/51519-566X2003000300013

Reis P.R., Teodoro, A.V., Pedro Neto M., Silva E.A. 2007
— Life history of Amblyseius herbicolus (Acari: Phyto-
seiidae) on coffee plant — Neotrop. Entomol., 36: 282-
287. doi:10.1590/51519-566X2007000200016

Sabelis M.W. 1985 — Predator-prey interaction: predation
on spider mites — In: Helle W. and Sabelis M.W. (Eds).
Spider mite: their biology, natural enemies and con-
trol. Elsevier, Amsterdam: 103-129.

Sandness J.N., McMurtry J.A. 1970 — Functional re-
sponse of three species of Phytoseiidae (Acarina) to
prey density — Can. Entomol., 102: 692-704.
doi:0.4039/Ent102692-6

Sato M.E., Miyata T., da Silva M., Raga A., Souza Filho
M.F. 2004 — Selections for fenpyroximate resistance
and susceptibility, and inheritance, cross-resistance
and stability of fenpyroximate resistance in Tetrany-
chus urticae Koch (Acari: Tetranychidae) — Appl. En-
tomol. Zool., 39: 293-302. d0i:10.1303/aez.2004.293

506

Sato M.E., da Silva M.Z., Raga A., Souza Filho M.F. 2005
— Abamectin resistance in Tetranychus urticae Koch
(Acari: Tetranychidae): selection, cross-resistance and
stability of resistance — Neotrop. Entomol., 34: 991-
998. d0i:10.1590/51519-566X2005000600016

Schausberger P., Croft B.A. 2000a — Cannibalism and in-
traguild predation among phytoseiid mites: are ag-
gressiveness and prey preference related to diet spe-
cialization? — Exp. Appl. Acarol., 24: 709-725.
doi:0.1023/ A:1010747208519

Schausberger P., Croft B.A. 2000b — Nutritional benefits
of intraguild predation and cannibalism among gener-
alist and specialist phytoseiid mites — Ecol. Entomol.,
25: 473-478. d0i:10.1046/j.1365-2311.2000.00284.x

Timms J.E., Oliver T.H., Straw N.A., Leather S.R. 2008
— The effects of host plant on three coccinellid func-
tional response: Is the conifer specialist Aphidecta oblit-
erate (L.) (Coleoptera: Coccinelidae) better adapted
to spruce than the generalist Adatia bipunctata (L.)
(Coleoptera: Coccinelidae)? — Biol. Control, 47: 273-
281. d0i:10.1016/j.biocontrol.2008.08.009

Trexler J.C., McCulloch, C.E., Travis J. 1988 — How can
the functional response best be determined? — Oe-
cologia, 76: 206-214. d0i:10.1007 /BF00379954

Xiao Y., Fadamiro H.Y. 2010 — Functional responses and
prey-stage preferences of three species of predacious
mites (Acari: Phytoseiidae) on citrus red mite, Panony-
chus citri (Acari: Tetranychidae) — Biol. Control, 53:
345-352. d0i:10.1016/j.biocontrol.2010.03.001

Zhang Z.Q. 2003 — Mites in greenhouse: identification,
biology and control — Cambridge: CABI Publishing
Press. pp. 235.

COPYRIGHT

Marafeli et al.. Acarologia is under free license.
This open-access article is distributed under the terms of
the Creative Commons-BY-NC-ND which permits unre-
stricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original author and
source are credited.


http://dx.doi.org/doi:10.1016/j.biocontrol.2006.09.001
http://dx.doi.org/doi:10.1590/S0301-80591997000300021
http://dx.doi.org/doi:10.1590/S0301-80591998000200003
http://dx.doi.org/doi:10.1590/S0301-80592000000300017
http://dx.doi.org/doi:10.1590/S1519-566X2003000300013
http://dx.doi.org/doi:10.1590/S1519-566X2007000200016
http://dx.doi.org/doi:0.4039/Ent102692-6
http://dx.doi.org/doi:10.1303/aez.2004.293
http://dx.doi.org/doi:10.1590/S1519-566X2005000600016
http://dx.doi.org/doi:0.1023/A:1010747208519
http://dx.doi.org/doi:10.1046/j.1365-2311.2000.00284.x
http://dx.doi.org/doi:10.1016/j.biocontrol.2008.08.009
http://dx.doi.org/doi:10.1007/BF00379954
http://dx.doi.org/doi:10.1016/j.biocontrol.2010.03.001

