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ABSTRACT

Tropical fruit flies (Tephritidae: Dacinae: Dacini) are among the world’s worst
horticultural pests and are of particular biosecurity quarantine concern. Species of
Dacini are notoriously difficult to identify using morphology, which, in view of their
economic and international trade importance, creates ongoing difficulties for plant
protection. The goal of this research was to perform phylogenetic and geometric
morphometric analyses to support definition of six species of importance to
Thailand i.e Bactrocera correcta, B. carambolae, B. dorsalis, B. latifrons, Zeugodacus
cucurbitae and Z tau. Materials were collected from various kinds of fruit orchards and
by lure trapping in all regions in Thailand during 2017 - 2018. Phylogenetic analyses of
Cytochrome c oxidase subunit | (cox?7) DNA sequences of the six species were
performed, Maximum Likelihood and Bayesian inference of sequences gave consistent results.
Zeugodacus formed a reciprocally monophyletic sister group to a larger clade comprising
the four species of Bactrocera. Wing morphometrics was based on 15 venation landmarks.
Centroid sizes computed from landmark data differed significantly among sampled
species (P < 0.05). Centroid size was smallest for B. latifrons (5.53 £ 0.08 mm) and largest for
Z tau (640 0.09 mm). Canonical Variate Analysis (CVA) revealed a clear pattern in
which species of Zeugodacus clustered together and were clearly separated from the cluster
comprising species of Bactrocera. Individuals of each species clustered together with
limited overlapping with congeneric species. The present study provides a basis for accurate
identification of the most economically important Dacini in Thailand, using international standards
and best practice. However, further study is needed, including incorporation of data from
additional genes to identify the numerous members of Dacini present in Thailand and neighbouring
countries and to characterzie these species so that they can be included in a comprehensive
diagnostic system.
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UNARE

unasTunald (Tephritidae: Dacinae:
Dacini) fimnuuysiuzeejusansue
meusniusgteunn neldiiadamnlunis
AMadprflaunasiunald senasan1siaiu
NNNIEITENINUTEWA TIT9BINEBNTS
sadulalunismiwuimienisiiesiunnda
n3fneasedl HunisiaNsNRuENI
FinnnmatniuwedaneSnemind snariuayu
nauunpfiaunasiuralififinnud A
wisughazaving Tasvins@nslunass iy
Waldi 6 ¥1la L§un Bactrocera correcta, B.
carambolae, B. dorslis, B. latifrons, Zeugodacus
cucurbitae Wz Z. tau L@ALUSIUTINGDEN
unasTunaldfnaunalivaesia sl
aniilslaudia Tugfinasie q sedszmalng
eI 2560 — 2561 UINIANEIAIN
fuRusmeITaiunsesuNasTunald @e
naeasidoyamduilanalendassiumisiu
Cytochrome ¢ oxidase subunit | (cox?) @t
Maximum Likelihood Wa: Bayesian Inference
Han133AT12st wuin nafinanndaeiu Tay
LLuaoﬁ’uwalﬁaqa Zeugodacus Fevsznoy
§11 Z cucurbitae uay Z tau 1 upnsen
INANA Bactrocera pEWTALIU UAZIN
nsfne1Nas IWmnInd D nunasTunalsl
WU HAMNUANFANDE AT EAUNINEDRA
(P < 0.05) lngunaiBunIosfnULaay Tunaswss
B. latifrons H{zulangn (553 + 0.08 uw.)
war Z tau fauinlvaign (640 * 009 aw)
M3AnEgUeeesinges Canonical Variate
Analysis (CVA) §18190LENAINUANAN
20930398 nunasnaldana Zeugodacus
aanmnana Bactrocera \lmammmau
anmiﬂswﬂnmaoLLuaaauwals“ﬂuﬂﬂaLmﬂaﬂu
fAnuAdEAfeTuNINN I LA TuRa LA
ana n13@nuaseil dunisduauadays
wumummumimLLunﬁumaaLmamu
waliiisn Dagcini AflanusdneiaTegialy
Uszindlneatnegniies fedsnisiiflnnmsgu
waziiudivansuluszdusina ag19lsfinauy
Fduseefins@nsmsdalaanalasnis

AnEduiNANUNNTI UL A TURALITLHN
Dacini ‘VlNE]EII‘LUJ’i“’LVIﬂ\LVIEJLLE\]uiJ’i.,LVIﬂLWBu
mu’lwmamaumnmmu

Aaf: uuasiunald AnuFuusnie
’301

AIUINTT NB%IW LWN3NA

Uni

Fnuaswalddaidufudneasfis
AnNEdsansaveantaza 9T lalviy
nsaInTiueteNIn win1saveaninwalily
ooz mati azdioeiinisidanain
Madn dodu vszimagdseandanuduiy
aahaﬁaﬁﬁaaﬁﬁagaﬁmgﬁﬁﬁﬂamaL?'hvi"lmsJ
HARNATEISY Wi lun1sRTaseTaeenITA
Feihgiu wuth deyadldaiuayunisdsenn
fudnens Ae Teyadydnuiadngiy
(Pest List) mmauamnmamao‘lmmmﬂLmaa
maua‘wmmana Huflvonsussduang sty
wummmmyLﬂuamaﬂﬁumiwmLLunﬂmg
fridlonafalyfudnuazwalilunisdenan
Tfiaugndes wiud uazifufivensulu
FLAURING

ﬁ’JEJL‘I/‘iGﬁ wrasTunalivSaunas unas
(Tephritid fruit fly) Joiduunasdngii
fiasrvanufumeiuinualdidustienin
WseFLiN el duazfruauiaiunelu
i lirnwalduindenaunsifuied wazsin
wusmusuuasTuralsiialunelunafideasn
lufamedseina nalwiinduninisiaiu
NNNTFIIINNT T51891U731 wuRITURAls
W1 Dacini 839 NNLRangauliananssny
neLasegialuniiody Tasanizadiebs
mei’uwalﬁaqa Bactrocera Wt Zeugodacus
(Aluja and Norrbom, 2001; White and
Elson-Harris, 1992) tJusnglfinsfnm
ilpvaduNasTUNaldiw Dacini 5I8E9N1T
UNINIZa18 wassdanasiNyn1n1siuae g
3191719 LWW'}MNWWNT%L‘Uul,l,mmﬂu
NMIAWANANIA woias Tuwaldiei Dacini
uanum:maamgmmﬂuaﬂﬂaLﬂmﬂumn
TosawizagwbeusasTunalilunguiifiana
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Futau (complex) Fvunluntsdnsuuniy
ptiaie MnlHifsednuuzdugumeuaniu
M3n33935adew6ln (Krosch et al, 2012) lag
awrzunasTunalilungs Zeugodacus tau
WAy Bactrocera dorsalis complex vinl#
Lﬁﬂmmﬁ’uﬁ\mLLﬁﬂ’ﬂauﬂiufﬁmuLﬂuamamn
wazfofiunasTunaliiin Dacini Bnviatauiln
fusasidusdiafeaty wafiauuyssunig
JUTNANBUTAEUDN Fenndon1sdngulain
Wuanuudsiunsugumelusiaiieniu
raouaNLANA19IEHINNTHn (Schutze
etal, 2012) Ry szwAlnedimsauunsiia
unasTunaldlasldifpednuuzniodugiu
AnpmeusnintL Sefovendulszaunisal
wazANEIUIYIBIUNDYNTNID U Farfu
Seflanudduadedslunisdssyndldnan
agn‘su";mmmuwa W&U (integrative taxonomy)
Fafumshmaluladsing q Afanuiuasiy
Undedouasiiuiivassvlusssuana unld
Tunsfnsziausasiunalsd

uATedl $oﬁ’s’mqﬂ5:a\1mﬁa§uﬁu
FoAnenaansvosunadTunalsiki Dacini Tu
Uszmnalne fedeyafiduie AnudNiuing
F¥annnns wazmsAnsxesiwwninduadn
wwaswaldl Winldaivayunissuunsinues
WA TURA LA AR NIINTINERT Lay
winl#lunisasasesasnien1sdgiae

gunsaluazisng

1. UMt TuNa Lk Dacini
HAZNITIUNAILANBUSTUFIUINGA

TIUTINFBENLNRI TUNA LIF AN Ty
niuiinineaslulszinalne 6 9fina
(Manan MansTusn MaAwils Mansusen
amanzTusanidoanila waznnald) law
dentuiitis I usunulunisiudegag
ndnAaz 3 99ia (Figure 1) nLAUMIBeNg
wnavaz i fusnasunasTunalduuudaden
(wet bucket trap) 210 Bugs for Bugs Pty
Ltd, Australia S9dsznaudisddguansas
(pheromone) wiasTuHald 3 Uszian liwn
\wilazduaa (methyl eugenol) AT (Cue lure)
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WAZAIAN2S (Lati lure) WENE1THILNAY
malathion TudaT& 4 : 1 wazmeluiusn
vssyaslwsindulnanea (propylene glycol)
WasnanmwAiduiezasistnounas Tuna s
nsfedusn 5 fudndesnsaendedszin
Ranioiufl (Fantea) wiossraufinfisams
waausadTunald 1AUTIWTINAIRENITENIN
LPBURRIAN W.A. 2560 - AUBEU W.A. 2561
ynssuunadausasTunaldiissduain
snwuzmeuan melindssanssadanesle
Leica ';'u M 165C (Leica Microsystems Ltd,
Switzerland) FNAULUINIINNTIUILBBUA
uNavTunaliee Drew and Romig (2013,
2016) \AuSnnFienslLLaanaaas 95% uay
ulSlugiiaamgfl 20 .

2. AnvrAINTNNUS n19ITmIuUINIS
(Phylogenetics analysis) Ta3uuadTunalil
W1 Dacini
2.1 NMIanARLdUL
UieguasTuraldfiTwundos
fnwurnNuguNIaiafdue laald
Fag 1 UNAITUNALTIIUIL 10 e

Figure 1 Locations of sampling sites in the
six Thai biogeographical regions (Central,
East, North, West, Northeast and South) at
which fruit flies were collected
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saunasiunaldnideria 1¥35n15ain09
Boontop et al (2016) 3uAUALULUITDY
#aainFAUBR 397U ISOLATE Il Genomic
DNA kit (Bioline, Australia)
2.2 dinsunafiduadimane
WnUSanauRBuadihmanademeada
Polymerase Chain Reaction (PCR) Taw
Tdglwsuns LCO 1490(GGTCAACAAAT-
CATAAAGATATTGG) war HCO2198
(TAAACTTCAGGGTGACCAAAAAATCA)
(Folmer et al, 1994) 1¥Aiduadunuy
1 lalasdmns 10 M lwswwas LCO1490
1 lulasdns 10 M lwsiwes HCO2198
1 1ulasAns 819aza18 2x Green master mix
10 lulasans Usanasssinnauiidinge
W& (Deionized water) \Hud3aassin 20
Tulasdns unisen PCR TetrSaaifinysunn
A Mvuaduesulaza lulfizen PCR
cycle gotl 1) initial-denaturing 94 . U1
4 U1# 9147 1 98U 2) denaturing 71 94 %.
30 3uft  3) annealing # 50 %. 30 3unil
4) extension i 72 . 30 3unit Taeludumou
2.4 Y1 35 38U uaz 5) final extension i
72%. 5 U 91U 1 38U ATIVNBUNRAN U
PCR lagiSiaadidalnslusda fiaznilsaiaa
ANNANNLENTU 1.5% wan RedSafe dye Tu
8198vane 1X TBE buffer L& WNHIUTUNY
Tihausnedng 100 Thad uaan 30 i
wazaTvguaniiduienaléiusy ultraviolet
(UV) Tuiinwadluiadasdraniniaanson
TU5unsndAs1=¥inn (Gel documentation
XR) 3U Universal Hood Il (Biorad, USA) #3739
mansuieilelng lauaesintanandod
PCR Alluvili3qns uasmanduioedlelng
@hmﬂ%ﬂd ABI 3730 x 1 automated sequencer
(Applied Biosystems, Forster City, CA, USA)
using ABI BigDye terminator chemistry
AINNTINIDVDILUTEHN Macrogen Uszine
ARG
2.3 MIaTEhasuiieala lnd
ﬁﬁiagaﬁwﬁnﬁmﬁ‘[a\lmﬁmnﬁu cox1
PDILNAVTURA LTI AnwTianan s

Ay lasSeuiiisuarsufiandlalng
(sequence assembly) elUsunsu Bioedit
Sequence Alignment Editor Version 7.2.5 (Hall,
1999) waziufindayasduiaafloindlugy
wuulwg FASTA wWisuisuiuilaedlalng
maau,umi’uwa‘lﬁﬁﬁmsmsmﬂugm%’aga
GenBank 1aen15 blastn wWisuiipuwasidud
Awwiiay (% identity) Liiefufiualnugn
favansufiindle ndrasunadiunald iy
Juiinarduiiandlalndaesunasiunaldly
Tuszuugudeysvey GenBank Tuguuuy
accession number
2.4 fnAnusuuineIauing
idayadduiindlolndassunasiu
Waldandu cox? AFnwuUSHULTBUAIN
gndas Mudrdudiadlelndassunasiu
HaldannsFAneee Jiang et al (2013)
#915nau GenBank accession numbers
JX297532.1, JX099733.1, JX099753.1,
JX266421, JX266424 LAz Krosch et al. (2018)
192nBUAIY GenBank accession number+s
MH125354.1 Tagldusasunaldans Dacus
A Dacus longicornis Wu outgroup (GenBank
accession number MH937563) mnﬁ'u i
ﬁﬁﬁuﬁ’;ﬂﬁiﬂlﬂﬁﬁ’lg%umau alignment
felisunsy MEGAX (Kumar et al, 2018)
Uszaanauar linszidoyalfinausinnnsgiu
2 e Ap Maximum Likelihood (ML) Was
Bayesian Inference (Bl) wazid3auiipy
topology ﬁ\lﬁ'mﬂﬁ'\‘i 2 anﬁu’lmijﬁu
Tasfisnwazidaanisiesisd doll nsew
dataset OIEURUALUY coxT 815U Maximum
Likelihood (ML) TagnmSaulnd phy 3asnzvi
TaelUsunsn RAXML v8.1.15 (Stamatakis,
2014) N1%uUA model of evolution WuY
GTRGAMMA F93mnzsiansdiasnsiansy
fadlalng A1A1v9idae rapid bootstrap
(command fa) 133310 random starting tree
LazAUA maximum likelihood bootstrap
F1U7U 1,000 A% uazdasziilag Bayesian
inference (BI) m3aNlNg nexus THlusunTu
MrBayes (Ronquist and Huelsenbeck, 2003)
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1438 Markov Chain Monte Carlo (MCMC)
Ardeduiildlunisdnsnsd deil Meme
startingtree = user ngen = 10 000 000
temp = 0.25 nruns = 4 samplefreq = 1000
pintfreq = 1000 nchains = 4 savebrlens = yes
stoprules = yes stopval = 0.01; U5u@n
generation temperature substitution model
parameters 31UU generation LAY burnin
W l#l§ consensus topology AT19RBLAN
\Basiuraanadias1efidiie cumulative and
compare functions Tag AWTY (Nylander
et al, 2008)

3. ﬁnm;m‘s'wﬂnLtuaaﬁ’uwa1ﬁteiﬂ Dacini
samatinnaslinuning
3.1 NMSAsENA29E19N
Lﬁaﬁnmgﬂ'ﬁwmaoﬂn‘[mﬂm'ivi"]a\laﬁ
2173 [HnunasTunald s1uu 20 et/
#fia Fadnduananiuuslagineaiie
canada balsam wddaviudhenszandaalas
iluaulugougamod 40 - 45%. Tiuke chammw
Dnunasiunalidrundesyanssmlidedou

Figure 2 Right-hand wing of a Dacini fruit
fly showing each of the 15 landmarks used
in the geometric morphometric analysis
using TPS Program

(compound light microscope) Olympus ju
CX41RF (Olympus Co., Tokyo, Japan) Laz
MUUAARILNA (landmark) unuuas Tuwald
(Figure 2 waz Table 1) (Boontop et al., 2016)
faelusunsy TPSDIG2 Version 2.17 (Rohlf,
2013) a¥1wlwlugUuvnzes TPS Inddayad
\lﬁLﬂuﬁagaﬁﬁﬂm%ﬁLﬁﬂu (cartesian coordinate)
Faudoyanoglussuusedifi (x y) niosuin
(X, Y, 2) LﬂuqﬂﬁLLf\Imﬁammﬁ’uﬁ’uﬂ%mﬁwﬁ

Table 1 Fifteen landmarks located at the junctions and terminations of wing veins chosen

for this study

Landmarks Position on wing
1 Basal junction of veins of cell bm
2 Anterior-most point of the suture located towards the base of vein sc
3 Inner antero-distal corner of cell bc
4 Junction of veins A1 and CuA2
5 Junction of CuA1 and CuA2
6 Junction of vein CuA1 and dm-bm cross vein
7 Junction of vein M and dm-bm cross-vein
8 Junction of vein CuA1 and dm-cu
9 Junction of vein M and dm-cu
10 Junction of vein M and r-m cross-vein
11 Junction of vein R4+5 and r-m cross-vein
12 Junction of vein R1 and costal vein
13 Termination of vein M
14 Termination of vein R4+5
15 Termination of vein R2+3
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radlasadrieafurzisondt “lalulad”
(homology) uamﬂmvmuamﬂmuau (homologous
point) mmuaﬂ‘wumLmuamaﬂumﬂuimu
meludszsng (intraspecies) WATIL¥IN
1)9¢2%1n3 (interspecies) 5\11%@3@&’\1mm61’\1n6m
HufMAmsnzianuuanaIguazANNLUSAY
medugwInezasintlnunae Tunald
3.2 AnsIuALsuUNsasn (centroid sizes)
NMIANHITUIALBUNTDUADDILNAI TU
Waldluw Dacini $8lu5uns3 Morpho J
version 1.06 (Klingenberg, 2011) 21U AYBY
imunTaiit fanudniusiugUsedn s
T dunesgulunswSeuiisugdseoeedn
Ifptinoutug (Schutze; et al, 2012) lag
mu’mmumaﬂﬁﬁﬁmmmnmﬁam”ﬂ:ma
s"mwoamﬁommma“am nmmmnmwm
ﬁ;mmyl,nm (mLquaLaaﬂTuwumamumao
NAANIVINA) UAE 00ATINTAINDITOINATING
(Boontop et al, 2016) (Figure 3) WaziU3eu
mﬂmmmmumaﬂm maaﬂmmamuwalﬂm
MANady AMANNARIALARDUEIENTIATIET
UL one-way ANOVA Tag Tukey post hoc
test falysunnaiagy SPSS version 22
(IBM SPSS Statistics, IBM Corporations,
New York, USA)

Figure 3 A geometric depiction of the
calculation of centroid size, which equals
the square root of the summed squared
lengths of lines segments L1, L2, L3
(Boontop et al, 2016)

3.3 Anpmaasundasaunzagssi
(allometric effect)
N13ANHINTTIUABULURITUIAT DY
sdiifinasagUssesiin Tasldnadanis
AANeAINNILULaANDY (regression analysis)
NNIUIWIN UasTUAIBUNTEEA shalusunsa
Morpho J
34 “itﬂ‘sﬂzﬁmwLmnehwm;m%ﬂemm?]n
(wing shape)
N133LATIEAANNUANANTBIFUT
yaednunadiunald ¥n1sieseiaunan
Canonical Variate Analysis (CVA) (Zelditch
et al, 2012) #ulUsunsn Morpho J

NANTINAABILAZ I
1. fredreunasTunaliitin Dacini wazn1s
UNFIBANBUSNIITUFIUINGN

NNTFIWTINFIBEWUNAITUNA LI
dinTeanudasmzign lealdiudnuaasiu
naldfuuudadunndona1sas §IN1T09LUN
wilausas Tunaliisn Dacini 1§ 2 ana fio ana
Bactrocera W8z Zeugodacus 3MUI 6 A
16w B carambolae, B. correcta, B. dorsalls,
B. latifrons, Wat@Na Zeugodacus Taun
Z. cucurbitae Was Z. tau N1SANEN
asstisolsuiinsiamosizonms (host plants)
fusasiumaliidhviay wasUssinnassansse
AfuszanBamlumssgaunas fumaliusas
¥ila (Table 2) WU wiasTunalsl B. dorsalis,
B. carambolae Was B. correcta Wnvinanany
avnslimanvianeziln Tasansralififiang
fdumaATEgie 1l Nzahe WS WRETNY
WATAINANNEINITD UM a1 e R lE
wannvanpaila i Edlamalunispeneiug
uaziisSanaanfisenssiasy ¢ linaon
wat) vliimsteeturdavilienn usilwasTu
naldursriaduiianuanizianzasdons
91119 (host plant specificity) (U LNRITULLAY
Z cucurbitae waz Z tau 1 sevhatuiamne
NY AL (Cucurbitaceae) 13 N¥3e WAINN
#in v fRe wasu wavly way wadlng &
LWNASTUWEN B. fatifrons 1hi WoENYhaeawy
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inluavduzidie (Solanaceae) ) A win was
uq,ma whiil waswui snsseildlunsdinm
v fianusansnlumaiiven (attractiveness of
lure) waasTunaldiisacsilauansieiu wu 819
snwBagiuna AupausssTuwalil B. carambolae,
B. correcta W8z B. dorsalis LWaL&1I8DAINIS
AugalanzunasTusng Zeugodacus léun
Z cucurbitae War Z tau Wiy uazsnIae
AIRRITRAINANIZI1ZIA VLN A TUNSN
B. latifrons mwamiﬁﬂmmmaﬁmm‘iumimmm
mmmmmmamuwalumau LR IR
Lﬂumauawumu Tumim‘lﬂ*’ﬁ’lumimmu
LLayﬂmﬂum’«mLLuaaauwalaﬂwgnmaaTuLLﬂao
wa:Ugnﬁﬁlﬂ”aﬂﬂaﬁﬂszﬁm%nﬂw aamﬁmﬁ’u
M3IANEPDY Royer and David (2018) 19188 U
M §1389 Methyl eugenol Laz Cue lure i
ﬁmmd’ﬂﬁ’fyashoﬁﬂumimu@uLLumi’uwalﬁ
Tusn Dacini

2. AnE1ANTNNUSNI19ITAUINISTEY
unasiuwaldiwn Dacini

NAMIANKY WU ANEMTEIEAL
fanalenfasunasTunaliiis 6 oila fanuem
650 s wazANNEIEdUTAalelng Ak
dupay alignment Ui dANuend 588 AL

nnisdeyasrduiliadlelnddu coxt
yosunasTuna liTiandnyfonun Wiy
Wisufudiedlalndeasunasiunaldfisingg
eulugiudoya GenBank 1aem3 blastn
WisuisuideSidudanumilau (% identity)
wuh unasTusalfiiTuunandnsas dugu
nMeuen Januwiaurasaisuiiadlalng
fefifudanumiou 99-100% Audays
suindlelndangudeys GenBank uay
mauammumﬂﬁiﬁﬂwmmLmamuwaluwmmi
AnnTuanaded Tudnl s suugudays
GenBank ne/l§i GenBank accession number
VIVNATIUIU 60 VNBLAT (Table 3)
NN1SANYIA1IFUIIAR e InA YD
wuasTunaldidaudrdyniaiasugia
U 6 BHA wazdININg alignment
¥ilaay 10 aduiadlalng (Table 3) laiwy
ANNLANANTUAITLTIAR LD InFTBILNRI T
naldiusiazaie fofu Tuns@neanudiug
M IAUINMIMILAS phylogenetic reconstruction
fansaldaduiindlalngsnuau 1 e
Watdudunuzssunasiunaliuiacoia
@MU 6 AIBEN) NANITANHIAIINETNNUS
NMeITauINITsnduaduidiedlalngann
Jiang et al. (2013) war Krosch et al. (2018)

Table 2 Scientific name of fruit fly, host plants and attractants from which fruit flies specimens

were collected

Scientific name

Host plants

Attractants

1 Bactrocera carambolae

banana, custard apple, guava, jackfruit, jujube,

Methyl Eugenol

longan, lychee, mango, papaya, rambutan,

rose apple and santon

2 Bactrocera correcta

banana, custard apple, guava, jujube, mango,

Methyl Eugenol

papaya, rose apple, santon and sapodilla

3 Bactrocera dorsalis

banana, custard apple, guava, jackfruit, jujube,

Methyl Eugenol

longan, lychee, mango, papaya, rambutan,

rose apple and santon

4  Bactrocera latifrons

5 Zeugodacus cucurbitae

eggplant and chili

bitter gourd, cantaloupe, cucumber, luffa, lvy gourd,

Lati lure

Cue lure

melon, snake luffa, water melon and winter melon

6 Zeugodacus tau

bitter gourd, cucumber, melon and water melon

Cue lure

124
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Table 3 Collection details (scientific name, specimen voucher, accession number and number

of specimens) for fruit flies used in this study

Scientic name

Specimen voucher

Accession number No. of specimens

1 Bactrocera carambolae

2  Bactrocera correcta

3 Bactrocera dorsalis

4  Bactrocera latifrons
5  Zeugodacus cucurbitae

6 Zeugodacus tau

EMBT.L(SEM) 1301 - 1310

EMBT0601.L(SEM) -
EMBT0701.L(SEM) -

EMBT0901.L(SEM) - 0910
EMBT1601.L(SEM) - 1610
EMBT1901.L(SEM) - 1910

MW052780-84 10
MW093419-23

0610 MWO067300-09 10
0710 MW052785-89 10

MW093424-28

MW136282-91 10
MW045505-14 10
MW052795-99 10

MW093429-33

WU %’agamma%’uv"v’uﬁmﬁﬁfwmnwﬁﬁ
INNIFIATITAULY maximum likelihood
L= Bayesian Inference {AN&DAANDIIU
(Figure 4) @1x13asuunusasiunaldls
6 ila AB B. correcta, B. carambolae,
B. dorsalis, B. latifrons, Z cucurbitae Wy
Z tau LRTWUN Ltuad’i’uwa\lﬁaqa Zeugodacus
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Figure 4 Phylogram obtained in a maximum likelihood search in RAXML of cox7 gene
regions. Bootstrap support values (=70 %) from 1,000 replicates above nodes. Posterior
probabilities (=0.95) summarised from 1,500 converged trees obtained in a Bayesian search

are shown below nodes. * nucleotides from Jiang et al (2013) and ** nucleotides from
Krosch et al. (2018)

Figure 5 Right-hand wing of Dacini fruit flies showing each of the 15 landmarks used in the
geometric morphometric analysis using TPS Program
(A) Bactrocera correcta  (B) Bactrocera carambolae (C) Bactrocera dorsalis

(D) Bactrocera latifrons  (E) Zeugodacus cucurbitae (F) Zeugodacus tau
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Figure 6 Mean (£SE) wing centroid size of Dacini fruit flies. Samples sharing the same let-
ter are not statistically different from each other based on one-way ANOVA with a Tukey
post hoc test (F .= 7.211; P < 0.05)
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Regression scoce !

Figure 7 Multiple regression of wing shape
(regression score one) on centroid size
(a measure of wing size) from Dacini fruit
flies. Each colored dot represents the wing
of a fly from one of the listed species
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Canonial variate 2
R

Canonical variate 1

Figure 8 Plot of the first two variates
following canonical variate analysis of
geometric morphometric wing shape data
for Dacini fruit flies sampled. Twenty wings
were analysed per site; 95% group
confidence ellipses are represented. Each
coloured dot represents the wing of a fly
from one of the listed species
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