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Abstract

Species of the genus Frankliniella are almost all originally from the New World. Although eleven species
in this genus have been listed from China before, only seven species here are recognised. The records of
E pallida and E tritici from China are rejected as inadequately supported, F hainanensis is a new synonym
of E schultzei, and F zizaniophila is now considered a member of the genus Iridothrips. An identification
key for the seven species is provided here, two of them are widespread across the Palearctic (F intonsa
and F tenuicornis), one is presumably Oriental (£ /ilivora), and four are introduced from the Americas
(F occidentalis, F schultzei, F cephalica and F williamsi).
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Introduction

The genus Frankliniella is one of the most species-rich genera of Thysanoptera, with 238
species listed currenty (ThripsWiki 2019). Most of these are from Central and South
America (Mound and Marullo 1996), with only six from the Old World. Although some
species in the genus appear to be host specific on particular plants, a surprisingly large num-
ber of Frankliniella are polyphagous, breeding in the flowers and leaves of a range of differ-
ent plants. Species with this type of biology are effectively pre-adapted to become crop pests.

In China, the Western Flower Thrips, Frankliniella occidentalis, is currently one of the
most important insect pests of agriculture and horticulture (Cao et al. 2019), both for
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its direct feeding damage and for its ability to transmit tospoviruses to plants (Reitz et al.
2011). Originally from western USA, this pest is now established widely around the world,
presumably distributed by the horticultural trade (Kirk and Terry 2003). A recent list of
Thysanoptera species recorded from China included 12 species of Frankliniella (Mirab-ba-
lou et al. 2011), but this was reduced recently to 11 with some further records considered
doubtful (Zhang et al. 2018). Several of the records are here recognised as incorrect, and
the number of species in this genus that are validly recorded from China is now considered
to be no more than seven. Two of these seven are clearly native to Palearctic, £ intonsa and
F tenuicornis, and these are often abundant with a natural distribution across China. One
rare species, F lilivora, was described on specimens taken in quarantine in Japan and ap-
parently imported from China (Kurosawa 1937), but it is not known from any specimens
collected in China. The remaining four species are all clearly introduced to China from
other parts of the world, £ occidentalis from western north America, £ cephalica and F wil-
liamsi from Meso-America, and F schultzei from South America (or possibly from Africa).

Unverified species records from China

As discussed below under E schultzei, one species described from Hainan as F hain-
anensis is here recognised as a synonym of that widespread tropical pest species. A
further difference from the checklist provided by Mirab-balou et al. (2011) is that the
species described from China as F zizaniophila is now considered a species of rido-
thrips (Wang et al. 2019). Two further problems with the published checklist are as
follows. £ pallida (Uzel) was recorded from China (Feng 1992) based on two males
collected from flowers of Paeonia in Yangling, Shaanxi Province. The author provided
no indication as to how these specimens were identified. Moreover, the two specimens
were not distinguished from the very similar males of the two common species, intonsa
and occidentalis. In view of the lack of information, the record of pallida from China
is considered unsubstantiated. F ritici is listed from China based on a single female
taken in Taiwan. This female was originally described by Moulton (1948) as F salicis
but was subsequently recognised by Nakahara (1997: 377) as a female of #ritici. No
other specimens of #ritici have ever been reported from Taiwan (Wang 2002), nor
from mainland China, nor yet from anywhere outside of the Americas (Cavalleri and
Mound 2012). In the absence of any further records, it is here assumed that the female
of salicis came from somewhere in North America and was mislabeled during slide
mounting. A similar situation was reported (Marullo and Mound 1994) concerning
the record of a Californian species from India by Moulton (1927).

Materials and methods

Nomenclatural details for all taxa mentioned in this paper are available in ThripsWiki
(2019). Examined specimens were slide-mounted in Canada balsam using the meth-
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od of Zhang et al. (2006), and specimens are deposited in SCAU (Insect Collection,
South China Agricultural University, Guangzhou) and ANIC (Australian National
Insect Collection, CSIRO, Canberra). Observations were made with a Nikon Eclipse
80i phase contrast microscope, and the illustrations taken through a Leica DM 2500
microscope with DIC illumination using Automontage software, although Figure 18
was provided by Masami Masumoto.

Key to Frankliniella species in China

1

Abdominal tergite VIII with complete posteromarginal comb of long slen-
der microtrichia, sometimes arising from broad triangular bases (Figs 12,

T4, 10) cavieiiiiieieete ettt 2
Abdominal tergite VIII posteromarginal comb absent at least medially, some
with irregular weak teeth laterally (Figs 13, 15, 17) .cccociiininniciiinies 4

Postocular setae pair IV short, much shorter than distance between hind
ocelli (Fig. 4); pronotum anterior margin generally with 1 pair of small setae
between the major anteromarginal pair (Fig. 7).....cccoeoevvvvniccnnne. intonsa
Postocular setae pair IV as long as or longer than distance between hind ocelli
(Fig. 5); pronotum anterior margin generally with 2 pairs of small setae be-
tween major anteromarginal pair (Fig. 3) .....cccovvviiiiiiii, 3
Head and body pale yellow, tergites uniformly pale; sternite II usually with 1
or 2 long discal setae medially (Fig. 8) ....c.ccovvvuvueieiiniiiiiiiine williamsi
Body colour variable brown to yellow, if tergites pale then with dark area
medially (Fig. 11); sternite II without discal setae medially ........ occidentalis
Antennal segment II with pair of stout dark setae arising from apical projec-
tion; segment I1I pedicel with sharp-edged ring, base of segment cup-shaped

(FIZ.10) e cephalica
Antennal segment II without a pair of stout dorsal apical setae; segment 1T
pedicel without prominent ring (Fig. 9)....c.ccccovvviiiiininniiiincne, 5
Ocellar setae pair III arising within ocellar triangle, between hind ocelli
(FIg. 60) ceeieeieeeeeee e schultzei
Ocellar setae pair III arising further apart, near margins of ocellar triangle
(FI. 2) 1ttt 6

Mesonotum with median pair of setac near posterior margin; metanotum
with median pair of setae at anterior margin, campaniform sensilla absent
(Fig. 19) v tenuicornis
Mesonotum with median pair of setae far from posterior margin (Fig. 18);
metanotum with median pair of setae behind anterior margin, campaniform
SENSIlla PrESENT. ittt lilivora’

* from description
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Figures 1-1 1. Frankliniella from China. Head & Pronotum: | cephalica 2 tenuicornis 3 williamsi. Head:
4 intonsa 5 occidentalis 6 schultzei. T intonsa pronotum. 8 williamsi sternite I1. Antennal segments TI-11I:

9 intonsa 10 cephalica | | occidentalis female.

Frankliniella cephalica (Crawford)

Remarks. Native to Central America and the Caribbean where it is one of the most
common flower-thrips, this species has been studied in tropical areas in China from
Guangdong, Guangxi, Hainan as well as Taiwan (Wang et al. 2010; Tong and Lv
2013). It has also been seen from Okinawa, Japan (Masumoto and Okajima 2004).
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Figures 12-19. Frnkliniella from China. Tergite VIII: 12 intonsa 13 cephalica 14 occidentalis
I5 schultzei 16 williamsi VT tenuicornis. Meso- & metanotum: |8 lilivora 19 tenuicornis.

Structurally it is unusual in that the base of the third antennal segment is strongly ex-
panded into a sharp-edged ring (Fig. 10). In Central America this species is common
in white flowers (Mound and Marullo 1996), but in China and Japan it seems to be
particularly associated with the flowers of Bidens pilosa [Asteraceae] (Masumoto and
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Okajima 2004; Tong and Lv 2013). F cephalica was reported as a tospovirus vector
(Ohnishi et al. 2006), and the plant B. pilosa has been reported as a host of Tomato
spotted wilt virus in China (Huang et al. 2016). Because of its vector ability, there is a
high possibility of £ cephalica becoming a crop pest in China.

Frankliniella intonsa (Trybom)

Remarks. This polyphagous flower thrips is widespread in the Old World and is also
reported from northwestern America (Mound et al. 2019). It is one of the most com-
mon species in China, being widespread from Xinjiang to Taiwan, feeding and breed-
ing in many different flowers. This species has been recorded as a tospovirus vector
(Wijkamp et al. 1995), but its transmission efficiency was relatively low compared to
E occidentalis (Sakurai et al. 2004). It has been considered an important pest in China,
Japan and Korea, involving hundreds of experiments but with limited evidence of yield
reduction on crops. In Taiwan, this species was considered important in the interna-
tional flower trade due to quarantine problems (Wang 2002). From our collection
experience in the field, this species is possibly a significant pollinator.

Frankliniella lilivora Kurosawa

Remarks. Described from Japan on specimens taken in quarantine on lily bulbs im-
ported from China (Dalian and Shanghai) and Korea (Kurosawa 1937). There are no
records of the species from China, including Taiwan, and only a few specimens are
known from Japan. According to the original description, it is different in having short
antennae and no posteromarginal comb but a few weak and irregular teeth laterally
on tergite VIII. However, it is readily distinguished from other Frankliniella species by
the anterior position of the mesonotal median setae, and the position of the metanotal
median setae behind the anterior margin (Fig. 18).

Frankliniella occidentalis (Pergande)

Remarks. Originally from the western parts of North America, it is now widespread
across temperate parts of the world (Kirk and Terry 2003). It causes extensive damage
to many horticultural crops, both through direct feeding damage particularly in young
buds, and also through vectoring tospoviruses, it has been referred to as the most studied
thrips species (Reitz 2009). Although normally phytophagous, occidentalis is also known
to function as a predator of spider mites on leaves (Trichilo and Leigh 1986). In China,
it was first recorded as a major thrips pest of horticulture and ornamental plant pro-
duction in glasshouses in Beijing (Zhang et al. 2003). The species has now been found
in many provinces in China (Yang et al. 2012), mainly in provinces involved in the
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extensive flower trade (Lv et al. 2011), and a wide potential distribution across China
was reported (Cheng et al. 2006). It is not usually found in lowland tropical areas with
a high humidity, but it can live on plants grown in tropical montane areas. This species
exhibits variation in body colour, with dark, light, and intermediate colour morphs re-
ported (Bryan and Smith 1956). The dark forms can be particularly common in cooler
montane areas and in winter in Yunnan (Shen et al. 2015), while populations associated
with crops usually involve just the intermediate form (Fig. 11). A further problem with
this species is that cryptic species have been found using molecular data, but these spe-
cies lack supporting biological or morphological evidence (Rugman-Jones et al. 2010).

Frankliniella schultzei (Trybom)

Remarks. Commonly known as the Tomato Thrips, this species has probably been
transported by human trade in plants for many years. As a result, its country of origin
remains unclear, and could have been either South America or Africa. A species from
China, F hainanensis (Zheng et al. 2009) might be a synonym of schulzei according
to its original descriptions and illustrations, which was also indicated by Zhang et al.
(2018). Recently, Shimeng Zhang helped examine the type specimens of hainanensis
and confirmed that it is a new synonym of schultzei. A further species described from
Taiwan, F gossypii (Shiraki 1912), was recognised as a synonym of schultzei by Na-
kahara (1997). This tropical species is exceptional within the genus in having ocellar
setae pair III arising close together within the ocellar triangle (Fig. 6) and tergite VIII
with almost no posteromarginal comb (Fig. 15). As an important crop pest and vector
of several tospovirus diseases (Riley et al. 2011), schultzei shares with occidentalis the
remarkable ability to act as a predator of leaf mites (Wilson et al. 1996). The species is
widespread in tropical and subtropical countries around the world, and has been found
in southern China in Guangxi, Guangdong, Hainan, Fujian and Taiwan (Zheng et al.
2009; Wang et al. 2010; Xie et al. 2011), but molecular studies in Australia have sug-
gested that a series of sibling species may be involved (Hereward et al. 2017).

Frankliniella tenuicornis (Uzel)

Remarks. This is one of the few species of Frankliniella that breeds on grasses, includ-
ing cereal crops, and is one of the main pests that feed on young leaves of Zea mays in
northern China (Han et al. 1979; Zhang et al. 2014a, b). It occurs widely across the
Holarctic (Mound et al. 2018), and in China is found mainly in the Palaearctic areas,
based on our collecting experiences (and communication with Hongrui Zhang). Re-
cords from southern provinces of China (Han 1997) require further confirmation. As
a large, dark brown species, it is distinctive in the genus for the projection of the head
in front of the compound eyes (Fig. 2). Moreover, postocular setae pair IV are small,
and the pronotal posteromarginal setae IV are longer than pairs III and V.
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Frankliniella williamsi Hood

Remarks. This yellow species is closely associated with crops of Zea mays, on which it
is reported to be a virus vector in addition to causing feeding damage to young leaves
(O’Donnell and Mound 2016). It presumably originated in Central or South America
in association with maize, although it has also been taken from other species of Poace-
ae. It is widespread in tropical areas around the world, and in China is reported from
Hainan and Taiwan. In most parts of the world it is easy to recognise from other pale
coloured Frankliniella species by the presence of one or two discal setae on the second
abdominal sternite (Fig. 8).

Acknowledgements

This study was supported by the National Natural Science Foundation of China
(31372236) and South China Agricultural University Doctoral Students Overseas
Joint Education Programs (No.2018LHPY022). We are grateful to Masami Masu-
moto for kindly supplying Figure 18 together with comments on Frankliniella lilivora,
and to Shimeng Zhang for help checking type specimens of hainanensis. Thanks are
also due to the referees for their advice and comments.

References

Bryan DE, Smith RF (1956) The Frankliniella occidentalis (Pergande) complex in California.
University of California Publications in Entomology 10: 359-410.

Cao Y, Li C, Yang H, Li J, Li S, Wang Y, Gao Y (2019) Laboratory and field investigation
on the orientation of Frankliniella occidentalis (Thysanoptera: Thripidae) to more suitable
host plants driven by volatiles and component analysis of volatiles. Pest Management Sci-
ence 75(3): 598-606. https://doi.org/10.1002/ps.5223

Cavalleri A, Mound LA (2012) Toward the identification of Frankliniella species in Brazil (Thy-
sanoptera, Thripidae). Zootaxa 3270: 1-30. https://doi.org/10.11646/zootaxa.3270.1.1

Cheng J, Wan F, Guo ] (2006) Analysis of potential distribution of the invaded insect Franklin-
iella occidentalis (Pergande) (Thysanoptera: Thripidae) in China. Acta Entomologica Sinica
49(3): 438-446. https://europepmec.org/abstract/cba/619342

Feng JN (1992) Seven new records of Thripidae from China. Entomotaxonomnia 14(3): 235-236.

Han YF (1997) Economic Insect Fauna of China. 55 Thysanoptera. Editorial Committee of
Fauna Sinica, Science Press, Beijing, 266 pp.

Han YE Pan YC, Wang DQ (1979) Studies on the thrips on corns in Peking suburbs. Acta
Entomologica Sinica 22(2): 133-140.

Hereward J, Hutchinson JA, McCulloch GA, Silva R, Walter GH (2017) Divergence among general-
ist herbivores: the Frankliniella schultzei species complex in Australia (Thysanoptera: Thripidae).
Arthropod-Plant Interactions 11(6): 875-887. https://doi.org/10.1007/s11829-017-9543-3


https://doi.org/10.1002/ps.5223
https://doi.org/10.11646/zootaxa.3270.1.1
https://europepmc.org/abstract/cba/619342
https://doi.org/10.1007/s11829-017-9543-3

Frankliniella species from China, with nomenclatural changes and illustrated key 51

Huang CJ, Liu Y, Yu HQ, Liu BZ, Qing L (2016) Bidens pilosa is a natural host of Tomato
spotted wilt virus in Yunnan Province, China. Plant Disease 100(9): 1957. https://doi.
org/10.1094/PDIS-03-16-0344-PDN

Kirk WD]J, Terry LI (2003) The spread of the western flower thrips Frankliniella occidentalis
(Pergande). Agricultural and Forest Entomology 5: 301-310. hteps://doi.org/10.1046/
j-1461-9563.2003.00192.x

Kurosawa (1937) Descriptions of four new thrips in Japan. Kontyu 11: 266-275.

Lv YB, Zhang Z], Wu QJ, Du YZ, Zhang HR, Wang ED, Wang MH, Wang MQ, Tong XL,
Lv LH, Tan XQ, Fu WD (2011) Research progress of the monitoring, forecast and sus-
tainable management of invasive alien pest Frankliniella occidentalis in China. Chinese
Journal of Applied Entomology 48: 488-496. http://www.ent-bull.com.cn/viewmulu.
aspx?qi_id=624&mid=156528&xuhao=3

Marullo R, Mound LA (1994) Discontinuous distribution and systematic relationships of the
genus Orothrips (Aeolothripidae; Thysanoptera) and related taxa in Mediterranean cli-
mates. Journal of the New York Entomological Society 101: 561-566. https://www.jstor.
org/stable/25010041

Masumoto M, Okajima S (2004) A new record of Frankliniella cephalica (Thysanoptera, Thrip-
idae) from Japan. Japanese Journal of Applied Entomology and Zoology 48(3): 225-226.
hteps://doi.org/10.1303/jjacz.2004.225

Mirab-balou M, Tong XL, Feng JN, Chen XX (2011) Thrips (Insecta: Thysanoptera) of Chi-
na. Check List (Journal of Species Lists and Distribution) 7(6): 720-744. https://doi.
org/10.15560/11009

Moulton D (1927) Thysanoptera — New species and notes. Bulletin of the Brooklyn Entomo-
logical Society 22: 181-202.

Moulton D (1948) The genus Frankliniella Karny, with keys for the determination of species
(Thysanoptera). Revista de Entomologia 19: 55-114. https://www.cabdirect.org/cabdi-
rect/abstract/20057006768

Mound LA, Marullo R (1996) The Thrips of Central and South America: An Introduction.
Memoirs on Entomology, International 6: 1-488.

Mound LA, Collins DW, Hastings A (2018) Thysanoptera Britannica et Hibernica — Thrips of the
British Isles. https://keys.lucidcentral.org/keys/v3/british_thrips/index.html [30 May 2019]

Mound LA, Hoddle MS, Hastings A (2019) Thysanoptera Californica — Thrips of California.
hteps://keys.lucidcentral.org/keys/v3/thrips_of_california_2019/ [2 Jul. 2019]

Nakahara S (1997) Annotated list of the Frankliniella species of the world (Thysanoptera:
Thripidae). Contributions on Entomology, International 2(4): 355-389. https://www.cab-
direct.org/cabdirect/abstract/19981105670

O’Donnell CA,Mound LA (2016) The confused identity of Frankliniella williamsiHood (Thysanop-
tera, Thripidae). Florida Entomologist 99(4): 683-685. https://doi.org/10.1653/024.099.0416

Ohnishi J, Katsuzaki H, Tsuda S, Sakurai T, Akutsu K, Murai T (2006) Frankliniella cephalica,
a new vector for Tomato spotted wilt virus. Plant Disease 90(5): 685-685. https://doi.
org/10.1094/PD-90-0685B

Reitz SR (2009) Biology and ecology of the western flower thrips (Thysanoptera: Thripidae): The
making of a pest. Florida Entomologist 92: 7—13. https://doi.org/10.1653/024.092.0102


https://doi.org/10.1094/PDIS-03-16-0344-PDN
https://doi.org/10.1094/PDIS-03-16-0344-PDN
https://doi.org/10.1046/j.1461-9563.2003.00192.x
https://doi.org/10.1046/j.1461-9563.2003.00192.x
http://www.ent-bull.com.cn/viewmulu.aspx?qi_id=624&mid=15652&xuhao=3
http://www.ent-bull.com.cn/viewmulu.aspx?qi_id=624&mid=15652&xuhao=3
https://www.jstor.org/stable/25010041
https://www.jstor.org/stable/25010041
https://doi.org/10.1303/jjaez.2004.225
https://doi.org/10.15560/11009
https://doi.org/10.15560/11009
https://www.cabdirect.org/cabdirect/abstract/20057006768
https://www.cabdirect.org/cabdirect/abstract/20057006768
https://keys.lucidcentral.org/keys/v3/british_thrips/index.html
https://keys.lucidcentral.org/keys/v3/thrips_of_california_2019/
https://www.cabdirect.org/cabdirect/abstract/19981105670
https://www.cabdirect.org/cabdirect/abstract/19981105670
https://doi.org/10.1653/024.099.0416
https://doi.org/10.1094/PD-90-0685B
https://doi.org/10.1094/PD-90-0685B
https://doi.org/10.1653/024.092.0102

52 Zhaohong Wang et al. / ZooKeys 873: 43-53 (2019)

Reitz SR, Gao Y, Lei Z (2011) Thrips: pests of concern to China and the United States. Agricul-
tural Sciences in China 10(6): 867-892. https://doi.org/10.1016/5S1671-2927(11)60073-4

Riley DG, Joseph SV, Srinivasan R, Diffie S (2011) Thrips vectors of tospoviruses. Journal of
Integrated Pest Management 2(1): 11-110. https://doi.org/10.1603/IPM 10020

Rugman-Jones PE Hoddle MS, Stouthamer R (2010) Nuclear-mitochondrial barcoding expos-
es the global pest Western flower thrips, Frankliniella occidentalis (Thysanoptera: Thripidae)
as two sympatric cryptic species in its native California. Journal of Economic Entomology
103: 877-886. https://doi.org/10.1603/EC09300

Sakurai T, Inoue T, Tsuda S (2004) Distinct efficiencies of Impatiens necrotic spot virus trans-
mission by five thrips vector species (Thysanoptera: Thripidae) of tospoviruses in Japan.
Applied Entomology and Zoology 39: 71-78. https://doi.org/10.1303/acz.2004.71

Shen DR, He C, Liu ], Yuan SY, He SY, Zhang HR (2015) The damage and morphologi-
cal variations of Frankliniella occidentalis in Yunnan. Jiangsu Agricultural Science 43(7):
121-123. http://www.cqvip.com/main/confirm.aspx?id=665622773

Shiraki (1912) Insect pests of Cotton. Special Report No. 5, Agricultural Experiment Station
Government of Formosa 5: 65-67.

ThripsWiki (2019) ThripsWiki — providing information on the World’s thrips. http://thrips.
info/wiki/Main_Page [13 Jun 2019]

Tong XL, Lv YB (2013) Frankliniella cephalica (Crawford) (Thysanoptera, Thripidae), a newly
recorded exotic invasive species in Mainland China. Chinese Journal of Applied Entomol-
ogy 50(2): 496-499. https://www.cabi.org/ISC/abstract/20133242219

Trichilo PJ, Leigh TF (1986) Predation on spider mite eggs by the western flower thrips, Frank-
liniella occidentalis (Thysanoptera: Thripidae), an opportunist in a cotton agroecosystem.
Environmental Entomology 15: 821-825. https://doi.org/10.1093/ee/15.4.821

Wang CL (2002) Thrips of Taiwan: Biology and Taxonomy. Special publication 99. Taiwan
Agricultural Research Institute, Taichung, 193pp.

Wang CL, Lin FC, Chiu YC, Shih HT (2010) Species of Frankliniella Trybom (Thysanoptera:
Thripidae) from the Asian-Pacific Area. Zoological Studies 49(6): 824-838.

Wang ZH, Mound LA, Tong XL (2019) Relationships of the Frankliniella genus-group based on
morphological analysis, with a revision of Iridothrips (Thysanoptera, Thripidae). Zootaxa
4651 (1): 141-154. hteps://doi.org/10.11646/z00taxa.4651.1.9

Wijkamp I, Almarza N, Goldbach R, Peters D (1995) Distinct levels of specificity in thrips
transmission of tospoviruses. Phytopathology 85: 1069-1074. https://doi.org/10.1094/
Phyto-85-1069

Wilson LJ, Bauer LR, Walter GH (1996) Phytophagous thrips are predators of twospotted
spider mites (Acari: Tetranychidae) on cotton in Australia. Bulletin of Entomological Re-
search 86: 297-305. https://doi.org/10.1017/S0007485300052597

Xie YH, Li ZY, Zhang HR (2011) Phytophagous thrips species in Guangxi province and one
newly recorded species of the genus Frankliniella from China. Chinese Journal of Applied
Entomology 48(3): 757-763. http://www.cqvip.com/qk/94734a/201103/38241222.html

Yang XM, Sun JT, Xue XE Li JB, Hong XY (2012) Invasion Genetics of the Western Flower
Thrips in China: Evidence for Genetic Bottleneck, Hybridization and Bridgehead Effect.
PLoS ONE 7(4): €34567. https://doi.org/10.1371/journal.pone.0034567


https://doi.org/10.1016/S1671-2927(11)60073-4
https://doi.org/10.1603/IPM10020
https://doi.org/10.1603/EC09300
https://doi.org/10.1303/aez.2004.71
http://www.cqvip.com/main/confirm.aspx?id=665622773
http://thrips.info/wiki/Main_Page
http://thrips.info/wiki/Main_Page
https://www.cabi.org/ISC/abstract/20133242219
https://doi.org/10.1093/ee/15.4.821
https://doi.org/10.11646/zootaxa.4651.1.9
https://doi.org/10.1094/Phyto-85-1069
https://doi.org/10.1094/Phyto-85-1069
https://doi.org/10.1017/S0007485300052597
http://www.cqvip.com/qk/94734a/201103/38241222.html
https://doi.org/10.1371/journal.pone.0034567

Frankliniella species from China, with nomenclatural changes and illustrated key 53

Zhang HR, Okajima S, Mound LA (2006) Collecting and slide preparation methods for thrips.
Chinese Bulletin of Entomology 43(5): 725-728. http://www.ent-bull.com.cn/asp/qikan/
manage/ wenzhang /06050725.pdf

Zhang SM, Mound LA, Hastings A (2018) Thysanoptera Chinensis. Thripidae Genera from Chi-
na. hteps://keys.lucidcentral.org/keys/v3/thysanoptera_chinensis/index.html [5 May 2019]

Zhang SQ, Han JL, Zhang L], Han XQ, Duan HM (2014a) Effects of different sowing dates
on yield of corn and amount of thrips in corn field of Eastern Hebei Area. Journal of Hebei
Agricultural Sciences 18(5): 51-53.

Zhang SQ, Han JL, Zhang 1], Han XQ, Duan HM (2014b) Control efficiency of seven in-
secticides against Frankliniella tenuicornis (Uzel). Journal of Anhui Agricultural Scienc-
es 42(19): 6248-6249. http://ahny.cbpt.cnki.net/ WKB/WebPublication/paperDigest.
aspx?paperlD=474d1236-ce20-4ala-a276-812de82b442f

Zhang Y], Wu QJ, Xu BY, Zhu GR (2003) The occurrence and damage of Frankliniella occiden-
talis (Thysanoptera: Thripidae): a dangerous alien invasive pest in Beijing. Plant Protection
4: 58-59. http://www.cqvip.com/qk/90218x/200304/8185568.html

Zheng JW, Zhang XC, Feng JN (2009) A new species of the genus Frankliniella (Thysanoptera:
Thripidae) from China. Entomotaxonomia 31(3): 173-175. https://www.cabdirect.org/
cabdirect/abstract/20093334193


http://www.ent-bull.com.cn/asp/qikan/manage/
http://www.ent-bull.com.cn/asp/qikan/manage/
https://keys.lucidcentral.org/keys/v3/thysanoptera_chinensis/index.html
http://ahny.cbpt.cnki.net/WKB/WebPublication/paperDigest.aspx?paperID=474d1236-ce20-4a1a-a276-812de82b442f
http://ahny.cbpt.cnki.net/WKB/WebPublication/paperDigest.aspx?paperID=474d1236-ce20-4a1a-a276-812de82b442f
http://www.cqvip.com/qk/90218x/200304/8185568.html
https://www.cabdirect.org/cabdirect/abstract/20093334193
https://www.cabdirect.org/cabdirect/abstract/20093334193

	Frankliniella species from China, with nomenclatural changes and illustrated key (Thysanoptera, Thripidae)
	Abstract
	Introduction
	Unverified species records from China
	Materials and methods
	Key to Frankliniella species in China
	Frankliniella cephalica (Crawford)
	Frankliniella intonsa (Trybom)
	Frankliniella lilivora Kurosawa
	Frankliniella occidentalis (Pergande)
	Frankliniella schultzei (Trybom)
	Frankliniella tenuicornis (Uzel)
	Frankliniella williamsi Hood

	Acknowledgements
	References

