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Abstract

The identity of Neoseiulus californicus sensu lato is reviewed and its polymorphic nature in published
descriptions is discussed. Some mistakes in previous redescriptions of this species are clarified by studying the
voucher specimens. A new strain of this species was discovered from Eriobotrya japonica in Dinghushan
National Nature Reserve, Zhaoqing, Guangdong Province, southern China, and both adult male and female of
this population are redescribed. Previous records of N. californicus and N. fallacis in China are reviewed.
Preanal glands are described for the first time for a phytoseiid species. World distribution records for N.
californicus sensu lato are reviewed, with extension of its range to southern China and Australia/Oceania.
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Introduction

The Phytoseiidae is the most important family of predatory mites, with over 2,300 known species
placed in over 90 genera (Moraes et al. 2004, Chant & McMurtry 2007, Beaulieu et al. 2011). Many
species of this family have been shown to be effective biocontrol agents of phytophagous mites and
small insects on crops, and several commercially available species are widely used for the control of
plant-feeding mites, thrips and whiteflies on greenhouse crops (McMurtry & Croft 1997, Gerson et
al. 2003, Zhang 2003). In China, over 300 species of the Phytoseiidae have been described or
recorded (Wu et al. 2009, 2010). 

During a recent survey of phytoseiids for potential use in biocontrol, one species of the genus
Neoseiulus closely related to Neoseiulus californicus (McGregor, 1954) sensu lato was discovered
in Guangdong, southern China. In this article, we discuss the identity of N. californicus sensu lato,
clarify some mistakes in previous descriptions of this species and provide a redescription based
material from China in comparison with specimens from all over the world. The preanal glands are
described for the first time for a phytoseiid species. We also briefly review the Chinese records of N.
californicus and also closely related species Neoseiulus fallacis.

Article
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Material and methods

Specimens were first rinsed with 100% alcohol to remove any associated dust and debris. Individual
specimen was then mounted in Hoyer’s medium on glass slides (Krantz & Walter 2009). 

SEM images were taken using a NOVA NanoSEM 430; light microscopic images were taken
using a Nikon i90 microscope with a Nikon SS-Fi1 camera. 

Terms and notations for idiosomal chaetotaxy, adenotaxny and mating apparatus follow Ragusa
(2000), Beard (2001) and Chant & McMurtry (2007). Specimens were measured in micrometers.

Abbreviations for collections: CDFA—California Department of Food and Agriculture.
Sacramento, California, USA; ESALQ-USP (Escola Superior de Agricultura “Luiz de Queiroz”,
Universidade de São Paulo, Piracicaba, São Paulo, Brazil; INRA—Institut National de la Recherche
Agronomique, Montpellier; France; IPPCAAS—Institute of Plant Protection, Chinese Academy of
Agricultural Sciences, Beijing, China; IZCAS—Institute of Zoology, Chinese Academy of Sciences,
Beijing, China; KAREC—Kearney Agricultural Research & Extension Center, University of
California, Parlier, California, USA; MHNG—Muséum d'histoire naturelle de la Ville de Genève,
Geneva, Switzerland; LAEZIU—Laboratory of Applied Entomology & Zoology, Faculty of
Agriculture, Ibaraki University, Ami, Ibaraki, Japan.

Results

Taxonomic position and identity of Neoseiulus californicus (McGregor, 1954)

Taxonomic position: Cydnodromus or Neoseiulus?
The genus Neoseiulus is one of the most species-rich genera of the Phytoseiidae in the world

(Chant and McMurtry 2007). The taxonomic history of this genus is complicated (see Tsolakis et al.
2012). In the last comprehensive revision of Neoseiulini, Chant and McMurtry (2003) adopted a
broad sense Neoseiulus and divided it into 10 species-groups, with the cucumeris species-group
being the largest. N. californicus belongs to the cucumeris species-group, cucumeris subgroup,
which is the largest subgroup with over 100 species (Chant and McMurtry 2003). Within that
subgroup, N. californicus belongs to a small cohort corresponding to the species that Athias-Henriot
(1977) had referred to as Cydnodromus. In her re-definition of Cydnodromus, she placed in it: N.
baticola (Athias-Henriot, 1977), N. byssus (Denmark & Knisley, in Knisley & Denmark, 1978), N.
californicus (McGregor, 1954) sensu Athias-Henriot, 1977, N. fallacis (Garman, 1948), N.
fallacoides (Tuttle & Muma, 1973) and N. lamticus (Athias-Henriot, 1977). She considered N.
chilenensis (Dosse, 1958) a synonym of her N. californicus. Ragusa (2000) described a new
species—Cydnodromus picanus—and also suggested that N. wearnei should be placed in
Cydnodromus sensu Athias-Henriot (1977). However, C. picanus was recently shown to be a junior
synonym of N. idaeus Denmark & Muma, 1973—based on morphological, molecular and biological
data—by Tixier et al. (2011). Tixier et al. (2008) showed that N. marinus (Willman, 1952) and N.
ornatus (Athias-Henriot, 1957)—two species previously suspected by some authors to be synonyms
of N. californicus and N. chilenensis, respectively—are valid species that can be reliably separated
from N. californicus sensu Athias-Henriot, 1977.

Cydnodromus has been considered a synonym of Neoseiulus by most recent researchers (Beard
2001, Chant and McMurtry 2003, 2007, Moraes et al. 2004, Tixier et al. 2008, Wu et al. 2010,
Denmark & Evans 2011), although it is still used as a valid genus in some publications (e.g. Ragusa
2000, Tsolakis et al. 2012). Here we follow the view of most phytoseiid specialists in accepting
Neoseiulus in the broad sense according to Chant and McMurtry (2003, 2007).
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The identity of Neoseiulus californicus
McGregor (1954) described N. californicus on the basis of a male collected from a lemon fruit

in Whittier, California. In the same paper, he also described N. mungeri from two females collected
from lemon in Whittier, California. McGregor (1954) showed that N. californicus females (Plate 22)
have “an inconspicuous tooth” on the movable cheliceral digit, and three teeth (two subapical) on the
fixed checliceral digit; the ventrianal shield is broadly convex laterally—not clearly wasited as in
subsequent descriptions of this species (e.g. Schuster & Pritchard 1963; Athias-Henriot 1977; Tixer
et al. 2008).

Chant (1959) examined the type specimens of both species and also that of N. marinus
(Willmann, 1952); he synonymized N. mungeri with N. californicus, and also N. californicus with
N. marinus. 

Schuster & Pritchard (1963) disagreed with Chant (1959) regarding the synonymy of N.
californicus and N. marinus and re-described his “californicus” based on male and female specimens
that he had collected in Riverside and San Diego, California, having one tooth on the movable
cheliceral digit and two subapical teeth on the fixed digit. They did not mention any study of the type
specimens of McGregor (1954), nor made any attempts to compare his “californicus” with the
original descriptions of N. californicus. In addition to difference in the shape of ventrianal shield in
the female, Schuster & Pritchard (1963)’s description differs from that of McGregor (1954) in
several other aspects: (1) setae Pa level with anterial margin of anus versus more posteriorly
positioned Ps setae in the original description; (2) preanal pores more closer together than in the
original description; (3) gd1 posteromediad of, rather than posterolaterad of, the bases of setae j3.

Athias-Henriot (1977) described her “N. californicus” with 3 teeth on the movable digit and
suggested the synonymy between N. chilenensis (Dosse, 1958) and her “N. californicus”, without
examination of the type specimens of either species. There were no attempts by Athias-Henriot
(1977) to recognize the differences in tooth dentation, although this is an important character for
species diagnosis fully recognized and used in separating other species in both papers (Schuster &
Pritchard 1963; Athias-Henriot 1977). In addition to differences in the dentation of the chelicera, the
“N. californinus” sensu Athias-Henriot (1977) differ in adenotaxy, relative lengths of dorsal setae
and shape of ventrianal shield from that described by McGregor (1954).

McMurtry & Badii (1989) performed cross-breeding experiments between “N. californicus”
sensu Athias-Henriot (1977) collected in California and N. chilenensis collected from Peru and
Chile, and showed that they can exchange genetic material and produce viable offspring. Voucher
specimens (from Chile and Peru) of McMurtry & Badii (1989) were examined in this study (see
below).

Ragusa and Varga (2002) followed the concept of N. californicus sensu Athias-Henriot (1977)
but noted the differences among descriptions by McGregor (1954), Schuster & Pritchard (1963), and
Athias-Henriot (1977).

Guanilo et al. (2008a) redescribed N. californicus from Peru. They stated that the “females
collected in this study are similar to those described by El-Banhawy (1979) and Schuster & Pritchard
(1963), but differ in that the movable cheliceral digit has “2 teeth instead of 1 tooth”. They also stated
that the fixed cheliceral digit has “2 teeth” and the chaetotaxy for genu III is “1, 2/0-2/0, 1”. A study
of a voucher specimen of Guanilo et al. (2008a) from Tacna revealed that (1) the movable cheliceral
digit has 3 teeth, (2) fixed cheliceral digit has 5 teeth and (3) the chaetotaxy for genu III is 1-2/1, 2/
0-1. These agree with N. californicus sensu Athias-Henriot (1977) as redescribed in this paper.

Guanilo et al. (2008b) redescribed N. californicus from Argentina. They stated the “movable
cheliceral digit 25 long, with 1 tooth; fixed cheliceral digit 26 long, with 3 teeth”. A study of a
voucher specimen of Guanilo et al. (2008b) from San Miguel de Tucumán revealed that  the movable
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cheliceral digit has 3 teeth and fixed cheliceral digit has 5 teeth, in agreement with those of N.
californicus sensu Athias-Henriot (1977). 

Tixier et al. (2008) followed the concept of N. californicus sensu Athias-Henriot (1977) and
removed N. marinus from synonymy with “N. californicus” sensu Athias-Henriot (1977); they re-
examined of a paratype of N. marinus and confirmed the absence of teeth on the movable digit. 

Our study of voucher specimens of N. californicus sensu Athias-Henriot (1977), including
female specimens from Chile studied by Athias-Henriot (1977), and those from France and Spain
studied by Tixier et al. (2008), showed that (1) setae J5 are basally serrate (Fig. 3) as redescribed here
in this paper, (2) the atrium of spermathecal apparatus is conical as correctly described by Athias-
Henriot (1977), but not oblong as described and illustrated by Tixier et al. (2008); (3) there are 16 pairs
of lyrifissures, correctly illustrated by Athias-Henriot (1977) but incorrectly by Tixier et al. (2008:
“six pairs of poroids visible”); and (4) the distribution of muscle marks on the dorsal shield was
correctly illustrated by Athias-Henriot (1977) but incorrectly by Tixier et al. (2008). These results
highlight the importance of accurate descriptions and voucher specimens.

Kade et al. (2011) redescribed N. californicus from Senegal, stating “fixed and movable
cheliceral digits with 3 and 2 teeth, respectively”. The specimens are not available for this study.

We should add that Tixier et al. (2008) and previous authors (except Chant, 1959) were not able
to find the type material of N. californicus. Ragusa and Varga (2002) noted that the type material of
N. californicus were preserved in the Los Angeles County Museum of Natural History (based on
personal communication with D.A. Chant in 2002). We also searched again for the type material of
this species without success. In the absence of the type specimens of McGregor (1954), the identity
of N. californicus can only be inferred from the original descriptions, but not those of Schuster &
Pritchard (1963) nor Athias-Henriot (1977); but unfortunately, most researchers in the last three
decades have ignored the original descriptions by McGregor (1954). The real identity of N.
californicus can best be resolved by collecting new specimens from the type locality (Whittier,
California). Tixier et al. (2008, 2013) mistakenly claimed Riverside as its type locality.

Our search for the type specimens of N. chilenensis failed. Dosse (1958) deposited the type
material in his Institute für Pflanzenschutz in Hohenheim. His successor, Dr Claus Zebitz, the current
professor of Applied Entomology at the University of Hohenheim confirmed that Dosse'ss type
specimens are no longer preserved there.

Neoseiulus californicus sensu lato as currently known is polymorphic. The following
redescription agrees with the concept of Athias-Henriot (1977) as accepted by most authors.

Redescription  of Neoseiulus californicus (Figs 1–12)

Adult female (Figs 1–7, n=30). 
Dorsum: Dorsal shield peanut-shaped, with a slight waist at level immediately anterior to Z1;

376 (363–388) long and 156 (150–163) wide at level of s4; reticulate throughout, moderately
sclerotized, with numerous muscle marks as shown in Fig. 1.

All dorsal setae smooth except serrated Z4, Z5 (Figs. 1, 2) and J5, the latter which is strongly
serrated only near the base and with a groove along 0.6x its length from the base (Fig. 3). Dorsal
setae shorter than distance to respective following setae of each longitudinal series; measurements
of dorsal setae: j1: 23 (20–25), j3: 31 (25–35), j4: 23 (19–25), j5: 22 (18–25), j6: 27 (24–32), J2: 33
(29–38), J5: 12 (11–13), z2: 28 (25–32), z4: 29 (25–33), z5: 22 (19–24), Z1: 32 (29–35), Z4: 52 (50–
56), Z5: 70 (63–78), s4: 37 (33–43), S2: 40 (35–45), S4: 39 (35–43), S5: 33 (30–38), r3: 24 (22–27),
R1: 23 (20–25). 
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FIGURE 1. Neoseiulus californicus. Dorsal idiosoma showing the plate and peritreme.
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FIGURES 2–3. Neoseiulus californicus (female). 2, seta Z5 with JV5 and J5; 3, seta J5 enlarged, showing

strong serration near the base and also a groove from the base (SEMs). 
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Dorsal shield bearing 19 pairs of pore-like structures, including three pairs of gland openings
(gd1, gd6 and gd9) and 16 pairs of lyrifissures (Fig. 1): gd1 closer to j3 than to z2, anterolaterad of a
line connecting bases of j3 and z2; most lyrifissures eye-shaped or spindle-shaped, but id6, idm1,
idm2, idm3, idm4, and idm6 more rounded.

Peritremes extending to level of seta j1, with id3 and gd3 lateral to seta r3 (Fig. 1).
Venter: Sternal shield subequal in length and width, reticulated, posterior margin distinct,

straight to slightly curved, bearing three pairs of simple setae [St1–3 subequal in length: 29 (26–32)]
and two pairs of lyrifissures (Fig. 4). St4 (29 (28–30) long) and a lyrifissure on each meta-sternal
shield. Genital shield (123 long, 72 wide) relatively narrow, posteriorly truncate, bearing one pair of
simple setae [st5 27 (25–30) long], which are short and not reaching posterior margin of genital
shield (Fig. 4). A linear sigillum present immediately posterior to genital shield, about as long as
posterior width of genital shield; a pair of small sigilla located postero-lateral to genital sigilum (Fig.
4).  Ventrianal shield pentagonal, 122 (110–131) long, 105 (97–113) wide at level of setae ZV2, well
reticulated, with 3 pairs of preanal setae; a pair of crescent-shaped preanal pores (gv3), 24 apart;
primary metapodal shield 30 (27–32), secondary metapodal shield 12 (10–15). Five pairs of
lyrifissures in surrounding soft cuticle. JV5 [52 (48–55) long] about three times as long as ZV1, ZV2
and JV4.

Spermathecal apparatus: Calyx relatively thin-walled, cup-shaped to bell-shaped, arms
diverging slightly distally (Fig. 5). Atrium small, partly incorporated into base of calyx, maximum
diameter about as thick as arms of calyx, tapering towards connection with major duct which is
narrow, parallel-sided, and about as long as calyx.

Gnathosoma: Movable cheliceral digit tridentate, all denticles recurved; fixed digit
pentadentate, 3 anterior to pilus dentilis and 2 basal to it, with the basal-most one being much smaller
than others (Fig. 7).

Legs: No macrosetae on legs I, II and III; basetarsus IV with one macroseta 51 (48–55) long,
with blunt tip (Fig. 6). Chaetotaxy of genu II 2-2/0, 2/0-1; genu III 1-2/1, 2/0-1. 

Adult male (Figs 8–9, n=20)
Dorsum: Dorsal shield 281 (275–290) long and 154 (148–162) wide at the level of r3, similar

to the female in chaetotaxy, adenotaxy, solenotaxy, and ornamentation, except the presence of gd4,
which is crescent-shaped and postero-lateral to s4. Podonotal and opisthonotal shield with
reticulation. All setae simple and relatively short except serrated Z4 and Z5; measurements of setae:
j1: 18 (17–20), j3: 24 (23–28), j4: 17 (16–20), j5: 17 (16–19), j6: 22 (18–25), J2: 25 (23–28), J5: 10
(8–10), z2: 21 (20–25), z4: 22 (20–25), z5: 18 (17–20), Z1: 25 (22.5–28), Z4: 46 (43–50), Z5: 52 (48–
55), s4: 28 (25–33), S2: 32 (29–35), S4: 32 (28–38), S5: 27 (23–32), r3: 21 (19–23), R1: 19 (16–20).

Venter: Sternigenital shield reticulated, bearing five pairs of setae. St1: 22 (20–24), St2: 21 (19–
23); St3: 20 (19–23); St4: 20 (19–21); St5: 19 (18–22); three pairs of lyrifissures also present.
Ventrianal shield reticulated, subtriangular in shape (Fig. 9), 110 (103–120) long and 160 (145–174)
at the widest level, with three pairs of preanal setae and four pairs of lyrifissures; a pair of preanal
pores crescent-shaped; anterior margin a little protruding; posterolateral patch of muscle marks level
with anal opening. Three pairs of lyrifissures in surrounding soft cuticle.

Gnathosoma: Movable chelicerae digit unidentate, fixed digit tridentate (Fig. 8).
Spermatodactyl relatively short, shaft more or less linear, foot at about right angle to shaft with
rounded toe and slightly tapered heel (Fig. 8).
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FIGURES 4–9. Neoseiulus californicus. 4, ventral view in part (female); 5, Spermathecal apparatus (female);

6, Leg IV (basitarsus-genu, female); 7, chelicera (female); 8, chelicera (male); 9 ventral view in part (male).
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Material examined
55 females and 35 males, Dinghushan, Zhaoqing City, Guangdong Province, China. Nov.

15, 2010, Eriobotrya japonica. Most specimens are deposited in IPPCAAS; ten voucher
specimens are deposited in IZCAS. 

Comparative non-Chinese specimens of Neoseiulus californicus examined in this study
CIHLE: Curicó, Teno, 5 females (slide R-83-8-3 in CDFA), III-9-83, ex Apple URC Insectary

VI-8-83 (voucher sp. IX-14-83 from Jack & Hall); Olme, Valparasio, 1 female (slide coll. Athias
E868 in MHNG), 13.IV.1961, grape, on Brevipalpus, N. Hitchens collector.

PERU: Urubamba, 4 females (slide R83-7-1 in CDFA), II-22-83, Ex: Avocado, URC Insectary
VI-8-83 (Voucher sp m, IX-14-83 from Jack & Hall); 1 female, Tacna: Tacna—Pocollay
(17°59'27''S, 70°13'06''W), 12-VII-2006, on Datura stramonium, collector A. Guanilo. 

ARGENTINA: 1 female, San Miguel de Tucumán—Vipos (26°28'34.2''S, 65°18'42.3''W), 15-
V-2007, on Solanummelongena.

USA: California, Napa, Carneros, 1 female (slide in KAREC), 5-3-07, ex Grape, L. Varela;
collector California, Kern, 1 female (slide in KAREC), 7-10-07, ex soy bean in greenhouse, Y.
Ouyang collector). 

SPAIN: Valencia, 1 female (slide in INRA), ex Fragaria vesca, 2003.
FRANCE: Mauguio, South of France, near Montpellier, 2 females (2 slides in INRA), ex

Solanum melongena, 2003. 
THE NETHERLANDS: exotic material reared in Fuzhou, China, collected 29 Oct 2012,

Yanxuan Zhang (introduced in 2009 from The Netherlands).
JAPAN: Chiba, Ichihara, 10 females (slide in LAEZIU), 17-VIII-1995, T. Gotoh.

Distribution
Moraes et al. (2004)’s world catalogue listed N. californicus from AFRICA (Algeria), the

AMERCIAS (Argentina, Brazil, Chile, Colombia, Cuba, Guatemala, Mexico, Peru, Uruguay, USA,
Venezuela), EUROPE (France, Italy, Spain) and ASIA (Japan and Taiwan). 

Recent new country records for AFRICA: Senegal (Zannou et al. 2006, Kade et al. 2011);
Tunisia (Kreiter et al. 2010; Okassa et al. 2011); South Africa (Okassa et al. 2011).

Recent new country records for the AMERCIAS: Guadeloupe (Kreiter et al. 2006); Canada and
Mexico (Denmark & Evans 2011).

Recent additional country records for the EUROPE: Cyprus (Vassiliou et al. 2012); Greece:
(Papadoulis et al. 2009); Portugal (Ferreira & Carmona 1994); Serbia (Stojnić et al. 2002); Turkey
(Çakmak & Çobanoğlu 2006).

Recent new country records for the ASIA: South Korea (El Taj & Jung 2011; Okassa et al.
2011); China (Sichuan Province, Qin et al. 2013; Guangdong Province, this paper).

Recent new country records for the AUSTRALIA/OCEANIA: Australia (Steiner & Goodwin
2013; Tixier et al. 2013); Guam (Reddya & Bautista 2012, introduced from USA but established).

Discussions

Remarks on some morphological features in Chinese specimens
The Chinese population from Guangdong has extremely high reproductive rates (unpublished

data). It has also some morphological differences from specimens collected from elsewhere:
(1) The calyx of spermathecal apparatus is obviously longer than wide in Chinese specimens

(Fig. 10A–B), but it is mostly wider than long or as long as wide in overseas specimens (Fig. 10C–I).
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FIGURE 10. Neoseiulus californicus. Spermathecal apparatus (female). A–B, China (Guangdong); C, Japan           

(Chiba); D, USA (Napa, California); E, France (Mauguio); F, Spain (Valencia); G, Chile (Valparasio); H, Chile               

(Curicó, voucher specimen from insectary culture at University of California at Riverside in 1983); I, Peru               

(Urubamba, voucher specimen from insectary culture at University of California at Riverside in 1983).  All               

images under old immersion and of the same scale.
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(2) The gland openings gv3 are closer to each other in overseas material (distance between 
mesad edges of gv3 opening about twice the width of gv3 opening, Fig 11B–H), whereas in Chinese 
specimens gland openings gv3 are further apart (the distance between mesad edges of gv3 opening 
about three times the width of gv3 opening—Fig. 11A).

FIGURE 11. Neoseiulus californicus. Ventrianal shield, part showing gv3 (female). A, China; B, Japan             
(Chiba); C, USA (Napa, California); D, France (Mauguio); E, Spain (Valencia); F, Chile (Valparasio); G, Chile               
(Curicó, voucher specimen from insectary culture at University of California at Riverside in 1983); H, Peru               
(Urubamba, voucher specimen from insectary culture at University of California at Riverside in 1983).  All               
images under old immersion and of the same scale.
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(3) Only basal 1/4 to 1/3 of setae Z4 is smooth in Chinese specimens, but basal half of Z4 is 
smooth in overseas material. 

These differences are obvious in most specimens but sometimes there are exceptions, and here 
considered intraspecific variation.

Observation on gv3 gland
We observed the internal structures under the preanal pores. There is a tube connecting gv3

gland and its opening. This tube is sometimes well developed and they form a broadly connected Y-
shape with the two lobes of the gland in Chinese specimens (Fig 12A), whereas the tube connecting 
gv3 gland and opening are relatively poorly developed and they form a narrowly connected T-shape 
with the lobes of the gland in overseas material—see Fig. 12B & D. In one specimen (Fig. 12C), we 
observed an additional pair of lobes distal to the normal pair.

FIGURE 12. Neoseiulus californicus. Ventrianal shield, part showing gv3 glands (female). A, China;  B–C,              

commerical strain from Koppert (originated from California, USA); D, greenhouse-collected, ex soy bean,            

Kern, USA.

A

B

C

D
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Athias-Henriot (1977) studied the preanal pores and pointed out the importance of its relative
position and its shape. As far as we are aware, our discovery of the preanal glands is the first for a
phytoseiid species. The preanal pores are connected to internal paired gv3 glands by a tube which is
often not very well-sclerotized and difficult to see in old specimens.  When the tube is vertical to the
plane of the ventrianal shield in mounted slides, the tube and the glands are obscured. Further
comparative studies of gv3 glands in different species and genera of the Phytoseiidae and other
Mesostigmata will be very interesting and fruitful.

Records of related species in China
Neoseiulus fallacis was introduced from USA to China in 1983 and later released in 1987 for

the control of Panonychus ulmi on apple in Qingdao, Shandong Province in northeast China (Wang
et al. 1990). The released population overwintered successfully in the orchards and provided
successful control of P. ulmi in 1988. During 1987–1988, N. fallacis was also released for the control
of P. ulmi in Tianshui, Gansu in northwest China, providing “good control of the overwintering eggs
of the spider mite” (Wu et al. 1991). However, it is not known whether the released mites became
established, as there have been no further studies to access its establishment in Gansu. A pesticide-
resistant strain of N. fallacis was introduced to China in 1990 and tested in the laboratory against 23
commonly pesticides in China (Wu et al. 1994), but there have been no further reports on its release
in China. 

A mite identified by Weinan Wu as N. fallacis was reported from Guiyang, Guizhou in
southwest China (Chen et al. 2009). Song et al. (2013) reported N. fallacis from papaya leaves in
Guangzhou, Guangdong Province, China. Wu et al. (2009, pp. 72 to 74) described “N. fallacis” from
China, but unfortunately they did not indicate the origin of the specimens or the distribution of the
species in China. Based on the description given in Wu et al. (2009), his specimens are more similar
to N. californicus sensu Athias-Henriot (1977) than N. fallacis sensu Athias-Henriot (1977), Schicha
& Elshafie (1980), Schicha (1987) or Beard (2001). Beard (2001) reviewed variation in descriptions
of N. fallacis from different publications and included her own observations. N. fallacis as currently
known may be a complex of species. 

Neoseiulus californicus was introduced from The Netherlands in 2009 into Fujian Province,
China for possible control of spider mites in vegetable crops; thus far, only laboratory studies on its
life history have been conducted (Zhang et al. 2012). We examined the voucher specimens from
Zhang et al. (2012) and as expected these are N. californicus sensu Athias-Henriot (1977). The
introduced population was kept in laboratory only and has not been released for biocontrol of mites
in the field. Qin et al. (2013) reported a local population of N. californicus from Chengdu, Sichuan
Province, southwest China.

Suggestions for future research
(1) Finding out the true identity of Neoseiulus californicus. N. californicus as currently

described by various authors is obviously polymorphic as reviewed above (see also Ragusa & Varga
2002). Athias-Henriot (1959) first reported females of N. californicus (as mungeri) from Algeria and
two years later she reidentified these females as N. barkeri (Athias-Henriot 1961: 400–401).
Obviously, N. californicus sensu McGregor (1954) looks more like N. barkeri than N. californicus
sensu Athias-Henriot (1977). Since McGregor’s type specimens cannot be found, the real identity of
N. californicus can best be resolved by collecting new specimens from lemon at the type locality—
Whittier, California.

(2) Cross-mating studies. The Chinese population of N. californicus sensu Athias-Henriot
(1977) has some unique biological features and its morphology is also somewhat different from those
from outside China. Experiments on cross-mating between the Dinghushan population with those
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from the commercial strain (originated from California) will be interesting. If some genetic changes
have evolved, then there may be reduction in at least the reproductive rates between inter-population
crosses (compared with control within the same population). 

Acknowledgements

This study is financially supported by Special Fund for Agro-scientific Research in the Public
Interest (200903032) to Xuenong Xu. While this paper was prepared, Zhi-Qiang Zhang was
supported by Core funding for Crown Research Institutes from the Ministry of Business, Innovation
and Employment's Science and Innovation Group. We thank Xiaohuang Jiang (Chinese Academy of
Agricultural Sciences, Beijing) for illustrations. We also thank Dunsong Li and Baoxin Zhang
(Guangdong Academy of Agricultural Sciences, Guangdong) for hospitality and logistical support
when Xu was in Guangdong. We also thank the following colleagues for the help in loan of
specimens: Gilberto de Moraes (ESALQ-USP), Marie-Stéphane Tixier (INRA, France), Stephen D.
Gaimari (CDFA, USA), T. Gotoh (LAEZIU, Japan), Yuling Ouyang (KAREC, USA) and Peter
Schwendinger (MHNG, Switzerland). We also thank Prof Jim McMurtry for sharing his information
and knowledge. Comments by three anonymous peers contributed to the improvement of this paper
and are here acknowledged.

References

Athias-Henriot, C. (1957) Typhlodromus ornatus n. sp. et Typhlodromus longilaterus n. sp. (Acarina: Phytosei-
idae) mesostigmates predateurs d' Algerie. Revue de Pathologie Vegetale et d’Entomologie Agricole de
France, 36(4), 215–222. 

Athias-Henriot, C. (1959) Acariens planticoles d'Algerie. I. 5e contribution au genre Amblyseius Berlese (Phy-
toseiidae). II. Premiere liste d'Actinochitinosi (Cheyletidae, Caligonellidae, Hemisarcoptidae). Bulletin de
l’Academy Royal de Belgique, Class des Sciences, (Ser. 5), 45, 130–153.

Athias-Henriot, C. (1961) Mesostigmates (Urop. excl.) edaphiques Mediterraneens (Acaromorpha, Anactino-
trichida). Acarologia, 3, 381–509.

Athias-Henriot, C. (1977) Nouvelles notes sur les Amblyseiini. III. Sur le genre Cydnodromus: Redéfinition,
composition (Parasitiformes, Phytoseiidae). Entomophaga, 22, 61–73.
http://dx.doi.org/10.1007/bf02372991

Beaulieu, F., Dowling, A.P.G, Klompen, H., Moraes, G.J. de & Walter, D.E. (2011) Superorder Parasitiformes
Reuter, 1909. In: Zhang, Z.-Q. (Ed.), Animal biodiversity: an outline of higher-level classification and
survey of taxonomic richness. Zootaxa, 3148, 123–128.

Beard, J.J. (2001) A review of Australian Neoseiulus Hughes and Typhlodromips de Leon (Acari: Phytosei-
idae: Amblyseiinae). Invertebrate Taxonomy, 15, 73–158.

Çakmak, I. & Çobanoglu, S. (2006) Amblyseius californicus (McGregor, 1954) (Acari: Phytoseiidae), a new
record for the Turkish fauna. Turkish Journal of Zoology, 30 (1), 55–58.

Chant, D.A. (1959) Phytoseiid mites (Acarina: Phytoseiidae). Part I. Bionomics of seven species in southeast-
ern England. Part II. A taxonomic review of the family Phytoseiidae, with descriptions of thirty-eight new
species. The Canadian Entomologist, Supplement 12, 1–166.

Chant D.A. & McMurtry J.A. (2003) A review of the subfamilies Amblyseiinae: Part II. Neoseiulini new tribe.
International Journal of Acarology, 29, 3–46.
http://dx.doi.org/10.1080/01647950308684319

Chant, D.A. & McMurtry, J.A. (2007) Illustrated keys and diagnoses for the genera and subgenera of the Phy-
toseiidae of the world (Acarina: Mesostigmata). Indira Publishing House, West Bloomfield, Michigan,
USA, 219 pp.

Chen, C.L., Zhi, J.R.  & Sun, Y.H. (2009) Effect of pollen of Jasminum nudiflorum on the development and
reproduction of Amblyseius fallacis. Chinese Bulletin of Entomology, 46(4), 609–612 [In Chinese].

Denmark, H.A. & Evans, G.A. (2011) Phytoseiidae of North America and Hawaii (Acari: Mesostigmata).

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



 3432013                      XU ET AL.: REDESCRIPTION OF NEOSEIULUS CALIFORNICUS.FROM CHINA

Indira Publishing House, 451 pp.
Denmark, H.A. & Muma, M.H. (1973) Phytoseiid mites of Brazil (Acarina: Phytoseiidae). Revista Brasileira

de Biologia, 33, 235–276.
Dosse, G. (1958) Über einige neue Raubmilbenarten (Acari.: Phytoseiidae). Pflanzenschutz Berichte, 21, 44–

61.
El-Banhawy, E.M. (1979) Records on phytoseiid (Acari) mites of Peru. International Journal of Acarology, 5,

111–116.
http://dx.doi.org/10.1080/01647957908683133

El Taj, H.F. & Jung, C. (2011) A Korean population of Neoseiulus californicus (McGregor) (Acari: Phytosei-
idae) that is non-diapausing. International Journal of Acarology, 37 (5), 411–419.
http://dx.doi.org/10.1080/01647954.2010.521519

Ferreira, M.A. & Carmona, M.M. (1994) Acarofauna do feijoeiro em Portugal. Boletin de la Asociacion Espa-
nola de Entomologia, 20(1), 111–118.

Garman, P. (1948) Mite species from apple trees in Connecticut. Connecticut Agricultural Experiment Station,
Bulletin, 520, 1–27.

Gerson, U., Smiley, R.L. & Ochoa, R. (2003) Mites (Acari) for Pest Control. Blackwell, Oxford, 539 pp.
Guanilo, A.D., De Moraes, G.J. & Knapp, M. (2008a) Phytoseiid mites (Acari: Phytoseiidae) of the subfamily

Amblyseiinae Muma from Peru, with descriptions of four new species. Zootaxa, 1880, 1–47.
Guanilo, A.D., De Moraes, G.J., Toledo, S. & Knapp, M. (2008b) Phytoseiid mites (Acari: Phytoseiidae) from

Argentina, with description of a new species. Zootaxa, 1184, 1–35.
Kade, N., Gueye-ndiaye, A., Duverney, C. & Moraes, G.J. de (2011) Phytoseiid mites (Acari: Phytoseiidae)

from Senegal. Acarologia, 51(1), 133–138.
http://dx.doi.org/10.1051/acarologia/20112001

Knisley, C.B. & Denmark, H.A. (1978) New phytoseiid mites from successional and climax plant communities
in New Jersey. The Florida Entomologist, 61(1), 5–17.
http://dx.doi.org/10.2307/3494423

Krantz, G.W. & Walter, D.E. (2009) A manual of Acarology. Texes Tech University Press, Lubbock, USA.
Kreiter, S., Tixier, M.-S. & Etienne J. (2006) New records of phytoseiid mites (Acari: Gamasida) from the

French Antilles, with description of a new species. Zootaxa, 1294, 1–27.
Kreiter S., Tixier M.-S., Sahraoui H., Lebdi Grissa K., Ben Chaabane S., Chatti A., Chermiti B., Khoualdia O.

& Ksantini M. (2010) Phytoseiid mites (Acari: Mesostigmata) from Tunisia: Catalogue, biogeography
and key for identification. Tunisian Journal of Plant Protection, 5(2), 151–178.

McGregor, E.A. (1954) Two new mites in the genus Typhlodromus (Acarina: Phytoseiidae). Southern Califor-
nia Academy of Science Bulletin, 53, 89–92.

McMurtry, J.A. & Badii, M.H. (1989) Reproductive compatibility in widely separated populations of three
species of phytoseiid mites (Acari: Phytoseiidae). The Pan-Pacific Entomologist, 65(4), 397–402.

McMurtry, J.A & Croft, B.A. (1997) Life styles of Phytoseiidae mites and their roles in biological control.
Annual Review of Entomology, 42, 291–321.
http://dx.doi.org/10.1146/annurev.ento.42.1.291

Moraes, G.J. de, McMurtry, J.A., Denmark, H.A. & Campos, C.B. (2004) A revised catalog of the mite family
Phytoseiidae. Zootaxa, 434, 1–494.

Okassa, M., Kreiter, S., Guichou, S. & Tixier, M.-S. (2011) Molecular and morphological boundaries of the
predatory mite Neoseiulus californicus (McGregor) (Acari: Phytoseiidae). Biological Journal of the Lin-
nean Society, 104, 393–406.
http://dx.doi.org/10.1111/j.1095-8312.2011.01717.x

Papadoulis, G., Emmanouel, N.G. & Kapaxidi, E.V. (2009) Phytoseiidae of Greece and Cyperus. Indira Pub-
lishing House,West Bloomfield, Michigan, USA, 200 pp.

Qin, G, Li, Q., Yang, Q., Wang, H. & Jiang, C. (2013) Potential of predacious mite Neoseiulus californicus in
controlling citrus red mite Panonychus citri. Acta Phytophylacica Sinica, 40(2), 149–154 [In Chinese
with English abstract].

Ragusa, S. (2000) A new Cydnodromus (Parasitiformes, Phytoseiidae), from the desert of the northern Chile.
Phytophaga, 10, 3–10.

Ragusa, S. & Varga, R. (2002) On some phytoseiid mites (Parasitiformes, Phytoseiidae) from Chile. Phytoph-
aga, 12, 129–139.

Reddya, G.V.P. & Bautista, J.R. (2012) Integration of the predatory mite Neoseiulus californicus with petro-
leum spray oil treatments for control of Tetranychus marianae on eggplant. Biocontrol Science and Tech-
nology, 22(10), 1211–1220.
http://dx.doi.org/10.1080/09583157.2012.719152

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



344 SYSTEMATIC & APPLIED ACAROLOGY                                            VOL. 18

Schicha, E. (1987) Phytoseiidae of Australia and neighboring areas. Indira Publishing House, Michigan, USA. 
Schicha, E. & Elshafie, M. (1980) Four new species of phytoseiid mites from Australia, and three species from

America redescribed. Journal of the Australian Entomological Society, 19, 27–36.
http://dx.doi.org/10.1111/j.1440-6055.1980.tb00957.x

Schuster, R.O. & Pritchard, A.E. (1963) Phytoseiid mites of California. Hilgardia, 34, 191–285.
Song, Z., Zhang, B., Li, D. & Zheng, Y. (2013) Effects of abamectin on the survival and development of Neo-

seiulus fallacis (Garman). Chinese Journal of Biological Control, 29(3), 349–353.
Steiner, M. & Goodwin, S. (2013) Neoseiulus californicus. Practical Hydroponics and Greenhouses, 135

(Aug), 30–33.
Stojnić, B., Panou, H., Papadoulis, G., Petanović, R. & Emmanouel, N. (2002) The present knowledge and

new records of Phytoseiid and Tydeid mites (Acari: Pyhtoseiidae, Tydeidae) for the fauna of Serbia and
Montenegro. Acta Entomologica Serbica, 7(1–2), 111–117.

Tixier, M.-S., Guichou, S. & Kreiter, S. (2008) Morphological variation of the species Neoseiulus californicus
(McGregor) (Acari: Phytoseiidae): importance for diagnostic reliability and synonymies. Invertebrate
Systematics, 22, 453–469.
http://dx.doi.org/10.1071/is07052

Tixier, M.-S., Otto, J., Kreiter, S. V. Dos Santos, S. & Beard, J. (2013) Is Neoseiulus wearnei the Neoseiulus
californicus of Australia? Experimental and Applied Acarology.
http://dx.doi.org/10.1007/s10493-013-9740-4

Tixier, M.-S., Tsolakis, H., Ragusa, S., Poinso, A., Ferrero, M., Okassa, M. & Kreiter, S. (2011) Integrative
taxonomy demonstrates the unexpected synonymy between two predatory mite species: Cydnodromus
idaeus and C. picanus (Acari: Phytoseiidae). Invertebrate Systematics, 25, 273–281.
http://dx.doi.org/10.1071/is11025

Tsolakis, H., Tixier, M.-S., Kreiter, S. & Ragusa, S. (2012) The genus concept within the family Phytoseiidae
(Acari: Parasitiformes). Historical review and phylogenetic analyses of the genus Neoseiulus Hughes.
Zoological Journal of the Linnean Society, 156, 253–273.
http://dx.doi.org/10.1111/j.1096-3642.2011.00809.x

Tuttle, D.M. & Muma, M.H. (1973) Phytoseiidae (Acarina: Mesostigmata) inhabiting agricultural and other
plants in Arizona. University of Arizona Agricultural Experiment Station Technical Bulletin, 208, 1–55.

Vassilioua, V.A. Kitsisa, P.C. & Papadoulisb, G.T. (2012) New records of phytoseiid mites (Acari: Phytosei-
idae) from Cyprus. International Journal of Acarology, 38(3), 191–196.
http://dx.doi.org/10.1080/01647954.2011.603357

Wang, Y.-R., Li, Y.-X. & Zhang, N.-X. (1990) Releases of Amblyseius fallacis (Acari: Phytoseiidae) to control
Panonychus ulmi (Acari: Tetranychidae) in apple orchards. Chinese Journal of Biological Control, 6(3),
102–106 [in Chinese with English abstract].

Willmann, C. (1952) Die Milbenfauna der Nordseeinsel Wangerooge. Veroeffentlichungen Institut für Meeres-
forsch, Bremerhaven, 1(2), 139–186.

Wu, W.N., Ouyang, J.F. & Huang, J.L. (2009) Fauna Sinica Invertebrata vol 47. Arachnida Acari Phytosei-
idae. Science Press, Beijing, China. 

Wu, W.N., Liang, L.R., Fang, X.D. & Ou, J.F. (2010) Phytoseiidae (Acari: Mesostigmata) of China: a review
of progress, with a checklist. Zoosymposia, 4, 288–315.

Wu, Y.-S., Liu, Y.-L. & Zhang, L.-Y. (1991) A preliminary report on the use of Amblyseius fallacis (Acari:
Phytoseiidae) to control Panonychus ulmi (Acari: Tetranychidae) in Tianshui, Gansu Province. Chinese
Journal of Biological Control, 7(4), 160–162 [In Chinese with English abstract].

Wu, Y.-S., Dong, X.-Z., Ren, H.-T. & Zhang, L.-Y. (1994) Laboratory tests on the tolerance of Amblyseius fal-
lacis (Acari: Phytoseiidae) to 23 common pesticides. Chinese Journal of Biological Control, 10(1), 32–34
[In Chinese with English abstract].

Zannou I.D., Moraes G.J. de, Ueckermann E.A., Oliveira, A.R., Yaninek J.S., Hanna R. (2006) Phytoseiid
mites of the genus Neoseiulus Hughes (Acari: Phytoseiidae) from sub-Saharan Africa. International Jour-
nal of Acarology, 32, 241–276.
http://dx.doi.org/10.1080/01647950608684467

Zhang, Y.X., Ji, J., Chen, X., Lin, J.-Z. & Chen, B.-L. (2012) The effect of temperature on reproduction and
development duration of Neoseiulus (Amblyseius) californicus (McGregor). Journal of Fujian Agricul-
tural Sciences, 27(2), 157–161 [In Chinese with English abstract].

Zhang, Z.-Q. (2003) Mites of Greenhouses: Identification, Biology & Control. CABI Publishing, UK, 244 pp.
http://dx.doi.org/10.1079/9780851995908.0003

Accepted by Qing-Hai Fan: 17 Dec. 2013; published 24 Dec. 2013

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use


	Abstract
	Introduction
	Material and methods
	Results
	Taxonomic position and identity of Neoseiulus californicus (McGregor, 1954)
	Taxonomic position: Cydnodromus or Neoseiulus?
	The identity of Neoseiulus californicus

	Redescription of Neoseiulus californicus (Figs 1–12)
	Adult female (Figs 1–7, n=30).
	Adult male (Figs 8–9, n=20)
	Material examined
	Comparative non-Chinese specimens of Neoseiulus californicus
	Distribution


	Discussions
	Remarks on some morphological features in Chinese specimens
	Observation on gv3 gland
	Records of related species in China
	Suggestions for future research

	Acknowledgements
	References

