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Abstract

Euseius nicholsi (Ehara & Lee), E. sojaensis (Ehara), and Gynaseius santosoi (Ehara) are reported for the first
time from Taiwan. The new records were re-described based on Taiwanese specimens collected from various
plants. In addition, a new species, E. oolong sp. nov., was described and illustrated. Identification keys for
Taiwanese species of Euseius Wainstein and world species of genus Gynaseius Wainstein are provided.
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Introduction

Phytoseiid mites have been intensively surveyed in Taiwan during the past several decades (Ehara
1970; Lo 1970; Tseng 1972; 1973; 1975; 1976; Chang & Tseng 1978; Tseng 1983; Ho & Lo 1989;
Ho et al. 2003) because of their potential as biological control agent (Huffaker et al. 1970; McMurtry
etal. 1970; 2013). Knowledge regarding the fauna of Phytoseiidae in Taiwan is still increasing, with
detailed investigations conducted by the present authors. To date, 59 species have been recorded
from Taiwan and neighboring islands (Ehara 1970; Lo 1970; Tseng 1972; 1973; 1975, 1976; Chang
& Tseng 1978; Tseng 1983; Ho & Lo 1989; Ho ef al. 2003; Liao et al. 2017a; 2017b; 2017c).

The genus Euseius Wainstein is a large genus in the subfamily Amblyseiinae with about 190
valid species (Demite et al. 2018). In general, Euseius species are recorded in tropical and
subtropical areas, especially in Africa (approximately 35% of total species) (Moraes et al. 2001,
Chant & McMurtry 2005; 2007). Euseius species are considered to be pollen feeding generalist
predators with type IV feeding habits (McMurtry ef al. 2013). Some of them, such as E. scutalis
(Athias-Henriot), may survive in the absence of prey by sucking plant tissues (Nomikou ef al. 2003;
Adar et al. 2012). Several studies have noted the biological potential of Euseius species to control
small agricultural pests (Doker et al. 2014; Lopes et al. 2015; Liao et al. 2017a; De Alfaia et al.
2018). Among them, E. gallicus Kreiter & Tixier has been used commercially for whiteflies and
thrips control (Biobest, 2018). In a decade-long survey conducted by the authors of the present study,
six species—E. aizawai (Ehara & Bhandhufalck), E. circellatus (Wu & Li), E. daluensis Liao & Ho,
E. macaranga Liao & Ho, E. ovalis (Evans), and E. paraovalis Liao & Ho—were found in Taiwan
(Liao et al. 2017a).
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The genus Gynaseius Wainstein also belongs to the subfamily Amblyseiinae, which contains 12
valid species that have been recorded in various host plants (e.g. rice, soybean, blackberry, papaya,
and Hibiscus sp.) in the Pacific area, except G. larum El-Banhawy & Knapp, which has been
identified from an unknown host in Kenya (Chant & McMurtry 2006; El-Banhawy & Knapp 2011;
Demite et al. 2018). This genus is unique in that its peritrematic shield is not fused anteriorly with
the dorsal shield in the Amblyseiinae (Chant & McMurtry 2006).

In the present study, we described a new species and presented three new records that were
observed during our surveys in Taiwan. Identification keys for Taiwanese species of Euseius and
world species of Gynaseius were included.

Materials and Methods

Specimens examined in this study were collected from various plants from the main island and
surrounding islands of Taiwan and also a trip in Guangzhou for comparison. Specimens examined
under Olympus BX51 microscope, and measurements were taken using a stage-calibrated ocular
micrometers and as well as ImageJ 1.47 (Schneider et al. 2012). Photos were taken by using Motic®
Moticam 5+ camera attached to the microscope. All measurements were provided in micrometers
and holotype measurements are shown in bold type for the new species and E. nicholsi, followed by
their mean and range in parenthesis, missing values were code with question mark “?”. The general
terminology used for morphological descriptions in this study follows that of Chant & McMurtry
(2007), while for idiosomal seta terminology followed Rowell et al. (1978) and Chant & Yoshida-
Shaul (1991; 1992); for adenotaxy and poroidotaxy terminology we followed Beard (2001).

Type specimens and voucher specimens were deposited in the following institutions: GIABR
(Guangdong Institute of Applied Biological Resources, Guangzhou, China), NCHU (Department of
Entomology, National Chung Hsing University, Taichung, Taiwan), NMNS (National Museum of
Natural Science, Taichung, Taiwan), NTU (Department of Entomology, National Taiwan
University, Taipei, Taiwan), TARL (Taiwan Acari Research Laboratory, Taichung City, Taiwan).
Other specimens were received on loan from acarological collections of HUM (Hokkaido University
Museum, Sapporo, Japan) and NSMT (National Museum of Nature and Science, Tsukuba, Japan).
If necessary, the locality names were translated using the Geographic Name Information System,
Department of Land Administration, Ministry of the Interior (Taiwan) (http://gn.moi.gov.tw/
geonames/Translation/Translation.aspx).

Results

Family Phytoseiidae Berlese
Subfamily Amblyseiinae Muma

Tribe Euseiini Chant & McMurtry
Subtribe Euseiina Chant & McMurtry
Genus Euseius Wainstein

Euseius oolong Liao & Ho sp. nov.
(Figures 1-2)

Diagnosis. Female dorsal surface mostly reticulated, bearing 19 pairs of dorsal setae (including 3,
R1I). All setae smooth, except Z5 serrated. Five pairs of solenostomes, (gd2, gd5, gd6, gd8, gd9)
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visible on the dorsal shield. Peritreme extending to level of setae z2. Sternal shield with three pairs
of setae; ventrianal shield bearing three pairs of pre-anal setae, JV/ migrate next to JV2, with
solenostomes. Fixed digit of chelicera with five teeth; movable digit with one tooth. Calyx of
spermatheca short and cup-shaped with distal half only lightly sclerotized. Leg III and leg IV both
with three pair of macrosetae; genu II with seven setae.

B

100pm 100pum

20pum

20um

FIGURES 1. Euseius oolong sp. nov. Female, A. dorsal shield, B. ventral idiosoma, C. chelicera, D.
spermatheca.

Female (n=6).
A lightly sclerotized mite. Idiosomal setal pattern: 10A:9B/JV-3:ZV.
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Dorsum (Figure 1A). Dorsal shield laterally reticulated; 328 341 (324-361) long (j/-J5 level)
and 237 246 (236-266) wide at level of j6, 221 237 (221-260) wide at level of S4; five pairs of
solenostomes on dorsal shield, (gd2, gd4, gd6, gd8, gd9), seven pairs of lyrifissures (idl, idla, id2,
id4, idl3, idl4, idm5); muscle-marks (sigilla) visible on podosoma; length of setae: j/ 32 28 (24-32),
732022 (20-25), j4 7 8 (7-10), 5 7 8 (7-11),j6 99 (6-11),J2 8 10 (8-12), J5 6 5 (3-6),z2 12 15
(12-18), z4 11 13 (11-19), z5 6 8 (6-10), ZI 8 10 (7-15), Z4 8 11 (8-16), Z5 53 58 (53-63), s4 18
25 (18-36), S2 13 16 (13-18), S4 17 22 (17-27), S5 22 25 (22-29),r3 9 12 (9-15), R1 9 10 (9-13).
All setac smooth, except Z5 slightly serrate.

FIGURES 2. Euseius oolong sp. nov. Female, legs A. leg I anterior view, B. leg II posterior view, C. leg III
dorsal view, D. leg IV anterior view.
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Peritreme (Figure 1A). Peritreme extending beyond z2 level, peritrematic shield smooth, lightly
sclerotized, with one pair of solenostomes (gd3).

Venter (Figure 1B). Sternal shield smooth, posterior margin with medium projection, much
wider than long, 61 61 (51-70) long, 94 93 (86-96) wide, with three pairs of setae s¢/ 26 27 (26-31),
st2 23 25 (23-28), st3 26 24 (22-26), and two pairs of lyrifissures (pstl, pst2). Exopodal shield at
coxae [-IV. Metasternal platelets tear-shaped, with one pair metasternal setae, s¢#4 21 21 (19-23),
with one pair of lyrifissuress (pst3). Genital shield smooth, with one pair of genital setae sz5 20 23
(15-28), 75 87 (75-92) wide at level of genital setae. Distances between st/-st1 49 54 (45—-61), st2-
st2 63 62 (48-69), st3-st3 15 74 (65-79), st1-st3 56 58 (52—63), st5-st5 68 76 (68-82). Ventrianal
shield vase-shaped 96 102 (96—108) long, 49 49 (45-56) wide at level of ZV2, 82 81 (77-85) wide
at level of anus; with three pairs of pre-anal setae, JV'/ migrate next to JV2, JV1 26 24 (19-26), JV2
18 19 (15-24), ZV2 15 17 (13-20), solenostomes gv3 crescentic; Pa 17 13 (9—17), Pst 14 12 (9-15)
on shield. Setae JV4 11 10 (8-11), JV5 24 29 (24-34), ZV1 20 18 (16-20), ZV3 8 8 (8-8) on
interscutal membrane. All ventral setaec smooth. Two metapodal plates 23 22 (20-26) long, 4 6 (4—
9) wide, 10 10 (9-11) long, 1 2 (1-3) wide.

Chelicera (Figure 1C). Movable digit 23 24 (22-26) long, with one tooth; fixed digit 23 24 (23—
25) long, anterior half with five teeth, with pilus dentilis.

Spermatheca (Figure 1D). Calyx cup-shaped with distal half only lightly sclerotized, 7 6 (5-8)
long, 4 3 (3—4) wide, atrium incorporated within the calyx, without neck, with a thin major duct,
minor duct visible.

Legs (Figure 2). Coxal formula 2-2-2-1. Chaetotaxy (femur to basitarsus): leg I, 2-3/2-2/1-2, 2-
2/1-2/0-2, 2-2/1-2/1-2, 1-1/1-1; leg 11, 2-3/1-2/1-1, 2-2/0-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg 111, 1-2/1-
1/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg 1V, 1-2/1-1/0-1, 1-2/1-2/0-1, 1-1/1-2/1-0, 1-1/1-1.
Macrosetae: Sge II (pd2) 23 23 (20-24), Sge 111 (ad2) 26 30 (26-35), Sti 11T (ad) 23 23 (19-26), St
11 (d) 26 26 (24-30), Sge IV (ad2) 44 44 (37-50), Sti IV (ad) 32 34 (27-37) and St IV (d) 50 58 (50—
61).

Type specimens. Female Holotype: TAIWAN: Tea Research and Extension Station, Yangmei
Dist., Taoyuan City (24°33.924' N, 121°05.433' E, 771m), one female (no. 1688-3) from Camellia
sinensis (L.) O.Kuntze var. oolong (Theaceae), 11.v.2016, J. R. Liao (NTU). Paratypes: two females
(no0.1688-1, 2) data same with holotype (NTU). CHINA: Sun Yat-sen University, Guangzhou City,
Guangdong Province, one female (no. 2028-2) from Macaranga tanarius (Euphorbiaceae),
23.11.2017, J. R. Liao (NMNS); Guangdong Institute of Applied Biological Resources, Guangzhou
City, Guangdong Province, two females (no. 2029-1, 2) from Bauhinia purpurea (Caesalpiniaceae),
23.i1.2017, J. R. Liao (GIABR).

Etymology. The epithet oolong refers to habitat plants of holotype specimens; oolong is a
special tea variety.

Distribution. Asia: China (Guangdong (present study)), Taiwan (present study).

Remarks. This new species is similar to E. aizawai (Ehara & Bhandhufalck), E. australis (Wu
& Li), E. daluensis (Liao & Ho), E. finlandicus (Oudemans), E. jiangxiensis Wu & Ou, E. nicholsi
(Ehara & Lee), E. sojaensis (Ehara), E. utilis (Liang & Ke), E. wyebo (Schicha & Corpuz-Raros).
Differences between E. oolong sp. nov. and related species are given in Table 1. This species is also
different based on its short and cup-shaped calyx of spermatheca which is fuunel-shaped and/or
longer in above mentioned closely related species.

This species is recorded in Taiwan and Southern China. However, few specimens have been
found. The biological control potential of this species needs further study in the future.
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TABLE 1. Differences between Euseius oolong sp.nov. and related species.

Reticulation on No. of peritreme No. of teeth on . X
dorsal shield solenostomes  length FD/MD B3 Sgelv SV StV
aizawai®  anterolateral margin 6 z2 level 6/1 30 (24-40) 37 (32-41) 35(31-38) 58 (48-66)
australis® smooth unknown z2 level 5-6/1 21 43 33 65
daluensis®  anterolateral margin 5 z2 level 5/1 21 (15-27) 38 (33-46) 34 (30-36) 59 (50-67)
finlandicus® most surface 6 73 level 21 36 35 35 60
Jjiangxiensis® anterolateral margin ~ unknown z2 level 31 21 34 31 41
. Iy over z2
nicholsi most surface 7 level 4/1 27 (26-28) 50 (48-53) 38 (38-39) 68 (60-73)
oolong® lateral margin 5 OIV:JCZIZ 5/1 21(20-23) 43 (41-44) 31 (27-35) 55 (50-59)
. b over z2
sojaensis’ most surface 5 level 31 25 (20-33) 34 (26-37) 30 (25-34) 55 (48-63)
ultilis' lateral margin unknown z4 level 6/1 24 26 28 54
wyebo' lateral margin 7 °lvecvrezlz 5/1 20 4 37 62

* from Ehara & Bhandhufalck (1977), Liao et al. (2017a); ® Wu & Li (1983); © Liao et al. (2017a); ¢ Yoshida-Shaul & Chant (1995); ¢ Wu et al. (2009);
Ehara & Lee (1971), present study; ¢ present study; " Ehara (1964), present study; ' Liang & Ke (1983); 7 Schicha & Corpuz-Raros (1992).

Euseius nicholsi (Ehara & Lee, 1971) (Figures 3-5)
Amblyseius (Amblyseius) nicholsi Ehara & Lee 1971: 67.
Euseius nicholsi—Wu et al. 1997: 115.

Female (n=3).

A lightly sclerotized mite. Idiosomal setal pattern: 10A:9B/JV-3:ZV.

Dorsum (Figure 4A). Dorsal shield most surface strongly reticulated, 360 353 (350-360) long
(j1-J5 level) and 256 250 (243-256) wide at level of j6, 236 237 (231-243) wide at level of S4; with
seven pairs of solenostomes (gd 1, gd2, gd4, gd5, gd6, gd8, gd9), seven pairs of lyrifissures (id1, idla,
id2,is1, idl3, idl4, idm5, idm6); muscle-marks (sigilla) visible on podosoma; length of dorsal setae:
setae jI1 34 32 (29-34), j3 28 27 (26-28), j4 11 9 (7-11),j5 ? 7 (5-10), j6 ? 7 (5-10) J2 14 10 (7—
14),J5 6 5 (4-6),z217 15 (14-17),z417 18 (17-19),z5 118 (7-11), Z1 13 10 (8-13), Z415 13 (10—
15), Z5 60 60 (60-60), s4 29 27 (24-29), S2 18 15 (12-18), S4 25 21 (18-25), S5 26 22 (19-26), r3
14 17 (14-19), R1 ? 12 (11-13). All setac smooth, except Z5 slightly serrate.

Peritreme (Figure 4A). Peritreme extending over z2, peritrematic shield smooth, lightly
sclerotized, with one pair of solenostomes (gd3), one pair of lyrifissures (id3).

Venter (Figures 1, 4B). Sternal shield smooth, projection of posterior margin invisible, wider
than long, 54 61 (54-65) long, 88 89 (88—89) wide at level of s¢3, with three pairs of setae st/ 27 27
(26-27), st2 28 24 (20-28), st3 24 20 (15-24), and two pairs of lyrifissures (pstl, pst2). Exopodal
shield at coxae II-IV. Metasternal platelets tear-shaped, with one pair metasternal setae, s¢4 21 18
(16-21), and one pair of lyrifissures (pst3). Genital shield smooth, 85 87 (82-93) wide at level of
genital setae, with one pair of genital setae st5 27 22 (16-27). Distances between st/—stl 52 56 (52—
60), st2—st2 60 63 (60-65), st3—st3 71 73 (71-75), sti—st3 56 59 (56-62), st5—st5 76 76 (76-77).
Ventrianal shield smooth, vase-shaped, 95 90 (87-95) long, 45 48 (45-51) wide at level of ZV2, 75
72 (65-77) wide at level of anus; with three pairs of pre-anal setae, JV'I migrate next to JV2, JV1 28
24 (21-28),JV2 26 23 (20-26), ZV2 18 15 (13-18), solenostomes gv3 crescentic; Pa 15 13 (12-15),

2018 LIAO ET AL.: GENERA EUSEIUS AND GYNASEIUS FROM TAIWAN 2197

Downloaded From: https://complete.bioone.org/journals/Systematic-and-Applied-Acarology on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Pst 16 14 (11-16) on shield. Setae J74 10 10 (10-10), JV5 29 32 (29-35), ZV'1 23 19 (16-23), ZV'3
13 13 (13-13) on interscutal membrane. All ventral setaec smooth. Two pairs of metapodal platelets
22 22 (22-22) long, 5 4 (4-5) wide, 8 11 (8-13) long, 1 2 (1-2) wide.

FIGURES 3. Metapodal platelets of Euseius nicholsi Ehara & Lee, 1971 (female holotype Ac-13078).

Chelicera (Figure 4C). Movable digit 21 24 (21-27) long, with one tooth; fixed digit 24 24 (24—
24) long, anterior half with four teeth, with pilus dentilis.

Spermatheca (Figure 4D). Calyx funnel-shaped, 7 7 (7-8) long, 4 4 (3—4) wide, atrium with
indistinguible embolus, connect with a major duct, minor duct visible.

Legs (Figure 5). Coxal formula 2-2-2-1. Chaetotaxy (femur to basitarsus): leg I, 2-3/2-2/1-2, 2-
2/1-2/1-2, 2-2/1-2/1-2, 1-1/1-1; leg 11, 2-3/1-2/1-1, 1-2/0-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg 111, 1-2/1-
1/0-1, 1-2/1-2/1-0, 1-1/1-2/1-1, 1-1/1-1; leg 1V, 1-2/1-1/0-1, 1-2/1-2/0-1, 1-1/1-2/1-0, 1-1/1-1.
Macrosetae: Sge II (pd2) 21 20 (19-21) [25]; Sge 1T (ad2) 31 28 (25-31), St 111 (ad) 25 26 (25-27),
St 111 (d) 24 25 (24-27); Sge IV (ad2) 48 50 (48-53), Sti IV (ad) 38 38 (38-39) and St IV (d) 60 68
(60-73).

Specimens examined. CHINA: Chai Wan, Hong Kong, one holotype female (NSMT-Ac-
13078) from grass, 18.x.1970, S. Ehara (NSMT); TAIWAN: Shoushan National Nature Park,
Gushan Dist., Kaohsiung City (22°38.952'N, 120°16.128" E, 156m), one female (no. 388-1) from
Macaranga tanarius (Euphorbiaceae), 11.ii1.2010, J. R. Liao & S. W. Kong (NTU); Liugui Dist.,
Kaohsiung City (22°55.785'N, 120°39.148'E, 224m), one female (no. 942-6) from Bauhinia
variegate (Fabaceae), 20.xi.2010, J. R. Liao (NTU).

Distribution. Asia: China (Fujian (Wu 1982), Guangdong (Chen ef al. 1980; Wu 1982; Liang
& Ke 1983), Guangxi (Wu 1982; Liang & Ke 1983), Hainan (Wu ef al. 1997), Hong Kong (Ehara
& Lee 1971), Hunan (Wu 1982), Jiangsu (Wu 1982; Liang & Ke 1983), Jiangxi (Wu 1982), Sichuan
(Wu 1982; Liang & Ke 1983)), Taiwan (present study), Thailand (Ehara & Bhandhufalck 1977,
Oliveira et al. 2012).

Remarks. Euseius nicholsi (Ehara & Lee) is reported for the first time for Taiwanese fauna.
This species is widely distributed in Southern China, and also a dominated biological control agent
for spider mites (e.g. Panonychus citri McGregor, Eotetranychus kankitus Ehara) in citrus orchard
(Wu et al. 2009). However, only two specimens have been found in Southern Taiwan and the
biological control potential of this species needs further investigations.

Liao et al. (2017a) reported that Taiwanese E. aizawai specimens had two morphological types
on the dorsal shield (e.g. anterolateral dorsal shield reticulated and entire dorsal shield reticulated).
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After comparing holotypes of E. aizawai (from HUM), E. nicholsi (from NSMT), Chinese
specimens of E. nicholsi (from GIABR), and discussing with Dr. Toyoshima (Pers. Comm., January
28, 2018), these Taiwanese specimens should belong to three different species, including E. aizawai,
E. nicholsi, and E. sojaensis. E. aizawai differs from others in having anterolateral reticulation on
dorsal shield (the remaining two species strongly reticulated on dorsal shield). E. nicholsi and E.
sojaensis could be separated by the lengths of macrosetae. Additionally, Ehara & Lee (1971)
reported E. nicholsi is characterized by hook-shaped metapodal platelets. However, we found two
slender metapodal platelets are overlapping on the left side, but separated on right side of the
holotype of E. nicholsi NSMT AC-13078) (Figures 3).

20pum

FIGURES 4. Euseius nicholsi Ehara & Lee, 1971, Female, A. dorsal shield, B. ventral idiosoma, C. chelicera,
D. spermatheca.
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FIGURES 5. Euseius nicholsi Ehara & Lee, 1971, Female, legs A. leg I anterior view, B. leg II dorsal view, C.
leg III anterodorsal view, D. leg IV anterior view.
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Euseius sojaensis (Ehara, 1964)

(Figures 6-9)

Amblyseius sojaensis Ehara 1964: 381.

Amblyseius (Amblyseius) sojaensis—FEhara 1966: 24.
Amblyseius (Euseius) sojaensis—Ehara & Amano 1998: 42.
Euseius sojaensis—Moraes et al. 2004: 83.

Female (n=10).

A lightly sclerotized mite. Idiosomal setal pattern: 10A:9B/JV-3:ZV.

Dorsum (Figure 6A). Dorsal shield most surface strongly reticulated, 336 (314-366) long (j /-
J5 level) and 233 (211-256) wide at level of j6, 221 (198-253) wide at level of S4; with five pairs
of solenostomes (gd?2, gd5, gd6, gd8, gd9), eight pairs of lyrifissures (id1,idla , isl, idl3, idl4, idm3,
idm5, idm6); muscle-marks (sigilla) visible on podosoma; length of setae: j/ 29 (24-34), j3 25 (20—
33),74 9 (6-14),j5 8 (6-10),j6 9 (6-11),J2 11 (9-15),J5 6 (4-7),z2 18 (15-21),z4 15 (11-20), z5
9 (6-10), Z1 12 (10-13), Z4 11 (8-15), Z5 56 (52-63), s4 26 (22-34), S2 17 (14-21), S4 22 (19-26),
S§5 21 (16-28), r3 13 (9-18), RI1 12 (8-13); All setae smooth, except Z5 slightly serrate.

Peritreme (Figure 6A). Peritreme over z2 level, peritrematic shield smooth, lightly sclerotized,
with one pair of solenostomes (gd3), one pair of lyrifissures (id3).

Venter (Figure 6A). Sternal shield smooth, with projection of posterior margin, wider than long,
60 (48—66) long, 87 (77-95) wide at s¢3 level, with three pairs of setae st/ 28 (20-32), st2 24 (17—
32), st3 21 (17-25), and two pairs of lyrifissures (pstl, pst2). Exopodal shield at coxae I-IV.
Metasternal platelets tear-shaped, with one pair metasternal setae, s¢4 19 (16-25), and one pair of
lyrifissures (pst3). Genital shield smooth, 81 (75-87) wide at level of genital setae, with one pair of
genital setae st5 21 (16-25). Distances between st/—st{ 55 (49-59), st2—st2 63 (57-70), st3—st3 69
(60-74), sti-st3 59 (52-76), st5—st5 70 (63—77). Ventrianal shield smooth, vase-shaped, 97 (91—
104) long, 50 (44-61) wide at level of ZV2, 74 (69-80) wide at level of anus; with three pairs of pre-
anal setae, arranged in triangular pattern, JVI 23 (20-27), JV2 20 (16-25), ZV2 14 (12-16),
solenostomes gv3 crescentic; Pa 11 (10-15), Pst 11 (8-13) on shield. Setae JV4 8 (5-11), JV5 31
(26-36), ZV1 17 (14-23), ZV3 9 (7-11) on interscutal membrane. All ventral setae smooth. Two
pairs of metapodal platelets 19 (16-21) long, 5 (4-7) wide, 10 (8-11) long, 2 (2-3) wide.

Chelicera (Figure 6C). Movable digit 22 (21-25) long, with one tooth; fixed digit 23 (20-27)
long, anterior half with four teeth, with pilus dentilis.

Spermatheca (Figure 6D). Calyx funnel-shaped, 12 (11-13) long, 7 (6-8) wide, minor duct
visible.

Legs (Figure 7). Coxal formula 2-2-2-1. Chaetotaxy (femur to basitarsus): leg I, 2-3/1-2/2-1, 2-
2/1-2/1-2, 2-2/1-2/1-2, 1-1/1-1; leg 11, 2-3/2-2/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg 111, 1-2/1-
1/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg 1V, 1-2/1-1/0-1, 1-2/1-2/0-1, 1-1/1-2/0-1, 1-1/1-1.
Macrosetae: Sge 111 (ad2) 27 (22-31), Sti 111 (ad) 22 (18-27), St 111 (d) 22 (16-30), Sge IV (ad2) 34
(26-37), Sti IV (ad) 30 (25-34) and St IV (d) 55 (48-63).

Male (n=5).

A lightly sclerotized mite. Idiosomal setal pattern: 10A:9B/JV-3, 4:ZV-1, 3.

Dorsum (Figure 8A). Dorsal shield most surface strongly reticulated, 249 (238-273) long (-
J5 level) and 190 (176-200) wide at level of j6, 169 (152—189) wide at level of S4; with five pairs
of solenostomes (gd2, gd5, gd6, gd8, gd9), five pairs of lyrifissures (idl, idla, id4, isl, idl3, idl4);
muscle-marks (sigilla) visible on podosoma; length of setae: jI 24 (22-28), j3 25 (21-28), j4 7 (6—
8), /5 6 (5-8),j6 8 (5-10),J2 8 (6-11),J5 4 (4-5),z2 14 (10-17), z4 12 (8-16),z5 7 (6-9), Z1 9 (8-
11), Z4 8 (7-11), Z5 45 (40-50), s4 24 (21-31), 82 15 (13-17), §4 18 (14-26), S5 19 (14-23),r3 11
(8-16), R1 12 (9—-14); All setae smooth, except Z5 slightly serrate.
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FIGURES 6. Euseius sojaensis Ehara, 1964, Female, A. dorsal shield, B. ventral idiosoma, C. chelicera, D.
spermatheca.

Peritreme (Figure 8A). Peritreme over z2 level, peritrematic shield smooth, lightly sclerotized,
with one pair of solenostomes (gd3), one pair of lyrifissures (id3).

Venter (Figure 8B). Sternogenital shield smooth, slightly lateral reticulated, posterior margin
almost straight, longer than wide, 115 (113—117) long, 78 (72-90) wide at level of s¢5, with five pairs
of setae st/ 19 (13-23), s¢2 19 (14-26), st3 19 (17-23), st4 13 (11-17), st5 15 (10-18), and three
pairs of lyrifissures (pst1, pst2, pst3). Distances between st/—stl 53 (49-59), st2—st2 55 (46—61), st3—
st3 55 (52-59), st4—st4 49 (48-52), st5—st5 36 (35-39), sti—st5 108 (103—112). Exopodal shield at
coxae [-IV. Ventrianal shield subtriangular, slightly reticulated, 99 (87-114 long and 156 (145-177)
wide at level of anterior corner, 68 (53—81) wide at level of anus, fused with peritrematic shield
cingulum, with three pairs of pre-anal setae, arranged in triangular pattern, solenostome gv3
crscentic, JV1 17 (14-20),JV2 13 (10-18), ZV2 11 (8-16); Pa 8 (7-11), Pst 9 (6—12) on shield. Setae
JV5 21 (17-29) on interscutal membrane. All ventral setae smooth.
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FIGURES 7. Euseius sojaensis Ehara, 1964, Female, legs A. leg I posterior view, B. leg II posterior view, C.
leg IIT dorsal view, D. leg IV anterior view.

Chelicera (Figure 8C). Movable digit 20 (18-21) long, with one tooth; fixed digit 21 (17-23)
long, anterior half with three teeth, with pilus dentilis. Spermatodactyl U-shaped, shaft 25 (19-3)
long, heel rounded, foot 11 (10-12) long, with expanded toe and lateral thorn-like projection.

Legs (Figure 9). Coxal formula 2-2-2-1. Chaetotaxy (femur to basitarsus): leg I, 2-3/1-2/2-1, 2-
2/1-2/1-2, 2-2/1-2/1-2, 1-1/1-1; leg 11, 2-3/2-2/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg 111, 1-2/1-
1/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg 1V, 1-2/1-1/0-1, 1-2/1-2/0-1, 1-1/1-2/0-1, 1-1/1-1.
Macrosetae: Sge I1I (ad2) 21 (18-23), Sti 111 (ad) 19 (17-24), St 111 (d) 20 (17-25), Sge IV (ad2) 29
(25-32), Sti IV (ad) 25 (19-35) and St IV (d) 46 (40-53).
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FIGURES 8. Euseius sojaensis Ehara, 1964, Male, A. Dorsal shield; B. Ventral idiosoma; C. Chelicera and
spermatodactyl.

Specimens examined. TAIWAN: Anma Mountain, Heping District, Taichung City, eight
females from unknown plant, 9.iv.1990, C.C. Ho (TARL); East Xue Trail, Heping District, Taichung
City, one female from unknown plant, 29.xi.2006, C.C. Ho (TARL); Lishan, Helping District,
Taichung City, five females one male from unknown plant, 1.xii.2006, C.C. Ho (TARL); Lishan,
Helping District, Taichung City, one female from Morus australis (Moraceae), 1.xii.2006, C.C. Ho
(TARL); Qingjing Farm, Ren'ai Township, Nantou County, one female from Pyrus communis
(Rosaceae), 5.xii.2006, S.C. Chang (TARL); Formosan Aboriginal Culture Village, Yuchi
Township, Nantou County, one female one male from Prunus serrulata (Rosaceae), 15.v.2007, C.C.
Ho (TARL); Huanshan, Heping District, Taichung City, three females one male from Prunus sp.
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(Rosaceae), 20.x.2009, C.C. Ho (TARL); Huanshan, Heping District, Taichung City, three females
from Prunus salicina (Rosaceae), 20.x.2009, C.C. Ho (TARL); Huanshan, Heping District,
Taichung City, two females from unknown plant, 20.x.2009, C.C. Ho (TARL); Shigilan Suspension
Bridge, Heping District, Taichung City, four females one male from unknown plant, 21.x.2009, C.C.
Ho (TARL); Wanfeng Village, Wufeng District, Taichung City, four females two males from
bamboo (Poaceae), 9.iii.2010, C.C. Ho (TARL); Lushan, Ren'ai Township, Nantou County, one
female from Calocedrus formosana (Cupressaceae), 22.xi.2010, C.C. Ho (TARL); Xuejian, Tai'an
Township, Miaoli County, two females from unknown plant, 23.iii.2012, C.C. Ho (TARL);
Maokong, Wenshan District, Taipei City (24°58.062' N, 121°35.332' E, 313m), two females (no.
584-1, 2) from Cocos nucifera (Arecaceae), 9.vi.2010, J.R. Liao & A.K. Dubey (NTU); Maokong,
Wenshan District, Taipei City (24°58.062' N, 121°35.332"' E, 313m), six females (574-1, 2, 3, 4, 5,
6) from unknown plant, 9.vi.2010, J.R. Liao & A.K. Dubey (NTU); Paomagudao, Jiaoxi Township,
Yilan County (24°50.276' N, 121°46.346' E, 147m), one female (no. 1113-1) from Carica papaya
(Caricaceae), 9.ii.2011, J.R. Liao (NTU); Xiouluan Road, Jianshi Township, Hsinchu County
(24°38.252' N, 121°16.430" E, 1010m), one female (no. 1268—1) from Dendrocalamus latiflorus
(Poaceae), 17.iv.2014, J.R. Liao (NTU); Xiakelo Historic Trail, Jianshi Township, Hsinchu County
(24°35.346' N, 121°15.273" E, 1260m), one female (no. 1283-2) from Machilus sp. (Lauraceae),
17.iv.2014, J.R. Liao (NTU); TsaoPingTou, Jianshi Township, Hsinchu County (23°33.447' N,
120°52.515" E, 1095m), two females (no. 1292—1, 2) from Prunus campanulata (Rosaceae),
24.iv.2014, J.R. Liao (NTU); TsaoPingTou, Jianshi Township, Hsinchu County (23°33.447' N,
120°52.515" E, 1095m), two females (no. 1293-1, 2) from Machilus zuihensis (Lauraceae),
24.iv.2014, J.R. Liao (NTU); Shenshan, Wutai Township, Pingtung County (22°44.986' N,
120°43.640' E, 708m), one female (no. 1471-1) from Pachira aquatica (Malvaceae), 25.iv.2014,
JR. Liao (NTU); Jiangshuying Old trail, Wutai Township, Pingtung County (22°24.459' N,
120°45.404' E, 1496m), one female (no. 1461-1) from Turpinia formosana (Staphyleaceae),
24.iv.2014, J.R. Liao (NTU); Shihmen Farm, Longtan District, Taoyuan City (24°48.876' N,
121°12.897' E, 544m), three females (no. 1513—1, 2, 3) from Morus sp. (Moraceae), 30.v.2015, J.R.
Liao (NTU); Jianshi Township, Hsinchu County (24°41.896' N, 121°13.120' E, 376m), three females
(no. 1585-1, 4, 5) from Bauhinia variegata (Fabaceae), 31.xii.2015, J.R. Liao (NTU); Jianshi
Township, Hsinchu County (24°40.122' N, 121°16.512' E, 1185m), three females (no. 1591-2, 7, 9)
from Debregeasia orientalis (Urticaceae), 31.xii1.2015, J.R. Liao (NTU).

Distribution. Asia: Japan (Ehara 1964; Ohno et al. 2012), Taiwan (present study).

Remarks. Euseius sojaensis (Ehara) is reported for the first time for Taiwanese fauna.

This species is distributed in Japan (e.g. Honshu, Shikoku, Kyushu, and Okinawa islands)
(Ehara 1964; Ohno et al. 2012; Toyoshima et al. 2018). Shibao et al. (2004) reported E. sojaensis
has potential to be a predator for yellow tea thrips (Scirtothrips dorsalis Hood) in Japanese
vineyards. This species is widely distributed in Taiwan. It may have biological control potential in
the field, but needs further studies.

As previously mentioned, E. aizawai specimens in Liao et al. (2017a) should be separated to
three different species. E. sojaensis could be identified by strongly reticulation on most part of the
dorsal shield and 5 pairs of solenostomes on the dorsal shield.

A revised identification key to females of Euseius species from Taiwan

1. Dorsal shield length relatively smaller, c.a. 250 pm; JV1 and JV2 on normal position; only leg IV with
MNACTOSELAC . . . . o\ttt ettt et e e e e e e e e e e e e e 2
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- Dorsal shield length relatively larger, c.a. 350 um; JV'1 and JV2 arranged in tangential row; leg III and leg
IV With MacroSetae. . . . .. .ottt 3

2. Calyx of spermatheca long and narrow funnel-shaped, atrium sac-shaped with thick walls. . ...........
.............................................................. circellatus (Wu & Li, 1983)

- Calyx of spermatheca horn-shaped, atrium c-shaped with a pair of petal-shaped structure . ............
............................................................. macaranga Liao & Ho, 2017

3. Dorsal setae jI and Z5 conspicuously longer, others minute; calyx of spermatheca tubular. . .......... 4
- Dorsal setae j/ and Z5 not conspicuously longer, remaining setae not minute; calyx of spermatheca funnel

OF CUP-ShAPEA . . . o .o e 5
4. Dorsal shield reticulated anterolaterally. .. ........ ... ... ... ... ... . ... ... ovalis (Evans, 1953)
- Dorsal shield strongly reticulated except for central podosoma ............ paraovalis Liao & Ho, 2017
5. Calyx of spermatheca short cup-shaped. . . ........ ... .. ... ... ... ... ... ... oolong sp. nov.
- Calyx of spermatheca relative longer, funnel shaped, flaring distally. . ........................... 6
6. Dorsal shield most surface reticulated . . . ... . 7
- Dorsal shield mostly smooth except reticulated in anterolateral region . .......................... 8
7. StIViongerthan 60 um. .. ... ..ot nicholsi (Ehara & Lee, 1971)
- STV A SO M .o sojaensis (Ehara, 1964)
8. Dorsal shield with six pairs of solenostomes . ................. aizawai (Ehara & Bhandhufalck, 1977)
- Dorsal shield with five pairs of solenostomes . .......................... daluensis Liao & Ho, 2017

Tribe Indoseiulini Ehara and Amano
Gynaseius Wainstein

Gynaseius santosoi (Ehara, 2005)
(Figures 10-11)
Indoseiulus santosoi Ehara 2005: 36.

Female (three specimen).

A lightly sclerotized mite. Idiosomal setal pattern: 10A:8C/JV-3:ZV.

Dorsum (Figure 10A). Dorsal shield smooth; 382 (358-4006) long (j/—J5 level) and 251 (247-
255) wide at level of j6, 230 (230-231) wide at level of S4; seven pairs of solenostomes on dorsal
shield, (gdi, gd2, gd4, gd5, gdb, gd8, gd9), nine pairs of lyrifissures (id2,id3, id4, isl, idm3, idx,
idm4, idl4, idm6); muscle-marks (sigilla) visible on podosoma; length of setae: j/ 28 (27-30), j3 15
(15-15), j4 7 (7-8),j5 7 (6-8), j6 7 (6-8), J2 9 (8-10), J5 6 (6-7),22 10 (9-11),z4 8 (6-9),z5 7 (4—
11), Z19 (7-11), Z4 15 (10-18), Z5 17 (16-19), s4 13 (13-14), S2 12 (11-13), S5 7 (5-9), 3 9 (6—
11), R1 8 (7-9). All setae smooth.

Peritreme (Figure 10A). Peritreme extending beyond seta j3; peritrematic shield not being fused
with dorsal shield anteriorly, with one pair of solenostomes (gd3), one pair of lyrifissures (id3).

Venter (Figure 10B). Sternal shield smooth, posterior margin slightly concave, much wider than
long, 80 (75-86) long, 97 (90—106) wide, with three pairs of setae st/ 34 (31-36), st2 31 (28-33),
st3 28 (21-33), and two pairs of lyrifissures (pst!, pst2). Exopodal shield at coxae II-1V. Metasternal
platelets tear-shaped, with one pair metasternal setae, st4 26 (23-29), with one pair of lyrifissuress
(pst3). Genital shield smooth, with one pair of genital setae s¢5 33 (28-35), 98 (95-101) wide at level
of genital setae. Distances between stl-st1 64 (56-72), st2-st2 67 (59-75), st3-st3 76 (66-82), stl-
st3 70 (58-81), st5-st5 86 (77-90). Ventrianal shield margin invisible; with three pairs of pre-anal
setae, JV1 25 (22-28), JV2 24 (22-26), ZV2 21 (21-23), solenostomes gv3 crescentic; Pa 12 (11—
14), Pst 18 (17-20) on shield. Setae JV4 19 (16-20), JV'5 44 (40-46), ZV1 24 (20-27), ZV3 19 (19—
20) on interscutal membrane. All ventral setae smooth. One pair of metapodal plates 21 (20-22)
long, 5 (4-6) wide.
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FIGURES 9. Euseius sojaensis Ehara, 1964, Male, legs A. leg I dorsal view, B. leg II dorsal view, C. leg III
anterodorsal view, D. leg IV dorsal view.

Chelicera (Figure 10C). Movable digit 31 (30-33) long, with one tooth; fixed digit 28 (25-30)
long, anterior half with three teeth, with pilus dentilis.

Spermatheca (Figure 10D). Calyx cup-shaped, 4 (3-5) long, 8 (7-10) wide, atrium incorporated
without neck, with a thin major duct, minor duct visible.

Legs (Figures 11). Coxal formula 2-2-2-1. Chaetotaxy (femur to basitarsus): leg I, 2-3/1-2/2-2,
1-2/1-1/2-1, 1-2/1-2/2-2, 1-1/1-1; leg 11, 2-3/2-2/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg 111, 1-2/
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1-1/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg IV, 1-2/1-1/0-1, 1-2/0-2/1-1, 1-1/0-2/1-1, 1-1/1-1.
Macrosetae: Sge I (pd1) 28 (27-31), Sge II (pd2) 32 (30-35), Sge I1I (ad2) 41 (40-43), St II (ad) 35
(33-37), St 111 (d) 23 (21-27), Sge IV (ad2) 59 (55-62), Sti IV (ad) 44 (42-49) and St IV (d) 54 (51—
55).

20pum

20pm

FIGURES 10. Gynaseius santosoi Ehara, 2005, Female, A. dorsal shield, B. ventral idiosoma, C. chelicera, D.
spermatheca.

Specimens examined. TAIWAN: Lanyu Island, Taitung County (22°00.881' N, 121°33.970'E,
39m), one female (no. 462—1) from Morus alba (Moraceae), 4.iv.2010, J. R. Liao & C. C. Ho (NTU);
Lanyu Island, Taitung County (22°03.846' N, 121°30.655' E, 21m), one female (no. 1646-2) from
Morus alba (Moraceae), 14.iv.2016, H. Y. Lin (NCHU); Cihou Fort, Qijin District, Kaohsiung City
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(22°36.933' N, 120°15917" E, 13m), one female (no. 2016-2) from Macaranga tanarius
(Euphorbiaceae), 22.1.2017, J. R. Liao & H. C. Lee (NMNS).

FIGURES 11. Gynaseius santosoi Ehara, 2005, Female, A. leg I anterior view, B. leg II posterior view, C. leg
III posterior view, D. leg IV posterior view.

Distribution. Asia: Indonesia (Java (Ehara, 2005), Taiwan (Kaohsiung, Lanyu Island (present
study)).

Remarks. Gynaseius santosoi (Ehara) is reported for the first time for Taiwanese fauna. Ehara
(2005) described this species based on a single female specimen from a fabaceous climbing plant
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from Indonesia. The present study found several differences with the original description: leg III
with three macrosetac (two in Ehara (2005)), one macroseta on Ge I (two macrosetac in Ehara
(2005)), posterior margin of sternal shield concave (indented in Ehara (2005)).

The Lanyu specimens were collected from the habitat plants when Neoseiulus longispinosus and
Eotetranychus suginamensis occured. However, futher observation is still needed for feeding habit
and lifestyle of this species.

Key to females of Gynaseius species of the world

1. Setar3ondorsal shield .. ........ ... . . 2
- Seta 73 ONINEEZUIMENL. . . . . oottt ettt et e e e e e e e e e 3
2. SgelV>StIV>SHIV. .o semiiregularis (Schicha & Corpuz-Raros, 1992)
- SHIV>S8geIV>StIV. .o herbridensis (McMurtry & Moraes, 1984)
3. Setae S2, S4 present; only one macrosetaonlegIV ............... larum El-Banhawy & Knapp, 2011
- Atleast one of setae S2, S Present . ... ...t 4
4. Seta S2 occupy a position far behind its normal position; movable digits of chelicera without teeth. . . . ..
............................................................... christinae (Schicha, 1981)
- Seta S2 in normal position; movable digits of chelicera at least withoneteeth ..................... 5
5. Spermatheca calyx dish-shaped . . ......... ... .. ... ... .. ... .. ... irregularis (Evans, 1953)
- Spermatheca calyx cup-shaped, ortubular. . ......... ... .. . . 6
6. Ventrianal shield vase-shaped or pentagonal . . ........ ... ... .. 7
- Margin of ventrianal shield invisible . . . ... ... .. 8
7. Ventrianal shield vase-shaped, spermatheca calyx cup-shaped......... duanensis (Liang & Zeng, 1992)
- Ventraianl shield pentagoanl, spermatheca short tube, coiled . . . . ghaiae (Denmark & Kolodochka, 1993)
8. Movable digits of chelicera withonetooth ........ .. ... ... ... .. . i 9
- Movable digits of chelicera with three teeth ......... ... ... ... ... ... . .. . . i 10
9. SgeIV >8IV >StIV. o eharai (Gupta, 1986)
SgeIV>StIV>StIV. oo santtosoi (Ehara, 2005)
10. Dorsal shield with seven pairs of solenostomes. . ......................... liturivorus (Ehara, 1982)
- Dorsal shield with five pairs of solenostomes on dorsal shield . ........... ricini (Ghai & Menon, 1969)
Acknowledgements

We thank to Y. T. Hsu (TTDARES, Taiwan) for cooperation in Lanyu Island collection, W. N. Wu
(GIABR, China) for arrangement of visiting GIABR and also provided valuable suggestions to first
author, to 1. Déker (CU, Turkey), A. K. Dubey (ZSI, India), Y. Hsiao (CSIRO & ANU, Australia),
J. F. Hsieh (NTU, Taiwan), S. F. Lin (NCHU, Taiwan), M. Ma (SXAU, China), S. Toyoshima
(NARO, Japan) for suggestions. Thanks are extended to anonymous reviewers for help in improving
the manuscript, to D. Watterson and P. Bensley (Wallace Academic Editing) for English editing of
the draft. Thank H. Ohara and H. Kajihara (HUM, Japan), H. Ono (NSMT, Japan), L.A. Corpuz-
Raros and J. Naredo (UPLB-MNH) for borrowing type specimens for comparison. The study is
supported by a grant (MOST105-2621-B-002-002-MY3) from the Ministry of Science and
Technology, Taiwan.

References

Adar, E., Inbar, M., Gal, S., Doron, N., Zhang, Z.Q. & Palevsky, E. (2012) Plant-feeding and non plant-feeding phyto-
seiids: differences in behaviour and cheliceral morphology. Experimental & Applied Acarology, 58, 347-358.

2210 SYSTEMATIC & APPLIED ACAROLOGY VOL. 23

Downloaded From: https://complete.bioone.org/journals/Systematic-and-Applied-Acarology on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



http://dx.doi.org/10.1007/s10493-012-9589-y

Beard, J.J. (2001) A review of Australian Neoseiulus Hughes and Typhlodromips de Leon (Acari: Phytoseiidae:
Amblyseiinae). Invertebrate Taxonomy, 15, 73—158.
http://dx.doi.org/10.1071/1T99017

Biobest (2014) Technical Sheet Dyna-mite® G-system. Available from: http://www.biobestgroup.com/public/
uploads/linkedfile/f537a1a4b437b78.53062353 TECHNICAL%20SHEET%20DYNA-MITE%20G-SYS-
TEM%20%28EN-240414%29.pdf (Access 2Feb. 2018)

Chang, H.Y. & Tseng, Y.H. (1978) A field survey of phytoseiid mites of tropical orchards in southern Taiwan. Plant
Protection Bulletin, 20, 338-345.

Chant, D.A. & McMurtry, J.A. (2005) A review of the subfamily Amblyseiinac Muma (Acari: Phytoseiidae): Part V1.
the tribe Euseiini n. tribe, subtribes Typhlodromalina n. subtribe, Euseiina n. subtribe, and Ricoseiina n. subtribe.
International Journal of Acarology, 31, 187-224.
http://dx.doi.org/10.1080/01647950508684424

Chant, D.A. & McMurtry, J.A. (2006) A review of the subfamily Amblyseiinae muma (Acari : Phytoseiidae): Part
VIII. The tribes Macroseiini Chant, Denmark and Baker, Phytoseiulini n. tribe, Afroseiulini n. tribe and Indosei-
ulini Ehara and Amano. International Journal of Acarology, 32, 13-25.
http://dx.doi.org/10.1080/01647950608684439

Chant, D.A. & McMurtry, J.A. (2007) lllustrated Keys and Diagnoses for the Genera and Subgenera of the Phytosei-
idae of the World (Acari: Mesostigmata). West Bloomfield, USA, Indira Publication House, 220 pp.

Chant, D.A. & Yoshida-Shaul, E. (1991) Adult ventral setal patterns in the family Phytoseiidae (Acari: Gamasina).
International Journal of Acarology, 17, 187-199.
http://dx.doi.org/10.1080/01647959108683906

Chant, D.A. & Yoshida-Shaul, E. (1992) Adult idiosomal setal patterns in the family Phytoseiidae (Acari: Gamasina).
International Journal of Acarology, 18, 177-193.
http://dx.doi.org/10.1080/01647959208683949

Chen, S.W., Chu, C.M. & Zhou, F.W. (1980) On the phytoseiid mites of Guangdong (Acarina: Phytoseiidae). Journal
of Jiangxi University, 4, 15-20.

Collyer, E. (1982) The Phytoseiidae of New Zealand (Acarina) 1. The genera Typhlodromus and Amblyseius - keys
and new species. New Zealand Journal of Zoology, 9, 185-206.
http://dx.doi.org/10.1080/03014223.1982.10423848

De Alfaia, J.P.,, Melo, L.L., Monteiro, N.V., Lima, D.B. & Melo, J.W.S. (2018) Functional response of the predaceous
mites Amblyseius largoensis and Euseius concordis when feeding on eggs of the cashew tree giant whitefly Aleu-
rodicus cocois. Systematic and Applied Acarology, 23 (8), 1559-1566.
https://doi.org/10.11158/saa.23.8.6

Demite, P.R., Moraes, GJ.de, McMurtry, J.A., Denmark, H.A. & Castilho, R.C. (2018) Phytoseiidae Database. Avail-
able from: www.lea.esalq.usp.br/phytoseiidae/ (Access Feb 2 2018)

Denmark, H.A. & Kolodochka, L.A. (1993) Revision of the genus Indoseiulus Ehara (Acari: Phytoseiidae). Interna-
tional Journal of Acarology, 19, 249-257.
http://dx.doi.org/10.1080/01647959308683551

Doker, 1., Witters, J., Pijnakker, J., Kazak, C., Tixier, M.-S. & Kreiter, S. (2014) Euseius gallicus Kreiter and Tixier
(Acari: Phytoseiidae) is present in four more countries in Europe: Belgium, Germany, the Netherlands and Tur-
key. Acarologia, 54, 245-248.
http://dx.doi.org/10.1051/acarologia/20142132

Ehara, S. (1964) Some mites of the families Phytoseiidae and Blattisocidae from Japan (Acarina: Mesostigmata).
Journal of the Faculty of Education, Tottori University, Natural Science, 15,378-394.

Ehara, S. (1966) A tentative catalogue of predatory mites of Phytoseiidae known from Asia, with descriptions of five
new species from Japan. Mushi, 39, 9-30.

Ehara, S. (1970) Phytoseiid mites from Taiwan. Mushi, 43, 55-63.

Ehara, S. (1982) Two new species of phytoseiid mites from Japan (Acarina, Phytoseiidae). Applied Entomology and
Zoology, 17, 40-45.
http://dx.doi.org/10.1303/aez.17.40

Ehara, S. (2005) A collection of phytoseiid mites (Acari: Phytoseiidae) from Java with description of a new species.
Acta Arachnologica, 54, 31-39.
http://dx.doi.org/10.2476/asjaa.54.31

Ehara, S. & Amano, H. (1998) A revision of the mite family Phytoseiidae in Japan (Acari: Gamasida), with remarks
on its biology. Species Diversity, 3, 25-73.

2018 LIAO ET AL.: GENERA EUSEIUS AND GYNASEIUS FROM TAIWAN 2211

Downloaded From: https://complete.bioone.org/journals/Systematic-and-Applied-Acarology on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Ehara, S. & Bhandhufalck, A. (1977) Phytoseiid mites of Thailand (Acarina: Mesostigmata). The Journal of the Fac-
ulty of Education, Tottori University. Natural Science, 27, 43-82.

Ehara, S. & Lee, L.H.Y. (1971) Mites associated with plants in Hong Kong. Journal of the Faculty of Education, Tot-
tori University, Natural Science, 22, 61-78.

El-Banhawy, E. & Knapp, M. (2011) Mites of the family Phytoseiidae Berlese from Kenya (Acari: Mesostigmata).
Zootaxa, 1-176.

Evans, G.O. (1953) On some mites of the genus Typhlodromus Scheuten, 1857, from S. E. Asia. Annual Magazine of
Natural History, 6, 449—467.
http://dx.doi.org/10.1080/00222935308654444

Ghai, S. & Ramadas, M.GR. (1969) Taxonomic studies on Indian mites of the family Phytoseiidae (Acarina) II. Ori-
ental Insects, 3, 347-352.

Gupta, S. K. (1986) Fauna of India (Acari: Mesostigmata) Family: Phytoseiidae. Calcutta, India, Zoological Survey
of India, 350 pp.

Liang, L.-R. & Zeng, T. (1992) A new species and a new record of the genus Indoseiulus (Acari: Phytoseiidae). Acta
Zootaxonomica Sinica, 17,45-47.

Ho, C.C. & Lo, K.C. (1989) Contribution to the knowledge of the genus Paraphytoseius Swirski and Shechter (Aca-
rina: Phytoseiidae) in Taiwan. Journal of the Agricultural Association of China, 38, 88-99.

Ho, C.C., Shih, H.T. & Chen, W.H. (2003) Eight phytoseiid mites from the Matsu Island. Plant Protection Bulletin,
45, 145-154.

Huffaker, C.B., van de Vrie, M. & McMurtry, J.A. (1970) Ecology of tetranychid mites and their natural enemies: A
review: II. Tetranychid populations and their possible control by predators: An evaluation. Hilgardia, 40, 391—
458.
http://dx.doi.org/10.3733/hilg.v40n11p391

Liang, L.R. & Ke, L.S. (1983) Notes on the finlandicus group of Amblyseius Berlese of China. Acta Zootaxonomica
Sinica, 8, 162—-172.

Liang, L.R. & Zeng, T. (1992) A new species and a new record of the genus /ndoseiulus (Acari: Phytoseiidae). Acta
Zootaxonomica Sinica, 17, 45-47.

Liao, J.R., Ho, C.C. & Ko, C.C. (2013) Checklist of Phytoseiidae (Acari: Mesostigmata) from Taiwan. Formosan
Entomologist, 33, 67-90.
http://dx.doi.org/10.6661/TESFE.2013006

Liao, J.R., Ho, C.C. & Ko, C.C. (2017a) Species of the genus Euseius Wainstein (Acari: Phytoseiidae: Amblyseiinae)
from Taiwan. Zootaxa, 4226, 205-228.
http://dx.doi.org/10.11646/zootaxa.4226.2.3

Liao, J.R., Ho, C.C. & Ko, C.C. (2017b) Amblyseius bellatulus Tseng (Acari: Phytoseiidae): neotype designation with
first description of a male. Acarologia, 57, 323-335.
http://dx.doi.org/10.1051/acarologia/20164157

Liao, J.R., Ho, C.C. & Ko, C.C. (2017¢) Discovery of a new species of genus Typhlodromus Scheuten (Acari: Phyto-
seiidae: Typhlodrominae) on rocky shore habitat from Lanyu Island. Systematic and Applied Acarology, 22,
1639-1650.
http://dx.doi.org/10.11158/saa.22.10.6

Lo, K.C. (1970) Phytoseiid mites from Taiwan (I). Bulletin of the Sun Yatsen Cultural Foundation, 5, 47-62.

Lopes, P.C., McMurtry, J.A. & Moraes, G.J.de (2015) Definition of the concordis species group of the genus Euseius
(Acari: Phytoseiidae), with a morphological reassessment of the species included. Zootaxa, 4048, 174-190.
http://dx.doi.org/10.11646/zootaxa.4048.2.2

McMurtry, J.A., Huffaker, C.B. & van der Vrie M. (1970) Ecology of tetranychid mites and their natural enemies: A
review: . Tetranychid enemies: Their biological characters and the impact of spray practices. Hilgardia 40, 331—
390. http://dx.doi.org/10.3733/hilg.v40n11p331

McMurtry, J.A. & Moraes, G.J.de (1984) Some phytoseiid mites from the South Pacific, with descriptions of new spe-
cies and a definition of the Amblyseius largoensis species group. International Journal of Acarology, 10, 27-37.
http://dx.doi.org/10.1080/01647958408683347

McMurtry, J.A., Moraes, G.J.de & Sourassou, N.F. (2013) Revision of the lifestyles of phytoseiid mites (Acari: Phyto-
seiidae) and implications for biological control strategies. Systematic & Applied Acarology, 18, 297-320.
http://dx.doi.org/10.11158/saa.18.4.1

Moraes, GJ.de, McMurtry, J.A. & Denmark, H.A. (1986) 4 catalog of the mite family Phytoseiidae: references to tax-
onomy, synonym, distributiopn and habitat. IMBRAPA-DDT, Brasilia, 353 pp.

Moraes, G.J.de, Denmark, H.A., van den Berg, H. & Bellotti, A. (1989) Some phytoseiid mites (Acari: Phytoseiidae)

2212 SYSTEMATIC & APPLIED ACAROLOGY VOL. 23

Downloaded From: https://complete.bioone.org/journals/Systematic-and-Applied-Acarology on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



from the far east, with description of a new species. International Journal of Acarology, 15, 129-133.
http://dx.doi.org/10.11158/10.1080/01647958908683838

Moreas, GJ.de, Ueckermann, E.A., Oliveira, A.R. & Yaninek, J.S. (2001) Phytoseiid mites of the genus Euseius
(Acari: Phytoseiidae) from Sub-Saharan Africa. Zootaxa, 3, 1-70.
http://dx.doi.org/10.11646/zootaxa.3.1.1

Moreas, G.J.de, McMurtry, J.A., Denmark, H.A. & Campos, C.B. (2004) A revised catalog of the mite family Phyto-
seiidae. Zootaxa, 434, 1-494.
http://dx.doi.org/10.11646/zootaxa.434.1.1

Nomikou, M., Janssen, A. & Sabelis, M.W. (2003) Phytoseiid predator of whitefly feeds on plant tissue. Experimental
& Applied Acarology, 31, 27-36.
http://dx.doi.org/10.1023/B:APPA.0000005150.33813.04

Ohno, S., Gotoh, T., Miyagi, A., Ganaha-Kikumura, T., Kurima, M., Kijima, K. & Ooishi, T. (2012) Geographic dis-
tribution of phytoseiid mite species (Acari: Phytoseiidac) on crops in Okinawa, a subtropical area of Japan.
Entomlogical Science, 15, 115-120.
http://dx.doi.org/10.1111/j.1479-8298.2011.00469.x

Rowell, H.J., Chant, D.A. & Hansell, R.I.C. (1978) Determination of setal homologies and setal patterns on dorsal
shield in family Phytoseiidae (Acarina: Mesostigmata). Canadian Entomologist, 110, 859-876.
http://dx.doi.org/10.4039/Ent110859-8

Schicha, E. (1981) Five known and five new species of phytoseiid mites from Australia and the South Pacific. Gen-
eral and Applied Entomology, 13, 29-46.

Schicha, E. & Corpuz-Raros, L.A. (1992) Phytoseiidae of the Philippines. Indira Publishing House, West Bloomfield,
USA, 190 pp.

Schicha, E. & Guttierrez, J. (1985) Phytoseiidae of Papua New Guinea, with three new species, and new records  of
Tetranychidae (Acari). International Journal of Acarology, 11, 173—181.
http://dx.doi.org/10.1080/01647958508683412

Schneider, C.A., Rasband, W.S. & Eliceiri, K.W. (2012) NIH Image to ImagelJ: 25 years of image analysis. Nature
Methods, 9, 671-675.
http://dx.doi.org/10.1038/nmeth.2089

Shibao, M., Ehara, S., Hosomi, A. & Tanaka, H. (2004) Seasonal fluctuation in population density of phytoseiid mites
and the yellow tea thrips, Scirtothrips dorsalis Hood (Thysanoptera: Thripidae) on grape, and predation of the
thrips by Fuseius sojaensis (Ehara) (Acari: Phytoseiidae). Applied Entomology and Zoology, 39, 727-730.
http://dx.doi.org/10.1303/aez.2004.727

Toyoshima, S., Kishimoto, H. & Amano, H. (2018) Phytoseiid mites Portal. Available from: http://phytoseiidae.aca-
rology-japan.org/ (Access Feb 2 2018)

Tseng, Y.H. (1972) Two new species of the mite family Phytoseiidae (Acarina: Mesostigmata) from Taiwan. Plant
Protection Bulletin, 14, 1-7.

Tseng, Y.H. (1973) Two new predatory mites from Taiwan (Acarina: Cheyletidae, Phytoseiidae). Plant Protection
Bulletin, 15, 76-81.

Tseng, Y.H. (1975) Systematics of the mite family Phytoseiidae from Taiwan, with a revised key to genera of the
world (I). Journal of the Agricultural Association of China New Series, 91, 44-68.

Tseng, Y.H. (1976) Systematics of the mite family Phytoseiidae from Taiwan, with a revised key to genera of the
world (I). Journal of the Agricultural Association of China New Series, 91, 85-128.

Tseng, Y.H. (1983) Further study on phytoseiid mites from Taiwan (Acarina: Mesostigmata). Chinese Journal of
Entomology, 3, 33-74.

Wu, W.N. (1982) Notes on the genus Amblyseius Berlese with descriptions of two new species of citrus orchards in
south China (Acarina: Phytoseiidae). Acta Entomologica Sinica, 25, 96-101.

Wu, WN. & Li, Z.Q. (1983) Descriptions of four new species of phytoseiid mites and the male of Iphiseius dinghuen-
sis from Fujian province. Wuyi Science Journal, 3, 170-176.

Wu, W.N,, Liang, L.R. & Lan, W.M. (1997) Acari: Phytoseiidae. Economic Insect Fauna of China. Beijing, China,
Science Press, 53, 227 pp.

Wu, WN., Ou, J.F. & Huang, J.L. (2009) Fauna Sinica, Invertebrata, Vol. 47. Arachnida Acari: Phytoseiidae. Beijing,
Science Press, 511 pp.

Yoshida-Shaul, E. & Chant, D.A. (1995) A review of the species of Phytoseiidae (Acari: Gamasina) described by A.
C. Oudemans. Acarologia, 36, 3-19.

Submitted: 5 Sep. 2018; accepted by Zhi-Qiang Zhang: 24 Oct. 2018, published: 9 Nov. 2018

2018 LIAO ET AL.: GENERA EUSEIUS AND GYNASEIUS FROM TAIWAN 2213

Downloaded From: https://complete.bioone.org/journals/Systematic-and-Applied-Acarology on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



	Abstract
	Introduction
	Materials and Methods
	Results
	Euseius oolong Liao & Ho sp. nov.
	Euseius nicholsi (Ehara & Lee, 1971) (Figures 3–5)
	Euseius sojaensis (Ehara, 1964)
	Gynaseius santosoi (Ehara, 2005)
	Acknowledgements
	References

