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Identification of Economically Important Fruit Fly Larvae of Dacini
(Diptera: Tephritidae) in Thailand using Scanning Electron Microscopy (SEM)
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ABSTRACT

Fruit flies are of prime economic and quarantine importance throughout the world. Their
larvae infest fruits and cause serious problems in international and sometimes domestic trade.
Morphological similarity among larvae of different species has made identification of larval stage
based on morphological characteristic very difficult. The present paper reports on the use of
scanning electron microscopy (SEM) to improve the precision and efficiency of species
identification of fruit fly larvae. Larvae were collected during surveys of fruit orchards in all
regions of Thailand during 2016-2018 in from which 120 specimens of 6 species were collected.
Studies were focused on the six dacini fruit flies of greatest economic importance in Thailand
including: Bactrocera carambolae, B. correcta, B. dorsalis, B. latifrons, Zeugodacus cucurbitae
and Z tau. A dichotomous key was prepared to enable initial identification of larvae by using
a combination of morphological features. However, further phylogenetic analysis is needed to

clarify the distinction among other species.
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Dacini Il 6 #fla 117 2 ana @ N8
Bactrocera \@un Bactrocera carambolae,
B. correcta, B. dorsalis, B. latifrons, WaEENA
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Table 1 Scientific name, host plants and locations from which larval of fruit flies specimens
were collected

Scientific name Host plants Locations
Bactrocera carambolae banana, custard Bangkok, Phetchaburi, Ratchaburi, Samut Sakhon
apple, guava, Samut Songkhram, Kanchanaburi, Chiang Mai,

jackfruit, jujube longan, Chiang Rai, Nan, Chanthaburi, Rayong, Buri Rum,
lychee, mango, Chaiyaphum, Mahasarakham, Nakhon Ratchasima,
papaya, rambutan, Nongkhai, Ubon Ratchathani, Udon Thani, Chum-

rose apple and phon, Nakhon Si Thammarat, Phang Nga, Phuket,
santon Ranong, Surat Thani and Trang
Bactrocera correcta banana, custard Bangkok, Phetchaburi, Ratchaburi, Samut Sakhon

apple, guava, jujube, Samut Songkhram, Kanchanaburi, Chiang Mai, Nan,
mango, papaya, rose Rayong, Buri Rum, Chaiyaphum, Mahasarakham,

apple, santon and Nakhon Ratchasima, Nongkhai, Udon Thani and
sapodilla Nakhon Si Thammarat
Bactrocera dorsalis banana, custard Bangkok, Phetchaburi, Ratchaburi, Samut Sakhon

apple, guava jackfruit, Samut Songkhram, Kanchanaburi, Chiang Mai,

jujube longan, lychee, Chiang Rai, Chanthaburi, Rayong, Buri Rum,

mango, papaya, Chaiyaphum, Mahasarakham, Nakhon Ratchasima,

rambutan, rose apple Nongkhai, Ubon Ratchathani, Udon Thani

and santon Chumphon, Nakhon Si Thammarat, Phang Nga,
Phuket, Ranong, Surat Thani and Trang

Bactrocera latifrons eggplant Phetchabun

Zeugodacus cucurbitae bitter gourd, Bangkok, Nakhon Pathom, Pathumthani, Prachuap
cantaloupe, cucumber, Khiri Khan, Kanchanaburi, Tak, Kamphaeng Phet,
luffa, lvy gourd, Lamphun, Nan, Chanthaburi, Rayong,
melon, snake luffa, Chaiyaphum, Khon Kaen, Loei, Saraburi,
water melon and Mahasarakham, Nongkhai, Surin,
winter melon Ubon Ratchathani and Phatthalung

Zeugodacus tau bitter Gourd Nakhon Pathom, Pathumthani, Phetchabun
cucumber Prachuap Khiri Khan, Ratchaburi, Kanchanaburi,
melon Tak, Kamphaeng Phet, Lamphun, Nan, Chanthaburi,
water melon Rayong, Chaiyaphum, Khon Kaen, Loei, Mahasara-
winter melon kham, Nongkhai, and Ubon Ratchathani
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2. MITuunsiauuasTuna lifiuasae
ANBUTNIAUTNTIN
NN IR TR LT LN Ty
fiTuunrinandnsusdugiunisusnii
6 vila uFEnMANBULNINRUGNTINAIBEY
cox1¥M9 blastn wWisuiisuiasidudainu
wilaurasasuiuiliedla naiuunas Tunald

ffinsenulugudeys GenBank wui
unasTunalfifsuunsiandnus dugu
meusniia 6 silmiugndes fuefidudaiu
wmilou i 99-100% uazufindoyasdiy
fandlolndliTuszuugudeys GenBank 16
accession number TIMNATIUIL 60 VINNEIAT

(Table 2)

Table 2 Collection details (scientific name, accession number and voucher specimen) for

fruit flies in Thailand used in this study

No. Scientific name Accession number” Voucher specimen”
1 Bactrocera carambolae MWO052780 - 84 EMBT.L(SEM) 1301 - 1320
MWQ093419 - 23
2 B. correcta MWO067300 - 09 EMBTO0601.L(SEM) - 0620

3 B. dorsalis

MWO052785 - 89

EMBTO0701.L(SEM) - 0720

MW093424 - 28

4 B. latifrons
5 Zeugodacus cucurbitae

6 Z tau

MW136282 - 91
MWO045505 - 14

MW052795 - 99

EMBT0901.L(SEM) - 0920
EMBT1601.L(SEM) - 1620
EMBT1901.L(SEM) - 1920

MW093429 - 33

" The name and accession numbers refer to the fruit flies from this stored in Genbank

# Voucher specimens kept at Insect museum , Department of Agriculture, Thailand

3. uunsiaslsouunasiuna lifeansue
NNFUFIUING
MIANHIANBULDUNTNITIUDDIMN
sauuNasTunaliszasdl 3 (third larval instar)
NdnBaULABUBNTIEAY (Figure 1) #ae
AENEINNEBIaNIIARLLRBINTIA Yl
fusaiudnsuslaseadwady Aldluns
Suunldazidun a1u1509 L UNBIABIRA
gauunaswaldld 6 wfla l§un Bactrocera
carambolae, B. correcta, B. dorsalis,
B. latifrons, Z cucurbitae Wae Z tau %ﬁﬁ
KuNdn1sTununsdaunasTunaldde
Fugruineneuanliidies 2 ¥fia winiu fe
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B. correcta Wa B. latifrons (BNI01 way
Az, 2555) win1sRnsassilaansaduun
16 6 vila lasnudnvucddyildlunig
Suunzila lun

3.1 s (head) A dUBIlATIENS
w9 (cephalopharygeal) Fatsznaudie

17n (mouth hook) tHulaseasaude
Usenaudie sulanegasasili (apical tooth)
waraIUNTNYagdiy (pre - apical tooth) fiwy
nausulaegazaiu (Figure 2)

- WHUWIUSIUsaulIn (oral ridges)
Fegusrevesurundeazfidnwuzfuansneiu
iy Anwazadeiudavioiiund Sannusu
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nwuzifudofusenuadeiiagde (ubules)
TuwanafulusasTunaliudazoiln
e 8 - 23 U

ce 220 20D ad e
o

=3,
<o

oral ridge

anterior spiracle posterior spiracle

month hook

3.3 duiNgTaaIf (caudal segment)
WududsisgaveeiisouusasTunald
(Figure 5) L& gma‘lw‘%nmﬁw (posterior
spiracle) %ﬁﬂi:ﬂauﬁ’mgmﬂﬁ)ﬁ’m (posterior
spiracular slit) fifdNBUzLULAATUIUTDY
v3aupnldogwdaanduddeefiosgaie
(Figure 6) faunm n¥euazawanaaiuly

(5% a

FusttuniauNasTuNald

EY)

oral ridge anterior spiracle posterior spiracle
‘e L
o < 4
4 w
E et
: Todt QER TR famen "
- o | 1Y — LS
/ \ | ] g !
A % | f |
f s — ‘ ‘ J | A 4
T A A Rl
¥ N
< mm
oy
month hook

Figure 1 Morphological characters of third larval instar of fruit fly (lateral view). The important

characteristics of larvae are the mouth hook, oral ridge, anterior spiracle and posterior spiracle

ANBALINIUg U (morphological description)
vasunasiunaliififinuddynieiasegia
6 Bl

Bactrocera (Bactrocera)
carambolae Drew & Hancook

(Figures 2A, 3A, 4A, 5A 1AL 6A)

Foardy : wuasTunasnziil v
(carambola fruit fly)

fvuauizlieens Wiseaan dwihe
azflaunlvaining s (tapering anteriorly)
ARAoudvwaes U NaEIUTDIFIsaUIEH
wuudeficn wiazneiuldaesgmela

AINETIDEVE  10.5-12 [,

AINNTIYBVAIAD : 1.7-1.8 N

§7u¥7 : cephalic lobes WRILNLHA
nunadulansveesiulanyausuray Lifl
pre-apical tooth (Figure 2A) WHULIILILI0
southnilsuu 8-10 faualna dnwoue
adeiudey WusasBnuazenn NBINARY
WYY (Figure 3A)

gausn: ymuladunihfidnuos i
U3aey feuiudous 9-15 §u (Figure 4A)

Uiy gmﬂlaﬁmwé’muuﬁmﬁ’u
fudiaglaianansanenlipgneinainguydag
Vinvglavine (Figure 5A) gmﬂ’[aﬁﬁhuﬂmﬂﬁm
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fauau 3 vie w1fiu 2.5-3 Whrssanunie
(Figure 6A)

W73 : sy sy navviou eww
IYU NLazne AUl nde e W W was
N

Fa0e/ 197 5ANS7 - EMBT.L(SEM)1301
- EMBT.L(SEM)1320 (20 $79819)

Bactrocera (Bactrocera)
correcta (Bezzi)

(Figures 2B, 3B, 4B, 5B Wa 6B)

Fomity : wnasTunaawss (guava fruit fly)

frvupuzUieea3 Wiseudn e
zfrunlnaininaui ffanreudranisg
U IURIRIB U HiNuudedAniIne1e
duldmagmela

ANYIIVAVAIAT © 7.5-9 N

ANNNTWIOVAIAD © 1.4-1.5 .

#7157 cephalic lobes WL lG# Un
viusulaeaeiu Janwusiie) 817
uviay JUTNAE LAY 13ifl pre-apical tooth
(Figure 2B) uwiuudeusiiusautndsnuiu
8-10 fidnwuzadeiiuides Sounasu U3
waufla (Figure 3B)

dauen: ymaladhunthiidnsusldyu
V3o Ssuaudoud 9-11 8u (Figure 4B)

gawiipy: gelasundsetuiiansu
Tegaoosviueu wiuRaiuaiufieslissnsn
wenlifaehedn 9 nanuudesvissgarie (Figure
5B) Wansd L UIenauaLyivi1eas 3 Wid
smelaisulaieios 1w 3 via 811587
W 2-3 winrzesaunie (Figure 6B)

WYBIMT : BHY W59 nseviou wzazne
nale nszviou wWnsn azym Useviul uas
N

Fr0e W FANE . EMBT.L(SEM)0601
- EMBT.L(SEM) 0620 (20 #9t19)
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Bactrocera (Bactrocera)
dorsalis (Hendel)

(Figures 2C, 3C, 4C, 5C u.az 6C)

Hoawity : wnasTuwaldl (oriental fruit fly)

Aviauiiuineendd Waseudn du
heazfaualnanindush d8a1Aeudig
WiRee vauzasisaussdiduideninang
suldmaegmela

AN TIDENES © 8-11 WA

ANNTIVBVAIAD © 1.7-1.8 N.

#9192 : cephalic lobes WaNLHRA 11n
UINUEIULRDDINUNANMUE NONIAN
14ifl pre-apical tooth (Figure 2C) whuLGa
v3nusautndsuau 11-14 64 fouelna
Hudpsflouin sy vSuseufie (Figure 3C)

dauen: ymeladhuvthsnuos iy
USuey FSuaudous 8-10 S (Figure 4C)

gaudioy : gmelagumdsuuuiioiy
fuvinsliannsanenldpgdnanguddes
Vinugaving (Figure 5C) gmﬂ%ﬁdauﬂmﬂﬁaa
9 3 vie erudu 25 - 3 WinesAnw
n319 (Figure 6C)

WYOMIT: VW ale nIediou toeviin
PUU NERZND Aud nde Wy WS WNIN LAY
Nrd

FpEelEANE : EMBT L(SEM)0701
- EMBT.L(SEM)0720 (20 $188y)

Bactrocera (Bactrocera)
latifrons (Hendel)

(Figures 2D, 3D, 4D, 5D, 6D Waz 7D)

Faawiny : wuaviunaenzida wis
LNAITUNBIWIN (solanum fruit fly)

Avuauiiguineendd Waseudn sdu
Wneazdauralnanindruiidanndsudie
WADY U NEIUTBIsa U AIdULIIWATIS
duldizasgmala

AINETIDEVAIAD © 7.5-8.5 NA.
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ANNNTWIOVAIAD © 1.1-1.2 .

&7 - cephalic lobes WaILNLHA
1 v3ndudatsreIiulansuUs LaN
14l pre-apicaltooth (Figure 2D) wiuudd
v3nasautnddnuiu 5-6 founalvel #udan
uAuNay USuzeuile wasiiscazving
li8afiniu (Figure 3D)

gauen : gneladunmifisneusld
USRI Tay M s uaudous 13-18 su Tuwng
fantinafiinsn@nswudnduriees tubules
v Isi‘lﬁé'?aagiumalﬁmﬁ’u (Figure 4D)

aUhBy gmﬂaﬁmwﬁ’muuﬁmﬁu
duviag ldaunsowenldagnednanauddes
Vinvglavine (Figure 5D) gmﬂhﬁdauﬂmﬂﬁaa
9wy 3 vie e udu 2-3 wihaesaunie
(Figure 6D)

Wo9 1117 Wamsenanin asidaae
LRZNELTDYT?

F0e/1975ANST : EMBT.L(SEM)0901
- EMBT. L(SEM)0920 (20 $atiN)

Zeugodacus (Zeugodacus)
cucurbitae (Coquillett)

(Figures 2E, 3E, 4E, 5E, 6E Waz 7E)

Foaaity : wnasTuuad (melon fly)

Aviauiiuineend Wiseadan dou
Wineazfaualnaininduiidandesudie
WAy UNRIUTaIAIsaU aclidunds wie
aeduldivesgmela

ANYIIDAVEAD © 9-11 WA

AMNNTIWVBOVAIAD © 1.2-1.3 .

#7377, cephalic lobes Wanu LA 11n
U IuUasIaIRuUlaNHUTUAAN Lazd
pre-apical tooth PUIALENEURBNNN (Figure
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Figure 2 Mouth hook of third instar larva of different fruit fly species (A) Bactrocera carambolae
(B) Bactrocera correcta (C) Bactrocera dorsalis (D) Bactrocera latifrons
(E) Zeugodacus cucurbitae  (F) Zeugodacus tau (Photographed by Gary J. Steck)

Figure 3 Oral ridges of third instar larva of different fruit fly species (A) Bactrocera carambolae
(B) Bactrocera correcta (C) Bactrocera dorsalis (D) Bactrocera latifrons

(E) Zeugodacus cucurbitae (F) Zeugodacus tau (Photographed by Gary J. Steck)

Figure 4 Anterior spiracle of third instar larva of different fruit fly species (A) Bactrocera carambolae
(B) Bactrocera correcta (C) Bactrocera dorsalis (D) Bactrocera latifrons

(E) Zeugodacus cucurbitae (F) Zeugodacus tau (Photographed by Gary J. Steck)
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Figure 5 Caudal segment of third instar larva (lateral view) of different fruit fly species
(A) Bactrocera carambolae (B) Bactrocera correcta (C) Bactrocera dorsalis
(D) Bactrocera latifrons (E) Zeugodacus cucurbitae  (F) Zeugodacus tau
(Photographed by Gary J. Steck)

Figure 6 Posterior spiracle of third instar larva (lateral view) of different fruit fly species
(A) Bactrocera carambolae (B) Bactrocera correcta (C) Bactrocera dorsalis
(D) Bactrocera latifrons (E) Zeugodacus cucurbitae (F) Zeugodacus tau
(Photographed by Gary J. Steck)

wan13Ansaseiitednduadousnly windnsauzlassa¥wdrdy Mihunldlunns
nieiBafivinsAnmansuLn1edugIu FuunziiavasunadldaziBonuniedu uay
MeusnpfsauLNasTuNald fanwdne fansadarnuumMeiladufsounsas Tunald
NNNABIANTIALULULEDINT A Wlaunse ﬁﬁmmz\fﬁﬁfymon'm,ﬂum\lﬁé’aﬁ

LuINsitiaseisaunasiunalitil Dacini

1. Preapical tooth present (Figures 2 E-F) 2 (Genus Zeugodacus)

Preapical tooth absent (Figures 2 A-D) 3 (Genus Bactrocera)

2. Ridges of accessory plates relatively short, only partially interlocking with oral ridges
(Figure 3 E) Z. cucurbitae

Ridges of accessory plates relatively long, deeply interlocking with oral ridges
(Figure 3F) Z tau
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3. Number of oral ridges 5 — 6 (Figures 3D)

B. latifrons

Number of oral ridges more than 6 (Figures 3A-C) 4

4. Anterior spiracle with more than 10 tubules (Figure 4A). Number of oral ridges 8-10;

margins scalloped (large, deeply serrated, blunt-edged teeth; long, narrow and

fringelike... (Figure 3A)

B. carambolae

Anterior spiracle with less than 10 tubules (Figure 4B-B). Oral ridges margins serrate,
or scalloped (blunt edged, short teeth) (Figures 3B C) 5

5. Number of oral ridges 8-10; short teeth, margins scalloped, large, deeply serrated,

blunt — edged teeth) (Figure 3B)

B. correcta

Number of oral ridges 11-14; short teeth, margins serrate with blunt edged (Figure 3C)

B. dorsalis
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SINUAMNUANANDBITIUIULAULTIUS
savthnuasaNsaian FienanuuLaAneng
pasunasunalififdanadudoulungy B
dorsalis complex Tapa1usawen B. dorsalis
98n37N B. carambolae W$idneIe

wALlpgINAMNNAINNAIB AL AN
wUsFumIR g AN zduaas Tunaldidud
3N (Mousseau and Dinglt, 1991) waziila
THaseuaguANLLsRUNsiuTug e

304

Fuiu Tunrsfneadedaluarsiinisiiia
YedeiazldinisAnmiiauasaungy
niufiTeIN1TUNINTLLTEILN AT TUNA LT
#iiaiu 9 WazAITAUMBE1NIINATE IS
A NAnaINTay BazIuIUf BTN
sAnsfidesiiuSinamnniuge fau M3
Anm189 Steck and Ekesi (2015) HuLan9
Tidudn nwdeanndssganssminuusey
neulalamuyszasanningate usau
ATBLARNTRIMILNULATIUIUAIRE LT U
Fudsidanusdny

uananil msfinsdnmeynsnistu
UNAITUNA LY LU UNANNEY (integrative
taxonomy) Faifiuni1in3snsifanaTiuay
wazU N Baliafne 9 wFnEITINAY YT
sanInszydeinenmansoasusasnaliiuay
fiandndedeldundetu Wuifeafy
Krosch et al. (2013) LLlay Schutze et al. (2012)
ffinsyszandldmaiianesWinn3nuuy
Flawmdn (geometric morphometrics) NMWEHN
HE1UAUNIIANBILNURI A NTFNAUS N9
37U (phylogenetic tree) L‘ﬁ'mﬂu%’aga
sluayun1sneTwunsdaunas Junaldls
\Hupeined

€

S

3RTITNaneEaT U7 38 atfufl 3 fusneu - Sunan 2563



a‘gﬂwamﬁwﬂaaa

nsfnziassouunasTunaliid
ANuEIRINMsinenszesdsemalne lasld
mwdpanndesyanssmiBinasauuuusey
nasnAnEanEuE TR RN o LA
10 winwdeudiindnesn gmelashudie uas
smeladudie waraiuumidadusin
sdauuNasTuNalll wuh asnsauunsinze
unaanalilldt 2 anade Bactrocera S1uu 4 il
1#wn Bactrocera carambolae, B. correcta,
B. dorsalis, B. latifrons, WRE&NA Zeugodacus
2 ¥ila Wiun Zeugodacus cucurbitae
WAy Z tau ﬁagamﬂnﬁsﬁnuﬂﬂ%ﬁmmmﬁﬂ
uﬂ%tﬂuﬁagaﬁugﬁﬂumﬁﬂLLunmﬁmmaaﬁ’u
walilulszinalng Tfanuiuadeundaie
disuwihana wazamnsmhlylfidudoys
slsyumsdavihadsededngiiy (Pest List
PL) 2avpfiaunasiunaliiinlulssmalny uay
T dudeyas Ay miuaiuayunsiaaed
ANLEBIARgiY (Pest Risk Analysis: PRA) Tu
mssseaniiminaldl Tasmeansnsoi
%agaﬁugmiumsﬂmﬁuﬁﬁm savomauiui
fupaninwalilusesnlsymasaly

ﬁwanqm

20POUAN Dr. Gary J. Steck WY
Department of Agriculture and Consumer
Services an3gawini MliANeaYATIEA
shenmsnsouwsasTunalifluadsd

ONA1SD9DY

B3UNns yYamy sRews DIunA InAgan auis
0NFING AwBa1T uar Andilaaw
uiadan. 2562. mMIAnmBYNIAASI
FraauuyasTunaliiin Dacini (Diptera:
Tephritidae) FauAUN15IFnAdla
Morphometrics Tu@ AN T, wiih 402-

417 Tu: mMsYszgnizns 813y
uRITIfATI 14 szwineTudl 12-14
WoAANEY 2562 13ansnndnoniiviiu
Janinmss.

2050l WANIBEINT GRen 1WA BN
TaA ANBWA UIIUINNT LRy ANSA
Tao wia¥ai. 2555. MaRnoyNIY
s ussauzesunas Tunald. vih 2166
- 2186. [ 3789 UNaIIUITELTET1T
2555, §AUNITUWUINITDITNV NG
NINITININBAT. NFINNAL.

A3dl yulwead v8an guvyd wisnuiey
Flama $aun upews anzan 1159A3
P QQGﬁﬁﬂﬁﬂ% #25uUN3 Yany
waralg i winbn. 2548, unav
MITUN UasNIILAIE NN, NENALUAL
e §INITBRRIUINITDNI NN
NN, Tssarigymamrnol
msineRsuisLsenalne, S, PN
100 wvh.

Agarwal Vasudha, Md. Abbas Ahmad and ML
Agarwal. 2019. Life history traits and
immature stages of Zeugodacus
(Zeugodacus) tau (Walker) (Diptera:
Tephritidae). J. Entomol. Zool. Stud.
7(2): 1149-1153.

Aluja, M. and A.L. Norrbom. 1999. Fruit Flies
(Tephritidae): Phylogeny and Evolution
of behavior. CRC Press. Florida, USA, 984 p.

Armstrong, K. F. and S. L. Ball. 2005. DNA
barcodes for biosecurity: invasive
species identification. Philosophical
Transactions of the Royal Society of
London B: Biological Sciences,
360(1462), 1813-1823.

Boontop Y., MK. Schutze, AR. Clarke, S.L.
Cameron, and M.N. Krosch. 2017.
Signatures of invasion: using an

Thai Agricultural Research Journal Vol. 38 No. 3 September - December 2020 305



integrative approach to infer the
spread of melon fly, Zeugodacus
cucurbitae (Diptera: Tephritidae),
across Southeast Asia and the West-
Pacific. Biol. Invasions. 19(5): 1597-1619.

Carroll, LE., A.L. Norrbom, M.J. Dallwitz, and
F.C. Thompson. 2004 Onwards. Pest
fruit flies of the world — larvae. Version:
°th April 2019. delta-intkey.com.

Diamantidis, A. D., Carey, J. R., and Papa-
dopoulus, N. T. 2008. Life-history of
An Invasive Tephritid. Department of
Agriculture, Crop Production and
Rural Environmental, University of
Thessaly. Magnisias. Greece.

Drew, R. A. I. and M. C. Romig, 2013. Tropical
Fruit Flies of South-East Asia
(Tephritidae: Dacinae). CAB International.
664 pp.

Drew, R. A. I. and M. C. Romig, 2017. Keys
to the Tropical Fruit Flies of South-
East Asia: (Tephritidae: Dacinae). CAB
International. 496 pp.

Folmer, O., M. Black, W. Hoeh, R. Lutz, and
R. Vrijenhoek. 1994. DNA primers
for amplification of mitochondrial
cytochrome ¢ oxidase subunit | from
diverse metazoan invertebrates. Mol.
Mar. biol. Biotechnol. 3(5): 294-299.

Hall, T. A. 1999. BioEdit: a user-friendly
biological sequence alignment editor
and analysis program for Windows
95/98/NT. In Nucleic Acids Symposium
Series. 41: 95-98.

Hendrichs, J. 2000. Use of the sterile insect
technique against key insect pests.
Sustainable Development International.
2: 75-79.

306

Krosch, M. N., M. K., Schutze, K. F.,
Armstrong, Y., Boontop, L. Boykin, M.,
T. A, Chapman, A, Englezou, S. L,
Cameron, and A. R. Clarke. 2013.
Piecing together an integrative
taxonomic puzzle: microsatellite, wing
shape and aedeagus length analyses
of Bactrocera dorsalis s.|. (Diptera:
Tephritidae) find no evidence of
multiple lineages in a proposed
contact zone along the Thai/Malay
Peninsula. Systematic Entomology.
38: 2-13.

Mousseau, T.A. and H. Dingle. 1991.
Maternal effects in insect life histories.
Annual Review of Entomology. 36:
511-534.

Pauls, S. U, R. J Blahnik, X. Zhou, C.T.
Wardwell, and R.W. Holzenthal. 2010.
DNA barcode data confirm new species
and reveal cryptic diversity in Chilean
Smicridea (Smicridea) (Trichoptera:
Hydropsychidae). J. N. AM. Benthol.
Soc. 29(3): 1058-1074.

Schutze, MK., A. Jessup, and A.R. Clarke.
2012. Wing shape as potential
discriminator of morphologically
similar pest taxa within the Bactrocera
dorsalis species complex (Diptera:
Tephritidae). Bull. Entomol. Res. 102:
103-111.

Steck, G. J., and S. Ekesi. 2015. Description
of third instar larvae of Ceratitis
fasciventris, C. anonae, C. rosa (FAR
complex) and C. capitata (Diptera,
Tephritidae). ZooKeys. 540: 443-466.
https://doi.org/10.3897/zo0k-
eys.540.10061.

3RTITNaneEaT U7 38 atfufl 3 fusneu - Sunan 2563



