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P L A N T  S C I E N C E S

INTRODUCTION

Biological control, a widely accepted method of 
integrated pest management, is usually defined as 
the suppression of pest populations by the actions of 
their native or introduced natural enemies (S m i t h , 
1919). These natural enemies constitute an essential 
component of all general biological control strategies 
(E i l e n b e r g  et al., 2001). Conservation biological 
control, based on the modification of the environment, 
is distinguished from other strategies in that natural 
enemies are not released (R e c h c i g l ,  R e c h c i g l , 
1998; E i l e n b e r g  et al., 2001; J o n s s o n  et al., 
2008; P e l l  et al., 2010). Phytoseiid mites are impor-
tant natural enemies of various phytophagous mites 
and small insects, and they have been widely used in 
biological control programs (E v a n s , 1992; G e r s o n 
et al., 2003; M c M u r t r y  et al., 2013). In natural 
habitats, some phytoseiid species are important for 
preventing outbreaks of diverse phytophagous mites 
(E d l a n d ,  E v a n s , 1998). Various wild and cultivated 

trees and bushes can serve as reservoirs and refuge 
for phytoseiid species from which these species can 
migrate into neighbouring biocenoses (T u o v i n e n , 
R o k x , 1991; S t r o n g ,  C r o f t , 1993; T i x i e r  et 
al., 1998; P a p a i o a n n o u - S o u l i o t i s  et al., 2000; 
K r e i t e r  et al., 2002; D u s o  et al., 2004). Aerial 
dispersal, as a passive method of transport, could be 
used by the phytoseiid mites to spread and colonize 
new habitats (S a b e l i s ,  D i c k e , 1985; T i x i e r 
et al., 1998; J u n g ,  C r o f t , 2001; G e r s o n  et al., 
2003). Woody areas that contain suitable host plants 
for predatory mites may constitute a source of phyto-
seiid mites (T i x i e r  et al., 1998). The frequent and 
abundant occurrence of a certain phytoseiid species 
on the leaves of different trees can indicate host plant 
suitability. Maple trees are common deciduous trees 
in Bohemia (Czech Republic); however, data on the 
host plants of phytoseiid mite species are scarce. Thus, 
the aim of this study was to investigate the species 
diversity of phytoseiid mites on the leaves of common 
maple species. Knowledge regarding the phytoseiid 
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mite communities on deciduous trees can contribute 
to a better understanding of the role of natural vegeta-
tion as potential reservoirs of phytoseiids within the 
strategy of conservation biological control.

MATERIAL AND METHODS

Phytoseiid mites were collected from the un-
treated maple species Acer pseudoplatanus  L.,  
A. platanoides L., and A. campestre L. Leaf samples 
were collected from randomly selected peripheral 
maple trees (approximately 20–60 years old) of 
a small mixed forest composed primarily of Acer 
spp., Carpinus betulus, Cornus sp., Quercus spp., 
Sambucus nigra,  Sorbus spp., and Tilia cordata 
near Božtěšice (50o41´N, 14o1´E; acreage ca. 80 ha) 
and Liteň (49o53´N, 14o7´E; acreage ca. 140 ha) in 
Bohemia, Czech Republic. The tree species were 
determined using the key by K u b á t  et al. (2002). 
Samples were collected on four dates (22/6, 20/7, 
17/8, and 7/9) in 2013 and three dates in 2014 (28/6, 
26/7, and 23/8). The same trees (five trees/maple 
species) were observed at each site on each collec-
tion date. The standard sample size was 10 leaves 
randomly selected from the middle area of the leaf 
shoot per tree of approximately identical size and 
age. Leaves with various injuries (chlorosis, galls, 
and others) were excluded from the sampling. Each 
sample was immediately placed in a plastic Ziploc 
bag (20 × 30 cm) and stored in a cold-storage box. 
Sampled leaves were brought to the laboratory where 
they were either examined or stored in the refrigerator 
at 5°C. The leaves were inspected individually using 
a binocular microscope. The entire leaf surface was 
surveyed, and mites that were found were mounted 
on slides in lactic acid. Immature phytoseiid stages 
were not determined and were excluded from analyses. 
The phytoseiids were classified based on the keys 
of B e g l y a r o v  (1981a, b), C h a n t ,  Yo s h i d a -
S h a u l  (1982, 1987, 1989) and K a n o u h  et al. 
(2012). The nomenclature of phytoseiid species 
used in this study follows D e m i t e  et al. (2016). 

Dominance (Do) determines the percentage of 
specimens of a given taxon in the total number of 
mites collected from a given maple species at each 
study site. The species dominance is characterized 
by the following scale: eudominant (≥ 10%), domi-
nant (5–9.99%), subdominant (2–4.99%), recedent 
(1–1.99%), and subrecedent (< 1%) (D r a ž i n a , 
Š p o l j a r , 2009). The constancy of occurrence (C) 
shows the relation between the number of samples 
where a given species occurred and the number of 
all samples collected from a given maple species at 
each study site. The following categories of constancy 
were used: euconstant (76–100%), constant (51–75%), 
accessory (26–50%), and accidental (≤ 25%) species 
(D r a ž i n a ,  Š p o l j a r , 2009). Phytoseiid diversity 

(d) was calculated for the different maple species 
within each site using the Margalef diversity index 
(C l i f f o r d ,  S t e p h e n s o n , 1975):
d = (S – 1)/lnN
where:
S = number of species
N = total number of individuals

Abundances of mites on the leaves were evalu-
ated among maple species by the analysis of variance 
(ANOVA) followed by Tukey’s HSD test using the 
STATISTICA software (Version 12, 2016). Statistical 
significance was tested at P = 0.05. Before carrying 
out the ANOVA, a logarithmic transformation, i.e. log 
(y + 1), was applied to the data.

RESULTS

A total of 3657 specimens of phytoseiid mites belong-
ing to the following seven species were found on Acer 
spp.: Euseius finlandicus (Oudemans), Neoseiulella ac-
eri (Collyer), N. tuberculata (Wainstein), Typhlodromus 
(Typhlodromus) pyri Scheuten, Paraseiulus soleiger 
(Ribaga), P. triporus (Chant et Yoshida-Shaul), and 
Phytoseius echinus Wainstein et Arutunjan (Table 1). 
The Phytoseiidae species were present in different 
abundances on all the surveyed maple trees. All phy-
toseiid specimens were recorded on the abaxial leaf 
area. More phytoseiids were found on the leaves of 
A. pseudoplatanus and A. platanoides (81.2% of all 
sampled phytoseiids) than on the leaves of A. camp-
estre (F = 21.59; P < 0.05). Two species (N. aceri and  
E. finlandicus) composed the majority of the phytoseiids 
collected from the surveyed maple leaves (91.3% of 
all sampled phytoseiids). E. finlandicus was observed 
in different abundances on the leaves of all surveyed 
maple species (Table 3) and was the second most 
abundant species, accounting for 38% of the phytoseiid 
fauna herein studied. A significantly higher occur-
rence (F = 73.49; P < 0.05) of E. finlandicus (88.7% 
of all sampled species specimens) was detected on 
A. pseudoplatanus (an average of 1.8 mites per leaf) 
(Table 3). N. aceri was the most common phytoseiid 
species; it represented 53.3% of the total phytoseiid 
abundance, and its occurrence was significantly dif-
ferent among tree species (F = 310.79; P < 0.05). The 
majority of N. aceri (69.4% of all sampled specimens) 
were detected on A. platanoides leaves (an average 
of 1.9 mites per leaf). N. tuberculata, recorded only 
on A. pseudoplatanus leaves (an average of 0.4 mites 
per leaf), was the third most abundant species; it ac-
counted for 6.9% of the total phytoseiid abundance. 
The number of phytoseiid species found on a single 
maple tree ranged from 3 to 5. The phytoseiid species 
diversities calculated for different maple species at 
each site are detailed in Table 2. Moderate fluctuations 
in d values of phytoseiids among maple species were 
found at both sites. 
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Acer platanoides

A total of 1460 specimens of phytoseiid mites 
belonging to four species were found on the leaves 
of A. platanoides (Table 3). Clearly, eudominant and 
euconstant N. aceri was found more often than other 
species at both sites; this species represented 92.6% 
of the total phytoseiid abundance on A. platanoides 

leaves. E. finlandicus was recorded on all leaf samples; 
in total, this species represented 6.6% of the phyto-
seiid abundance on A. platanoides leaves. Both the 
constancy and dominance of E. finlandicus differed 
between the two studied sites (Table 1). Subrecedent P. 
triporus occurred on the maple leaves at both sites; in 
total, this species represented only 0.6% of phytoseiid 
abundance occurring on the leaves of A. platanoides. 

Table 1. Numbers of detected phytoseiid mites on maple species (n = phytoseiids/50 leaves) during 2013 and 2014 

Site
Year 2013 Year 2014

Total (%) C (%) Do
22/6 20/7 17/8 7/9 28/6 26/7 23/8

Acer platanoides

E. finlandicus
B 1 5 3 4 2 3 2 2.57 37.14 SD

L 10 12 10 2 8 16 18 11.13 54.29 ED

N. aceri
B 63 122 150 124 48 106 139 96.78 100 ED

L 102 115 89 63 54 86 91 87.85 100 ED

P. triporus
B 0 0 3 0 0 0 2 0.64 8.57 SR

L 0 1 0 0 0 2 1 0.59 8.57 SR

T. (T.) pyri L 0 3 0 0 0 0 0 0.44 2.86 SR

Acer pseudoplatanus

E. finlandicus
B 31 73 75 69 36 75 87 73.36 100 ED

L 69 130 174 171 39 89 115 87.35 100 ED

N. aceri
B 0 2 1 1 0 2 1 1.15 17.14 R

L 0 2 1 1 0 4 1 1.00 22.86 R

N. tuberculata
B 14 29 37 21 10 21 20 25.00 88.57 ED

L 8 22 20 9 5 14 21 10.99 65.71 ED

T. (T.) pyri
B 0 1 0 1 0 1 0 0.49 8.57 SR

L 1 0 2 0 0 0 1 0.44 8.57 SR

Ph. echinus L 0 1 0 1 0 0 0 0.22 5.71 SR

Acer campestre

E. finlandicus
B 5 7 8 5 2 10 8 10.56 60.00 ED

L 0 5 1 3 0 3 4 6.11 25.71 D

N. aceri
B 33 67 73 53 16 58 74 87.79 100 ED

L 19 22 31 45 16 38 35 78.63 100 ED

P. soleiger L 1 0 0 0 0 0 0 0.38 2.86 SR

P. triporus
B 0 2 1 0 0 1 3 1.64 17.14 R

L 0 0 5 5 0 3 1 5.34 22.86 D

T. (T.) pyri L 0 2 7 3 4 4 5 9.54 25.71 D

C = constancy, Do = dominance, ED = eudominant, D = dominant, SD = subdominant, R = recedent, SR = subrecedent, B = Božtěšice, L = Liteň

Table 2. Phytoseiid diversity calculated for different maple species, within each experimental site, using the Margalef index (d)

Site Year A. pseudoplatanus A. platanoides A. campestre

Božtěšice
2013 0.31 ± 0.14 0.16 ± 0.12 0.22 ± 0.15

2014 0.29 ± 0.10 0.11 ± 0.01 0.27 ± 0.17

Liteň
2013 0.25 ± 0.09 0.23 ± 0.09 0.28 ± 0.11

2014 0.28 ± 0.10 0.18 ± 0.13 0.25 ± 0.18

values are means ± standard error of the means
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Subrecedent and accidental T. (T.) pyri was rarely 
present in the leaf samples; this species accounted 
for 0.2% of the phytoseiid abundance observed on A. 
platanoides leaves. 

Acer pseudoplatanus

A total of 1509 specimens of phytoseiid mites 
belonging to five species were collected on A. pseu-
doplatanus leaves (Table 3). Eudominant and eucon-
stant E. finlandicus was clearly the most abundant 
species recorded on all observed A. pseudoplatanus 
trees at both sites; this species represented 81.7% of 
the total abundance observed on A. pseudoplatanus 
leaves. Eudominant N. tuberculata was the second most 
abundant species; in total, this species represented 
16.6% of phytoseiids collected from A. pseudopla-
tanus leaves. Different categories of constancy of N. 
tuberculata were recorded at the studied sites (Table 
1). N. tuberculata was exclusively detected on the 
leaves of A. pseudoplatanus. Recedent and accidental 
N. aceri occurred on the A. pseudoplatanus leaves at 
both sites; this species represented only 1.1% of the 
total number of phytoseiids sampled from A. pseudo-
platanus. Subrecedent and accidental T. (T.) pyri was 
sporadically present in the leaf samples collected from 
A. pseudoplatanus at both sites; in total, this species 
represented 0.5% of the total number of phytoseiids 
collected on A. pseudoplatanus leaves. Only two speci-
mens of subrecedent Phytoseius echinus were found 
on the leaves of A. pseudoplatanus. 

Acer campestre

Only 688 phytoseiid specimens belonging to five 
species were found on the leaves of A. campestre 

(Table 3). N. aceri, clearly an eudominant and eu-
constant species, was recorded on all leaf samples of  
A. campestre at both sites; this species represented 
84.3% of the phytoseiid abundance observed on the 
leaves of A. campestre. The less abundant E. finlandicus 
accounted for 8.9% of the total abundance of the studied 
phytoseiid taxocoenosis on A. campestre leaves. Both 
the dominance and the constancy of E. finlandicus 
differed between the two study sites (Table 1). The 
occurrence of dominant T. (T.) pyri on the examined 
leaves of A. campestre was recorded only at one site; 
this species accounted for 3.6% of the phytoseiid abun-
dance on A. campestre leaves. Accidental P. triporus 
was sporadically detected on some leaf samples; in 
total, this species represented 3.1% of the phytoseiid 
abundance on A. campestre leaves (Table 1). Only one 
specimen of P. soleiger was found on the leaves of  
A. campestre during 2013. 

DISCUSSION

The differences in the phytoseiid species number 
and the phytoseiid species composition were noted 
among the surveyed maple tree species. The major-
ity of sampled individuals belonged to the species  
N. aceri, which was clearly dominant on the leaves of 
A. platanoides and A. campestre. Several species of 
maples are generally cited as host plants of N. aceri 
(C h a n t , Y o s h i d a - S h a u l , 1989; Tu o v i n e n , 
R o k x , 1991; K a n o u h  et al., 2012). K a b í č e k 
(2005) recorded the dominant occurrence of N. ac-
eri among the phytoseiid species on A. platanoides 
in Bohemia. According to T u o v i n e n  (1993),  
N. aceri was found only on A. platanoides in Finland 
and is specialized with regard to its host plant.  

Table 3. Mean number of phytoseiid mites on maples

Phytoseiidae Site
Number of mites per leaf ± SEM

A. platanoides A. pseudoplatanus A. campestre

E. finlandicus
B 0.056 ± 0.060a 1.280 ± 0.315b 0.129 ± 0.077a

L 0.225 ± 0.266a 2.173 ± 1.296b 0.046 ± 0.064a

N. aceri
B 2.149 ± 0.490a 0.020 ± 0.024b 1.058 ± 0.575c

L 1.693 ± 0.766a 0.027 ± 0.030b 0.589 ± 0.189ab

N. tuberculata
B 0a 0.423 ± 0.218b 0a

L 0a 0.281 ± 0.194b 0a

T. (T.) pyri
B 0 0.008 ± 0.018 0 

L 0.008 ± 0.024 0.011 ± 0.025 0.073 ± 0.120

P. triporus
B 0.014 ± 0.025 0 0.021 ± 0.025

L 0.013 ± 0.032ab 0a 0.038 ± 0.047b

P. soleiger L 0 0 0.002 ± 0.008

Ph. echinus L 0 0.005 ± 0.016 0

SEM = standard error of the mean, B = Božtěšice, L = Liteň 
a–cdifferences among maple species (in rows), Tukey’s HSD test (α = 0.05)
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A. campestre appeared to be a favoured host plant for 
N. aceri in Croatia, where it has also frequently been 
sampled from A. pseudoplatanus (T i x i e r  et al., 
2010). Interestingly, the surveyed leaves of A. pseu-
doplatanus were infrequently inhabited by N. aceri, 
which may indicate a lower degree of association with 
this tree species. N. aceri was also reported on many 
broadleaved trees (Aesculus hippocastanum, Alnus 
incana, Carpinus betulus, Corylus avellana, Juglans 
regia, Morus alba, Prunus spp., Quercus ilex, Rubus 
sp.) and certain coniferous (Juniperus sabina, Pinus 
sylvestris, and Picea sp.) trees and shrubs (C h a n t , 
Yo s h i d a - S h a u l,1989; K a r g ,  1993; K a b í č e k , 
2010; T i x i e r  et al., 2010; K a n o u h  et al., 2012). 
The frequent and common occurrence of N. aceri on 
A. platanoides and A. campestre might indicate the 
suitability of these maple species as host plants for this 
mite. Similarly, repeated findings of N. tuberculata only 
on A. pseudoplatanus may indicate its suitability as a 
host plant for this phytoseiid mite species. N. tuber-
culata has been observed on several other deciduous 
(A. pseudoplatanus, Acer spp., Ae. hippocastanum,  
J. regia, and Ribes uva-crispa) trees and shrubs 
(C h a n t ,  Y o s h i d a - S h a u l ,1989; T i x i e r  et 
al., 2010) and has recently been observed on A. pla-
tanoides in France (K a n o u h  et al., 2012).

The occurrence of the other more abundant phy-
toseiid species, E. finlandicus, differed among the 
examined maple species. E. finlandicus was only an 
eudominant and euconstant phytoseiid species on  
A. pseudoplatanus, whereas it was less abundant on  
A. platanoides and A. campestre. E. finlandicus, a pol-
len feeder and a predator of eriophyoid and tetranychid 
mites (B r o u f a s ,  K o v e o s , 2000; A w a d  et al., 
2001; M c M u r t r y  et al., 2013), was collected from 
Armeniaca vulgaris, Ae. hippocastanum, Betula sp., 
Fragaria sp., Castanea sativa, Carpinus sp., C. avel-
lana, Syringa sp., Prunus cerasus, Pyrus sp., Malus 
spp., Vitis sp., and many other plants (K o l o d o c h k a , 
1978; H l u c h ý  et al., 1991; R a g u s a ,  R a g u s a , 
1997; P a p a i o a n n o u - S o u l i o t i s  et al., 2000; 
S t o j n i ć  et al., 2014). According to D u s o  et al. 
(2004), E. finlandicus is dominant on natural vegeta-
tion, and some of its characteristics (a high dispersal 
ability, a wide range of alternative food, no restrictions 
to a certain type of habitat, and a great tendency to 
interspecific predation, among others) may influence 
and explain its common occurrence on deciduous trees 
and bushes (S c h a u s b e r g e r ,  1997). In the present 
study, both A. platanoides and A. campestre trees seem 
to be less favourable host plants for E. finlandicus.

Less abundant Typhlodromus (Typhlodromus) 
pyri was found only on several surveyed maple trees.  
T. (T.) pyri was observed on Acer spp., Ae. hippocasta-
num, C. avellana, Quercus sp., Syringa vulgaris, Tilia 
platyphyllos, Viburnum sp., some other deciduous trees 
and many other plants (C h a n t ,  Yo s h i d a - S h a u l , 
1987; M i e d e m a , 1987; E d l a n d ,  E v a n s , 1998; 

Pa p a i o a n n o u - S o u l i o t i s  et al., 2000; D u s o  et 
al., 2004). This phytoseiid species is one of several 
predators that occur naturally on grapevines and apple 
trees planted in commercial chemically treated orchards 
and vineyards (H l u c h ý  et al., 1991; K r e i t e r  et 
al., 2000; P a p a i o a n n o u - S o u l i o t i s  et al., 2000; 
F i t z g e r a l d ,  S o l o m o n , 2002; T i x i e r  et al., 
2013). T. (T.) pyri is able to survive in agroecosystems 
through its specific potential to develop some resistance 
to pesticides. As an efficient predator, T. (T.) pyri is 
used as biological control agent to suppress popula-
tions of tetranychids and other phytophagous mites 
(V a n  d e  V r i e , 1985; D u s o ,  C a m p o r e s e , 
1991; Z a c h a r d a , 1991; G e r s o n  et al., 2003).  
A relatively sporadic occurrence of T. (T.) pyri speci-
mens on the observed Acer species might indicate that 
Acer species are less suitable host plants for them. 

The differences in the occurrence of the dominant 
phytoseiids were recorded among the maple species. 
The abundance and frequent occurrence of the phy-
toseiids recorded on the examined maple tree species 
indicate that these deciduous trees may constitute 
natural reservoirs and suitable host plants for some 
native phytoseiid species. 

CONCLUSION

Phytoseiid species composition differed among 
the surveyed maple tree species, which may serve 
as suitable host plants for certain phytoseiid species. 
Among them, the most common phytoseiid species was 
N. aceri, whose biology is not well known. Woody 
plants inhabited by specific phytoseiid species could 
be used in a targeted manner within the conservation 
strategy as natural reservoirs of native phytoseiids. 
A better knowledge of the occurrence of phytoseiid 
communities on natural vegetation is needed because 
it might contribute to an increase in the number of 
phytoseiid species useable for conservation biologi-
cal control. 

REFERENCES

Awad AA, Zhang ZQ, Masters GJ, McNeill S (2001): Euseius 
finlandicus (Acari: Phytoseiidae) as potential biological 
control agent against Tetranychus urticae (Acari: Tetra-
nychidae): life history and feeding habits on three different 
types of foods. Experimental and Applied Acarology, 25, 
833–847. doi: 10.1023/A:1020431531446.

Beglyarov GA (1981a): Key to the phytoseiid predatory mites 
(Parasitiformes, Phytoseiidae) of the fauna of the USSR. 
Informatsionnyi Byulletin, 2, 1–95. (in Russian)

Beglyarov GA (1981b): Key to the phytoseiid predatory mites 
(Parasitiformes, Phytoseiidae) of the fauna of the USSR. 
Informatsionnyi Byulletin, 3, 1–45. (in Russian)



6	 SCIENTIA AGRICULTURAE BOHEMICA, 48, 2017 (1):1–7

Broufas GD, Koveos DS (2000): Effect of different pollens on 
development, survivorship and reproduction of Euseius fin-
landicus (Acari; Phytoseiidae). Environmental Entomology, 
29, 743–749. doi: 10.1603/0046-225X-29.4.743.

Chant DA, Yoshida-Shaul E (1982): A world review of the 
soleiger species group in the genus Typhlodromus Scheuten 
(Acarina: Phytoseiidae). Canadian Journal of Zoology, 60, 
3021–3032.

Chant DA, Yoshida-Shaul E (1987): A world review of the pyri 
species group in the genus Typhlodromus Scheuten (Acari: 
Phytoseiidae). Canadian Journal of Zoology, 65, 1770–1804.

Chant DA, Yoshida-Shaul E (1989): A world review of the 
tiliarum species group in the genus Typhlodromus Scheuten 
(Acarina: Phytoseiidae). Canadian Journal of Zoology, 67, 
1006–1046.

Clifford HT, Stephenson W (1975): An introduction to numeri-
cal classification. Academic Press, London.

Demite PR, de Moraes GJ, McMurtry JA, Denmark HA, Castilho 
RC (2016): Phytoseiidae database. http://www.lea.esalq.usp.
br/phytoseiidae. Accessed 16 May, 2016

Dražina T, Špoljar M (2009): Insect fauna in nests of the Eur-
asian griffon vulture (Gyps fulvus) in Croatia. Biologia, 64, 
969–973. doi: http: 10.2478/s11756-009-0147-y.

Duso C, Camporese P (1991): Developmental times and ovipo-
sition rates of predatory mites Typhlodromus pyri and Am-
blyseius andersoni (Acari, Phytoseiidae) reared on different 
foods. Experimental and Applied Acarology, 13, 117–128.

Duso C, Fontana P, Malagnini V (2004): Diversity and abun-
dance of phytoseiid mites (Acari: Phytoseiidae) in vine-
yards and the surrounding vegetation in northeastern Italy. 
Acarologia, 44, 31–47.

Edland T, Evans GO (1998): The genus Typhlodromus (Acari: 
Mesostigmata) in Norway. European Journal of Entomol-
ogy, 95, 275–295.

Eilenberg J, Hajek A, Lomer C (2001): Suggestions for unify-
ing the terminology in biological control. BioControl, 46, 
387–400.

Evans GO (1992): Principles of acarology. CAB International, 
Wallingford.

Fitzgerald JD, Solomon MG (2002): Distribution of predatory 
phytoseiid mites in commercial cider apple orchards and 
unsprayed apple trees in the UK: implications for biocontrol 
of phytophagous mites. International Journal of Acarology, 
28, 181–186. doi: 10.1080/01647950208684293.

Gerson U, Smiley RL, Ochoa R (2003): Mites (Acari) for pest 
control. Blackwell Science Ltd., Oxford.

Hluchý M, Pospíšil Z, Zacharda M (1991): Phytophagous 
and predatory mites (Acari: Tetranychidae, Eriophyidae, 
Phytoseiidae, Stigmaeidae) in South Moravian vineyards, 
Czechoslovakia, treated with various types of chemicals. Ex-
perimental and Applied Acarology, 13, 41–52. doi: 10.1007/
BF01268938.

Jonsson M, Wratten SD, Landis DA, Gurr GM (2008): Recent 
advances in conservation biological control of arthropods by 

arthropods. Biological Control, 45, 172–175. doi: 10.1016/j.
biocontrol.2008.01.006.

Jung C, Croft BA (2001): Ambulatory and aerial dispersal 
among specialist and generalist predatory mites (Acari: 
Phytoseiidae). Environmental Entomology, 30, 1112–1118. 
doi: 10.1603/0046-225X-30.6.1112.

Kabíček J (2005): Intraleaf distribution of the phytoseiid mites 
(Acari, Phytoseiidae) on several species of wild broad leaf 
trees. Biologia, 60, 523–528.

Kabíček J (2010): Scarceness of phytoseiid species co-occur-
rence (Acari: Phytoseiidae) on leaflets of Juglans regia. 
Plant Protection Science, 46, 79–82.

Kanouh M, Kreiter S, Douin M, Tixier M-S (2012): Revision 
of the genus Neoseiulella Muma (Acari: Phytoseiidae). Re-
description of species, synonymy assessment, biogeography, 
plant supports and key to adult females. Acarologia, 52, 
259–348. doi: 10.1051/acarologia/20122048. 

Karg W (1993): Acari (Acarina), Milben, Parasitiformes (An-
actinochaeta), Cohorts Gamasina Leach. Raubmilben. Die 
Tierwelt Deutschlands, 59. Gustav Fischer Verlag, Jena. 
(in German)

Kolodochka LA (1978): A guide to the determination of plant-
inhabiting phytoseiid mites. Naukova dumka, Kiev. (in 
Russian)

Kreiter S, Tixier M-S, Auger P, Sentenac G, Salva G, Weber 
M (2000): Phytoseiid mites of vineyards in France (Acari: 
Phytoseiidae). Acarologia, 41, 77–96.

Kreiter S, Tixier M-S, Croft BA, Auger P, Barret D (2002): 
Plants and leaf characteristics influencing the predaceous 
mite Kampimodromus aberrans (Acari: Phytoseiidae) in 
habitats surrounding vineyards. Population Ecology, 31, 
648–660.

Kubát K, Hrouda L, Chrtek J, Kaplan Z, Kirschner J, Štěpánek 
J (2002): Key to the flora of the Czech Republic. Academia, 
Prague. (in Czech)

McMurtry JA, de Moraes GJ, Sourassou NF (2013): Revision of 
the lifestyles of phytoseiid mites (Acari: Phytoseiidae) and 
implications for biological control strategies. Systematic and 
Applied Acarology, 18, 297–320. doi: 10.11158/saa.18.4.1.

Miedema E (1987): Survey of phytoseiid mites (Acari: Phytosei-
idae) in orchards and surrounding vegetation of northwestern 
Europe, especially in the Netherlands. Keys, descriptions 
and figures. Netherlands Journal of Plant Pathology, 93 
(Suppl. 2), 1–64.

Papaioannou-Souliotis P, Markoyiannaki-Printziou D, Zeginis 
G (2000): Observations on acarofauna in four apple orchards 
of central Greece. II. Green cover and hedges as potential 
sources of phytoseiid mites (Acari: Phytoseiidae). Acaro-
logia, 41, 411–421.

Pell JK, Hannam JJ, Steinkraus DC (2010): Conservation bio-
logical control using fungal entomopathogens. BioControl, 
55, 187–198. doi: 10.1007/s10526-009-9245-6.

Ragusa S, Ragusa N (1997): On some phytoseiid mites (Para�-
sitiformes, Phytoseiidae) from Styria (Austria). Mitteilungen 



SCIENTIA AGRICULTURAE BOHEMICA, 48, 2017 (1): 1–7	 7

des Naturwissenschaftlichen Vereins für Steiermark, 127, 
137–145.

Rechcigl JE, Rechcigl NA (1998): Biological and biotechnologi-
cal control of insect pests. Lewis Publishers, Boca Raton, 
London, New York, Washington, D.C.

Sabelis MW, Dicke M (1985): Long-range dispersal and search-
ing behaviour. In: Helle W, Sabelis MW (eds): Spider mites, 
their biology, natural enemies and control. Vol. 1B. Elsevier, 
Amsterdam, Oxford, New York, 141–160.

Schausberger P (1997): Inter- and intraspecific predation on 
immatures by adult females in Euseius finlandicus, Typhlo-
dromus pyri and Kampimodromus aberrans (Acari, Phyto-
seiidae). Experimental and Applied Acarology, 21, 131–150.

Smith HS (1919): On some phases of insect control by the 
biological method. Journal of Economic Entomology, 12, 
288–292.

Stojnić B, Mladenović K, Marić I, Marčić D (2014): Species 
complexes of predatory mites and spider mites (Acari: Phy-
toseiidae, Tetranychidae) on cultivated and wild apple trees 
in Serbia. International Journal of Acarology, 40, 485–492. 
doi: 10.1080/01647954.2014.956671.

Strong WB, Croft BA (1993): Phytoseiid mites associated with 
spider mites on hops in the Willamette Valley, Oregon. 
Journal of the Entomological Society of British Columbia, 
90, 45–52.

Tixier M-S, Kreiter S, Auger P, Weber M (1998): Coloniza-
tion of Languedoc vineyards by phytoseiid mites (Acari: 

Phytoseiidae): influence of wind and crop environment. 
Experimental and Applied Acarology, 22, 523–542.

Tixier M-S, Klaric V, Kreiter S, Duso C (2010): Phytoseiid 
mite species from Croatia, with description of a new spe-
cies of the genus Typhlodromus (Typhlodromus). Annals of 
the Entomological Society of America, 103, 165–180. doi: 
10.1603/AN09092.

Tixier M-S, Baldassar A, Duso C, Kreiter S (2013): Phytoseiidae 
in European grape (Vitis vinifera L.): bio-ecological aspects 
and keys to species (Acari: Mesostigmata). Zootaxa, 3721, 
101–142. doi: 10.11646/zootaxa.3721.2.1.

Tuovinen T (1993): Identification and occurrence of phytoseiid 
mites (Gamasina: Phytoseiidae) in Finnish apple plantations 
and their surroundings. Entomologica Fennica, 4, 95–114.

Tuovinen T, Rokx JAH (1991): Phytoseiid mites (Acari: Phy-
toseiidae) on apple trees and in surrounding vegetation 
in southern Finland. Densities and species composition. 
Experimental and Applied Acarology, 12, 35–46.

Van de Vrie M (1985): Apple. In: Helle W, Sabelis MW 
(eds): Spider mites, their biology, natural enemies and 
control.  Vol. 1B. Elsevier,  Amsterdam, Oxford, New 
York, 311–326.

Zacharda M (1991): Typhlodromus pyri Scheuten, 1857 (Acari: 
Phytoseiidae), a unique predator for biological control of 
phytophagous mites in Czechoslovakia. In: Dusbábek F, 
Bukva V (eds): Modern acarology. Vol. 1. Academia, Prague/
SPB Academic Publishing, Hague, 205–210.

Corresponding Author:

RNDr. Jan K a b í č e k , CSc., Czech University of Life Sciences Prague, Faculty of Agrobiology, Food and Natural Resources,  
Department of Plant Protection, Kamýcká 129,165 00 Prague -Suchdol, Czech Republic, phone: +420 224 382 682,  
e-mail: kabicek@af.czu.cz


