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Species diversity and pollination function of flower visiting thrips
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Abstract Flower visiting thrips are one component of pollinator insects and have important theoretical and practical values in
plant pollination, biodiversity protection and sustainable use, pest control, and so on. However, there are few reports on the
pollination of thrips in China and wrong practices regarding all flower visiting thrips as pest insects to exterminate. Based on
previous field collecting, identification and classification studies of flower visiting thrips, we analyzed the literatures at home
and abroad on taxonomy and pollination ecology of flower visiting thrips, summarized the current status on species diversity
and the related research progress, elaborated the pollination mechanism from morphological traits, phylogeny, chemical
ecology of pollinator-plant interaction system. The results provided knowledge for broadening the research areas of pollinator
insects biodiversity and pollinator-plant coevolution. In the future, we should strengthen researches on assessing the dual roles
of damage and pollination on flower visiting thrips, and measuring the effectiveness of pollination.
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200 B R AR TR E W) i & T 4 B i Al
YIrAE L, Sorh SO R A sy (2T, 2009 ) o
VA6 0] 2 8 AN 2 i S T sl A — R i B B TR
TP AL A5 R | BT Bl S 4R B i i 2k
. N, 5% Chirothrips spp. BUEr . ZEFE Al
IR AR ABHEYI 1 /NEF 5E B ( Minaei and
Mound, 2010) ; 7EEFAMRAHIRATZE ALY

Vit A . w0 )N B P9 BT 5 Frankliniella
occidentalis (¥l 1: A), ZEAErh&iH] S Thrips
flavus ([ 1: B), #EFAEH 8L Thrips
hawaiiensis ( & 1: C ), K& 16 i K & &
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LR 258 ( Mound, 2009; Wardhaugh, 2015;
Ollerton, 2017 ),

Vites] iR R HEZE, v e ae Jiag (&
1: E, F), ATLIGHHYIHND s FLLeW b B4R
R RN TN, SARIEY . Bk . 16
FEAIRR 3 ™ B 5 A D s WA T LA R
F i (Mound, 2009 ), #iEJEH AL,

Heh BT E A 2= 0T LB — S 200
# ( Frame, 2003 ), Y22 SR 38 F1/0 A 28,
2y 1.1 ACAERIARAES] T Gymnopollisthrips spp.Z4
#Ek Cycadopites sp.f& 45 ( Pefalver et al., 2012 ),
PUA 8 T AT AR R RS, (R e B Ak
N, RATRES 39 R R AAE R G ER, T3
HAZ M AE ™ FEAKAY ( Varatharajan et al.,

1 pRESS5EY (HEH)

Fig. 1 Flower visiting thripsand plant (or pollen grain)

A. BRAE 5P #] T Frankliniella occidentalis; B. #x4-1E5 6] & Thrips flavus ( HA54R4L ); C. HETHES
5 W% 5 Thrips hawaiiensis ( #EA5#E ); D. KRG AE5 18 K #] 5 Megal urothrips usitatus FIf£ %] 2 Frankliniella
intonsa ( #E G4t ); E, F. & #E#i 5D Frankliniella cephalica 5 %412 Bidens pilosa fE43 k7 Hi 55 F8 Ao
A. Adults of Frankliniella occidentalis from Cucumis sativus flower; B. Adults of Thrips flavus from
Ipomoea nil flower (provided by DONG Wei); C. Adults of Thrips hawaiiensis from Gardenia jasminoides flower

(provided by DONG Wei); D. Adults of Megalurothrips distalis and Frankliniella intonsa from Glycine max flower
(provided by DONG Wei); E, F. SEM images show pollen grains of Bidens pilosa from Frankliniella cephalica.
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2016 ), Uitk D 5P R EY], WH TAEN
5% 0 AH W - A% H 2 Dp () Ak 4R I AL RE ( Terry
etal., 2007; Salzman et al., 2020 ), F4h, i
AR B BA DT AEH] Dy Frankliniellatritici “35#%”
79 )7 % W Apis mellifera ¥ 4T 4 B/ 36 M 4
( Kabir and Snow, 2019 ), #ij & 5 HAb{L k& 5%
FWEAMR M

Vi A6 8] T bif o8 B A T 2 P R SO SE R
{8, SR E RO T H 2 R ALV E FH i 55 A
LA TR, BB AT A ViR ] AR E N
F T KR o AR SCIHETFAES 24k X 1
A6 50 55 1) B A AR A 2R B E S, DL R Y A
ViAEs] 5 SCER R B S0Hr , 2508 T T R U5 6 s
Z R PR T S R VR A ST e, DA S -
MY EAERIERRHIE . REE LT M F AR5
Dy AR ALk AL, O ViR R 2R
R A - A 2 D IR AL S 58 N 2 4 R0

1 HEsaI DY S EERR

VitEE YR E, HaleREe s 784
1500 Ffr (52 1), Bb. MR35 b 2853 H X
S 77.8%F1 23.6% . % R} Thripidae Iif & )%
w2, 29900 Fl, (GBS DYIREE 60%; &
%] &R} Phlaeothripidae J& 28 H ¥F0 i £ & 1)
Bl, (B H] 5V A} Phlaeothripinae & 45 #i & ik
Haplothripini B Ui £, 5% 300 F, S
LR} Aeolothripidae £ 150 FhEAE T IE S, 4
4 Bl S#] R Heterothripidae , 2% &R}
Melanthripidae ., & #E#] ZF} Stenurothripidae F/1
Wi ] S8 Fauriellidae, Y& n] LIyi4E . #i
DERHA S 8 Thrips, E#] D)8 Frankliniella
A i B VR T 45 i) S JE - Haplothrips 14 %
Kthaid 200 Fh (£ 1),

KEVIEE SRR 5, Bl ko 5
FE, BETERE ik a] R i SRR ] R
5 #} ( Mirab-balou et al., 2011; Feng and Tong,
2021 ). JEAER, A3alXETM L BUH AR TS
A6 Y Fh ZREVESEST TR A, (HEV > 2
PR RGEPEREI, XFHaRK (2009 ) %258 HiT M Hb
X 91 B b A 5 3 8L 37 A, JL3AFRC Py

PR AT R SR 10% L) 1)k e i)
Frankliniella intonsa, # i & | #15% %] & Thrips
andrews FITE&] T, W TR (2012) XU
F 4 221k Hypericum chinese, —4FE$% Erigeron
annuus, %503 ¥ Alternanthera philoxeroides.
25 NFE Canna indica 2 JLFIEYAE I 1y T Fh
FAT R TR B N TR IR S0, I A A I i
LRpEorIE 6 J@ 16 i, HrpfEsi | B 5
e R A B 32, 32 BN R AR F R T(2017)
YE T KB 39 R A TiEE] 5 3 F} 22
Filr, FEYFA LR | Hh] D FRIRE] S Thrips
palmi . &% %] % Haplothrips kurdjumovi F174
Ae i 5

2 EOXEYHEMERTIRER

#] LFEVI AL R, ATLAZE A H T Ik (1%
¥ . REE) PRI BEAMAEREAE Ny, 2 — Lo
LR i BB VR L BA = Lt (£
1 ). WS B8 175 4T My 72 Darwin (1876 ),
b % 30 aaif By 520 e AEBHAE ) 20y, HEE Shaw

(11914 ) 7E it 3¢ W0 22 2 485 47 46 4 19 & 5
( Ananthakrishnan, 1982 ); JiX, —EERl2=5
ki 252 5 IR i) B XA A AR VE T, (HX SE LA fF
S8 R B R M5 2R K. ELE] Hood
(11937 ) % Bt J5 Wi 8 %] b Opisthothrips
elytropappi ( W] Al Fauriellidae ) £5% H 31
TE % FL M%) Elytropappus rhinocerotis £ H,
Bailey (1949 ) AR #HLH E Orothrips sp.
( & #] & B} Aeolothripidae ) i [A] # K
Arctostaphylos pungens ( #9468l Ericaceae ) ££
%&; Hagerup 1 Hagerup ( 1953 ) % 37 #r £ thi]
H; Ceratothrips ericae Fll{& #ij 5 X P4 - i Erica
tetralix Fl7 £ Calluna vulgaris ( #:E84EF}F )
AU R AEMER] .

B LR, TR 2 E KX B T
G T . FESEE, Lewis (1973) &3
i oA . AL E R Mk . TR T,
K45 %] & Sericothrips kaszabi UL T Y HR %L
Kummerowia striata & Z a4+ ( Evdokarova
and Vierbergen, 2018 ), FEEIJE, ¥ i o FIsk
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{77 45 81 & Haplothrips tenuipennis J2& A% J)
Lantana camara f& ¥y , B PHEEEN (0] 15 16
i 5 B 5 E A ( Mathur and Ram, 1978; Ram
and Mathur, 1984 ); I8 /)\3k#i &5 Microcephalothrips
abdominalis 45 447} 7 75 il Ageratum conyzoides.
I Wt % Sphagneticola calendulacea 1% ¥
( Ananthakrishnan, 1981, 1982 ; Gopinathan
etal., 1981); Kr#iD Taeniothrips major FlIff
AL H] 5 Frankliniella schultzei J2&7fi Solanum
melongena Fl1 8 5 7ifi S. virginianum it = B (& Ky &
( Annadurai and Velayudhan, 1986 ); a4
] 5 H. nigricornis J&Ai it /E R Spermacoce
hispida 191 £ 1& #3# ( Gurusubramanian, 1989 ),
TE LR VUV, BT A& 2 ] 5 Thrips sp. A JE ik
7 Dipterocarpus spp.f£#; ( Appanah and Chan,

1981 ); % H LBl 4Fh Neoheegeria sp. iy KEk Al
14 Macaranga sp.f&#3 ( Moog et al., 2002 );

B 15 #] & Tenothrips keruing & J& i #&
Dipterocarpus sublamellatus %4} ( Ng et al.,

2019 ). FEMAF, &L Thrips imaginis B
B4 FTH ] Echium plantagineum #8453 [a] i H.
R EA (Kirk, 1985), #k8(#] % Cycadothrips
emmaliami F11 C. albrechti 4351411 kT4 MR P 4k
Macrozamia riedlei 1 Jt # W W 2k M.
macdonndllii £#; ( Mound and Marullo, 1998;

Mound and Terry, 2001 ) ; #ij 55 Thrips setipennis
L e I FE B Wilkiea huegeliana 1% )
( Williams et al., 2001 ). 768774 > , i ] & Thrips
obscuratus &l HLARAR 13 R A9 E BT IEDIFH,
XECAHP AL A AN AR . IR,
16 A # St f 7&K (Norton, 1984 ), 7,

S %] I Heterothrips arisaemae & =M K &
Arisaema triphyllum % & 2 (& K3 & ( Rust,

1980 ); Fu4fE i Heratythrips sauli Jy % 2%}
Coleogyne sp.f£#} ( Wiesenborn, 2021 ), 7ELLE
LT, SAEH] 5 F diversa N3 PR AL
B Castilla elastica f&#; ( Sakai, 2001 ), 7L
VY, i R0 R 53 ) o 7 75 BCRE Bocageopsi's

x1 HHEDETEEH, ARYT. SHERYTMBERHEXEY
Tablel Themajor group, iconic species and the described species number of
flower visiting thrips and therelated plants

Pt Family ch):f j?)j:es Nithmélﬁ)(er Rjitiédﬁplets

LUE] HH) 4r ] 5 Aeolothrips spp. 110  #F4E%Y Angiosperm

Acolothripidae M LU #] ) Desmothrips spp. 20 AR Brachychiton populneus
Dactuliothrips spp. 9  JfiE/® Ephedrasp.; S Prosopis sp
PA4C8 5 Orothrips spp. 3 Arctostaphylos pungens, Ceanothus sp.
Bk LU} o) Cycadothrips albrechti 1 LA PHER Macrozamia macdonnellii
Cycadothrips chadwi cki 1 REXK#k Macrozamia sp.
Cycadothrips emmaliami 1 PUFERMYNEL Macrozamia riedlei

P Sk i L Parrellathrips ullmanae 1  Garrya veatchii

Fauriellid
autietidae JEWrisi#] & Opisthothrips elytropappi

SEE]H B S T Heterothrips spp.
Heterothripidae Lenkothrips spp.
Scutothrips spp.
Heterothrips peixotoa
RSy 3 b Melanthrips spp.
Melanthripidae

Cranothrips spp.

1 Elytropappus rhinocerotis
76 4 FEREFl Malpighiaceae
5  #FHEY) Angiosperm
4 TR Angiosperm
1 Peixotoa tomentosa
37 W THEY Angiosperm
12 8 FHHY Angiosperm
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#E3 1 (Table 1 continued)

B Family Rzt ik HIXA)
Iconic species Number Related plants
B HE ] T Holarthrothrips spp. 4 JIZEJE Phoenix
Stenurothripidae Heratythrips sauli 1 % Coleogyne
Oligothrips oreios 1 Arctostaphylus sp.
i R i J& Thrips spp. 290 i FHEY) Angiosperm
Thripidae

AE#] Hy Frankliniella spp.
58] 5 Chirothrips spp.

g

I, Odontothrips spp.

>

K #ij T Megalurothrips spp.
7 ] Iy Taeniothrips spp.
I INAT S 2 Taeniothrips eucharii

K] 5 Taeniothrips major

FilkAE®T o Frankliniella schultzei
Y] o Thrips imaginis

ALET L Frankliniella intonsa
N

Jt 7Nk % 25 Microcephal othrips abdominalis

£t F % Ey Ceratothrips ericae
T i 75 16 15 %1 5 Tenothrips keruing
FAESH] ) Oxythrips strobilus

5

2481 T Hydatothrips dentatus

T
B

A 2 Sericothrips kaszabi
(=R fRI & %1 5 Haplothrips spp.
Phlacothripidae 4 e gy oy Dolichothrips spp.

>
\E‘%

;

)45 #i T Neoheegeria spp.

200 PTHE¥ Angiosperm
42 RAF} Poaceae
36 &} Fabaceae
14 5 R} Fabaceae
32 P FHY Angiosperm
1 43>~ Chloranthus spp.
1 i Solanum melongena,
A 7h S xanthocarpum
1 ¥ F14% Angiosperm

1 % FAE4Y) Angiosperm, 7§ ' #5 %] Echium
plantagineum

1 B FHY Angiosperm

1 %58} Asteraceae, 7E 7% Ageratum conyzoides
1 ERA## Erica, v i Calluna

1 JpIii# Dipterocarpus sublamellatus

1 Jh#s Pinus tabuliformis
1 Bpgiss
1 XBHRE Kummerowia striata
230 YT Angiosperm
21 B FHEY Angiosperm
5 If#i Macaranga hullettii

Vicia spp.

multiflora #1I Oxandra euneura f&#; ( Webber and
Grottsberger, 1996 ); 74 &) Heterothrips peixotoa
g 4x R R FLH ¥ Peixotoa tomentosa 1% #3
(Del-Claro et al., 1997 ),

] PN T Jie i) By A5 43 B SE AR AT 455 /0, Luo FiI
Li (11999 ) 7 ] #g WF 55 & B fin 4 4 s o
Taeniothrips eucharii X 5&M4:3€ 2% Chloranthus
henryi Fl22F4: 52>~ C. fortunei H 18 3 (& k1
Fis THESER 358945 (2000 ) 76 HARAAMTR, X
MR G AR M RLE B, KK
RS EEONAEH D Fointonsa, {Hil FKE

i R RIR A 2, HAG M ROCR AL Ky iR B
it —2E5Y . BRI (2007 ) X F5 Medicago
sativa 2 M1 46 15 %] & Odontothrips loti H.AE &R
GEibAT TS, al IR 120 Sk A4 £ A6 U # AT
ARG DL AT IS, & B0 AL Ky 485 41 R = 18
92.5%, WFFTEER s A Ff A1 8] T %) 58 A8 H A
FIERAER . SCEESE (2015 ) BPAME A & HLE]
g IR 212 Polygonum orientale )
FEUIEE . XITFEE (2022) BF9E TAERE S
XA G U7 AL 81 5 K A B A M B ORI, 2
RFRELIEETE . AL = 58 S A A T
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AEST SO ST BE (CK) {P7E B HER S
3 SIDHEHRILE

31 RBRE

R KRS, SR AEZE HE
52 W H 9 #} 6 400 4xFh ( ThripsWiki, 2022 ),
Hrp 7 825 1500 FE DT (£ 1), fEHER
WH, KE# SR Merothripidae 1[5 & 5 A}
Uzelothripidae J& CAUR IR HUZERE, YNk
S R 23 JBY 230 B, JBINRSE KT
Hraki, tHEYEMUEScE] g — R, H
PR IR S SR VAR B 5 B A K R E oY i
( Mound and Morris, 2007 ), i%BHE R X5 — Kt
R HCE R AR WU RR AR 5 AR SR ERSCH] R} R
GORARWRE, %A 70 Fh#ESH U548 2T
( ThripsWiki, 2022 ); 5% %l Heterothripidae
br T ILFR AN SN, EEDIR &R R
Malpighiaceae fHHI AL ; & EFF5r 4 DAL, Vi
AL 2 R B & T8 SR} Thripinae F145 %] 5
WAl Sericothripinae, I HUiEMYIZHE, £ ]
o, V. B Panchaetothripinae Al #i ] & W &l
Dendrothripinae [0 =243 TAEYIMH A 1,
Witk (Zhang et al., 2019), &R HIVA
FREH LR, %R 2 WAL, RAEH SRS
W, FE SR 3 AR &R E T
RO 8 5 JE &R Liothrips lineage , 1546 HY ] 45 ]
I, J& Z Haplothrips lineage il &4 )45 i) & J&
% Phlaeothrips lineage ( EZFNX#E, 2022 ),

32 HEy-feBmEhREN

TE DAL AL B, B A fE

Y AEK . AR A D RAE T LA S [k 3 A )
£k (Kantsa et al., 2017 ). [FZAEH3 & ViR
Aeae HAT — S Sk [m) Mtk | 8 AR LR
it ( Cronk and Yang, 2016 ), #ij & Ay 20 5t g s
& TE 2 R R ARSI 5 25 752k Cycadopites
JRAEYIERS (Pefialver et al., 2012), #ih&ily
R A P A% Ry L 2= 0T DB W B S a0 i
( Frame, 2003 ); FIE4M LIS, B AEA Y
BRI, R Sy REA R,

HE S VE R B Z M. Kirk (1997 ) fdiH “#i
ey 25 E ( Thripophily )” — i R /R FHYI4E
ar B — RO B B0 B RHE , 2RI 6 BLAL
ARG TIRE o i AR LR B AEAL TG« AE2R/D
BB SR KAE AL B A, FESBOIE BURIE | M5 4K,
HE . BEEERARS, Bt/
RIAERY KL, A PR (Norton, 1984; Ram and
Mathur, 1984; Kirk, 1997 ), /INEHT U B2H0 1)
FEAHIE S ] DML AL W G, HIR A
777 Z2 R AE W) F /N B H R D 3 [ 42 A
( Webber and Grottsberger, 1996; Terry et al.,

2005; Salzman et al., 2020), Vifes]s LA
N IR RHE, BTSRRI,
— % 0.5-3 mm, FJLLE ANV R s B
PR K fu sy AR E R R REZE,
N s PR B A Y B
fidfa BB A B A I RIS g, ]
PRI ZEFER BE 5 fish A R S0 2L AT Z2 i 2 70 ik
v, ATLUBAIIE R (Kirk, 1997; Varatharajan
etal., 2016),

33 HEMBRYXGEE DN “HE-R” RN

LR AR, LRSS,
b PR TR T B S W A Ry 3 A AE R Y
HERMAVALEY) (VOCs ) HA B EW SV
i 5 i)/ F( Ren et al., 2020 ), Teulon {1 Penman
(1990 ) A A BB P4 22 A6 E U7 A6 A8 P Fil AR
Wz, W 78 BF 225 B, (A AL 51
FRAE P (R A6 L 0 R 5 PG A gl - R0 6 g ] 5 3 3] %F
H Z4¢ Rosa chinensis 1 #g T- £ Gardenia
jasminoides H ¥ 535 & & ( Cao et al., 2018),
TEAH R VOCs UM EZR, FEMAFE =K
2, BUMEZE . RIRERN R ISR AT A
( Muhlemann et al., 2014 ). #ftH % Rosa
hybrida fE2 A 40 ZF VOCs, H kiR Ee
( Theaspirane ), T-7% ( Nonanal ) Fl £ FR-2-73E
Z.TiE ( 2-Phenylethyl Acetate ) Xif P4 f£#ij o5 HA5 B
BEEER (Avellaneda et al., 2021 ); Jngki
o, Cycadothrips chadwicki Xf ¥ K %k B}
Macrozamia lucida £ &Y B-H G HA 7
SEHOBVE RN, TE BT AR KGR, PRI
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JETAERGIEER, R “HE-RL HpL
Push-pull pollination mechanism” ( Terry et al.,
2007; Salzman et al., 2020). &5 VOCs h.
VEWFFEAE T R Bia T BA =2 AE (Kirk et al.,
2021 ),

34 HDEEEBEEN

P T2, SR ) 1 At AT LA A Hy T i i ke
BHANSY,; sl SRRRUN, E 20 LI AR
FERIAETE 5 FEAD TN Ay i) o A 4 BRI o
Yt (Kirk, 1987 ), [FIEFAE &R R i 5 2R 15 12
LIP3 Pt ( Ananthakrishnan, 1993 ), #ij & Ff
FERICRE BRSSP A A A Bl vl D) A o A%
¥rae 71, Terry %% (2005 ) W 1E—ARRINERAGHEIL
BRI R 5 07 Sk D 5 A #] ERMEAE )
Dolichothrips spp.f3k AT #5747 268 L Hr ( Moog
et al., 2002 ); #ij R} fi fi B B Sk e 22 AT HE AT
172 Kifeky, RE/NKE] D2 N2 95 ki, x4t
] B By A AR Sk P AT 15-30 KL AE By
( Varatharajan et al., 2016 ),

Tk, Vitesi S Ak B IR S A EA LTI
[ OC R K% N, Befs S R A F AL 2 4
BT 11 d, XIERKIE Cosmos bipinnatus M
L3252 AYEF ] ( Varatharajan et al., 2016 ),
i Lablab purpureus 71 1) 4 £ 81 5 iy K fij L
Megalurothrips distalis A= i J& 11 54 1R b 5 % 17
FZ& (Velayudhan and Annadurai, 1987 ), F&/)
3L 55 M. abdominalis = X & T4 FHEY), 26
BHEY) SR T O A K, BRI AE R AL 1Y
BB, — M TSR S NMER R TE
FHF* K FR ( Ananthakrishnan et al., 1981 ).

4 BASRE

W5 AL o 7 i) B D7 AEAT A Hh e 3 G AR
FH o fil £ 2 i) Th A AB ) AE R VOCs 1) 24 4%
B, HRmEA RGNS FIRARESZ 4 (2GR
FGLAR, 2013 ), Z5R RS RER T
BHSMHLESGHEH (Odorant binding proteins,
OBPs ), b2 @3Z# H ( Chemosensory proteins,

CSPs ), A BEZ K (Olfactory receptors, ORs ),
B FRIZ K (Tonotropic receptors, IRs ), S EFF
f# M ( Odorant degrading enzymes, ODEs) Ll &
JEE 2 U 1 ( Sensory neuron membrane
proteins, SNMPs )%( Riitzler and Zwiebel, 2005 ),
VOCs 3 o J% 32 2 2 1 1 AL B MR R, B
OBPs 454G FIFs i, AR5 810 R Wiz i 5 p 22
L AH R Z RS BT RS %S, N5 R H
BT KL ( Wang et al., 2020 ), PEAES] & HA
84 1~ ORs #[H | 102 4> GRs J£[H Al 168 4~ IRs
FEDH, H 2R AR DG R 5 U5 461 T R B VA
& (Rotenberg et al., 2020 ), iif Y B4 | PO
WRLGE A AT R 2 S0, ©R BRI VOCs X8 5y
BAGIESERAER, (X 8] 150 SRE 7 3F
FRY PO IR, (HAF#E— PR, VidkE
i) 0 e sl B E Y, BRSO
ERcA O E = TR R e SrS Eo ) KRR (RO e ]
il B S

RSV CRFY, BARSGHEYE
¥y, R A B R R IO B B SR SR A
Yt EAlTT, 4Bk2y 35.0 AP RS 352 U7
Fh @ AEAE Y% K (Paton etal., 2008; Ollerton,
2017 ), EAEK, Bl BRI AT 3
IR, V546 B B ek R AL R M 55 D e o 25
Ak & EAE N DB R R EE R 2 —, A%
DD SR R R L AR e R . AR
TSR L, AR A AL TP B AR T i R vt 25
XPFE)E A, NATORTES] SR fa F A, B8
VRIS ™ B AIRAT o 48T [ PN DG T a0l 2 AR S f
KA BT LU 55 , B BUMISR U L8] E )R 2
FEVEBOR IR A, BF 55 U7 46 81 B 5 RO A I FA A
ALY A 50, s 5 26 H ) AT R A
I TAE

Bt : B R RO R B AR R 5T 5L f 4t
VitEsii AR A .
Sk (References)

Ananthakrishnan TN, 1981. Incidence of Microcephalothrips

abdominalis (Crawford) (Thysanoptera: Insecta) in relation to



< 1212 -

o B 3244 Chinese Journal of Applied Entomology 59 &

pollination biology of weed Ageratum conyzoides Linn.
(Compositae). Proceedings of Indian National Science Academy
B, 47(4): 505-509.

Ananthakrishnan TN, 1982. Thrips and pollination biology. Current
Science, 51(4): 168-172.

Ananthakrishnan TN, 1993. Bionomics of thrips. Annual Review of
Entomology, 38: 71-92.

Annadurai RS, Velayudhan R, 1986. Pollination potential of thrips
(Insecta: Thysanoptera) in some Solanaceous plants. Proc.
Indian Acad. Sci. (Anim. Sci.), 95(1): 109-116.

Appanah S, Chan HT, 1981. Thrips: The pollinators of some
Dipterocarps. Malaysian Forester, 44: 234-252.

Avellaneda J, Diaz M, Coy-Barrera E, Rodriguez D, Osorio C, 2021.
Rose volatile compounds allow the design of new control
strategies for the western flower thrips (Frankliniella occidentalis).
Journal of Pest Science, 94(1): 129-142.

Bailey SF, 1949. The genus Orothrips Moulton. Pan-Pacific
Entomologist, 25: 104-112.

Cao Y, Zhi JR, Zhang RZ, Li C, Liu Y, Lv ZY, Gao YL, 2018.
Different population performances of Frankliniella occidentalis
and Thrips hawaiiensis on flowers of two horticultural plants.
Journal of Pest Science, 91(1): 79-91.

Cronk Q, Yang JY, 2016. Hybridization between pollination syndromes
as an ecological and evolutionary resource. Molecular Ecology,
25(23): 5827-5829.

Darwin C, 1876. The Effects of Cross and Self Fertilization in the
Vegetable Kingdom. London: John Murray. 1-487.

Del-Claro K, Marullo R, Mound LA, 1997. A new Brazilian species
of Heterothrips (Insecta, Thysanoptera), coexisting with ants in
the flowers of Peixotoa tomentosa (Malpighiaceae). Journal of
Natural History, 31(9): 1307-1312.

Ding DR, Gai JY, 2000. Pollinnating insects and natural out crossing
amount of soybean male sterile materials in southern China.
Soybean Science, 19(1): 74-79. [ T#85%, 44, 2000. &7 Hh
DR TLHEPEANE PR A4 B U R HAL ) S A 5 AR
KERRE, 19(1): 74-79.]

Evdokarova TG, Vierbergen G, 2018. The first record of Sericothrips
kaszabi Pelikan, 1984 (Thysanoptera, Thripidae) from Russia.
Entomological Review, 98(2): 192-196.

Feng Q, Tong XL, 2021. First record of an extant species of the
family Stenurothripidae from China (Insecta: Thysanoptera).
Zootaxa, 5040(3): 448-450.

Frame D, 2003. Generalist flowers, biodiversity and florivory:
Implications for angiosperm origins. Taxon, 52(4): 681-685.

Gopinathan K, Varatharajan R, Ananthakrishnan TN, 1981. Incidence
of Microcephalothrips abdominalis (Crawford) Thysanoptera:

Insecta) in relation to pollination biology of weed Ageratum
conyzoides Linn. (Compositae). Proceedings of Indian National
Science Academy B, 47(4): 505-509.

Gurusubramanian G, 1989. Bioecology and pollination potential of
Haplothrips nigricornis (Bagnall) (Thysanoptera: Phlaeothripidae)
Infesting the flower of Borreria hispida (K.Sch.) (Rubiaceae).
Proceedings of Indian National Science Academy B, 55(1):
139-149.

Hagerup E, Hagerup O, 1953. Thrips pollination of Erica tetralix.
New Phytologist, 52(1): 1-7.

Hood JD, 1937. New genera and species of Thysanoptera from
South Africa. Annals and Magazine of Natural History, 19(10):
97-113.

Kabir MT, Snow JW, 2019. Phoresy or an accident? Trafficking of
flower-feeding thrips by pollen-foraging bees. Ecology, 100(6):
€02671.

Kantsa A, Raguso RA, Dyer AG, Sgardelis SP, Olesen JM, Petanidou
T, 2017. Community-wide integration of floral colour and scent
in a Mediterranean scrubland. Nature Ecology and Evolution,
1(10): 1502-1510.

Kirk WDJ, 1985. Pollen feeding and the host specificity and
fecundity of flower thrips (Thysanoptera). Ecological Entomology,
10(3): 281-289.

Kirk WDJ, 1987. How much pollen can thrips destroy? Ecological
Entomology, 12: 31-40.

Kirk WDIJ, 1997. Feeding//Lewis T (ed.). Thrips as Crops Pests.
Oxon : CAB International. 65-118.

Kirk WDJ, de Kogel WJ, Koschier EH, Teulon DAJ, 2021.
Semiochemicals for thrips and their use in pest management.
Annual Review of Entomology, 66: 101-119.

Lewis T, 1973. Thrips: Their Biology, Ecology and Economic
Importance. London: Academic Press. 1-349.

Li WD, Bei YW, Zhang ZJ, Lv YB, 2012. Flower-living thrips
abundance and population dynamics in uncultivated reproductive
hosts on Hangzhou landscape area. Acta Agriculturae Zhejiangensis,
2012(2): 252-257. [WR 26, DUE4E, sKIGZE, B2, 2012.
BN AER AT Y b VAL 8T SR8 2 Kok A A3 A. Wil
2F4R, 2012(2): 252-257.]

Li WN, Feng JN, 2013. Ultrastructure of antennal sensilla in three
species of Frankliniella Karny (Thysanoptera: Thripidae). Acta
Entomologica Sinica, 56(9): 1088—1100. [Z=4EH, D4R 4E, 2013.
= Tl AL B S b R R R B A . R R B, 56(9):
1088-1100.]

Liu HX, Wang ZR, Mao JM, Yang JD, Guo J, Yue JQ, 2022.
Occurrence dynamics and prevention and control effects of grass

mulching on citrus flower-visiting thrips. Chinese Journal of



6 1 EERSE: VIAES] DY R RN KA Ry S RED Tt

< 1213 -

Tropical Agriculture, 42(8): 51-56. [XIffi75, F A, TN,
WA, SR, EHR, 2022, AR SN NIAGUEET &R
A M BESCR AN, YA B, 42(8): 51-56.]

Liu YQ, 2009. Species diversity of flower-visiting thrips in
Guangzhou. Master dissertation. Guangzhou: South China
Agricultural University. [XIHiFk, 2009. | HHb X 728 5 ()
YIRS, B-R2EAne s M SRl R

Luo YB, Li ZY, 1999. Pollination ecology of Chloranthus serratus
(Thunb.) Roem. et Schult. and Ch. fortunei (A. Gray) Solms-
Laub. (Chloranthaceae). Annals of Botany, 83(5): 489-499.

Mathur G, Ram HYM, 1978. Significance of petal colour in thrips
pollinated Lantana camera L. Annals of Botany, 42(6):
1473-1476.

Minaei K, Mound LA, 2010. Grass-flower thrips of the genus
Chirothrips (Thysanoptera: Thripidae), with a key to species
from Iran. Zootaxa, 2411(1): 33-43.

Mirab-balou M, 2015. Description of a new species of the genus
Melanthrips (Thysanoptera: Malanthripidae) from Iran. Far
Eastern Entomologist, 291(1): 14-16.

Mirab-balou M, Tong XL, Feng JN, Chen XX, 2011. Thrips (Insecta:
Thysanoptera) of China. Check List, 7(6): 720-744.

Moog U, Fiala B, Feerle W, Maschwitz U, 2002. Thrips pollination
of the dioecious ant plant Macaranga hullettii (Euphorbiaceae)
in Southeast Asia. American Journal of Botany, 89(1): 50-59.

Mound LA, 2009. Thysanoptera//Resh VH, Carde RT (eds.).
Encyclopedia of Insects, 2nd edition. Burlington: Elsevier
Academic Press. 999-1003.

Mound LA, Marullo R, 1998. Biology and identification of
Acolothripidae (Thysanoptera) in Australia. Invertebrate Taxonony,
12(6): 929-950.

Mound LA, Morris DC, 2007. The insect order Thysanoptera:
classification versus systematics. Zootaxa, 1668(1): 395-411.
Mound LA, Terry I, 2001. Thrips pollination of the central
Australian Cycad. Macrozamia macdonnellii  (Cycadales).

International Journal of Plant Sciences, 162(1): 147-154.

Muhlemann JK, Klempien A, Dudareva N, 2014. Floral volatiles:
From biosynthesis to function. Plant Cell & Environment, 37(8):
1936-1949.

Ng YF, Ain N, Lau KH, 2019. A new species of Tenothrips
pollinating Dipterocarpus sublamellatusin Malaysia. Zootaxa,
4695(4): 397-400.

Norton SA, 1984. Thrips pollination in the lowland forest of New
Zealand. New Zealand Journal of Ecology, 7: 157-164.

Ollerton J, 2017. Pollinator diversity: Distribution, ecological

function, and conservation. Annual Review of Ecology, Evolution,

and Systemactics, 48: 353-376.

Paton AJ, Brummitt N, Govaerts R, Harman K, Hinchcliffe S, Allkin
B, Lughadha EN, 2008. Towards target 1 of the global strategy
for plant conservation: A working list of all known plant species-
progress and prospects. Taxon, 57(2): 602—611.

Penalver E, Labandeira CC, Barron E, Delclos X, Nel A, Nel P,
Tafforeau P, Soriano C, 2012. Thrips pollination of Mesozoic
gymnosperms. Proc. Natl. Acad. Sci. U.SA. 109(22): 8623-8628.

Pitkin BR, 1972. A revision of the flower-living genus Odontothrips
Amyot & Serville. Bulletin of the British Museum (Natural
History) (Entomology), 26(9): 371-402.

Ram HYM, Mathur G, 1984. Flower-insect interaction in pollination.
Proc. Indian Acad. Sci. (Anim. ci.), 93(4): 359-363.

Ren XT, Wu SY, Xing ZL, Gao YL, Cai WZ, Lei ZR, 2020.
Abundances of thrips on plants in vegetative and flowering
stages are related to plant volatiles. Journal of Applied
Entomology, 144(8): 732-742.

Rotenberg D, Baumann AA, Ben-Mahmoud S, Christiaens O,
Dermauw W, loannidis P, Jacobs CGC, Jentzsch IMV, Oliver JE,
Poelchau MF, Rajarapu SP, Schneweis DJ, Snoeck S, Taning
CNT, Dong W, Richards S, 2020. Genome-enabled insights into
the biology of thrips as crop pests. BMC Biology, 18(1): 1-37.

Rust RW, 1980. Pollen movement and reproduction in Arisaema
triphyllum. Bulletin of the Torrey Botanical Club, 107(4):
539-542.

Riitzler M, Zwiebel LJ, 2005. Molecular biology of insect olfaction:
Recent progress and conceptual models. J. Comp. Physiol. A,
191(9): 777-790.

Sakai S, 2001. Thrips pollination of androdioecious Castilla elastica
(Moraceae) in a seasonal tropical forest. American Journal of
Botany, 88(9): 1527-1534.

Salzman S, Crook D, Crall JD, Hopkins R, Pierce NE, 2020. An
ancient push-pull pollination mechanism in cycads. Science
Advances, 6(24): eaay6169.

Shaw HB, 1914. Thrips as pollinators of beet flowers. Bulletin of US
Department of Agriculture, 104: 1-12.

Stannard LJ, 1972. Three new species and one new genus of
Heterothripidae (Thysanoptera) from South America. Proceedings
of the Biological Society of Washington, 84(41): 335-344.

Terry LI, Walter GH, Donaldson JS, Snow E, Forster PI, Machin PJ,
2005. Pollination of Australian Macrozamia cycads (Zamiaceae):
Effectiveness and behavior of specialist vectors in a dependent
mutualism. American Journal of Botany, 92(6): 931-940.

Terry I, Walter GH, Moore C, Roemer R, Hull C, 2007. Odor-
mediated push-pull pollination in cycads. Science, 318(5847): 70.



- 1214 -

o B 3244 Chinese Journal of Applied Entomology 59 &

Teulon DAJ, Penman DR, 1990. Host records for New Zealand
flower thrips (Thrips obscuratus (Crawford) Thysanoptera:
Thripidae). New Zealand Entomologist, 13(1): 46-51.

ThripsWiki, 2022. ThripsWiki - providing information on the
World's thrips. <http://thrips.info/wiki/Main_Page> [date accessed
2022-Dec-5]

Tong XL, 2009. Thysanoptera//Xu ZF (ed.). General Entomology.
Beijing: Science Press. 244. #5857, 2009. 28 H /AR (E
i) B . JEEE: Bl AL, 244,

Varatharajan R, Maisnam S, Shimray CV, Rachana R, 2016.
Pollination potential of Thrips (Insecta: Thysanoptera)-an
overview. Zoo's Print, 31(4): 6-12.

Velayudhan R, Annadurai RS, 1987. Pollen transfer and stigma
receptivity with reference to thrips (Insecta: Thysanoptera) in
Solanum melongena Linn. Current Science, 56(6): 287-289.

Wang J, Zhao C, 2022. Taxonomy, species diversity and distribution
patterns of fungus-feeding Phlaeothripidae in China. Biodiversity
Science, 30(12): 22128. [, X, 2022. HERHE M H S
YR Z RN ARG R, AR Z2REE, 30(12): 22128.]

Wang JN, 2017. Species diversity of flower-visiting thrips in
Changchun city, China. Master dissertation. Changchun: Jilin
University. [EK T, 2017. KEMViIEH DY Z RS
WA KA R

Wang X, Wang S, YiJK, Li YS, Liu JN, Wang J, Xi JH, 2020. Three
host plant volatiles, hexanal, lauric acid, and tetradecane, are
detected by an antenna-biased expressed odorant receptor 27 in

the dark black chafer Holotrichia parallela. J. Agric. Food

Chem., 68(28): 7316—7323.

Wardhaugh CW, 2015. How many species of arthropods visit
flowers? Arthropod-Plant Interactions, 9(6): 547—565.

Webber AC, Grottsberger G, 1996. Floral biology and pollination of
Bocageopsis multiffora and Oxandra euneura in Central
Amazonia, with remarks on the evolution of stamens in
Annonaceae. Feddes Repertorium, 106(5/8): 515-524.

Wei LX, Wang SS, He CG, Liang QL, 2007. Study on alfalfa
pollination by Odontothrips lati. Grassland and Turf, 27(2):
10-13. [BUF0HT, BRI, BURSE, BR3522, 2007 4 f AL )
xR E I, RR 55, 27(2): 10-13.]

Wen HH, Chen ML, Zhang ZS, 2015. Reproductive biology in the
distylous species of Polygonum orientale. Acta Prataculturae
Snica, 24(11): 155-162. [3CEE:, BRWAM, sk@4E, 2015 —
UL AT A W 0 B0 B AR W 2 BE 9. A AR, 24(10):
155-162.]

Wiesenborn WD, 2021. New distribution records of Heratythrips
sauli Mound & Marullo, 1998 (Thysanoptera: Stenurothripidae),
with description of the first known adult male. Pan-Pacific
Entomologist, 97(1): 7-11.

Williams GA, Adam P, Mound LA, 2001. Thrips (Thysanoptera)
pollination in Australian subtropical rainforest, with particular
reference to pollination of Wilkiea huegeliana (Monimiaceae).
Journal of Natural History, 35(1): 1-21.

Zhang SM, Mound LA, Feng JN, 2019. Morphological phylogeny of
Thripidae (Thysanoptera: Terebrantia). Invertebrate Systematics,
33(4): 671-696.



