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ABSTRACT

Leafminer flies of the genus Liriomyza are serious pests that damage a wide range of
vegetable crops. These flies are also significant quarantine pests that exported vegetables must
be inspected to prevent the infestation of these pests in plant materials. Accurate species
identification of the genus Liriomyza using conventional external characters is difficult due to
morphological similarities among Liriomyza species. This study aimed to evaluate the wing
morphometrics in distinguishing among five Liriomyza species: L. brassicae, L. chinensis,
L. huidobrensis, L. sativae and L. trifolii. Sixteen homologous landmarks were digitized on the
wings for geometric morphometric analysis. The results revealed significant differences in centroid
size among species (P<0.05) with L. brassicae exhibiting the smallest wing size (1.58 + 0.03 mm)
and L. huidobrensis the largest (2.34 + 0.05 mm). Canonical variate analysis demonstrated that
L. chinensis and L. huidobrensis could be clearly separated from the remaining three species
based on wing shape, while L. brassicae, L. sativae and L. trifolii exhibited highly similar wing
morphologies, making them more difficult to distinguish. In conclusion, wing morphometrics is an
effective tool for identifying L. chinensis and L. huidobrensis from the remaining three species and
can be applied for plant quarantine inspection for vegetable exports in Thailand. However, due
to overlapping wing shapes among L. brassicae, L. sativae and L. trifolii, further identification using

male genitalia or nucleotides is recommended to improve the accuracy of species discrimination.
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Table 1 Leafminer flies, their host plants and collection locations for this study

Number of
Leafminer Host plant Collection location
collected
species species (subdistrict, district, province)

samples

L. brassicae Brassica chinensis L. Nong Prue, Bang Lamung, Chonburi 5

B. juncea (L.) Lat Yao, Chatuchak, Bangkok 2

B. oleracea L. Yang Chum Noi, Yang Chum Noi, Si Sa Ket 5

B. rapa L. Mae Win, Mae Wang, Chiang Mai 5

B. oleracea L. Tha Yang, Tha Yang, Phetchaburi 3

L. chinensis Allium ascalonicum L. Tha Muang, Tha Muang, Kanchanaburi 5

A. sativum L. Ta Ket, Uthumphon Phisai, Si Sa Ket 5

A. cepa L. Long Khot, Phrao, Chiang Mai 5

A. tuberosum Rottl. Nong Ngu Lueam, Mueang, Nakhon Pathom 5

L. huidobrensis Solanum tuberosum L.
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S. tuberosum L.

S. tuberosum L.
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Sucumis sativus L.
Cucurbita moschata Decne.
Lycopersicon esculentum Mill.
Lol Ocimum basicum L.

Agium graveolens L.

L. esculentum Mill.

Kong Khaek, Mae Chaem, Chiang Mai 5
Mae Faek Mai, San Sai, Chiang Mai 2
Long Khot, Phrao, Chiang Mai 8
Kong Khaek, Mae Chaem, Chiang Mai 5

Don Cha-em, Tha Maka, Kanchanaburi 5
Thung Thong, Tha Muang, Kanchanaburi 5
Chorakhe Sam Phan, U Thong, Suphan Buri 5
Bo Luang, Hot, Chiang Mai 5
'Si Maha Pho, Nakhon Chai Si, Nakhon Pathom - 0
Sam Khwai Phueak, Mueang, Nakhon Pathom 3
Pang Hin Fon, Mae Chaem, Chiang Mai 7
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Figure 1 Right-hand wing of leafminers showing each of the 16 landmarks used in the morphometric

analysis using TPSDIG2 program (A) L. brassicae (B) L. chinensis (C) L. huidobrensis (D) L. sativae

(E) L. trifolili

Table 2 Mean of wing centroid size and standard error (mean+SE) of five Liriomyza species

examined in this study

Leafminer species

Wing centroid size (meanSE) v/

Significance?

L. brassicae 1.575+0.032 A
L. chinensis 2.070+0.032 B
L. huidobrensis 2.341+0.047 C
L. sativae 1.618+0.012 A
L. trifolili 1.624+0.015 A
Y h=20

? Different capital letters indicate significant differences (P<0.05; determined by Tukey’s post hoc test after

one way ANOVA) between leafminer species
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Figure 2 The Procrustes superposition illustrates the variation in sixteen landmarks on leafminer

wings across five species. The figure presents the configurations of landmarks after

removing differences in position, scale and orientation
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Figure 3 Regression of wing shape (represented by regression score one) on centroid size

(@ measure of wing size) in leafminers. Each colored dot represents the wing of

a leafminer from one of the listed species
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wag L. trifolii Tngnaufunaiuaun CVA 1¢

=

ag137ALu (Figure 4A) A5Us19vesUnNUANAN
a A A a 6= i
1NTTADU 9 UaziileliAs1enie V3 d1ansayae
wonuestayaludavsinseenly (Figure 4B)
L. huidobrensis 1Usiunaunu L. brassicae
L. sativae wa¥ L. trifolii Wi L. chinensis §4A4
wenesnaNuNasuuaureulus 4 ¥lindu 1
wandliviudn L. chinensis figUsnaUniiunneng

NTUADY 9 pY1TALIU
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Table 3 Summary statistics for the canonical variate analysis (CVA) of Liriomyza spp. populations

in this study, including eigenvalues, percentage of variance, and cumulative percentage

explained by each canonical variate (CV)

Canonical variate (CV)

Eigenvalues

Variance (%) Cumulative (%)

cv1 13.40
cvz 10.13
Ccv3 2.96
cva 261

46.05 46.05

34.82 80.88
10.17 91.05
8.95 100.00

2.5 A1 Mahalanobis distance Wa ¥ Procrustes
distance

A1 Mahalanobis distance ¥843U519Un
wuastunuougoulus 5¥ida nudn daay
wansnafuegnalitedfymneadn (P<0.0001) Fe
T Suid Taeuuansnsseninanguaialude
naned i (multivariate distance) 1ae L. chinensis
fanuuansnaanviedu q uindige fdng
fl4 10.5446 il eifiguivuind u vngfnguues
L. brassicae L. sativae Way L. trifolii 1A15283%1
i uansdsnnalndiAsstuveasusnalnluszdud
aravinliiiaanuduaulunisduunviala
(Table 4) @anAd o3y Shiao (2004) 4 alelH35
minimum spanning tree Lﬁ‘laﬁjﬂﬂa;mgﬂilﬁwax‘i
Unuuasiunuauveulu wazwuin L. chinensis
fisUsrelnuansnsednsdaauainaiadu leua
L. trifolii L. brassicae L. sativae L. huidobrensis
way L. bryoniae YagkAEniY NANUB L. trifolii
L. brassicae Wat L. sativae gnintiagluna
ety Tnedinrundendatusiludgsatn
WALA NYUEN T UFIUINYIA18UBN A NYMEY
aananazieuliiiutisdedninvesnislddnuus
NeFugIAngInguentun1sIunvilalungy
fildnvarlndiFesiunn Ssonathlugenuiamans

lunmsitdadevila A9l gr5unsuazauy (2565)

[

FhwWiwin L. brassicae L. sativae way L. trifolii
JanuwarNeueNAAIARINIUBE 1NN ATIATIEN
sUTUnlagldTsuesinumIndsauiu Mahalanobis
distance Faflunumaddaylunsiuemuuwiug
Y99n1591UN ¥ AulasTunuowseuluf 4 A1
AneAdaiugeludedugine
NANISANWISINUIN Llasiurieuyeuly
L. chinensis 13U5 190 nuana1991nLua7Y
vusweuluwindu 9 egudaau 3saennd oty
$576914V84 Supartha and Susila (2018) AN
anwasedugAneuazlinanaves Liiomyza
Tununenluusyinadulatides wuin L. chinensis
fAUuane19vegUselnuazienaanagis
Faauainwuasiunusuveuluvindu o e
NITUIANUFUNUSAUa R UiIndLlalnaLay
ANUFUNUSNISVIRININIS WENWUI L. chinensis
JaruilralemauaranudunusImuInIg
7 wunenot 19t aauainuuasTunueureuly
dn 4 wlim lowA L. brassicae L. huidobrensis
L. sativae way L. trifolii vasfiuasiumewreuly
W a4 fiadidasuiaealelndfilndifsstu aviou
AePudUTS T NS TlnaTadu (Chen et
al, 2018; Liang et al, 2023) sy vumsumsess

ANUUANANYBUSINTUN waze Mahalanobis
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Canonical variate 2

A

4] 3
Canonical variate 1

Cancnical variate 3

s 3 [ 3 6 []
Canonical varlate 1

Figure 4 The first three variates from the canonical variate analysis of geometric morphometric

wing shape data for leafminers. Twenty wings were analyzed per species, with 95%

group confidence ellipses represented. Each colored dot indicates a wing from one of

the listed species

Table 4 Pairwise Mahalanobis distances based on leafminer wing-shape analysis

Leafminer species L. brassicae L. chinensis L. huidobrensis L. sativae L. trifolii
L. brassicae - - - - -
L. chinensis 7.7638 - - - -
L. huidobrensis 8.5248 10.5446 - - -
L. sativae 6.0366 10.4632 8.6375 - -
L. trifolii 5.7039 9.4460 8.7715 5.2605 -

The diagonal shows Mahalanobis distances calculated from canonical variate analysis across all five species. Values in bold are

significant after Bonferroni correction for multiple tests, with an initial P=0.05 and a corrected P<0.0001

distance anunsalduesasiiolunsanunaina
Yaanuariunusuraulule 199910 nwuENIg

o Y

Fugunusng (phenotype) 1038 T30 LU

LS

a ) (v a{' 1
JUT1909UN LlUSNYAENAINITAN18NANIY
wugnssuludgugnuaule wasiinisdsuudas
FEUINITULDYUIN TIRANANIINANBULDY 9

| = o v A Ao Av oo
WU YUIAUN VUNREIRIVIDEAU NINTANULUS
AUga5ErINguduiloannaintadenieuen
WU ANINWIAG DULAZDINITA huasn UL 1Y
(Dujardin, 2008) lunenduriu gusavesUnlyla
SUBNENAINNTITULINA DY AULANAIIUD

oA A oA 2 v v o 1 S
sUS1elndesiantoy anansaldidusiiyadi
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wiluglunisIuunyinvesuuatla oyl
Usgansnn (Schutze et al., 2012) watlansnsa
UrlduszgnaldlunisAnwiniseunsuisiu
n13nIvEeuLLadn IR YlunsruIunsinAuiY

=Y

duazinlignsitdaduuazinnisuuasdngity

Y

aeduszuutaziiuguNgIy

dyUnan1Inaasg

wadauasIunsndvasUnanuisalmduy

d' =1 d‘d a a o a
A3 a9l e AUsEanS anlun1sanwunTiaved
wuasiunueuveululuana Liiomyzald lay

91/ 88y algIUTUIUVIVU I UNTOYA LAY
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1 = d! ¥ 1 1
5U9190n Faarunsalduenanuunnd1aseniig
wialaegddsdAgynieada lne L. brassicae
fuwnunsesdianiign luvaeil L. huidobrensis
= 1 dl a . .
JouralvgMgn wagvla L. chinensis uag
L. huidobrensis 115U319Un7ILANA19E 19U
910 L. brassicae, L. sativae Wag L. trifolii 3
(% = ¥ = o U 5 a a 6
dnwaslnAanendsnu Ay wallauesiwuming
v99Unsa1unsaldusnviauuasiunueuveuly
L. huidobrensis wag L. chinensis 903NV AU

1 = a a 1 @ ¥ a dyd
pgediuszansam egelsnaunisldimatiaidl
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