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Abstract

Karanda(Carissa carandas Linn.) is a shrub tree in the family Apocynaceae, having white
latex and sharp spines on branches. It produces white or pale pink colored flowers, 2 centimatres
long of corolla tube, having alluring fragance at night to attract insect for nectar and pollination.
Growing karanda trees commercially, there are various insect pests such as fruit flies, leaf eating
weevils, leaf roller, mealy bug, leaf miner and hawk moth caterpillar. The hawk moth caterpillar
infested and fed heavily on the leaves of karanda trees.

The crepuscular hawkmoths (Nephele hespera (F.)) are insects belonging to the order
Lepidoptera in the family Sphingidae. They are considered one of the important insect pest of
Karanda. The biological studies of this insect were conducted under the laboratory conditions using
young leaves of karanda for rearing larval stages. Males and females were fed with 25 % of honey
solution. The eggs were laid singly on the ventral surface of the host plant leaves. The number of egg
laid per female was 54-107 eggs. The period of egg incubation was 2.67-3.00 days. There were five
larval instars. The mean of head capsule width of larval instar 1-5 was 0.7, 1.3, 2.44, 3.90 and 4.64

mm, respectively and larval dorsal horn length was 1.7, 2.81, 5.3, 6.13 and 7.16 mm, respectively.

III



The pupal stage lasted 15-16 days before adult emergence and mating copulation occurred right after
that. Mating took place at night.

The five colors different of artificial flowers (yellow, white, light green, pink and light green)
that attracted the crepuscular hawk moth was evaluated. The result indicated that light green flower
attract the hawk moth the most, and the purple one had the least visit. On the amount of nectar uptake,
the hawk moth took up honey solution from the yellow flower the most, and the least amount from
the purple flowers.

Naturally paratisation of the crepuscular hawk moth’s egg was investigated from July, 2016
to June 2017. The results showed that the highest percentage of parasitization occurred in December
2016 and the lowest in February 2017. QOoencyrtus sp. is found to be the most common egg

parasitoid.
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J A U

=2 A o @ I A A AA o A a A a A A
TN AR NITNTEINYNUT H_h«!W"]W'Iﬂaﬂﬂﬂ’lﬂj']llﬂuﬂ'uuﬂﬁlu@utﬂfJ Wﬂiuﬂﬁglﬂﬁﬂuiﬂulcﬁﬂ

q £l

= A o LG |
VaLEY ATAINT WU Y u,az"l‘nﬂ

= ' =
NINN 4.3 HAUNUYDIHUTNLAI(ETLAN)
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NN 4.4 HALAUDINUNULAL (FLATL)

4.2 FUAAAFAURUINIAY

v

9 { < o a . 3
mﬂmim’i’mwmmm‘ﬁgﬂuﬁﬁgﬂjmﬁ}uwumum NAWYUA (species) @Nﬁ

smmﬁn%’w‘hmﬂwaqnmmé{uﬁumum

1. RUBULNAIIUNDY Bactrocera correcta (Bezzi) (ﬂTW”?'I 4.5) AN UOULNAIIUNDY B.
dorsalis (Hendel) (mwﬁ 4.6)
maatidhagluvesnamng

2. vuousuludu Archips micaceana M Tortricidae VWUM T VDIHHOUT I
Tl nalurnvesdunuunas (0Md 4.7)

3. ViUl Euproctis fraterna Moore 197 Erebidac uputjasiatiozdniians lausany
TugeuvesdumLIAT (NN 4.8)

4 MuBURIAIMBIIMINUIAS (Nephele hespera) Fufidonarmu Tassanuewuts 1-4 1

winanuluseuyeIdUnILLAT tazrueudE 5 aznnan U lULAUBIAUWLINLAL (AW 4.9)
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1 v o v a J 1
5. UWNAIABUNDY Hypomeces squamosus (F.) A UANIYITNANUIDADDU lusou oAU

A g [ Ao o A A
UUIULA f]'E‘)L‘]J'L!L!,lla\‘lﬁ@lgﬂﬁ']ﬂf!])"l]@\iﬂu'lﬂllﬂﬂu']ﬂﬂﬁqﬂ (1N 4.10)

£4
=3

g J . v v . o 1 v 38 W a H

6. 1masiile 197 Pseudococcidae BUAY Hemiptera 390U AANIY AANUUUAYINN

A A ] 1 = I 1 1 1 A 1 A A

Uinwune 1u seaen waseu naun Tuaitlunive srew Tawdruais  voalis diuvesish

o a ae X 9 a A gy A =2 oq YA

gnihasazuaszunsunazinasds masuihawnsanuiy ldvanvaieyiia 3 i isvga

a a ) Y Ya A 1 o Y A g’/ o Yy 9 A

mssgau Ta Ml ldragdniesae ihldlumaes wazluueassennsi lddu ldares (nwi
4.11)

7. A UBUNDINAIUA Thosea siamica Holloway 8811794 Limacodidae nuougal'la

' o o 2 v v 1 o o v A a o ° A A ' =
mufuummwudumumﬂa1814@@1,@11 mmﬂﬂﬂqumwumu‘wy T%m"lﬂmmuﬁwmﬂau b\

Y = A o o Y A
Lﬁuﬁﬂmﬂumam NAPNA WA TNUVINNANVYIAIN 1 IFTU (DIWN 4.12)

2N 4.5 vuaaiuna'lsl Bactrocera correcta (Bezzi)



2NN 4.6 uaddumalal B. dorsalis (Hendel)

MW 4.7 Aiaeviveusiuly
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> -
7

. Q\\\‘“' 4

MWD 4.8 HUOULS

-rs

= N
MNN 4.9 HUDUVDINT DI HY IV UIULLAY
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M Y
MW 4.11 masuile
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MW 4.12 HUBUNDIHALAT

4.3 i’lﬂ'ﬂﬂ!Z‘YI1\1%7@“ﬁ]u37]211!!@13‘15'337]8]1‘“9\1W!%T@!1’iEIEI'J‘Vi‘I«!13»1!!9]\1
Nephele hespera (F.)

ai; ufianuasnauiiduriigudnaia 1.40-1.60 indmas (RA0 1.40 Haawas) Awea'ly
A 9 A
Fou grNouad (1A 4.13)

a & A & = A A ' A a A v

Huou: vuouvedriFete i muadlasia liliviseiion 3 g uaglivuiionines
18097 3-6 naznosldesganioldosay 1 4 aunuvesios/desh 8 Hgosu (homn) 1 6u Huow
a X = = = > ., A = J 1A J
AL 0IB eI uINLAel 2 & (dichromatic) ¥i3a¥ueudl 2 Wosu (form) paAeriveuNesuTRe)

Y 1 3

(green larval form) az oUW 03 UFNIMA (brown larval from) HHBU 558 udayJellvinauas

v k 2
anyazna lldaae Tl

NUOUIBITN G197 TVIAEANAINGID 4.00-10.00 THaawas HIng Inannng 0.84+ 0.04

v

a A J o 4 a A e @ a
Haawas AesHagesu UANE) 2.47+0.10 Yaauag UoU ull v on cI/SIJ’EN Vs aazv e

A

- : 7 o ¢ < ¢ aa ¥ & E
Mravoou go5ua Yarwgesuuemiu 2 uan FJIUIDITUNTUINALUAY TUDULNDDIYUINVUDN

v Y

AUNDIN TSI WMADI (AN 4.14-4.15)



MNA 4.14 viuounmainoanain la

28



29

o = vl = a3l

MR 4.15 wueufﬂuiﬂmmﬁgéemﬁmwmmgm

nuoUIIaDI 8162817 8.50-16.00 VaauaT ®anz Inanniig 1.28+0.03 Tadwas aosaa
s B A A o an Y Y o A P =
g051 YNNI 3.90+0.27 NadluAs 0518105V TU I aius Nilarvgesunamilu 2 uan
=\ 14 A d A A Y E) o w A = o w &’
HUBUN 2 Wosy Ao HusuWesuFWY AUUNAININLDVFVIINTINAIINGIIAIND LAVVIIY
A g 9 Y A = S A Y ' o & Ao
Fudulszanaionldesi 3 azveelifegiueniu Tdwaz 1 uou druesuthaalidnyas
Y o o O o ~ 1\ & Y A Y A
ARENUNUN BT LTV 1Ngaa 13 00 uagneald@lina (W 4.16)
NUBUABAN 81628717 14.00-26.00 Taamas 1ang 1Manni1d 2.0040.10 TaAuaT Aosaa
4 =1 Aa A Jd A o = %’ 9y =KX o g a 4
#9531 NN 6.19+0.42 UAAINAT F05UNADHAUZHNIATINTUINIAINDIA WHRITOVFDTUUN
Y I [ dyd 4 A Jd A A @ S g d a A
AQUABHINNYIIAAN HUoUIT 2 Wasu AewesumeItupTuAIME iueuoTuTAY)
@ Y A A 1 = = Y 9 v 9y o @ 1%
1 90 HAzN AMEI00U VauFVIMUT AU TN muDUYeIdIa) aTlareusanueuy
d’l < = =) Y 9 9 9 A 3’/ () U % U 4
W AP ULA VTV UUNY U199 d0aN 1 tag 2 wouna 2 TuAssausa arurusulesy
a3 o Y aa ¥ Yy Y 9 Yy A a ) " w N o '
AU 12 90 LazNeINFUI1a AUY19N91aD9N 7-8 VDUV IINNUAUTANIN VanHUADY

. R ) .
Tmsgienum@en 11959 nazvufien Sdhara (0 4.17)



T A I X [P
WA 4.16 KLU BN TDIVDIAA M TSIV UINLAT

a o A e
MNN 4.17 VUDUWINTTUVDINLT DLW UYINUTNLIAN
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NUOUTBA §162817 22.00-40.00 adwas Wang Inanning 3.2140.10 Tadwns aosaa

2 A A o o s 3 3
o7 ﬁﬂ’)'lllfﬂ?l 6.19+0.42 Yaalunsg aﬂymzm"lﬂmmﬁuauwammma “Ion uazﬁ’muumm
9 aa ¥ Y 9 9 o Y 9 J o ¢ aa ¥ 9 = s ¥
NoINTUINE AMUTWNDINTU NN aRTFUFoTUNTU UL tazldaregosudinialy
& ¢ v 4 o ¢ A v & 9 Ay a?
mao 8’051!‘1JﬂﬂQN@?&WHTN‘IJHW@Lﬂ@%TM’JHNWﬂ amumﬂymﬂﬂwumﬂueﬂ uiuauIna

) v ' o o gy A4 : o v =
[y 1au ﬂguuaﬂmmmmmﬂnmm L’dummmﬂzﬁu‘ﬁuWBQ@ﬂﬂamuiﬂ“llfnfl’e)aﬂ”lﬂm

7 A Aa ¥ Y A Y A Yy Y o o 9 Y 2 Y
FTUIDIU VUNIUUTUINALVY WA UTUVIIATUUVWNATINIVINAL 119U Iﬂﬂliuﬂ'lﬂﬂi%l]'lmﬂ@\‘l

a a Y =

. . . , .
Udoan 4 agrueesu vnvsellmiaradulun vesldesd 7 nseanuiensu luniegl
A A JEgp 1 A ) Yy Y aa ¥ A o
MMy 1ATeaHEHNTNMa1 U1 vazmeIRuIU TNt sl aInad Y1) ABriieanl
A = > & Yy 99 Y A a a9
IATOINIYAHABNAING I AT B9 doIN 1-3 DUV IUADVLUNRBIVINAL 2 1A LD
(B @ ! { < 1 @ {
usn lineeda varzuovd 2 Ysing Idimuauda (nwh 4.18)
NUBUTIRT 81682817 40.00-75.00 HaaNAT 1202 Tnann3ng 4.86+0.15 Hadwas (Mwh
¢ o ¢ a a A= (3 7w ¢ "o
4.19) AR Fagasu UAIINEN 7.60+0.53 Haduns nueudslizmuaoisagasuvIaligsany

9
2

Jd A s o ¥ A A A
navueunes vV waznueulosuTIMEa (NN 4.20) (A1TNN 4.1) (NNWN 4.21)

[

= 4 a kX 4
MNN 4.18 VU UIINTUDINLTDLVYYINTUTNLIAN



210N 7 \ o~ .
d’ [ dl Y = &' d‘
NINN 4.19 VUDUIINHIVDINIT DN IYIN HINLIA

B
|
1

a Jd o J s o ¥ 2 A
NN 4.20 ADI¥AFOTU (dorsal horn) vasnuaurosuFIMaas Tve)
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4 a a o &' {
msnﬁ 4.1 mmitym°uTmmzwmmmimmﬁmamﬁﬂmmmma

a a o w 9 o
Joy MIRaaula  anuedd  ANUAITNKING IWan  AYINE1IUBY Caudal horn
(1) (Haaway) (Haaway) (Haawag)
Ty 2.67+ 3.00
HWUBUIY 1 1.67+ 0.08 6.83+1.91 0.84+0.04 2.47+0.10
HUOUIY 2 1.92+ 0.08 12.32+2.32 1.28+0.03 3.90£0.27
HUDUIY 3 1.99+ 0.08 20.50+3.50 2.00+0.10 6.19£0.42
HUOUIY 4 3.43+0.21 32.73+5.66 3.21£0.10 7.61+0.60
HUBUIY 5 7.05+ 0.50 56.07+£10.29 4.86+0.15 7.60+0.53
AnLg 11.83+13.92
v Y]
ANANIY
4 8.45+ 1.10
LVEIF]
v Y]
AAANIY
A 11.90+1.58
NG,
60 5607
M Heed Ceprule WiGth
[ Dorvel Hom Length
[ Lervel Bodv Length

Development of Nephele hespera (F.)

First

instar

Fourth

Fifth

v kA v
MW 4.21 AlToMBeInuILAg mmﬂ’fﬁwmﬁnﬂsﬂwammzﬂ'sm&mﬂageﬁaaa{fu
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PP 1 s A o

s 3 o ) ~ A Y
ﬁueuweiumma #1290 UASNDINTUING FDTUNFA (AINN 4.22) ﬂﬂﬂqumﬂwum

3 o a2 o J A Y 9 9 Y = A A =
YUIALANITUIUNINTAN ﬂmaaeimimu,mau mummmﬂaam mmawmagﬂﬁmmaﬂu

Tngfidaouldnisva vag@ernu arudniesildod 8 idaoulunnundeiiosny
1T eININE UM AoNYRITeIdeei 7 toriia man THiea vuionlidiima vieseliddly
v 9 o o v ¥y A A a A 9 ~ v
Y17 AU 19d1d1v0Ineclden 1-3 TunwRes wie uoudunuesyudv1 19ag 2 1o
v
puvuu wouReansn lidany gmelalidnsuznans 1veglunuins veugele uaz fier

=y %’ Y
apparatus Y HUIN1ALUVY

¢ 1 9 =

==\ @ 9 ax A an o =
wueuwaiummm NI ONUAENOINT VY FOTUNTUIATALTVNDIAT LLE’I%‘]J@WEJEIEJ?HL?EJ’J

a A A =

Aa ¥ Y =KX o a A = Y Y 9
Huay "lJ”I"l]i\HJﬂ’u”IGI’IﬁL”UiJﬂQﬂ”IﬂWIJ'I’J anal plate UEIVYY VUNYUTIVYI LD UVIUAUAIUUIINDI

Y =

9 ] s Y E)) Y 2 2 a 9
mn‘nmﬂamm 4 D9 TUIDIU mumwmﬂaaw 1-3 WD UIRITUIILUIVUIU VNAS 2 UDU

3

(MW 4.23)

9

a o 4 J A o
MNN 4.22 anvazgasuvsInuouneas U
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~ S AN oo Y o 9
MNA 4.23 vivounos N IgNoUIIIANILA (Early prepupal stage)

a A

% Y o Y v a ¥ = Y 9 9 =
ANLL: ﬂmmmumclmy UMD UAINYT1I 42.00-47.00 Waaluas ;mw"l%mmmmm

3 ] '

o = ' 1 A ¥ AN D Y 9 AN EY J -4
anyusnNaug ’JN’E)QGLL!LL'L!’NN gma%uﬁmmmw ATUVWNNDINTUINUTNUINNITIAIUA NN
= I a3 Y =y = v 9 v v (=
AsERes ANy LYY HFUIM Y Yaiens wamestuuIy 2 0U 91908 10U laguaazoudl
2 Yy 9 P} v Ya ) o A , o ~
ﬂmwaaﬂmumn mum!wmﬂﬂumJ1Ja'e)mjmwﬂmaﬂymz;muﬂuaaﬂmﬂmum (mMNn

4.24-4.27)



a v Y = d’l ~
HMNN 4.25 ANUAVDINTDIHIYIN UIULAY
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v 9 1] 1]
MNA 4.27 anuduesriaomidervuunaanlndiln
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(v J
aenanymmmmﬂéj (Description of male)

'
3 =

FuduSomedh Wiydy (frenulum) 1 dufidihmafigidln (amii 4.28) davneuiize
(anterior) ¥933] n¥ a3 nuail ULUY Ciliate 1652120817 31.00-40.00 Hadwas (A Y
35.10+2.37 Haans) WLNY (wingspan) HAINE1I 58-74 Haatuns (1930 67.47+3.82 Tadwa3)
TinWe1792917N 42.00-51.00 TadiwAT (A6 46.03+2.33 Hadwas) HUIATAINET 14.50-17.00
fadwas (1nde 1549059 Hadwas) Unguirfianunie 12.00-14.00 Fadmas (nde
13.13£0.52 Tadwas) uagiiaiuens 30.00-34.00 fadwas (1nae 31.870.97) Tnudadianuniis
10.00-13.00 Tad1uns (10A8 11.68£0.69 aawas) Lazdn21ue17 18.00-21.00 adwas (nae
19.58+0.87 LAAINAT)
mné’fﬂya‘immmmﬁﬂ (Description of female)

Fatdu Tomendied W ydu (Frenulum) Tnaredu dthata nd 4.29) wuaaduuoy
dudne (filiform) Taeianuanvzi on lifidunnauy §1éHTinme 33.00-39.00 fiadwas (a0
35.0041.40 faauA3) 39ALNY (wingspan) TA1HE1D 64.00-75.00 HAAILAT (1Y 69.70+3.24
fadwas) Harme119291n 42.00-48.00 Tadiwns (RAe 44.63+2.08 Taduas) nUIATANY
12.50-16.00 Aadmns (A8 13.550.75 Hadmas) nguiriamuniig 12.50-14.00 Gadmas
(190 13 470,54 Tadwns) uaziin1me1 30.00-35.00 flaawas (nae 3257128 Haawas) In
wdafina1wn3e 10.00-13.00 Hadas (10Ad 11.68£0.78 Hadins) (taziin1111e717 18.50-21.00
TaduAs (R0 19.98£0.81 Taawas) drufesvesfiaomBo M umasinoUA 309 6 1072
(M MA 4.30) ﬁmgjwﬁwmﬁg%am?}mﬁmmmmmﬁu tibial spurs FAL9U (MINA 4.31) (11519701

4.2-4.3)



o (]

= 0, oy B e W
HINN 4.28 1/‘]ualﬂl'ﬂﬂ@nlﬁlﬂﬂW!ﬁf)!ﬂﬂﬂ?ﬂu'liJllﬂQLWﬁﬂ

U

o v 3

MNAN 4.29 WU UVOIAAANIIATDIN IS INUIULAAUNFLLY

U
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2\ Vadh. & ~
4’ [ Y v 8 o Y
NNN 4.30 TIUNDIVDIAUANIULN AN

d' a A . A o v I oA d’l ~
NINN 4.31 NVYA TND (tibial spurs) NUIHAIVIIAUANIYHLADLHSY IV UINLAN
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1319 4.2 ANVEIVI HUIA uag 9910 (Waatwas)

LNE AVYIAIN ANUYIIINUIN AMNY192910
1 35.1042.37 15.49+0.59 46.03+2.33
iy 35.00+1.40 13.55+0.75 44.63+2.08

M99 4.3 vinavedtlngnih uazgra uag wingspan (Tadmas)

Ungnih Ungwaa .
WA ” ” Aafanny
3 o1 N3 617
it 13132052 31.87+097 ~ 11.68+0.69  19.58+0.87  67.47+3.82
(e 13.47+0.54  32.57+1.28  11.68+0.78  19.98+0.81 69.70+3.24

o a o
FIINNVIINADHBELININNUAI N, hespera
v I w A dy ~ @ A v 9 1 A
ANANIBAT I BININULAINAIIN IR AU UTHAI92 219 iaounaaay 54-107 o/
a1 Tuanmsssunasgw'la Nveasngy lusen nuwseon luun uazwaseu 01914 2.67-3.00
[ = dy A = Y A a a oA a 2 o
TU NUDUYBIAITDINBEINUINIALY 5 T8 lenupWATARY Taaun Tuaamsssumaznadg)
A i = N o Y oy y & Y o oy e
asAuieIanud nueudsnoudianuaaoulaie luiev@ewnuasamnsmdianua lag 13
o 42 =3 Y o Y o Y o v 3w
oz lsuninagquaidaluitivuneda dasnduanid (cocoon) 01GANUA 11.83-13.92 1 @AY
@ 1 v 3 o @ = [
PONIINANLAADUNAIIAUFINIAT 21.00-24.00 U. 1A NANTONAG 1Y 7-11 Fu tweiilo 9-14 Tu
(MW 4.32-4.34)
9 = S A = dy ~ 1 a a = 45‘ ~
UBYAINNIANYIFIINGIVBIHITOINIEIMUINUAINYIT oL M I YA TaRIT I BE?
a dyd Y (= dy = Y] 4 Y] 1 Y =} = Y]
wiiall nnuaeandedny Mdomsemasiuns Tasanvuzmine lunaddloiy vueull 57o
= o (P! = Li‘ = @ ' s a a’ad’l . . a
HazlANUTUNIZINIZIWBNYB 11T HIADIMBEIIADY 11UINF aWIABA (Sphingidae ) (LAY &N
1Y o a Jd o a A ~ a A a T {
Fanuun nazgIsung 1h33gv. 2559) taziemvsauesialiive s lavatewiamy Mo

11882%202 1¥an (Hedrick and Daniel. 2006)



Cefd, WIS
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AU

U

a v 3 ook ~ = = A
NN 4.33 AUANWWHLADIHYINUINLUAINTATUI 1 i]m’lﬂﬂ
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a v g oA 4%‘ ~ 1A Ax ' 9
NNN 4.34 9]’Jmll’JEJWLET?JL‘HEJEJ’J‘H‘IH?J!Lﬂﬂllima’maW‘l’lﬂﬂﬂﬁui

anHAULMINMASAUHINNUAS
v v A til A a3 Y o =S ti} A v
FadySeRid@emiennuNLaez1e llumsniaigve s oM UILAL AL
Soaznalureadsdn awlueeu lund sensoy lusouasniied HI8NHUINVDINYDIVIT (PN
{ ) % o 1 [ v Aa 1 I 1 o
N 4.35-4.40 ) 312U 57-107 o /A7 vupuIe 1-3 auInyaznanuluooudueIms d1uds 4-5
vzvouluun (Mnh 4.41-4.42) szeznanlunsiln 2-3 T LazienueUNNA90NNIAI0DU
sunanulugenvesiimielimsszuinuinaz i ln sz dnmsniayaula uaszunsu uag 'l
aunsodunsizvnasld



NN 4.35 Aidemdgamuuuaand lvnluun

H g Y 1 { 1
MNN 4.36 AFTDIMIEIHINULAI TN v lueou
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AR ALY .
HMNN 4.37 Wlﬁ@WifJfJ'JTTu’]lJLLﬂ\1'31\1]1611711’7“']3J°119\3W°]5@1W15

~ ~ ~ I
NINN 4.38 Nlﬁ'ﬂﬂ’iEJEJ’JWH’]NLL@Q’J’NUPIJV]@@T]E]M
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= o A ~ 1A
MNN 4.40 Nlﬁﬂﬂ’ifJfJ'JWu'nJLL@N'N\?"l‘UVIWﬁﬂu'WJLMQ
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AV
d‘ v d' v A 1 9
NN 4.41 HUBUIBN 1-3 NANU T UDDUVDIAUNUINLAY

NN 4.42 ¥upUIEN 4 uazs vounanu luLAYDIAUHLINLAY
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¢ A=

a v a H o
4.4 avosaenlfilszAugiinsga nazifSinamsgainrnuveslimemi I HNaag
anvarFugruinanvessrnhnvesitdeninumag N. hespera
= ti’ A =~ a A U A a I 1 Y
WA DLV YYITTUIULLAY 3J']J'lﬂLL1J1J\1’J\1ﬂﬂ ill?lﬂ'lﬂﬂ'l\ﬁ’lli]iﬂlulﬂu NONAIYIINDYT 1881
A 9 & Y Sy ! vy 2 y A a
309 a@INITaNINYATUIINaN ATBYARIN Lﬂ‘ll]l'ﬁgﬁ'nxicl@lﬁ']ﬂﬂﬁﬂﬂall']ﬂ ndarearshni

o

1% ald' = &‘ A = ' o w A a
0IYITTUILTOITA TﬂEJNL?{E)LTTfJfJ’Jﬂu'lmmi‘ﬂZlN’Nﬂ'lﬂfﬂ’) UINNIINNUYIIVBIAIANI INDAANU

3 YA o I =
wmnunnaen ldntidnyazgUnsailunsiean
WAR: A21W813929110 42.00-51.00 TadwAs (RAe 46.03 + 233 Taawas) (NN 4.43)

a a

IALTE: IANNE129291)10 42.00-48.00 HaaunT (INAY 44.63+42.08 Haalua3T) (MNN 4.44)

A = &l A a £ a 3,’ Sld'dd =\ 1 s A
fiv01M13: MFombe NI DU IR WhnIUINAen lNNFReI00U tazdu1d uiniige

I b 2
Tasdu 11U FUDIABNAUNRUINIAL FINAVADNVBIHUILUAN TV UNAUNOY NALADANTIN
4.50-7.00 ¥aawA5 (1IN0 5.67+0.59) 817 8.50-12.00 VaawAs (Naeg 10.57+1.03 Yaauas) vasa
= A =) a A A a A Y Y

NAvABNNTFNIY UAINE1D 16.00-21.00 Hadwas (188 19.20£1.16 Uaamas) aznuaenay

WA TAED 2.50-6.00 VaALUAT (1RAY 3.810.98 VAAINAT) (MW 4.45) (913197 4.4)

=§ v 3 woa A ~ 9
MNN 4.43 ﬂ'J']llfJ']'N'N‘]J']ﬂﬁ?!ﬁu?ﬂwlﬁﬂlﬂfJfJ'JWN'INLL@NLWﬂzJ,



a v 3 oA J ~ : a
MNN 4.44 ﬂ'J']iJfl']'N'JQLIJ']ﬂﬂ'JLﬂiJ'JfJWLﬁ@LﬁfJfJ']WuTﬂJLLﬂQ&WﬁLlI'(’J

NN 4.45. ADNVDIAUNUILA (C. carandas)
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13197 4.4 VUIAVDIABNNUINLLA (C. carandas)

VAHaaNAT)

AIUVDIABN

ah o1
Auaen - 3.8120.98
naoANALADN - 19.20+1.16
nauAen 5.67+0.59 10.57+1.03

= Wd‘d IS g d'
%Tsll@Qﬂ@fﬂ?ﬂlﬂx‘lﬂﬂN!ﬁ@!‘ﬁﬂﬂTﬁ‘H]N!!ﬂQ

U
v ¥

o = a R a A A H 9 a Jdo =
MNITANHIANANAANITDLVIYY D meﬁmmmﬁg}ﬂmmmmﬂ%ﬂ”luﬂﬁmygmmu 5d

u

9 1A A = [ a Y a Iq 1

llﬂllﬂ TNADI V1 VY FUW LASHN bluﬂﬁx‘lGULlW] 40x60x40 LFUALUAT ﬂ'lflhluﬂ@ﬂhlllﬂﬁgﬂyislﬁ
v a 1 a X ~

maazammﬁammm’fwﬁ’u 25% SIES TR 1.10 yoaansg ‘]Jﬁ’ﬂ]ElNLde’E]LﬁEJEI'J‘WH"I?J!L@\‘IENJ’HEJGluﬂi\‘]

= &' ~ = 9 a sol a A 1 = = =
mﬁamamwmmmwumﬂﬂ@ﬂﬂuumamﬁ YIBDU WINNFA TOIAINT U LHADI YUWLAS &

Y
S A

[ I ~ = ~ . @ %
wailudnagaiidonisen Iddoengs Falinnuasanaoany (Riffell and Alarcon. 2013) ¥4

U

srynlugasnainanauaen lfdvinaenll viednsouvesnauasn lif awaztounalda
' o L 4 = < 1 aA
Tugasanlnasunes 400 84 800 w1 Twwas suhliddemssrannsanestiuaonldldana &n

U ua (Paige and Whitham. 1985) Ipomopsis aggregata L?Juawﬁuﬁmmﬁwaﬂiumzgaﬁ'u

PR

= = = <) o i =
Waon (polemoniaceac) UMslasudnnduauilud@suyawnovad i lddnaa Mmoo Hay

Y
Ada o A A A

R A A A = dy A I = ~
NS FPIFVDIADNNUNIZENAD ABNNUTOOU 0UIUBIN1IN Ao Be I uridanaleny (MmN

4.46-4.48)
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v o g v
MW 4.46 ﬁﬂ‘]elill%ﬂ"lilﬂﬂﬂ’E)ﬂ‘lfllm@ﬂﬂu'Iﬁ’J'IuGlJi’N?JLﬁE]m?JEJ’J‘HuHJLL@N

G

d' o Y = t?l' ~
HINN 4.47 aﬂym:ﬂmmzﬂeﬂ"lmmmaamﬂﬂ’mmmma
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Green White Yellow Pink Purple

frequency of hawk moth visiting
(=)
r

aaR a & =
ANAIAANLADLHYYINUIULAN  (Nephele hespera)

LY

A = o~ vy X4
NNN 4.48 mma“lum‘imwmaﬂ"lmmwmamﬂmwmmgm

FBinamsgaihvnuvesdimemdeavinamag

= a ¥ a X ~ o ' v 3w
fl]”lﬂﬂ?iﬁﬂy'lﬂiu'lmfﬂiﬂﬂuﬂ’i’ﬂuﬂlﬂqW!ﬁ@LWﬂﬂ?WH1NLLﬂ\‘]Iﬂﬂﬂ'lﬂ?iﬂaﬂﬂﬁ')mll']ﬂ 1

(3

a = Y a Jq 1 %’ 49! Y 9
7 lunssvina 40x60x40 LYUALUAT ﬂTflsluﬂﬁ\‘]llﬂ’f)ﬂllllllﬁ%ﬂ‘]&lﬁiﬁﬁTiﬁ%ﬁTﬂu?WQﬂ’ﬂﬂﬂliﬂlu 25

a [

ana o = Yy 1.4 v = =S A
aaans Usuia 1.10 Uaaans 91U 5 @ "lmm U BUW W LHADI LASIVYD INDATULIA 24

)

E4 a 1

< ° é‘ AQ 1 Y a J a
1 Tue asrdnarsazareitng 25% flaaslidnieluaenlilseang vuia 1.1 Tedwas wud

e-

k4
A S A

4 L4 = an a an
AIEel0AT1IN199A 1M IUAIT Tind09 0.57£0.08 Naaans 7v1 0.60£0.15 Yadans T1Ue7

)

0.64+0.12 Ja0ans T¥UN 0.55+0.00 Haaans Haz I 0.51+0.00 Naaans (13199 4.5)

Y ¥ v 3 A y {
ﬂ1§1\3ﬁ 4.5 ‘]J%lnmfﬂﬁ@jﬂu']‘Vi'J'IHGU@\1@l?LﬁNjﬂWlﬁ@Lﬁﬁﬂ’Jﬁﬂ’]Nllﬂ@

fuoanon liflszang Uinmansazatoni 25% Range
(Haanang)
Mang 0.53+0.08c 0.5-0.7
17 0.600.15ab 0.5-0.9
W00 0.64+0.12a 0.5-0.9
B 0.55+0.00bc 0.5-0.7
N 0.5120.00c 0.5-0.7
%C.V. 17.96

o w

'Fnusnmieunu ilanuuanaanuegiiisdnn (P>0.05 ANOVA lag LSD)

o
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a = 1 Jd d = = &’ d'
4.5 ‘]i‘l!ﬂ!mﬁ\‘i!'utl‘l!"l“ll uazsﬂmmummignmﬂuﬁummaamsmwmmm‘luamw

=

5IINVIA
2 v

nnmMsdisriauauloudagsssumavesiidembevinunas luszes lunuuua
oy 4 ¥iia laun

1. upwDeu'ly 3 Tasuasumn (Trichogramma spp.)

v [ o w A Aa A =1 A A

ananTomey a19alin1me1 0.37£0.04 Hadwas ©uIAAIWEI 0.05£0.02 TadAAs
= Y A 9 Aa A a A =~ v A Y
UnryiAMUAING 0.19£0.03 NAAWAT HAZTAMNEND 0.33+0.06 NaawAT UnHAIUANUNIG
0.05+0.02 HADWAT LATANINETD 0.23+0.02 UaALNAT (A15199 4.6)

@ < [ o o a a

AUANTNAN BT 1921 AIWE1D 0.35£0.05 HaaIuAT HUIATAINE1D 0.06+0.01
a A = Y A 9 aLa a A = v A
Haawas UnrTUn1unI19 0.19+0.03 HaawAs LAEANENI 0.3620.04 HAadINAT TnHaalay

a a N Y . A Jd ana v A2 1

1314 0.07£0.02 HaAWAT 1AZAINE1 0.26+0.03 NadWAT 9 Y158 A3 1ag NALG LINITTO

[l [~ o = (Prs v A I 4 2 a3
(2546) Pa1NAUANTY uauDeuTuns Tasunsuy @I8VUIALaN0 (0.3 - 0.4 Hadwas) A11a1a
Wides Mauas JUn0u membrane vuaginszuog med daudatenuialiduyuerinaz
YSunaunaniuneile ¥elieds72219 19 (ovipositor) 812

2. uautbow 1V ovnamad (dnastatus sp.)

v < o o w a a A A

auauTomey] S9alAINe 1.57£0.04 Haamas wWialinamenn 0.75£0.03 dadwas
= Y A F) A A =1 Aa A = v A F)
UnHENAMUAING 0.43+0.01 VADWAT LAZHANNEY 0.77+0.03 Taaluas UnHaduaunIg
0.17+0.01 Hadas LAazIAMNED 0.57+0.02 NAAINAT

Y < [ o o a a

AUAN TN EY BIAINAINEID 1.5320.17 HaaIuaT HUIAUAIINE1D 0.86+0.06
Haawas Unwiiianundng 0.52£0.07 Yadwas Lazin1me1? 0.94=0.11 Haawas Unvaedl
AMUNI1 0.25+0.06 TAANAT L1AS TN 0.77+0.14 UADUAT (NN 4.49)

3. uautbou' |V Anastatus bifasciatus

v < @ o @ a a A a

auauniomety] S1201N812 1.79£0.10 Hadmias ©¥1IAANEN 0.47£0.07 Uadas
= Y A F) Aa A = Aa A = =t 9
UnHENIAMUAING 0.48+0.06 VAWAT HAZHANNEN 1.06+0.02 Naauas UnHaIuaunIg
0.22+0.03 HARUAT LALNUAINET 0.72£0.09 UaALIAT

@ I~ [ o o a a

AUANTUNALN T 81920 ATV17 2.03£0.11 HAAINAT HUIANAINE1D 0.84+0.06
Hadwas Unmihianuniig 0.47£0.02 Tadwas tazinwe1d 1.31£0.06 Naawas Unvaedl

AMUAIN 0.24+0.02 TaAwuns 1azliniuen? 0.89£0.10 Vaauas (MWN 4.50)
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4. upwdou 1y QOoencyrtus sp.

o

v < [ o Aa A A a

anauiomety] §1823A70 817 0.51£0.05 TaamwAs WUIANAIWEI 0.25£0.04 TadAAS
Uanhianunie 0.26£0.04 Haamas uazinnue1d 0.56+0.10 vaawas Uanaalianuniig
0.11£0.01 HARIWAT HALHAINET 0.39+0.06 UAAIAT

v [ o w Aa Aa a a

A Taenle 1AM 0.60£0.09 UAAINAT HUIATAIVED 0.34+0.03 Haatuas
Uanrh nhe 0324004 Tadwas uaze1d 0.72+0.11 Uaamas Unraalauniig 0.13+0.02
Haauwas 1azinue 0.45+0.08 UAANAT (NN 4.51) (151990 4.6)

=1 5‘; a é}a [ Y] o o = tﬁ' = A A A

AT EUNG 4 ¥UATUANMUTUNUTA VYT INTVIHIA DI B UINLAUl oS
A 2 = A 2 g A =1 1 Ao X A
NUUVUTIUIUVB AU BUILINNAUAY (N 4.52) uaas lirunluamnudasnlifidomsed

o < a 1 [ =1 = A 9
WH']?J!WNﬁ\‘i‘ﬂ'lﬁﬁlﬂﬁ]gW“ULW]HL‘Uﬂull"U ABYNIUANDY LmULUfJuvlﬂJﬂWUiJ1ﬂﬂqua$W‘]Julﬂﬁﬁ@ﬂ

v
=1

Y
n31) Aeuawdeou v Ooencyrmus sp. aznua MUY sz nsUALD oy lugaiga ey

=1

FUNAN 3990911 Lﬁauﬁumw LL@%L?]’E]H%HW]‘JJ 1Az ANNHUILH LYY ST NN ﬁmﬁ@u

o J
NUANUT

q

v ' Y ]
M99 4.6 vialumisaawasveauadeu lunwulu lvAdenideavuniua g

50 ANV AN nguih Ungnad
powdeowly e g ”
a9 UUIA NN g1 NIN g1

Wi} 0.3740.04  0.05+0.02  0.19+0.03 0.33+0.05 0.05+0.02 0.23+0.02

Trichogramma sp.
Wy 0.35+£0.05  0.06+0.01  0.19+0.03 0.36+0.04 0.07+0.02 0.26+0.03
Fi} 1.5740.04  0.75+0.03 ~ 0.43+£0.01  0.77+0.03 0.17+0.01 0.57+0.02

Anastatus sp. -
Wy 1.53£0.17  0.86+£0.06  0.52+0.07 0.94+0.11 0.25+0.06 0.77£0.14
Anastatus WZJ 1.79£0.10  0.47+0.07 0.48+0.06 1.06+0.02 0.22+0.03 0.72+0.09
bifasciatus WY 2.03+0.11  0.84+0.06  0.47+0.02 131+0.06 0.24+0.02 0.89+0.10
I’{Ji) 0.51+0.05 0.25+0.04  0.26+0.04 0.56+0.10 0.11+0.01 0.39+0.06

Ooencyrtus sp. .
W 0.60£0.09  0.34+0.03  0.32+0.04 0.72+0.11 0.13+0.02 0.45+0.08




/WA 4.49 uavition |V ovamae (dnastatus sp.)

H - ~ [
NN 4.50 dudnTsuaidionly (Anastatus bifasciatus)

55



56

HUDH

- =UAudiEu

= % T

=
1anu

PNA 4.52 anuduiussenalseanninueununaueululusl w.e. 2559-2560
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Uszvinsveauawbewly Ooencyrtus sp.
° 1 ] < o ] Aa
dmsulsznsvesuadion 1 Ooencyrius sp. 91NNTINVAIDE1 IUTNINTTTHIA

J J 3 4 { ' v Z o o ' o
W’LI’NL’]J’EJSL‘%J’HGIﬂ”IiLﬁEJu Qoencyrtus sp. ﬂJ"Iﬂﬁfjﬂm"lﬂ‘]J 152 ¢10 “lugﬁauﬁm"mn HagenganIny

v A o J A
26 617 TuAoUANAIWUS (0NN 4.53)

‘s

2 160

5 140

s

S 120

= 100

(=]

= 80

&

= 60 -

=

5 40

S 20 A

g

= N '

3
,;\é‘} &> ,5@\ @“%Q Q,\é* \9@ <& ’@@@ &6‘* @\Q@ Q,{S‘)’ ,9@}
N I3 [
N Q"§ EN N ox\& PN &Q@ PO ax ,;\&Q N
A
AU

d' o = ' Y oA 1 A 1 1
HINN 4.53 mmuﬂiwmﬂmumﬂu"lm QOoencyrtus sp. WA (Y v luurazifou A
NINNIAN 2559 D3 VUIBU 2560

4.6 M3AnMFINN Vo WMDY Y Ovencyrtus sp. (Hymenoptera: Encyrtidae) ing

Qd' o U = &’ d'
FITNYIANNAYVRINIADIHBEINUINIAS
o v & o ~ =] 1A @ ol o ]
Tasmsihaudusomedovouaindeou lun ldsumsnauiusudrlaosas i luauuda
9 1 4 a v d‘d ] = dy d‘
YadUAIUINa19 9 ruames Mo luauunanil luvesiidedsvuiuuas uazasazale
H ~ = A Y S ' ~ A = '
1MMU 25% uaDeumendeazdu N liuaz G udeu'ly (i 4.54) szoznanuadlou la
v v
151151919 5.45-58.56 1T (19 AE 22.87+16.39 11N) viaanniullassuaubeu'ld 24 . la
y 4 A o { A a ] <3 1 § 1
wiidndonlUnnided szGuligada nusnui 1y awnsoueuiulddieanilar Aulden’ly

o < ' = A a = ' = dy = ~
i]%ﬁ’ilﬂm‘l”m‘ﬂﬂ@'lﬂ'lﬁﬁ"lln&mEJEJﬂiJ'l"lﬂﬂW’JL‘]JaE]ﬂhlsll"llfNWLE‘TEJLWEJEI’JWH'IMMQ (NN 4.55-4.56)

Y
ai: Tigsreanumznays Jdvn Tdmvesdnly (stalk) 19dmiumels Auilvztana

A ' a & A Y ' ~ A A a A
L‘]Jaf]ﬂ"lﬁljﬁlj’t']ﬂmﬁ’é]mfJEJ’J“H‘LﬂlILLﬂQﬂ‘U”lﬁljellﬂﬂl,mumﬂu UAUE1I 0.23-0.30 Uaatuag (Lﬂaﬂ
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0.26£0.02 Haamas) 191iA110817 0.15-0.22 HaduAs (Rag 0.17+0.02 Haduag). UANUAT
0.1-0.130a81Wa3 (1In89 0.1120.01 Haamas). szezinlvldnailszua 1 5u (N 4.57)
[ I [
nuou: vuouveuawbou 1 Ooencyrtus sp. Wy hymenopteriform NANHUZUOI
Aanisu1ale (Giuseppino, 2013-2014) 1av1n15An 1INV suaUIb 8w 1N Ooencyrius
. = ' = a 2a o SAq Y o ' o A
pityocampae F4721 1M UBUVOIUAMDoUFTATN 5 To inunn 15 lunsueniouaazione nw
817994 Mandible Halianueuanaanu lunaaz o
[ d' T Y a [ d' 1
vueutonsnneanainla Jaauveshudaeg e ldlunismels mizmelulives
a A A = v Y] = A a =
AT B8 U IUIAN YDA N 18 TN IUNAIINE1D 0.24-0.45 TATINAT(1RDY 0.36+0.09
Hadns) d1827A210817 0.23-0.47 TAAINAT (INA8 0.33£0.06 HadNAT). AU 0.12-0.24
a a A a A 9 @ A
Haawas (N9 0.19+0.04 Naawas) leaidsuna 1 MU (MW 4.58)
F 1
vueuisganenewdianua rueuiuiidiumneg liseslidiuvesniudaediioanin
[ (= [ < o :iy A [ = 49’ ~
moluvedlvlulive unaseg awisavesiurueuiotoninilden lvvesiidombeinuiumag
(MNA) MUTAINEN 0.27-0.37 HAAWAT (NAY 0.33+£0.05 NaAAT) §1021AN81 0.86-1.27
Haawes (9 1.05£0.14 Nadwns). ANUNIE 0.39-0.66 Haaluas ((nae 0.51+0.07uaamns) 14

nanlszanm 1-2 (mwﬁ 4.59-4.60)

O

i 4.54 uawDon'lv Ooencyrius sp.faanalay



_..-HJ’

- Y de oa A 4 A
M 4.56 Tvvearidoniderinunasn lawdeuiinerels (lunTsaruigrnay) o

200NN 1
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M 4.57 lvveauawdou (Ooencyrtus sp.)

MW 4.58 vineudousnveuau o (Ooencyrtus sp.)
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1 % 1 L} g §
MW 4.60 nuouiogamevosuauiiou (Ooencyrmus sp)ognelulivesiiiomee
N
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Y Y o v 2 A A o ) 1A A ~ 9
ITYSNDUVIANUA: TTISUNUDUITUTVUII NANHUSDIULASNAN ICDYUUNDIATINISIVN
Y v Y 2 ~ a o 9 o v A a A
giggsania izazuwuaugmumﬂuﬂz”lmﬂﬂuﬂmmﬂh A1NIUANITNYTI 1.55-1.65 Uaaluag
A a A FY a A A a A 9
(a8 1.600.07 HaaLNaT) ANUNIN 1-1.1 Uaauas (1nag 1.05+0.07 Uaatuag). Glﬂmmﬂizmm

1 9% (MW 4.61)

% o Y

g anuATluiLY exarate ADILAUAIUVDITLONA IFUHUIA U1 FARULAUTIUYTIA
Y o 9

2 ' a A ~ o v A o A A ' =
HISLU mmma"lu”lwmmﬁamﬂmwumum AIAITAT UUIAUAZVINTIVADIDD Y UAITNYI

0.67-1.11 HAaaAs (1NAY 0.86+0.12 VAAINAT) AIUNI19 0.35-0.64 VADINAT (1RAY 0.49+0.07

@

Haawag) szezanud 1a1lszanal 6-7 UMW 4.62)

[V O RUREE NS

[T H ' Y o o
AN & @l')t@ﬂJ'JleWﬁLﬁﬂilaWﬁ'Jﬂf]u‘lJ'Nﬂ’JUﬁU ﬁ?uﬂ]@@ﬁ?ﬁ%@ﬁuﬂ%Iﬁaﬂi'nJ“VNE]ﬂﬁ

= o 9 A A Y A @ Y A < 1 ] =
a1 daneneslidvians endassn 1 nuenildesn 2 1wu scutellum AUDIATINANATNYTI VTV

d‘ ! o v A a A d' a A =) Y A J 9
Tarsus A8IU A19IUAIINYL1I 0.47-0.81 VAT (1RAY 0.60+0.09 HAALUANT). IAunNnaniin

U

[
=

0.24-0.39 IaduA5 (1NAY 0.32£0.04 Baawns). AN ngnil1 0.52-0.90 Tadwas (inde

0.720.11 Haamas). AN NDNgHas 0.10-0.18 Hadimwas (9 Ae 0.13+0.02 Taduas) AN

[
1 =

Aa a 4 a A ] <
0.60 HadWAT (INAY 0.45+0.08 Haamas) Mua & 3 Udselanyuzdinuiludiun

=\ 1 L
Unanas 0.30-

o a a A a A v 3 W a oA
T¥5unug a0 1A18120.30-0.41 Tadwas (1nAv0.34=0.03 Taawas) anauiomemiielioy

v A o W o w A

o { o I 1 )
Uszana 13-31 34 (0 4.63) mARTSdaannIunsdlolaiad el 61d23n1108120.41-0.63
Hadwas (nae 0.51£0.05 aawas) 1AWNA 19l ngn1110.20-0.35 Taduas (1nAy 0.26:0.04
a A =, 1 Y a a a a A Y A U [
Haawns) Aue191lngn1i 0.40-0.68 Hadwuas (19A80.56+0.10 Hadwns) ANUNINTngnas

1 (X

0.08-0.13 NaaINAs (1maeg 0.11£0.01 YaaIluas) AN NANA90.29-04800a1UA5 (1IN Y

U

A a ~ ' 3 9 Ao v 3 1 Aq Yo YR A
0.39+0.06 WAQLUAT) UUIAN 3 7IU L‘}Jumuﬂauq Maﬂymzmmﬂuﬁauﬂ%ﬁUﬂ3mgﬁﬂ NI

817 0.20-0.38 VAAWAT (1RAY 0.25£0.04 VARINNT) (NN 4.64-4.69) ANHULVDINUIAVUANA
= [ o =1 < 1 o v 3 @ Y] %
MInvounAleod A Y nuIAvE v umuse daauTamadioglszuia 41970 9
Y o do J Y Ao d A . ]
AOANROINY DAAGIAN LARIADIA LAz IANT ITOHZD1A (2548).; Mani and Thontadarya (1988) ‘1@
A =1 . ] o [} ] g’/ Qy
51891993 FIAURAUTOU A. dactylopii $99g1UA Encyrtidac triilounun ldszezinamaau

Uszana 15 Ms2eemM I yay Tnueuauliou 4. dactylopii WIBAN 9 (113199 4.7-4.9)



MW 4.61 528NOUBNANLA (pre-pupa) VBAULDEU (Ooencyrtus sp.)

MNH 4.62 anuaveauauion (Ooencyrtus sp.)
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= v 3 o 9 = ]
M 4.64 daauSomaduesuaudiou 1 (Ooencyrius sp.)

&z - ¥ o 1Y £ = =2 & 1 ¥ o £ ¢ v 1%
nansiiluenarsianulidmsumsldnuienisdinwivingu leygnlmhlulduselesimunism

lidnsdllag visdu Bnnanuidlidauadiien wazdesdnediainveseonasynasaniinisuiluly
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' Y o 3 o =

M 4.66 Ungnrhandusovesaudou limed (Ooencyrtus sp.)

G

s - Y o o v - =2 & 1 ¥ o £ ¢ v 1%
nansiiluenarsianulidmsumsldnuienisdinwivingu leygnlmhlulduselesimunism

lidnsdllag visdu Bnnanuidlidauadiien wazdesdnediainveseonasynasaniinisuiluly
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H 1 v 3w [l
MW 4.68 gnarsvesdnduTomaguawony (Ooencyrius sp.)

&z - ¥ o 1Y £ = =2 & 1 ¥ o £ ¢ v 1%
nansiiluenarsianulidmsumsldnuienisdinwivingu leygnlmhlulduselesimunism

lidnsdllag visdu Bnnanuidlidauadiien wazdesdnediainveseonasynasaniinisuiluly



AT

¥ | YA ; ﬁi.p??;l
-"r'n' : b ¢ 438
Lf

. b : ~
15) X ,;; ) )y @ )
2 5 ' »

(\ €& » o011:b 0.26£0.02 1
HUDUIY P A - (PO .36&& 1
vineu oA 0%(@(&7@ Loss0.14 0. 1-2
= b

sEezAaUIN 2 3y pnan
o 1.05+0. - 1
anua
Anua 0.49+0.07 0.8620.12 - 6-7
FudnToner - 0.5120.05 - 4-19
Fudu oo - 0.60-£0.09 - 13-31

&z - Y o o v - =2 & 1 ¥ o £ ¢ v 1%
nansiiluenarsianulidmsumsldnuienisdinwivingu leygnlmhlulduselesimunism

lidnsdllag visdu Bnnanuidlidauadiien wazdesdnediainveseonasynasaniinisuiluly
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o w a a 1o & o
1519 4.8 AUYIAAT LA HUIA (WAAUNT) GU’ENLWIHLTI&JH““U@]’JWI?J'RJ (Ooencyrtus sp.)

IWE ﬂ’JﬂJEﬂ’JﬁWﬁ}’J AIVINITIUIA
it 0.510.05 0.25+0.04
e 0.60+0.09 0.34+0.03

d' FY ~ a a ~ T & o
AN 4.9 ATWYII LIDZAITUNIN vo4Un (VanLuag) ﬁumgmumﬂu”lmmmma (Ooencyrtus sp.)

Ungwnih Ungnaa
WA
Y 9
1 61 n 1
it 0.26+0.04 0.56+0.10 0.11£0.10  0.39+0.06
(e 0.32+0.04 0.72£0.11 0.13£0.02 0.45:0.08

TaanveanamDeu1a Ooencyrus sp.
nnminageumsiienvesauiion liasuuasdagiy laun wauuashe arsnueuun

a & X Y ' 1 9 t = 3
wauau"lwu”lm maﬂuﬂmwm wuau‘ﬁa‘lu hl‘iLLﬂQ‘HiJE)Ll UINYUHRN L‘Wﬂﬂﬂﬁziﬂﬂ’du1ﬂ’lﬁ

R

Fa v
AieruauuiIdy uazATamgsIvuLas WU ITon 1A Ocencyrtus sp. TiiTonlivoauiu

9| Y a X Y A & Yy 9 2 =
uaathe Aevueuun Mderueu iy lng wwayuna MdenueuniIdy wazmasnsz laad
F 1T a 3 1 % r dy = 1 = {
ana naz ldilleudrgeutensnves lsuawiou masudlsdwun vueuvely Aideonuonluuy
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24 17 20 7 8 6
25 16 20 6.5 8.5 4
26 17 22 5.5 8.5 5
27 16 21 6.5 8 7
28 18 20 6.5 9 4
29 16 21 5.8 8.5 9
30 18 22 6.5 8 8
Range 16-20 19-27 5.5-7.5 7.5-9.5 3.0-9.0

Mean+SD 17.47+1.36 21.60+£1.85 6.30£0.51  8.47+0.51 5.73+1.98
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Larval body length (mm)
No Egg diam, mm Pual length
1 Stinstar 2ndinstar 3rdinstar 4thinstar Sthinstar
1 1.4 4 8.5 15 30 75 42
2 1.5 4 13 24 40 60 45
3 1.4 7.5 14 24 25 65 46
4 1.4 7 15 17 35 40 46
5 1.5 10 9.5 24 35 45 45
6 L5 6.5 12 25 40 60 47
7 1.4 9 14 18 38 75 45
8 1.4 5.5 9.5 17 36 70 45
9 L5 8 11 19 37 57 46
10 1.5 7.5 10 20 23 60 45
11 1.6 9 15 25 25 60 45
12 b5 J 10 14 35 40 45
13 1.6 4 11 16 40 50 42
14 1.6 9 95 24 38 65 45
15 1.5 4 8.5 19 35 50 43
16 1.4 ¢ 10 18 35 65 42
17 1.4 4 10 20 24 60 44
18 1.5 9.5 11 18 35 55 45
19 1.5 8.5 13 19 34 40 46
20 1.4 /3 14 20 33 50 43
21 1.6 55 15 22 22 45 44
22 175 4 13 26 30 60 42
23 1.5 6 14 15 40 45 47
24 1.4 10 15 20 36 75 43
25 1.4 5.5 11 19 32 50 46
26 1.4 8 14 21 25 60 44
27 1.5 7.5 16 24 27 55 43
28 L5 6.5 14 24 35 45 46
29 1.4 5.5 13 22 35 55 45
30 1.5 8 16 26 25 50 42
Mean+SD 1.47+0.07 6.83+1.91 12.3242.32 20.50+3.50  32.73+5.66  56.07+10.29 44.47+1.55

Range 1.40-1.60 4.0-10 8.5-16.0 14-26 22-40 40-75 42-47
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(Vadng)
No. 1 st instar 2 nd instar 3 rd instar 4 th instar Sth instar

HC DH HC DH HC DH HC DH HC DH
1 0.79 25 1.3 3.7 2 6.5 33 8.5 4.8 8
2 0.8 2.6 1.2 33 1.95 5.8 3.1 7 4.8 7.5
3 0.85 2.6 1.2 34 2 5.5 3.2 7.5 4.7 8
4 0.8 2.5 1.2 4 1.9 6 3.1 7.2 475 7.5
5 0.79 2.6 1.3 3.6 1.95 6 3.1 7.5 4.6 8
6 0.8 2.6 1.3 4.6 1.95 6 Sl 7 5 8
7 0.9 2.6 1.25 4 1.9 7 3.2 7.5 4.8 7.5
8 0.8 24 1.3 4 1.9 6 3.1 7.5 5 7
9 0.85 24 1925 42 1.8 6 3.1 6.5 5.1 7
10 0.79 25 1.3 42 1.85 7 3.2 9 5.2 8
11 0.9 24 1.3 3 2.1 6.5 )| 7.6 4.9 8.5
12 0.8 2.4 129 4 2.2 6.5 32 7 4.7 7.5
13 0.85 2.5 1=3 4 2.1 6 W 8.5 45 7.5
14 0.8 2.6 1.3 3.9 2.1 6 34 7 4.8 8
15 0.85 45 1.3 4.1 2 5.8 33 a5 5 7.5
16 0.9 2.4 1.28 3.6 2.2 5.5 3.2 9 4.8 6.5
17 0.85 25 1.3 3.9 1.95 6 37 8 4.9 7
18 0.85 2.3 1.3 3.9 2 6.5 33 6.5 4.8 7.5
19 0.85 24 1.29 34 2.1 6 3.2 i3 4.8 7
20 0.8 23 1.3 Bar 2 6.5 33 7.5 5 6.5
21 0.85 2.4 1.3 4 2 ” A 8 4.9 7.5
22 0.85 2.4 1.29 4 2 6 34 7.5 4.8 7.5
23 0.9 2.4 1.29 4 2.1 6.5 33 7.5 4.8 8
24 0.8 25 1.3 4 2 595 3.2 8 4.9 7.5
25 0.8 24 1.3 4 2.1 6 3.2 7.5 5 8
26 0.85 2.5 1.29 4 2 6.5 33 8 4.9 8
27 0.9 24 1.3 3.9 2 6 3.2 7.5 5 7
28 0.85 2.4 1.25 4 1.9 6.5 33 7.5 5.1 7.5
29 0.8 2.6 1.3 3.6 1.95 6 3.1 8 4.7 8.5
30 0.85 2.5 1.3 4 2.1 6.5 3.2 7.5 4.8 8.5

Mean+SD  0.84+0.04  2.47+0.10  1.28+0.03  3.9+0.27 2+0.1 6.19+0.42  3.21+0.1 7.61£0.6  4.86+0.15  7.6+0.53

Range 0.79-0.9 2.3-2.6 1.2-1.3 3.3-4.6 1.8-2.2 5.5-7 3.1-3.4 6.5-9 4.5-5.2 6.5-8.5

HC=head Capsule DH= dorsal horn



88

Y o s X .
ﬂ]i%‘iﬂ"lﬂﬁn—!?ﬂﬁ U3 "llu’lﬂﬂﬁ']i]ﬂ%{]\iﬂ']ﬂgiﬂaﬂllag ﬂ']’lllf]’na@ﬁumﬂﬂﬁlﬁ@!ﬁﬁﬂQﬂu'lullﬂﬂ

(Haawns)
Head capsule width (mm) Dorsal horn
Instar n
Mean+SD Range Mean+SD Range
1st 30 0.84+0.04 0.79-0.90 2.47+0.1 2.3-2.60
2 nd 30 1.28+0.03 1.20-1.30 3.90+0.27 3.3-4.60
3rd 30 2.0+0.1 1.80-2.20 6.19+£0.42 5.5-7.00
4 th 30 3.21+0.1 3.10-3.40 7.61£0.6 6.5-9.00
5th 30 4.86+0.15 4.50-5.20 7.60+0.53 6.5-8.50
60 56.07
50
g 4
g
3273
g
2 30 N Hzed Capsile Wigt
©
-§. [ Dorsel Eom Length
“E 20 n ¥ Leuglh
E 1232
g < 7.6 76
s 10 683 &
] ot s < V2
0
First Second Third Fourth Fifth
instar
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Cremaster
Proboscis Shenth
No Width
Length
Width Length Base Terminal
1 5.5 6.7 2.1 1.1 3.2
2 5.3 6.8 2 1.05 3.15
3 5.4 7 2.1 1.1 3
4 5.5 6.5 2 1.1 2.8
5 5.6 7.2 2.1 1.1 3.1
6 6.5 &S 2.2 1.3 3
7 5.6 o) 272 .2 3
8 5.5 TS 2 1.1 2.9
9 5.4 7 2 1.05 3
10 Sl 74, 22 1.2 3.1
11 5.4 6.5 2 1.1 3
12 53 7 1.9 1 2.9
13 - 6.7 2.1 1.1 3
14 5.4 6.8 2 1.1 3.1
15 s 7 2.1 1.2 2.9
16 5.5 7 21 16 3
17 5.6 7al 1.9 1.2 3
18 3 7 2 1.1 2.9
19 5.5 6.4 1.8 1.1 3
20 5.5 6.5 2.1 1.05 2.8
21 5.2 7 2.1 1.05 2.9
22 33 7 2.1 1.1 2.9
23 5.6 7.5 2 1.15 3.1
24 6 7.5 2l 1.1 3
25 6.2 7.8 2.1 1.2 2.9
26 6.1 7 2 1.1 2.8
27 6 7.7 2.1 1.1 2.9
28 6 8 2 1.2 35
29 5.7 7 2.1 1 3
30 5.5 7 22 1.1 2.8
Range 5.2-6.5 6.4-8.0 1.8-2.2 1.0-1.3 2.8-3.5

Mean+SD 5.62+0.30 7.08+0.40 2.06+0.10 1.12+0.07 2.99+0.14
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No Body Wingspan Proboscis Antennal Forewing Hindwing
length Length length Width Length Width Length
1 35 65 46 15.5 13.0 32 12.0 19.0
2 34 58 48 15.0 12.5 32 11.0 18.0
3 39 74 45 16.0 13.0 31 11.0 19.0
4 40 68 47 16.5 14.0 32 13.0 20.0
5 33 65 44 14.5 12.5 31 11.0 19.0
6 38 72 42 15.0 14.0 34 12.0 21.0
7 34 70 50 16.0 13.0 31 12.0 20.0
8 40 64 43 15.0 13.0 32 12.0 19.0
9 35 70 47 15.0 13.0 32 11.0 19.0
10 37 65 44 15.5 13.0 31 12.0 19.0
11 35 66 47 15.0 13.0 31 11.0 20.0
12 31 68 45 15.5 13.0 31 12.0 19.0
13 37 67 50 16.0 13% 32 12.0 21.0
14 36 65 44 15.0 12.0 30 11.0 19.0
15 32 68 46 15.5 13.5 31 11.5 20.0
16 34 74 47 15.0 14.0 33 12.0 20.5
17 33 68 46 15.25 13.0 32 11.0 20.0
18 36 70 47 16.0 13.0 82 11.0 20.0
19 35 67 45 15.0 13.0 33 12.0 19.0
20 36 63 48 ] 13.0 32 12.5 21.0
21 & 66 47 15.0 13.0 32 12.0 19.0
22 32 62 45 15.0 13.0 31 12.0 20.0
23 36 71 49 16.0 13.5 33 13.0 20.0
24 33 70 43 15.5 13.0 31 12.5 21.0
25 36 73 51 17.0 14.0 34 12.0 20.0
26 31 67 44 15.0 12.0 31 11.0 18.0
27 35 63 47 16.0 13.5 32 12.0 20.0
28 34 72 43 16.5 14.0 33 12.0 20.0
29 32 63 43 15.0 13.0 31 10.0 18.0.
30 37 70 48 16.0 13.0 33 11.0 19.0
Range 31-40 58-74 42-51 14.5-17 12-14 30-34 10-13 18-21

mean 35.10£2.37  67.47+£3.82  46.03+2.33  15.49+0.59 13.1340.52 31.87£0.97  11.68+0.69  19.58+0.87
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Body Wingspan  Proboscis Antennal Forewing Hindwing
e length length length Width Length Width Length
1 36 72 45 13.5 13.0 33 11.0 20
2 35 69 43 13.0 13.0 31 11.0 21
3 37 68 48 13.0 13.0 31 11.0 19
4 35 70 45 13.5 14.0 33 11.5 21
5 33 64 42 13.0 14.0 32 11.0 20
6 35 70 42 13.5 13.0 32 10.0 19
7 33 65 43 13.0 13.0 30 12.5 21
8 34 65 43 13.0 13.0 31 11.0 19
9 36 66 45 14.0 14.0 33 12.0 20
10 35 72 47 14.5 14.0 34 12.0 21
11 34 73 45 13.5 14.0 34 13.0 20
12 34 71 42 14.0 13.0 33 12.0 20
13 35 i) 47 14.0 14.0 34 12.5 21
14 39 74 48 13.0 14.0 35 12.0 21
15 34 69 43 13.0 13.0 32 11.0 20
16 36 73 48 14.0 14.0 34 13.0 20
17 38 73 47 13.0 14.0 34 13.0 20
18 35 65 44 13.0 13.0 33 12.0 20
19 34 67 42 14.0 13.0 32 12.0 19
20 35 70 43 16.0 13.5 32 11.0 19
21 35 70 43 13.0 13.0 32 11.0 20
22 33 72 45 14.0 14.0 31 12.0 19
23 35 69 42 12.5 12.5 31 11.0 19
24 37 69 44 13.0 14.0 34 12.0 21
25 35 74 46 14.5 13.5 34 13.0 21
26 36 70 44 13.0 14.0 32 12.0 19
27 34 66 43 12.5 13.0 32 11.0 20
28 35 75 47 14.5 14.0 34 12.0 21
29 33 65 45 14.0 12.5 31 11.0 18.5
30 34 70 48 14.0 14.0 33 11.0 20
Range 33-39 64-75 42-48 12.5-16 12.5-14 30-35 10.0-13 18.5-21.0

Mean+SD  35.00+1.44 69.743.24  44.63£2.08 13.55+0.75 13.47+£0.54 32.57+1.28 11.68+0.78 19.98+0.81
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sl.no. " instar ™ instar ™ instar ™ instar ™ instar
1 1.58 2 2 3.33 6.63
2 1.83 2.04 2.04 3.38 6.67
3 1.63 2 2 3.33 6.75
4 1.75 1.96 2.08 3.29 6.58
5 1.67 1.83 1.92 3.33 7.58
6 1.63 1.92 2 3.42 6.75
7 1.67 1.83 2.04 3.33 7.42
8 1.58 1.92 2.08 3.25 6.5
9 1.63 1.83 2 NS 6.67
10 1.63 1.92 2.04 3.29 6.58
11 1.67 1.83 1.96 3.08 6.67
12 1.67 1.88 2.08 3.25 7.71
13 1.63 1.83 2.13 3.42 6.58
14 1.63 1.92 2 3.42 6.75
15 1.58 1.92 1.83 3.42 6.63
16 1.67 1.83 1.92 = 6.58
17 1.63 1.92 1.92 3.42 6.5
18 1.58 1.83 2 8.2% 6.67
19 1.58 1.88 2.08 3.42 7.58
20 1.63 1.96 1.83 4.13 6.63
21 1.67 1.83 1.92 3.5 7.67
22 1.58 1:92 2 3.42 7.5
23 1.63 J 28 3.58 7.58
24 75 1.92 2 3.42 7.67
25 Iy 1.92 2.08 8.3 7.58
26 1.79 1.83 1.83 3.54 7.75
27 1.63 2 1.92 3.5 7.42
28 1.83 2.08 1.92 3.25 7.71
29 1.79 2 2.08 3.5 6.5
30 1.75 2.08 2 4.08 7.58
Mean+SD 1.67+0.08 1.92+0.08 1.99+0.08 3.43+0.21 7.05+0.50
Range 1.58-1.83 1.83-2.08 1.83-2.13 3.08-4.13 6.5-7.75
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No Egg stage Larval stage Prepupal stnge Pupal stage Adult longe
Male Female

1 2.88 15.54 2.04 12.29 8 13
2 2.75 15.96 2.00 12.42 9 12
3 2.83 15.71 2.08 12.67 8 12
4 2.75 15.66 2.08 12.25 9 10
5 2.83 16.33 2.04 11.83 9 10
6 2.88 15.72 2.00 12.75 8 9
7 2.92 16.29 1.92 11.88 10 14
8 2.92 15.33 2.00 12.71 8 14
9 3.00 15.63 2.00 12.67 7 12
10 2.88 15.46 2.79 12.67 9 11
11 2.92 15.21 1.88 11.83 7 13
12 2.92 16.59 2.00 12.71 9 14
13 2.83 15.59 3.08 11.88 8 13
14 2.92 15.72 2.08 12.75 8 12
15 2.83 15.38 1.96 12.83 10 13
16 2.92 1549 3.00 12.67 8 10
17 3.00 15.39 1.92 1215 7 13
18 2.96 15.29 2.00 13.79 9 10
19 2.92 16.54 2.04 12.83 7 10
20 2.67 16.18 2.00 12.88 11 13
21 2.83 16.59 2.42 12.67

22 2.88 16.42 2.00 13.92

23 3.00 16.92 2.08 12.71

24 2.67 16.76 1.92 12.79

25 2.92 16.83 1.96 11.83

26 2.96 16.74 2.00 12.88

27 2.67 16.47 2.83 12.88

28 3.00 16.79 1.96 11.83

29 2.83 15.87 3.00 12.63

30 2.67 17.49 2.33 12.75

Mean+SD 2.87+0.10 16.06+0.61 2.18+0.36 12.60+0.50 8.45+0.10 11.90+0.58

Range 2.67-3.00 15.21-17.49 1.88-3.08 11.83-13.92 7.00-11.00 9.00-14.00
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colorattraction of the crepuscular hawk moth (Nephele hespera)
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. Winamsgaima
aey ” - ‘
1Mana U7 e WY 1N

1 0.6 0.6 0.4 0.6 0.6
2 0.4 0.6 0.6 0.6 0.6
3 0.6 0.6 0.6 0.6 0.6
4 0.6 0.6 0.4 0.4 0.6
5 0.6 0.6 0.6 0.4 0.6
6 0.4 0.6 0.4 0.6 0.6
7 0.6 0.6 0.4 0.6 0.6
8 0.6 0.6 0.4 0.4 0.6
9 0.6 0.6 0.6 0.6 0.6
10 0.6 0.6 0.6 0.6 0.6
11 0.6 0.6 0.6 0.6 0.6
12 0.4 0.4 0.6 0.6 0.6
13 0.6 0.6 0.4 0.4 0.6
14 0.4 0.6 0.6 0.6 0.4
15 0.6 0.6 0.4 0.4 0.6
16 0.6 0.4 0.2 0.4 0.6
17 0.6 0.2 0.4 0.6 0.6
18 0.6 0.6 0.4 0.6 0.6
19 0.6 0.4 0.4 0.6 0.6
20 0.6 0.4 0.4 0.6 0.6
21 0.6 0.6 0.4 0.6 0.6
22 0.6 0.4 0.4 0.4 0.6
23 0.6 0.2 0.4 0.6 0.6
24 0.6 0.2 0.6 0.6 0.6
25 0.6 0.2 0.4 0.6 0.6
26 0.6 0.6 0.4 0.6 0.6
27 0.6 0.6 0.6 0.6 0.6
28 0.4 0.4 0.2 0.6 0.6
29 0.6 0.6 0.6 0.6 0.6
30 0.6 0.6 0.6 0.4 0.6

Range 0.4-0.6 0.2-0.6 0.2-0.6 0.4-0.6 0.4-0.6

Mean+SD 0.57+0.08 0.51+0.15 0.47+0.12 0.55+0.09 0.59+0.04




Statistix 8.0 4/ 22/ 2017
5:44:31 PM

Conpl et el y Randoni zed AOV for VALUE

Sour ce DF SS V5 F P
T™MT 4 0. 30427 0. 07607 7.33 0. 0000
Error 145 1. 50567 0.01038

Tot al 149 1.80993

Grand Mean 0.5673 Cv 17.96

Chi - Sq DF P
Bartlett's Test of Equal Variances 34.5 4 0. 0000
Cochran's Q 0.4118
Largest Var / Smallest Var 8.3036

Conponent of variance for between groups 0. 00219

Effective cell size 30.0
™ Mean

1 0.5333

2 0.6000

3 0.6367

4 0.5533

5 0.5133
Observations per Mean 30

Standard Error of a Mean 0. 0186
Std Error (Diff of 2 Means) 0.0263

Statistix 8.0 4/ 22/ 2017,
5:45: 02 PM
LSD Al | -Pairw se Conparisons Test of VALUE by TMI

™I Mean Honobgeneous G oups

3 0.6367 A

2 0.6000 AB

4 0.5533 BC

1 0.5333 C

5 0.5133 C
Al pha 0. 05 Standard Error for Conparison 0.0263
Critical T Value 1.976 Critical Value for Conparison 0.0520

There are 3 groups (A, B, etc.) in which the nmeans
are not significantly different fromone another.
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32 1
USnadsazaorbg 25%

dvosnonliiszAng o Range
(Waaang)

GOGRE 0.530.08c 0.5-0.7
GURR 0.60+0.15ab 0.5-0.9
TUI00U 0.64+0.12a 0.5-0.9
GETGT 0.55+0.00bc 0.5-0.7
GIRN 0.51+0.00¢ 0.5-0.7

%C.V. 17.96

= = &l d' a %’ 9 . a
31Jﬂ1ﬂﬂ14’3ﬂ7| 3 Nl’d’ﬂmEJEI’J‘Hu'lflJLLﬂQfg]ﬂﬂuu'm'J']‘Hi]'lﬂﬂf]ﬂ"l‘uﬂizﬂkl

b}



v ] X
sumanuand 4 Aiderideamunasgaimnuainaen liflszAng (dorsal view)

e Tl L hls
o

i a %’ a
ﬂlﬂ?]ﬂ’)‘l’iu'llllmiﬂﬂﬂuu1ﬂ31uﬂ1ﬂﬂﬂﬂ1ﬁlﬂ§$ﬂ‘lﬂﬁ

%9

3
sUMARLINN 5 FI

99



100

MANUHIN N
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M51MANUINN 91 V1A (mm) vosuauDou 1 Ooencyrtus sp. WAg

Body Antennal Forewing Hindwing
e length length Width Length Width Length
1 0.56 0.25 0.25 0.63 0.11 0.42
2 0.57 0.24 0.29 0.62 0.13 0.44
3 0.46 0.28 0.2 0.66 0.11 0.37
4 0.49 0.22 0.34 0.68 0.11 0.45
5 0.41 0.28 0.25 0.61 0.1 0.43
6 0.45 W33 0.28 0.63 0.12 0.42
7 0.53 0.25 0,83 0.67 0.13 0.41
8 0.54 0.26 0.35 0.52 0.11 0.42
9 0.51 0.21 0.23 0.59 0.1 0.48
10 0.55 0.23 i 0.65 0.11 0.47
11 0.51 0.3 0.31 0.61 0.12 0.46
12 0.51 0.33 0.28 0.56 0.12 0.35
13 0.49 0.27 oAy 0.68 0.11 0.45
14 0.41 0.38 0.28 0.57 0.12 0.35
15 0.42 0.21 0.29 0.57 0.11 0.32
16 0.54 0.25 0.3 0.74 0.13 0.37
17 0.51 0.26 0.29 0.6 0.11 0.38
18 0.55 0.24 0.32 0.57 0.11 0.45
19 0.51 0.25 0.25 0.58 0.13 0.41
20 0.45 0.23 0.2 0.43 0.1 0.4
21 0.47 0.22 0.24 0.44 0.1 0.38
22 0.55 0.24 0.23 0.47 0.12 0.35
23 0.45 0.24 0.22 0.47 0.12 0.29
24 0.49 0.28 0.27 0.46 0.12 0.29
25 0.56 0.26 0.23 0.46 0.08 0.36
26 0.63 0.2 0.26 0.51 0.11 0.3
27 0.59 0.21 0.2 0.44 0.12 0.45
28 0.49 0.22 0.22 0.41 0.1 0.32
29 0.53 0.23 0.23 0.43 0.11 0.35
30 0.49 0.21 0.21 0.4 0.1 0.34
Range 0.41-0.63 0.20-0.38 0.20-0.35 0.40-0.68 0.08-0.13 0.29-0.48

Mean+SD 0.51£0.05 0.25£0.04 0.26+0.04 0.56+0.10 0.11+0.01 0.39+0.06
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AM519MANUINT 92 VA (mm) VeauawDieu 14 Ooencyrius sp. ity

Body Antennal Forewing Hindwing
e length length Width Length Width Length
1 0.63 0.35 0.29 0.81 0.15 0.46
2 0.61 0.35 0.36 0.9 0.1 0.44
3 0.71 0.34 0.28 0.52 0.11 0.3
4 0.71 0.31 0.24 0.61 0.11 0.56
5 0.71 0.3 0.35 0.74 0.11 0.49
6 0.58 0.34 0.38 0.81 0.15 0.57
7 0.59 0.31 0.32 0.77 0.12 0.48
8 0.62 0.34 0.32 0.62 0.18 0.35
9 0.48 0.31 0.33 0.59 0.14 0.37
10 0.56 0.34 0.35 0.66 0.14 0.4
11 0.51 0.35 0.24 0.77 0.12 0.54
12 0.67 0.33 0.25 0.69 0.16 0.5
13 0.59 0.41 0.26 0.56 0.12 0.37
14 0.59 0.35 0.32 0.84 0.1 0.54
15 0.51 0.32 0.39 0.84 0.12 0.51
16 0.88 0.3 0.3 0.67 0.1 0.38
17 0.71 0.34 0.37 0.76 0.15 0.46
18 0.66 0.35 0.32 0.8 0.16 0.49
19 0.81 0.41 0.39 0.79 0.15 0.6
20 0.56 0.35 0.35 0.74 0.12 0.5
21 0.59 0.33 0.33 0.69 0.1 0.38
22 0.53 0.31 0.34 0.81 0.16 0.55
23 0.54 0.32 0.38 0.82 0.15 0.5
24 0.5 0.3 0.29 0.52 0.12 0.41
25 0.52 0.35 0.35 0.56 0.1 0.38
26 0.49 0.38 0.36 0.74 0.16 0.5
27 0.56 0.37 0.35 0.79 0.15 0.47
28 0.57 0.34 0.32 0.87 0.13 0.37
29 0.47 0.32 0.34 0.75 0.17 0.51
30 0.53 0.31 0.27 0.63 0.13 0.41
Range 0.47-0.81 0.30-0.41 0.24-0.39 0.52-0.90 0.10-0.18 0.30-0.60

Mean+SD 0.60+0.09 0.34+0.03 0.32+0.04 0.72+0.11 0.13+0.02 0.45+0.08
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M319MAEuInt 93 vina luvlelaawas vosuawdeow'l Anastatus bifasciatus

LWt
Body Antennal Forewing Hindwing
e length Length Width Length Width Length

1 1.91 0.42 0.44 1.08 0.23 0.81

2 1.87 0.45 0.42 1.08 0.26 0.73

3 1.65 0.41 0.46 1.02 0.22 0.87

4 1.65 0.44 0.6 1.05 0.25 0.57

5 1.76 0.42 0.52 1.03 0.24 0.73

6 1.9 0.56 0.47 1.05 0.23 0.63

7 1.82 0.44 0.46 1.08 0.21 0.74

8 1.78 0.6 0.48 1.07 0.15 0.71
Range 1.76-1.91 0.41-0.6 0.42-0.6 1.02-1.08 0.15-0.26 0.57-0.87
Mean+SD 1.79+0.10 0.47+0.07 0.48+0.06 1.06:+0.02 0.22+0.03 0.72+0.09

Mm319manuIni 94 vinalunileladwasvesaudow'lv dnastatus bifasciatus tngile

Body Antennal Forewing Hindwing

I° Length Length Width Length Width Length
1 2.1 0.86 0.48 1.32 0.27 0.85
2 2.2 0.86 0.42 1.31 0.26 0.82
8 2.03 0.94 0.46 29 0.25 0.87
4 2.06 0.81 0.45 1.32 0.25 1.04
5 2.05 0.82 0.48 1.32 0.24 1.02
6 2.02 0.81 0.47 1.17 0.23 0.8

7 1.82 0.73 0.46 1.34 0.21 0.81
8 2.06 0.82 0.48 1.39 0.25 1.01
9 1.92 0.87 0.51 1.3 0.21 0.81

Range 1.82-2.06 0.73-0.94 0.42-0.51 1.17-1.39 0.21-0.27 0.81-1.04

Mean+SD 2.03+0.11 0.84+0.06 0.47+0.02 1.31+0.06 0.24+0.02 0.89+0.10
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Danarun S., S. Bumroongsook and S. Tigvattananont (2017). Color Attraction of the

Crepuscular Hawk Moth (Nephele hespera) (Lepidoptera: Sphingidae). International Journal of
Agricultural Technology 13(3): 403-411.

The crepuscular hawk moth (Nephele hespera) belongs to the family Sphingidae, subfamily
Macroglossinae. Hawk moths is known as a pollinator in nature. It is a stenophagous organism
which the larva feed only young karunda leaves (Carissa carandas L.). The objectives of this
study is to investigate the color and structure of karunda flowers (n=30), crepuscular hawk
moths’ proboscis, and the color of artificial flowers attraction and amount of 25% honey
solution uptake of the hawk moths. The results showed that karunda’s flowers were white color
with a tubular shaped flowers (averaged 19.20+1.16 mm long). The proboscis length of the
male and female hawk moth was 46.03£2.33 and 44.03 + 2.08 mm, respectively. The uptake of
honey solution from violet, yellow, pink, white and chartreuse green of artificial flowers was
0.51+0.04, 0.53+0.08, 0.55+0.09, 0.60+0.15 uaz0.64+0.12 ml/adult, respectively. ~ The

frequency visit of adult hawk moths to various colors of artificial flowers was presented in
order from high to low was as follows: chartreuse green, white, yellow, pink and violet.

Keywords: Nephele hespera, Carissa carandas L, Color attraction, proboscis

Introduction

Crepuscular hawk moths are significant pollinators in tropical regions
(Johnson and Martins, 2013) and the flower scent is an important factor which
served as a mediatory tool during pollen is transferred between flowers (Kessler
et al., 2015) These moths have the long and flexible proboscis with olfactory
receptor at the end of their proboscis (Bauder et al., 2010) for sucking the
nectar. Hethe spur that is longer could perfectly satisfy the demand of insects
and additionally increase the opportunities of pollination in another ways
(Suetsugu et al., 2015).

The stimuli for host selection of foraging crepuscular hawk mothswas
stimulus of flower scent includingtheir behaviors which determine their

* Corresponding author: Danarun S.; Email: win_air@hotmail.co.th



selection. Flowers’scent is the most effective stimuli of flowers for attracting
the insects. (Riffell and Alarcon, 2013). Ipomopsis is a flowering plants
changing it color from red to pink-white. The crepuscular hawk moth consumei
it nectar as a pollination. The appropriate flower color for these moths is light
color (Paige and Whitham, 1985). Flowers emitted varieties sense and nectar to
attract pollinators. Moreover, shape of flowers exibit the coevolution between
the moths and the flowers. The moth like the deep spurs and narrow petals
flowers. The scents and shape of flowers play an important role as attracting the
moth. Apart from these mentioned, the patterns and shapes of their petals
should be taken into account (Gaskett et al., 2012).

The purposes of this research is to deliberately study about the structure
of karanda flower, colors which is attracting the crepuscular hawk moth and the
amounts of honey solution consuming by the moth. This insect is one of the
main pollinator in the ecosystems. There are few studies on this species of
hawk maoth.

Materials and methods
The structure of the Carissa carandas L

C. carandas were collected and measured the flower sizes.
Proboscis of N. hespera
Take 30 samples of males and females to measure the length of proboscis.

Study on the color attraction of the crepuscular hawk moth and Amount of
nectar uptake by the adults crepuscular hawk moth

After the hawk moth hatched out of the pupa, it was transferred to a
rearing cage (40x60x40 cm). Inside the cage, 5 artificial flowers: white, pink,
violet, yellow and chartreuse green were embedded with equal distance on the
circumference(6 cm diameter) stage. The flower has 4 cm corolla tube filled up
with 1.1 ml of 25% honey solution. The flower color that the moth selected
and the amount of honey solution uptake was recorded.
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Results and Discussions

The structure of the Karanda flower

Flower: The inflorescence is a bunch. The cyme sub-inflorescence is a
bouquet of flowers with 3 white color flowers. The lower petals are attached to
the tube. The petals at the end of the flowers are divided into 5 petals. The
petals are pink with the length of 16.00-21.00 mm (average 19.20 + 1.16 mm),
which is a half time the proboscis length of the hawk moth. The petals of each
petal have the broadest margin of 4.50-7.00 mm (5.67 £ 0.59) and petals 8.50-
12.00 mm (average 10.57 + 1.03). The pedicel is 2.50- 6.00 mm (average 3.81
+ 0.98) (Table 1) (Figure 1). It is a complete flower with both male and female
stamensin the same flower. And five stamens attached to the flower petals. The
anthers filament is very short and one pistil is lower than the stamens. The
stamen is 9.50-10.00 mm long. The C. carandas is considered to be the only
host plant of the crepuscular hawk. It is evident that plants have evolved
together with insects (Suetsugu et al., 2015). Vanda falcata grows in the longer
shape of flower stem to response to the insect's mouthpart and increase the
chances of pollination. In addition, the smell of flowers is important to attract
the population of butterflies. Orchid flowers in the evening release floral
fragrance. (Taneda et al., 2009), which induces uterine pollination. In addition
to finding food of butterflies, they use color or stimuli such as the smell of
flowersand learning behavior (Riffell and Alarcon, 2013). Only a few hawk
moth are developedto suck in a long stem flower to obtain the nectar (Bauder et
al., 2010).

A proboscis of N. hespera

The proboscis of male is slightly longer than the females. Male’sproboscis
length was 42-51 mm (average 46.03 + 2.33 mm) (Figure 2). 42-48 mm
(average 44.03 = 2.08) female’s proboscis (Figure 3). The adult of the N.
hespera is a noctuidae with large eyes. The evolution of the selection of food
plants by the study found that the N. hespera with a Proboscis length of 8 half
the length of the petal of the C. carandas. The results of this study are consistent
with research (Darwin, 1862; Johnson & Steiner, 1997; Alexandersson &
Johnson, 2002; Johnson et al., 2002; Borrell, 2005; Pauw et al., 2009; Krenn,
2010). Hawk moths have evolved in adaptation to acquire food resources, such
as nectar, flowers hidden in deep petal vesicles.
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The color attraction of the crepuscular hawk moth and amount of nectar
uptake

Color attraction to hawk moth.and amount of nectar uptake by the adults
crepuscular hawk moth from 5 artificial flowers: yellow, white, chartreuse
green, pink and violet. in a rearing cage size 40x60x40 cm. It was found that
the hawk moth sucked honey solution from artificial flowers during the night
and early in the morning. From the observation, the hawk moth acquired the
honey solution in two positions: one landing on the flowers and use its
proboscis to take up the solution (Figure 4-5) and the other is hovering and
fluttering, then extend its proboscis to get the honey solution.

Amount of nectar uptake by the N. hespera, The highest volume uptake
was found from chartreuse green artificial flower0.64 = 0.12 ml, flowed by
white, pink, yellow and violet flowers 0.6 + 0.15, 0.55 £ 0.09, 0.53 £ 0.08 and
0.51 + 0.05 ml, respectively(Table 2). The similar results were illustrated in
Figure 6, the most frequent visit of the karanda hawk moth to artificial flowers
was chartreuse green. This indicated that color of flower effect on this hawk
moth host selection. However, the smell of sweet nectar in flowers is an
important stimulus to attract butterflies as well. In addition to finding food of N.
hespera, both color and smell of flowersincluding learning behaviour are the
choice decision of nectar uptake from the flowers (Riffell and Alarcon, 2013).
During the night, the white or soft flower reflects well in the 400 to 800 nm
spectrum, which attract to hawk moth more than the solid colors (Paige and
Whitham, 1985).

Table 1. Floret sizes in mm of the karanda

Petal
Width Length
3.81+0.98 19.20+£1.16 5.67+0.59 10.57+1.03

Pedicel length Corolla tube length
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Figure 2 A male proboscis of the crespuscular hawk moth (46.03 + 2.33 mm
long)
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Figure 3 A proboscis length of adult female N. hespera (44.03 £ 2.08 mm
long)

Figure 4 The hawk moth using its proboscis for honey solution uptake
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Figure 5 Landing position of crepuscular hawk moths

Table 2. Amount of nectar uptake by the crepuscular hawk moth

Color of artificial flowers Amount of 25% honey Range(ml)
solution uptake!(ml)

Yellow 0.53+0.08c 0.5-0.7
White 0.60£0.15ab 0.5-0.9
green 0.64+0.12a 0.5-0.9
Pink 0.55+0.00bc 0.5-0.7
violet 0.51+0.00c 0.5-0.7

%C.V. 17.96

!Means with the same letter are not significantly different from each other (P>0.05 ANOVA
followed by LSD)

409



[N
N

[E
o

frequency of hawk moth visiting

4 _— [ — —

2 Y A U . - -

. | Sa RN}/ N
Green White Yellow Pink Purple

The color of artificial flowers

References

Alexandersson R, Johnson SD. (2002). Pollinator-mediated selection on flower-tube length in a
hawkmoth-pollinated Gladiolus (Iridaceae) Proceedings of the Royal Society of London
B. 269:631-636.

Bauder, J. A. S., N. R. Lieskonig, and H. W. Krenn. (2010). The extremely long-tongued
Neotropical butterfly Eurybia lycisca (Riodinidae): Proboscis morphology and flower
handling. Arthropod Structure and Development 6: 122-127.

Borrell BJ. Long tongues and loose niches (2005). Evolution of euglossine bees and their nectar
flowers. Biotropica.;37:664-669.

Darwin, C. (1862). On the various contrivances by which British and foreign orchids are
fertilised by insects and on the good effects of intercrossing. John Murray; London.
Gaskett, AC., R. L. Kaczorowski, R. A. Raguso, A. R. Seliger and S. K. Wigsten. (2012).
Corolla shape vs. size in flower choice by a nocturnal hawkmoth pollinator. Functional

Ecology 26: 577-587.

Johnson, SD. and Martins DJ. (2013). Interactions between hawkmoths and flowering plants in
East Africa : polyphagy and evolutionary specialization in an ecological context.
Biological Journal of the Linnean Society 110: 199-213.

Johnson SD, Edwards TJ, Carbutt C and Potgieter C. (2002). Specialization for hawkmoth and
long-proboscid fly pollination in Zaluzianskya section  Nycterinia  (Scrophulariaceae)
Botanical Journal of the Linnean Society. 2002;138:17-27.

Johnson SD and Steiner KE. (1997). Long-tongued fly pollination and evolution of floral spur
length in the Disa draconis complex (Orchidaceae) Evolution. 51:45-53.

Kessler D., Kallenbach M, Diezel C., Rothe E. and Murdock M. (2015). How scent and nectar
influence floral antagonists and mutualists. [Online]
Available.https://elifesciences.org/content/4/e07641

410



International Journal of Agricultural Technology 2017 Vol. 13(3): 403-411

Krenn HW (2010). Feeding mechanisms of adult Lepidoptera: structure, function, and
evolution of the mouthparts. Annual Review of Entomology.55:307-327.

Paige KN. and Whitham TG (1985). Individual and population shifts in flower color by scarlet
gilia: a mechanism for pollinator tracking. Science227(4684): 315-317.

Pauw A, Stofberg J, Waterman RJ. (2009). Flies and flowers in Darwin’s race. Evolution. 63:
268 -279.

Taneda A., Funato Y., Adachi M. and Negishi H. (2009): Changes in floral volatiles of
Neofinetia falcata (Orchidaceae) in a day cycle by HS-SPME-GC-MS. — Biosci.
Biotechnol. Agrochem. (Suppl.) 84: 302.

Riffell JA. and Alarcon R (2013). Multimodal floral signals and moth foraging decisions. Plos
one 8(8):1-15.

Suetsugu K., Tanaka K, Okuyama Y and Yukawa T. (2015). Potential pollinator of Vanda
falcata (Orchidaceae): Theretra hawkmoths(Lepidoptera:Sphingidae) are visitors of long
spurred orchid. European Journal of Entomology 5: 393-397.

(Received 9 March 2017, accepted 30 April 2017)

411



122

wa R v
IEERGIARLLT

4 2
¥o-uwana U9AN 49 AUBTY
Tu hiou Fifa 26 HUIBY 2536
Moy 100/50 vi3j 12 ouu Aaudd Aua I13MIL SUNDUING

Tanda aynssms 10540
wos Ins 087-0378797
a s . — .
RN win_air@hotmail.co.th
Usziamsan MY, (AATMIARS), 2557

amiuma TuTainszeeuindudinaunmsaianszii

o a o

o da
NTHIVYNANWUN

o s

q¥51 A U0 3N N8 HBNAY ﬂsaﬁﬁnﬁ'wumu UAZSINT DUNIHeY. 2558. Nave et uvow
sumonninydea 1Audolsna o3 Ay (Burerenychus. africanus (Tucker)).m3isz i
SRR AT 14: T60-766.

q¥51 AMe A Uaz gITUNS 11399, 2560, F13In01 V0 R@OMUNINIA S Nephele hespera
(F) (Lepidoptera:Sphingidac). 1131324 UI¥INITAYAINIZIDUINA NI 1AMV
ananseifs e 4.

S. Danarunl, S. Bumroongsook and S. Tigvattananont. 2017. Color attraction of the crepuscular

hawk = moth (Nephele hespera) (Lepidoptera: Sphingidae). International Journal of
Agricultural Technology. 13(3): 403-411.



	1 หน้าปกนอก
	2-4 หน้าปกไทย-cop
	5 ใบรับรองวิทยานิพนธ์
	6-11 บทคัดย่อ-สารบัญ
	12 -17 บทที่ 1-บรรณานุกรม
	18 ภาคผนวก
	19 ประวัติผู้เขียน



