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ABSTRACT — Despite their great interest for pest management, the biogeography of the Phytoseiidae is still poorly
known. This study focuses on the spatial distribution of one of the largest taxa within the family: the sub-genus Ty-
phlodromus (Anthoseius) currently comprising 322 species. It also provides a description of five discrete morphological
characters used to discriminate between species and easily observed. This survey is the first analysis of the combined
distribution of both species and associated morphological characters within the family Phytoseiidae. It reveals the great
utility of taxonomic data compilation and associated databases for aspects beyong alpha-taxonomy. The highest number
of species of Typhlodromus (Anthoseius) was reported from the East Palearctic region and the lowest from the Neotropical
province. This was quite surprising as the highest species diversity of Phytoseiidae is reported from this latter region.
Several hypotheses are discussed to explain this observation. In provinces showing the highest number of Typhlodromus
(Anthoseius) species, we usually also observed the most diverse morphological forms for the five characters considered.
High endemism levels were observed in all the provinces considered, even those where only few species were reported
(especially the Neotropical province). Possible synonymies are thus discussed, as species could have been described more
than once in different biogeographic provinces. Furthermore, some hypotheses are discussed to explain the high species
and morphological diversity of the sub-genus Typhlodromus (Anthoseius) in the West and East Palaearctic regions. Further
phylogenetic analyses are required to test these different hypotheses.

KEYWORDS — biogeography; taxonomy; endemism; Gondwana; Laurasia

INTRODUCTION

The family Phytoseiidae Berlese (Acari: Mesostig-
mata) includes the most frequent predatory mites
found on plants. Several species are used in the
bio-control of mite and insect pests in several crops
all over the world (McMurtry and Croft 1997; Ger-
son et al. 2003). It is also the family containing
the highest number of known species within the or-

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

der Mesostigmata, with more than 2,250 species de-
scribed worldwide (Moraes et al. 2004; Chant and
McMurtry 2007; Krantz and Walter 2009).

Despite its great interest for pest management,
many aspects of Phytoseiidae distribution still re-
main poorly analyzed. Recently, the computeriza-
tion and compilation of those data have been ini-
tiated (Tixier et al. unpub. database). Tixier et
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al. (2008a) analyzed the biogeographic distribution
of the whole family, opening new perspectives for
further studies on the distribution and occurrence
of each genus. Indeed, understanding the distri-
bution of taxa could help (i) in building a clearer
picture of the evolutionary scenario of the consid-
ered group (Brown and Lomolino 1998; Humphries
and Parenti 1999) and (ii) in more applied grounds,
in searching for new predatory species to be em-
ployed in bio-control programs. This paper focuses
on the biogeographic distribution of the known
species of a specific sub-genus of the family Phyto-
seiidae, sub-family Typhlodrominae: Typhlodromus
(Anthoseius) De Leon. Together, with its sister group
[sub-genus Typhlodromus (Typhlodromus) Scheuten],
it forms the genus Typhlodromus Scheuten, which
is included in the tribe Typhlodromini with two
other genera: Neoseiulella Muma and Typhloseiulus
Chant and McMurtry (Chant and McMurtry 2007).
The sub-genus Typhlodromus (Anthoseius), currently
comprising 322 valid species and at least 20 sus-
pected synonymies, is one of the largest within the
family (Moraes et al. 2004; Chant and McMurtry
2007; Faraji et al. 2008, 2011; El-Banhawy et al.
2009; Rahmani et al. 2010; El-Banhawy and Knapp
2011; Jafari et al. 2011). Very few studies have pro-
vided revisions of this large group. Ueckermann
and Loots (1988) and Ueckermann et al. (2008) re-
vised the African species of Typhlodromus (Antho-
seius). Denmark and Welbourn (2002) only listed
236 species in their world revision of the genus
Amblydromella Muma, considered a junior synonym
of Typhlodromus (Anthoseius) (Moraes et al. 2004,
Chant and McMurtry 2007). We herein considered
species of the sub-genus Typhlodromus (Anthoseius)
as defined by Chant and McMurtry (2007): presence
of the setae z3, s6, S5 and absence of Z1, all dor-
sal setae thin, ventrianal shield not reduced (Chant
and McMurtry 1994, 2007). Species of this sub-
genus are delimitated with some discrete charac-
ters (peritreme length, number of solenostomes on
the dorsal and ventrianal shields, number of setae
on the sternal and on ventrianal shields) but also
with continuous characters as the dorsal and leg se-
tal lengths (Denmark and Welbourn 2002; Uecker-
mann et al. 2008; Papadoulis et al. 2009; Ferragut et
al. 2010).
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The first objective of the present study was to
provide an exhaustive survey of the geographic dis-
tribution of the known species of Typhlodromus (An-
thoseius). The second objective was to determine
whether the species found since now in each of the
seven biogeographical provinces bear specific mor-
phologically discrete features. Considering the low
number of morphological characters available and
the difficulty to encode them (especially for contin-
uous characters), as well as the difficulty of exam-
ining all type specimens, we believe it would cer-
tainly be premature to carry out a proper phyloge-
netic analysis at this point. Thus, our objective was
only to provide a description of the relationships be-
tween geographical distribution and morphological
attributes in the aforementioned group.

MATERIALS AND METHODS
Species distribution

Data on the geographic distribution of species were
obtained from the two world catalogues of the fam-
ily Phytoseiidae (Moraes et al. 1986, 2004) and from
subsequent papers (e.g. Bayan and Merheb 2006;
Ueckermann et al. 2008, 2009; Faraji et al. 2008, 2011;
El-Banhawy et al. 2009; Rahmani et al. 2010; El-
Banhawy and Knapp 2011; Jafari ef al. 2011). Since
no geographical data was available for neither Ty-
phlodromus (Anthoseius) wichmanni Hirschmann nor
T. (T.) chanti Hirschmann those two species were not
considered in the present analysis.

The zoogeographic provinces used in the analy-
sis are those defined by Sclater (1858) and Wallace
(1876). These areas, initially called realms, were
based on the taxonomic or phylogenetic relation-
ships of animals (especially vertebrates) and not
on the adaptations to specific environments (Ebach
and Humphries 2002). Despite the fact that the data
used to delineate provinces were compiled long
before advances in Palaeontology and the theory
of Continental Drift, the basic concept of distribu-
tion and the names of the zoogeographic provinces
are still in use today (Humphries and Parenti 1999;
Cox 2001). The biogeographic provinces consid-
ered are as follows: Nearctic (North America ex-
cluding Florida), Neotropical (South and Central
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FIGURE 1: Morphological characters considered in the study of species of the sub-genus Typhlodromus (Anthoseius). A — the two sternal
shield chaetotaxies (ST3 on or off the sternal shield), B — the three ventrianal shield chaetotaxies and position of the pair of pores
(gv3) on the ventrianal shield, C — position and names of the dorsal setae (right-hand side of body) and solenostomes (left-hand side)
and position of the peritreme endings.
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America, Caribbean islands and Florida), Orien-
tal (Taiwan, Malaysia, Philippines, India, South-
ern China, Okinawa, Japan, Thailand, South Ko-
rea), Australasian (Australia, New Zealand, New
Caledonia, Papua New Guinea, Pacific islands),
Ethiopian (sub-Saharan Africa including Madagas-
car), West Palaearctic (WP: Europe extending to
Ural, Northern India and Northern Africa) and East
Palaearctic (EP: Asia from Ural to Japan exclud-
ing Southern China and Okinawa). Because of its
large surface, the Palaearctic region was divided
in two parts, namely the West Palaearctic, and the
East Palaearctic (sensu lato) (Gressitt 1974; Skuhrava
and Skuhravy 2009). Furthermore, studies on the
distribution of the Phytoseiidae species and genera
revealed that different taxa are currently observed
in these two areas (Tixier ef al. 2008a; Tixier and
Kreiter 2009). The Wallace Line (Darlington 1957)
was used to separate the Oriental and Australasian
provinces.

The database used for analyses includes the oc-
currence (presence/absence) of 320 species among
the 322 presently described in the seven biogeo-
graphic regions (appendix 1). Species numbers and
endemism levels were evaluated; endemism was
considered when one species was reported only
from a single biogeographic province.

Jaccard similarity indices were calculated be-
tween the areas as follows: 1=C / (N + N, - O),
where C is the number of species present in both ar-
eas, N is the total number of species in area 1, and
Ny is the total number of species in area 2 (Brown
and Lomolino 1998).

Spatial distribution of characters

Terminologies for chaetotaxy, poroidotaxy and ade-
notaxy used in this paper follow those proposed by
Lindquist and Evans (1965) as adapted by Rowell et
al. (1978) for the Phytoseiidae, and Athias-Henriot
(1975), respectively.

The study of the spatial distribution of five qual-
itative discrete characters was carried out. We have
chosen to analyze qualitative discrete characters in
order to avoid interpretation errors (as it could be
the case for continuous characters such as setae
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lengths). Furthermore, they were quite easy to ob-
serve, and at the same time universally reported
in description and re-descriptions. Finally, the five
characters selected are currently used in species di-
agnostic (Ueckermann and Loots 1988; Denmark
and Welbourn 2002; Ueckermann et al. 2008). Some
rare intraspecific variations were observed but fur-
ther experiments for testing if these variations re-
ally correspond to intraspecific morpholines would
be clearly required (Rahmani ef al. 2010, Jafari et al.
2011). The characters considered were as follows:

1. number of setae on the sternal shield, some
species bear two pairs (ST1 and ST2) whereas
others bear three (ST1, ST2, ST3);

2. number of preanal setae on the ventrianal
shield (VAS), some species bear two pairs,
while others bear three or four;

3. presence of the pores gv3 on the ventrianal
shield;

4. number of solenostomes on the dorsal shield
(ranging between one and seven: gdl1, gd2,
gd4, gd5, gd6, gd8, gd9);

5. peritreme length: 4 character states were con-
sidered, peritreme reaching at the levels of j1,
between j1-j3, between j3-z2 or between z4-s4
(Figures 1 A-C).

To determine the state of these five characters,
we used the original descriptions but also subse-
quent publications to check for the stability of the
character state within a same species. However, al-
though the overall literature on the sub-genus Ty-
phlodromus (Anthoseius) was considered, informa-
tion was not equally available for all the species
and characters because of the poor quality and/or
succinct descriptions. For some species, inconclu-
sive characters were thus not considered. The most
problematic feature was the number of solenos-
tomes on the dorsal shield, because sometimes this
was not mentioned in the description text, and
drawings were often unclear. Furthermore, some
authors (e.g. Gupta 1970) referred to solenostomes
as "pairs of visible pores". In those cases, again, it
is not conclusive to assume that those correspond



to solenostomes, or rather to other types of dorsal
pores (e.g. poroids).

RESULTS
Species distribution

Species of the sub-genus Typhlodromus (Anthoseius)
occur in the seven biogeographic provinces (Ta-
ble 1). Distribution of species in these provinces are
significantly different (Chi2 (; 5 = 210.16; P < 0.05).
Only seven species have been found in more than
one biogeographic province [T. (A.) barkeri (Gar-
man), T. (A.) caudiglans Schuster, T. (A.) persianus
McMurtry, T. (A.) rhenanus (Oudemans), T. (A.)
rhenanoides Athias-Henriot, T. (A.) richteri Karg and
T. (A.) transvaalensis] and a single species, T. (A.)
transvaalensis (Nesbitt), was reported from all of
them (Table 2). The East Palaearctic province shows
the highest diversity (99 species), followed by the
Ethiopian (87 species), the West Palaearctic (63
species) and the Oriental (59 species) provinces.
Conversely, relatively few species are reported from
the Neotropical (10 species), Nearctic (12 species)
and Australasian (11 species) provinces (Table 1).

The great majority of species (313 species;
97.8 %) are endemic to a single geographic province.
Five provinces have endemism rates of at least 90 %
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(Table 1). The highest endemism levels are observed
in the four most species-rich areas (West Palaearctic,
East Palaearctic, Ethiopian and Oriental) but also in
the Neotropical province despite the low number
of species reported in this latter area (10 species).
The lowest endemism rate (50 %) is observed in the
Nearctic province.

Jaccard indices were globally low, ranging from
0.93 % to 15 % (Table 3), which agrees with the high
endemism rates previously discussed. The high-
est similarity rate is observed between the Nearc-
tic and Australasian provinces (15 %) but this high
rate is due to the occurrence of three species [T. (A.)
bakeri, T. (A.) caudiglans, and T. (A.) transvaalensis]
that are present in at least five provinces among
the seven considered. The second highest similar-
ity rate is observed between the Nearctic and West
Palaearctic provinces (7.14 %). Again, among the
five species common to these two provinces, four
are worldwide distributed whereas a single one -
T. (A.) rhenanoides - is only present in these two re-
gions. Similarities around 5 % are noted between
(i) Nearctic and Neotropical provinces (4.76 %), the
single species in common, T. (A.) transvaalensis, is
the most widespread species of the sub-genus; (ii)
Australasian and Neotropical provinces [similar-
ity of 5 %, one species in common: again, T. (A.)

TABLE 1: Number of species of the sub-genus Typhlodromus (Anthoseius) and endemism rates (%) in the seven biogeographic provinces

considered

Neotropical Nearctic Ethiopian West Palaearctic East Palaearctic ~ Australasian Oriental
Number of species 10 12 63 99 11 59
Number of endemic species 9 6 57 95 8 55
% endemism / species of each zone 90% 50% 90% 96% 73% 93%
% endemism / total of species 3% 2% 18% 30% 3% 17%

TABLE 2: Species of the sub-genus Typhlodromus (Anthoseius) occurring in more than one biogeographic province.

Neotropical Nearctic Ethiopian West Palaearctic East Palaearctic ~ Australasian Oriental

T.(A.) bakeri X X X X X
T.(A.) caudiglans X X X X

T.(A.) persianus X

T.(A.) rhenanoides X X

T.(A.) rhenanus X X X
T.(A.) rickeri X X X
T.(A.) transvaalensis X X X X X X
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TABLE 3: Similarity indices of Jaccard (%) between the seven biogeographic provinces and species of the sub-genus Typhlodromus (An-

thoseius).
Neotropical Nearctic Ethiopian West Palaearctic East Palaearctic ~ Australasian

Nearctic 4.76

Ethiopian 1.04 3.13

West Palaearctic 1.38 7.14 2.74

East Palaearctic 0.93 3.74 1.09 1.89

Australasian 5.00 15.00 2.08 4.43 2.80

Oriental 1.47 5.97 1.39 2.52 1.94 294
transvaalensis]. Finally, four species are simultane- Spatial character distribution

ously found in the Nearctic and Oriental provinces
(similarity of 5.97 %). However, again these species
are the most worldwide distributed. The number of species with two pairs (157 species)
of setae on the sternal shield is slightly higher
than the number of species bearing three pairs (139
species) (Figure 2). Species with two pairs are par-
ticularly numerous in the Ethiopian (52 species)
and West Palaearctic provinces (45 species) where

Number of setae inserted on the sternal shield.

% species
O 3 setae
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100 - W 2 setae
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80 | 8
45 a1
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20 31 36
3
16
20 - 3 7
o -
Y < & < Y
& & & & & & g
koQ Q,’b .\Q Q:b Q:b 'S‘,b {\Q/
& S & > Q2 & S
¥ & & v
$® <</’Z>

FIGURE 2: Number (above the bars) and percent of species of the sub-genus Typhlodromus (Anthoseius) with two or three pairs of setae
on the female sternal shield in the seven biogeographic provinces considered.
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they constitute the prevailing species. Species with
two pairs of setae are also numerous in the East
Palaearctic and Oriental provinces; however, in
those areas they do not constitute the prevailing
ones. No species with three setae on the sternal
shield is reported from the Neotropical province
and very few in the Nearctic and Australasian ar-
eas (Figure 2).

Number of setae inserted on the ventrianal shield

(VAS).

Most species of Typhlodromus (Anthoseius) (280
species) have four pairs of pre-anal setae on the
VAS; 31 species have three pairs whereas only
four species have two (Figure 3). Species with
four or three pairs are reported from all the seven
provinces. However, they tend to be more numer-
ous in the Palaearctic (both East and West), Orien-
tal and Ethiopian provinces, which might be sim-
ply due to the higher number of species found in
those provinces. Considering thus the percent of

% species

100 ~
78
90 -
51
80 -
70 - 9
60
50
40 3
30
20

10 4

Acarologia 51(4): 431-448 (2011)

species bearing these features in each province (Fig-
ure 3), the proportion of species with four setae on
the VAS exceeds 80 % in all the provinces, except
in the Neotropical and Nearctic provinces. Further-
more, in this latter province, 33.3 % of the endemic
species have three setae whereas 66.6 % have four.
One hundred percent and 77.8 % of endemic species
have four setae on the VAS in the Australasian and
Neotropical provinces, respectively. No clear delin-
eation between geographical provinces regarding
the presence of four or three setae on the VAS is thus
visible. However, the four species with two setae on
the VAS have only been recorded in the Palaearc-
tic and Ethiopian provinces (Figure 3): T. (A.) ili-
cisAthias-Henriot in Morocco, France and Alge-
ria (Athias-Henriot 1960, McMurtry and Bounfour
1989), T. (A.) monosetus Wang and Xu from China
(Wang and Wu 1991), T. (A.) povtari(Kolodochka)
in Russia (Kolodochka 1988), and T. (A.) noonus El-
Banhawy and Knapp from Kenya (El-Banhawy and
Knapp 2011).

10

88 52

H 4 setae
O 3 setae

O 2 setae

~
[EnN

FIGURE 3: Number (above the bars) and percent of species of the sub-genus Typhlodromus (Anthoseius) with two, three or four pairs of
preanal setae on the female ventrianal shield in the seven biogeographic provinces considered.
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Presence of pores gv3 on the ventrianal shield.

gu3 Most species (262 species) of the sub-genus
Typhlodromus (Anthoseius) have a pair of pores
gv3 on the ventrianal shield. These species are
found mostly in the East Palaearctic (82 species),
Ethiopian (80 species), Oriental (50 species), and
West Palaearctic (40 species) provinces (Figure 4).
Species reported from the Australasian and Nearc-
tic provinces all bear a pore, as well as the majority
of the Neotropical species.

Number of solenostomes on the dorsal shield.

The majority of the species of Typhlodromus (An-
thoseius) for which this feature could be observed,
has five solenostomes on the dorsal shield (126
species). They are found in all the seven geographic
provinces, the highest number being reported from
the Ethiopian (58 species) and the Palaearctic
provinces (EP: 33 species, WP: 30 species) (Figure

5). Species with four solenostomes (24 species) are
particularly numerous in the Palaearctic provinces
(11 species in EP and 8 in WP). Species with
three solenostomes are absent from the Neotropi-
cal zone, again these species are more commonly
found in the Palaearctic provinces. Four species
have only one solenostome (gd2), one is reported
from the WP province [Typhlodromus (Anthoseius)
serratus (Chaudhri)], two from EP [T. (A.) balako-
tiensis (Chaudhri, Akbar and Rasool) and T. (A.) za-
fari Chaudhri], and finally one from the Neotrop-
ics [T. (A.) tecoma (Denmark and Evans)]. Only two
species have two solenostomes (gd2 and gd8) [T. (A.)
Iuzonensis Schicha and Corpuz-Raros and T. (A.) ma-
nipurensis (Gupta)]. However, for this latter species
nothing was mentioned in the original description
and this feature was inferred from the drawings. Fi-
nally, two species, T. (A.) umbratus (Chaudhri, Ak-
bar and Rasool) and T. (A.) noonus El-Banhawy and

m Pore gv3 absent

% species
l [ Pore gv3 present
12
100 - — %0 1
— 50
8 82 —
80 - — [ |
40
60 -
40 - 1
2
20 - 14 9
. B
0 - T T T T T 1
N & Q & & Q N
Q\(”b & Q & & S &
QO 2 O & & NG R
R Y T A
X7 X
Ay \$®e <</,z;o \a

FIGURE 4: Number (above the bars) and percent of species of the sub-genus Typhlodromus (Anthoseius) with or without a pore (gv3) on
the female ventrianal shield in the seven biogeographic provinces considered.
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FIGURE 5: Number (above the bars) and percent of species of the sub-genus Typhlodromus (Anthoseius) with one to seven solenostomes
on the female dorsal shield in the seven biogeographic provinces considered.

Knapp are reported to have 6 solenostomes, the for-
mer being endemic to the East Palaearctic province
and the latter endemic to the Ethiopian region. Only
one species, endemic to the Oriental province, has 7
solenostomes [T. (A.) pruni Gupta] (Figure 5).

Regions showing the highest diversity in the
number of solenostomes are the Oriental, Ethiopian
and the two Palaearctic provinces.

Peritreme length.

In most of the species (216 species), the peritreme
reaches the level of the dorsal setae jI; only rel-
atively few species show other positions. Species
with this feature are numerous in all the provinces
(Figure 6). Most of the species endemic to the Aus-
tralasian and Neotropical provinces have the per-
itreme at j1 position. Species with the shortest per-
itreme (15 species in total), i.e. reaching the level
of dorsal setae z4 to s4, are only present in the
Palaearctic (8 species in WP, 3 species in EP), Orien-
tal (3 species) and the Nearctic (1 species) provinces.
Two types of peritreme are observed in species en-
demic to the Australasian province, and three in

the endemic species of the Nearctics and Neotrop-
ics (Figure 6).

DISCUSSION

This study focusing on the sub-genus Typhlodro-
mus (Anthoseius) is the first one proposing combined
analyses of the distribution of both species and mor-
phological associated characters within the family
Phytoseiidae. It clearly shows the utility of taxo-
nomic data compilation and associated databases in
broader aspects than only alpha-taxonomy (Meier
and Dikow 2004).

This survey first emphasizes the worldwide dis-
tribution of T. (A.) transvaalensis. This species is
found in many habitats including stored products
(Amitai and Swirski 1978; Corpuz-Raros et al. 1988),
and its wide distribution could be explained by the
shipment of food from country to country.

The highest number of species of the sub-genus
Typhlodromus (Anthoseius) was found in the whole
Palaearctic region, whereas the lowest was reported
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FIGURE 6: Number (above the bars) and percent of species of the sub-genus Typhlodromus (Anthoseius) having five different female
peritreme lengths in the seven biogeographic provinces considered.

in the Neotropical province. This is quite surprising
as this latter province contains the highest number
of Phytoseiidae species reported to date (Tixier et al.
2008a). So one can wonder why a high diversity
of Typhlodromus (Anthoseius) was not also observed
in this area. Is it because species of this sub-genus
have not been found yet in this province? In our
opinion this hypothesis is weakly sustained, as the
number of surveys carried out in the Neotropics is
much higher than in other areas (Moraes et al. 2004;
Tixier et al. 2008a; Tixier and Kreiter 2009). We could
thus suggest other hypotheses as (i) species of this
sub-genus did not colonize this province or (ii) have
been extinct. Similarly, the number of species of
Typhlodromus (Anthoseius) is also low in the Nearc-
tics. The same hypotheses as those previously de-
veloped for the Neotropics could also be raised to
explain the low number of species reported in the
Nearctics.

The most diverse morphological forms of Typhlo-
dromus (Anthoseius) have been observed in the two
Palaearctic areas. This could appear quite logical.
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Indeed, in provinces where the number of species
of Typhlodromus (Anthoseius) was low, the number of
morphological forms was also low (e.g.Neotropical
and Australasian provinces) and vice versa. How-
ever, despite a great number of species reported in
the Ethiopian province and in a less extent in the
Oriental one, the number of morphological forms
is much lower than in the Palaearctic provinces.
This could suggest that only some morphological
forms succeeded in colonizing these two former
provinces, nevertheless with a great success in re-
gards to the occurrence of many species. Other hy-
potheses could be that these forms have not been
found yet or that they would have been extinct.

In the West and East Palaearctic provinces, we
also observed rare character states (two setae on
the ventrianal shield, short peritreme). The high-
est number of species and morphological diver-
sity, as well as some rare characters in these lat-
ter provinces could suggest that these parts of the
world are the centre of origin of the sub-genus. The
distribution of the three other genera of the tribe



(Typhlodromini) [in which is included Typhlodro-
mus (Anthoseius)] seems to concur to this hypothe-
sis (Moraes et al. 2004; Tixier et al. 2008a). Indeed,
all species of the genus Typhloseiulus Chant and
McMurtry [same dorsal chaetotaxy as Typhlodromus
(Anthoseius)] are reported from the West Palaearctic
area; species of the sister sub-genus, Typhlodromus
(Typhlodromus) Scheuten, are mainly reported from
the Palaearctic province (60 % and 14 % of species
from the West and East Palaearctic areas, respec-
tively); and 38% of the species the genus Neoseiulella
Muma are endemic to the West Palaearctic region.
Furthermore, Kanouh (2010) questioned the poly-
phyly of this latter genus to explain that 50 % of
species are endemic of the Australasian province.
However, as high diversity and endemism in the
Palaearctic provinces can be due to other factors, i.e.
extinctions in the other provinces (Cain 1944; Brown
and Lomolino 1998; Humphries and Parenti 1999),
additional phylogenetic studies would be thus re-
quired to test the hypothesis presently discussed.

Finally, the present study emphasizes high en-
demism levels in all the provinces considered, even
those where only few species were reported (i.e.
Neotropics). Organisms can be endemic to a loca-
tion because they originated in that place and never
dispersed but also because they can be extinct in the
original area and only survive in the secondary col-
onized zones (Brown and Lomolino 1998). Biology
and history of species of Typhlodromus (Anthoseius)
is poorly known, thus it would be highly specu-
lative to try to explain the endemism rates. Our
own experience suggests however that species of
Typhlodromus (Anthoseius) are rare and when found
the number of specimens is low. For instance, 269
species have been reported less than four times,
whereas six species (the worldwide ones) have been
reported more than 30 times. Finally, the high en-
demism rates at species level could also be due to
an artefact. Indeed, the morphological features that
really allow to discriminate between species within
the family Phytoseiidae, and as a consequence in
the sub-genus Typhlodromus (Anthoseius), are some-
times questionable (Tixier et al. 2003, 2006a, b,
2008b, 2010; Okassa et al. 2009, 2010). We can
thus wonder if the number of synonymies which
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is presently very low (6 %) would not be in reality
much higher. Many species described or only re-
ported from one province may have actually been
described more than once from another province
(under another name). Furthermore, many species
have been described based on few specimens thus
it is quite difficult to determine a posteriori if this is
really a new species or a variant of a known one.
Moreover, for some authors it could have been dif-
ficult to assess the huge taxonomic information (322
original descriptions in 58 countries and in nearly
a dozen languages). To better assess the level of
synonymy, different studies on this sub-genus are
planned. At first, molecular experiments will be
conducted to assess the reliability of some morpho-
logical characters presently used for diagnosis; a
DNA sequence database will be built to assist diag-
nosis (La Salle et al. 2009). However, the main diffi-
culty presently encountered is the collection of live
material, given the rarity of the species. The second
work consists in a compilation of the morphologi-
cal characters of all the species of this sub-genus in
order to construct an electronic polytomous key in-
tended to be freely accessible on the web in order to
facilitate the identification of the species of Typhlo-
dromus (Anthoseius) and to avoid the description of
species already known.
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APPENDIX 1

Species of Typhlodromus (Anthoseius) considered and their
characteristics for the five morphological characters con-
sidered: (I) number of setae on the sternal shield; (II)
number of setae on the ventrianal shield; (III) presence
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of the pores gv3 on the ventrianal shield (0 = absent; 1
= present); (IV) number of solenostomes on the dorsal
shield; (V) peritreme extremity at the level of jI (1), be-
tween j1 - j3 (2), between j3 — z2 (3) or between z4 and 54
(4); U = unknown state or condition.
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species

characters
I v

123 T.
124 T.
125 T.
126 T.
127 T.
128 T.
129 T.
130 T.
131 T.
132 T.
133 T.
134 T.
135 T.
136 T.
137 T.
138 T.
139 T.
140 T.
141 T.
142 T.
143 T.
144 T.
145 T.
146 T.
147 T.
148 T.
149 T.
150 T.
151 T.
152 T.
153 T.
154 T.
155 T.
156 T.
157 T.
158 T.
159 T.
160 T.
161 T.
162 T.
163 T.
164 T.
165 T.
166 T.
167 T.
168 T.
169 T.
170 T.
171 T.
172 T.
173 T.
174 T.
175 T.
176 T.
177 T.
178 T.
179 T.
180 T.
181 T.
182 T.
183 T.

(A.) hui

(A.) hungaricus
(A) ilehoensis
(A.) ilicis

(A.) incasus
(A.) incertus
(A.) incisivus
(A.) inopinatus
(A.) inops

(A.) insularis
(A) intercalaris
(A) intermedius
(A.) invectus
(A.) involutus
(A.) iranensis
(A.) johannae

(A ) jordanis
(A.) kadonoi
(A.) kazachstanicus
(A.) kazimiae
(A.) kenyae

(A.) kerkirae
(A.) khosrovensis
(A.) kiambuensis
(A.) kikuyuensis
(A.) kirinyagae
(A.) kiso

(A.) kodaikanalensis
(A.) kolodochkai
(A.) krimbasi
(A.) kutabus
(A.) kuznetsovi
(A.) lalazariensis
(A.) lanyuensis
(A.) lataniae
(A) lateris

(A.) leilaseius
(A.) libitus

(A.) limitatus
(A.) limurus
(A) linzhiensis
(A.) lobatus
(A.) longa

(A.) longicervix
(A.) lootsi

(A ) loralaiana
(A.) lushanensis
(A.) luzonensis
(A.) machaon
(A.) macroides
(A.) macrum
(A.) majumderi
(A.) makuyus
(A.) malawiensis
(A.) malicolus
(A.) mangiferus
(A.) manipurensis
(A.) maracus
(A.) marinus
(A.) masai

(A.) maspalomensis
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species

characters
I v

184 T.
185 T.
186 T.
187 T.
188 T.
189 T.
190 T.
191 T.
192 T.
193 T.
194 T.
195 T.
196 T.
197 T.
198 T.
199 T.
200 T.
201 T.
202 T.
203 T.
204 T.
205 T.
206 T.
207 T.
208 T.
209 T.
210 T.
211 T.
212 T.
213 T.
214 T.
215 T.
216 T.
217 T.
218 T.
219 T.
220 T.
221 T.
222 T.
223 T.
224 T.
225T.
226 T.
227 T.
228 T.
229 T.
230 T.
231 T.
232 T.
233 T.
234 T.
235T.
236 T.
237 T.
238 T.
239 T.
240 T.
241 T.
242 T.
243 T.
244 T.

(A ) matthyssei
(A.) meerutensis
(A.) meritus

(A.) mesasiaticus
(A.) michaeli

(A.) microbullatus
(A.) miyarai

(A.) monosetus
(A.) montanus
(A.) mori

(A.) muliebris
(A.) namaquaensis
(A.) ndibu

(A.) neobakeri
(A.) neocelastrus
(A.) neocrassus
(A.) neogutierrezi

(A.) neohartlandrowei

(A.) neomichaeli
(A.) neondibu
(A.) neorhenanus
(A) neoterrulentis

(A.) neotransvaalensis

(A.) neyshabouris
(A.) nilgiriensis
(A.) njorogoeus
(A.) nobilis

(A.) noonus
(A.) nyahururus
(A.) oasis

(A.) obesus

(A.) occiduus
(A.) octavus
(A.) ordinatus
(A.) orientalis
(A ) orissaensis
(A.) ornatulus
(A.) ornatus
(A.) paganus

(A ) paraevectus
(A ) parinopinatus
(A.) pegazzani
(A.) persianus
(A.) persicus
(A.) philippinensis
(A.) pineus

(A.) pirianykae
(A.) platycladus
(A.) ponticus
(A.) porathi

(A.) porus

(A.) povtari

(A.) praeacutus
(A.) pruni

(A.) pseudoserrulatus

(A.) psyllakisi
(A.) gianshanensis
(A.) quadratoides
(A.) quadratus
(A.) rapidus

(A.) rarus
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245 T.
246 T.
247 T.
248 T.
249 T.
250 T.
251 T.
252 T.
253 T.
254 T.
255 T.
256 T.
257 T.
258 T.
259 T.
260 T.
261 T.
262 T.
263 T.
264 T.
265 T.
266 T.
267 T.
268 T.
269 T.
270 T.
271 T.
272 T.
273 T.
274 T.
275 T.
276 T.
277 T.
278 T.
279 T.
280 T.
281 T.
282 T.
283 T.
284 T.
285 T.
286 T.
287 T.
288 T.
289 T.
290 T.
291 T.
292 T.
293 T.
204 T.
295 T.
296 T.
297 T.
298 T.
299 T.
300 T.
301 T.
302 T.
303 T.
304 T.
305T.

(A) rasilis

(A.) recki

(A.) religiosus
(A.) repens

(A.) rhenanoides
(A.) rhenanus
(A.) rhododendroni
(A.) ribei

(A ) richteri Karg
(A.) rickeri

(A.) rivulus

(A.) rodriguezi
(A.) rubetum
(A) ruiru

(A.) ryukyuensis
(A.) saevus

(A.) salviae

(A.) samliensis
(A.) sapiens

(A.) serratosus
(A.) serratus
(A.) serrulatus
(A.) shibai
(A.)sica

(A.) sichirei

(A.) sijiensis
(A.) silvanus
(A.) singularis
(A.) sonprayagensis
(A.) spectatus
(A.) spiralis

(A.) subarcticus
(A.) subequalis
(A.) submarinus
(A subtilis

(A.) sudanicus
(A.) suecicus
(A.) sycomorus
(A.) taishanensis
(A ) tamaricis
(A.) tardus

(A.) tecoma

(A ) tenuis

(A.) ternatus
(A.) terrulentis
(A.) thailandicus
(A ) theroni

(A.) thesbites
(A.) torbatejamae
(A.) totifolianensis
(A.) transvaalensis
(A) tridentiger
(A.) ulmi

(A.) umbraculus
(A.) umbratus
(A.) verbenae
(A.) vescus

(A) viniferae
(A.) votivus

(A.) vulgaris
(A.) wainsteini
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species

characters
I v

306 T.
307 T.
308 T.
309 T.
310 T.
311 T.
312 T.
313 T.
314 T.
315 T.
316 T.
317 T.
318 T.
319 T.
320 T.

(A.) werneri

(A ) wonkooi

(A.) wrenschae

(A ) xingchengensis
(A.) xini

(A.) xinjiangensis
(A.) xiufui

(A.) xizangensis
(A.) yamashitai
(A.) yasminae
(A.) yasumatsui
(A.) yinchuanensis
(A) zafari

(A ) zhangyensis
(A.) zhaoi
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