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Figure 1. E. fullonia: (A) larva; (B) adult female at rest; (C) adult female dorsal view;

and (D) adult female ventral views.

[Images courtesy of (A) J. Otto, http://linus.socs.uts.edu.au/~don/larvae/cato/fullon.html);

(B) Apte (1999); (C-D) CSIRO (2004).]
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Introduction

Eudocima fullonia, also known as the fruit-piercing moth is a significant pest of citrus
and several commercial fruit crops (Baptist 1944, CAB 2004). This insect occurs in
Africa, Asia, Oceania, but is native to the Indo-Malaysian region (Baptist 1944, APPC
1987, CABI/EPPO 2001). Unlike most other moths, E. fullonia uses its proboscis to
puncture fleshy plant parts, typically fruit, to feed (Bénziger 1982). Larvae have no such
requirement, so host plants typically differ between larval and adult stages. Larvae are
primarily foliage feeders of several wild trees, shrubs and vines within the families
Menispermaceae and Fabaceae.

Although E. fullonia is present in Hawaii and the Northern Mariana Islands (Comstock
1963, CABI/EPPO 2001), it is not currently known to occur in the conterminous United
States. Several commodities pest risk assessments mention Eudocima fullonia as a
surface feeder of fruit (e.g., grapes from Korea; pears from China) but conclude that this
pest is not likely to remain with commodities during processing and shipment (Cave and
Lightfield 1997, Hanken 2002). The purpose of this “mini” risk assessment is to evaluate
several factors that contribute to risks posed by E. fullonia and apply this information to
the refinement of sampling and detection programs.

1. Ecological Suitability. Rating: Medium. Eudocima fullonia is present in
Africa, Asia, and Oceania . Appendix A provides a detailed list of the reported
worldwide distribution of this noctuid moth. In general, E. fullonia currently
occurs in dry or tropical climates and may be encroaching upon warm temperate
climates with dry winters (CAB 2004). Bénziger (1987) considers this insect
primarily a tropical, lowland species, but this description is inconsistent with
observations of the insect in Japan and Korea (Appendix A-Table A1l). Based on
our analysis of the currently reported worldwide distribution, it appears that E.
fullonia is most closely associated with biomes characterized as: temperate
broadleaf and mixed forests; tropical and subtropical grasslands, savannas and
shrubs; and tropical and subtropical moist broadleaf forests. Consequently, we
estimate that approximately 30% of the continental US would have a suitable
climate for Eudocima fullonia (Fig. 2). See Appendix A for a more complete
description of this analysis.

Based on available information about the geographic distribution of this pest, the
presence of E. fullonia in Mongolia (Appendix A, Table A1) is questionable for
several reasons. A distribution map produced by the Commonwealth Institute of
Entomology places the insect in Mongolia based on a non-refereed citation from
Wu who reported the insect from Amurland in the Russian Far East (CIE 1977).

A review by Zhang (1994) does not include Mongolia in the geographic
distribution of E. fullonia. Finally, Mongolia has a very different climate than any

CAPS PRA: Eudocima fullonia 2



other country where E. fullonia is known to occur. If Mongolia is a correct
record, then we would have to include all of the following five biomes: boreal
forests; desert and xeric shrublands; montagne grasslands; temperate coniferous
forests; and temperate grasslands, savannas and shrublands. Mongolia was
omitted from our climate analysis.

/z
Y

Figure 2. Predicted distribution (green) of Eudocima fullonia
in the contiguous US.

Figure 2 illustrates where E. fullonia is most likely to encounter a suitable climate
for establishment within the continental US. This prediction is based only on the
known geographic distribution of the species. Because this forecast is based on
coarse information, areas that are not highlighted on the map may have some
chance of supporting populations of this exotic species. However, establishment
in these areas is less likely than in those areas that are highlighted. Initial surveys
should be concentrated in the higher risk areas and gradually expanded as needed.

2. Host Specificity/Availability. Rating: Low/High. Eudocima fullonia reportedly
feeds on more than 100 plant species in over 34 families (Table 1). Many hosts
are wild and native to the tropics, though several are cultivated. Host plants for
the adult fruit-piercing moth include several economically important fruits such as
citrus, apple, pear, stone fruit, grape, melon, tomato, mango, papaya, pineapple,
and strawberry. Larvae of E. fullonia tend to feed on foliage of wild hosts,
typically trees, shrubs and vines, within the families Menispermaceae and
Fabaceae. See Appendix E for more information on life stages and feeding
behavior of E. fullonia.
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Table 1. Host plants of Eudocima fullonia:

Hosts

References

akebia, five-leaf (4kebia quinata)

(Shiraki 1952)

akebia,three-leaf (Akebia trifoliata)

(Shiraki 1952)

Albertisia ferruginea’

(Bénziger 1982)

albutra' (4drcangelisia flava)

(Bénziger 1982)

apple (Malus domestica 'Granny Smith'")

(Waterhouse and Norris 1987)

apple (Malus sp.)

(Shiraki 1952, Waterhouse and
Norris 1987, Denton et al. 1991,
Kessing and Mau 1993, Zhang
1994)

apple, red” (Malus domestica)

(Denton et al. 1991)

apricot (Prunus armeniaca)

(Waterhouse and Norris 1987,
Denton et al. 1991, Kessing and
Mau 1993, CAB 2004)

baccaurea (Baccaurea sp.)

(Bénziger 1982)

banana (Musa sp.)

(Baptist 1944, CIE 1977, Maddison
1982, Kumar and Lal 1983,
Waterhouse and Norris 1987,
Denton et al. 1991, Kessing and
Mau 1993, Zhang 1994,
Muniappan et al. 1995, CAB 2004,
Muniappan et al. 2004, Herbison-
Evans and Crossley 2005)

Bandicoot Berry (Leea indica)

(Bénziger 1982)

breadfruit (Artocarpus altilis (= A. incisus))

(Cochereau 1977, Waterhouse and
Norris 1987, Denton et al. 1991,
Kessing and Mau 1993)

bucayo' (Erythrina fusca)

(Cochereau 1977, Waterhouse and
Norris 1987, Kessing and Mau
1993, Muniappan et al. 1993, Fay
1996, Herbison-Evans and
Crossley 2005)

cactus

(Denton et al. 1991)

cantaloupe (Cucumis melo)

(Cochereau 1977, CAB 2004)

carambola (4verrhoa carambola 'Arkin')

(Fay and Halfpapp 1993a)

carambola (4verrhoa carambola 'B10")

(Fay and Halfpapp 1993a)

carambola (4verrhoa carambola 'B2")

(Fay and Halfpapp 1993a)

carambola (4verrhoa carambola 'Fwang Tung')

(Fay and Halfpapp 1993a)

carambola (4verrhoa carambola "Thai Knight')

(Fay and Halfpapp 1993a)

carambola (4Averrhoa sp.)

(Cochereau 1977)

carambola or star fruit (Averrhoa carambola)

(Waterhouse and Norris 1987,
Denton et al. 1991, Fay and
Halfpapp 1993a, b, Kessing and
Mau 1993, Sands et al. 1993, Fay
1994, Fay and Halfpapp 1999,
CAB 2004)

. . 1
Carronia multisepalea

(Fay 1994, Herbison-Evans and
Crossley 2005)

- T2
Carronia protensa

(Fay and Halfpapp 1993b)
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Hosts

References

- T
Carronia sp.

(Muniappan et al. 1993)

cashew nut (Anacardium occidentale)

(Baptist 1944, Cochereau 1977,
Waterhouse and Norris 1987,
Denton et al. 1991, Zhang 1994,
CAB 2004)

Citrus sp.

(Baptist 1944, Shiraki 1952, Gupta
1969, CIE 1977, Sandhu et al.
1980, Kalshoven and Van Der
Laan 1981, Maddison 1982, Kumar
and Lal 1983, Dodia et al. 1986,
Bénziger 1987, Commission 1987,
Fay and Halfpapp 1993a, b, Sands
etal. 1993, Vargo et al. 1993, Fay
1994, Zhang 1994, Kiem 1995,
Muniappan et al. 1995, CAB 2004)

1
cocoa (Theobroma cacao)

(Comstock 1963)

coffee (Coffea sp.)

(Waterhouse and Norris 1987,
Denton et al. 1991, Kessing and
Mau 1993)

coffee, arabica (Coffea arabica)

(Cochereau 1977, CAB 2004)

coral tree' (Erythrina sp.)

(Comstock 1963, Cochereau 1977,
Bénziger 1982, Maddison 1982,
Bénziger 1987, Waterhouse and
Norris 1987, Denton et al. 1991,
Sands and Broe 1991, Kessing and
Mau 1993, Muniappan 1993,
Muniappan et al. 1993, Sands et al.
1993, Fay 1994, Zhang 1994, Fay
1996, Sands and Chan 1996, CAB
2004, Muniappan et al. 2004,
Smith 2004)

coral tree, pale"* (Erythrina pallida)

(Waterhouse and Norris 1987)

coral tree, variegated' (Erythrina parcellii)

(Waterhouse and Norris 1987)

coral tree, variegated' (Erythrina variegata)

(Heu 1988, Hara and Matayoshi
1989)

coralbead' (Cocculus sp.)

(Muniappan et al. 1993)

coralbead, queen' (Cocculus orbiculatus (=
Cocculus ferrandianus = Cocculus trilobus))

(Muniappan et al. 1993)

. . 1
Coscinium blumeanum

(Bénziger 1982)

crabapple, European (Malus sylvestris)

(CAB 2004)

crybaby tree' (Erythrina crista-galli)

(Waterhouse and Norris 1987,
Muniappan et al. 1993, Herbison-
Evans and Crossley 2005)

custard apple (Annona reticulata)

(Waterhouse and Norris 1987,
Denton et al. 1991)

Cyclea peltata’

(Muniappan et al. 2004)

Cyclia peltata'

(Bhumannavar and Viraktamath
2001a)
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Hosts

References

dadap' (Erythrina subumbrans (= Erythrina
lithosperma))

(Kumar and Lal 1983, Waterhouse
and Norris 1987, Muniappan et al.
1993, Fay 1996, CAB 2004)

dadap, drala, ngatae' (Erythrina sp.)

(Maddison 1982)

Dioscoreophyllum tenerum'

(Hargreaves 1936)

Dioscoreophyllum volkensii'

(Bénziger 1982)

Diospyros glandulosa

(Binziger 1982)

, — I3
Diploclisia glaucescens”

(Bénziger 1982, Bhumannavar and
Viraktamath 2001a, b)

duiker berry' (Sapium integerrimum
(= Excoecaria reticulata))

(Hargreaves 1936)

eggplant or aubergine (Solanum melongena)

(Denton et al. 1991, CAB 2004,
Muniappan et al. 2004)

Fawcettia sp. 1

(Muniappan et al. 1993)

5 .2
Fibraurea chloroleuca™

(Béinziger 1982)

Ficus edulis

(Cochereau 1977)

fig (Ficus sp.)

(Shiraki 1952, Cochereau 1977,
Waterhouse and Norris 1987,
Denton et al. 1991, Kessing and
Mau 1993)

fig, cluster (Ficus racemosa)

(Bénziger 1982)

fig, common (Ficus carica) (CAB 2004)
fig, rough-leafed (Ficus hispida) (Binziger 1982)
fijian longan (Pometia pinnata) (CAB 2004)

fish berry' (Anamirta cocculus)

(Baptist 1944, Kalshoven and Van
Der Laan 1981, Banziger 1982,
Bhumannavar and Viraktamath
2001a, b)

giant granadilla (Passiflora quadrangularis)

(Cochereau 1977, CAB 2004)

Goal lata' (Pericampylus glaucus
(= Pericampylus incanus))

(Hargreaves 1936, Baptist 1944,
Bénziger 1982)

grape (Vitis sp.)

(Shiraki 1952, Yoon and Lee 1974,
Bénziger 1982, Denton et al. 1991,

Zhang 1994, Muniappan et al.
2004)

grape, wine (Vitis vinifera)

(CAB 2004)

grapefruit (Citrus Xparadisi)

(Baptist 1944, Comstock 1963,
Kumar and Lal 1983, Dodia et al.
1986, Waterhouse and Norris 1987,
Denton et al. 1991, Kessing and
Mau 1993, CAB 2004)

Grewia tomentosa

(Bénziger 1982)

grumichama (Eugenia dombeyi)

(CAB 2004)

guava (Psidium sp.)

(CIE 1977, Béanziger 1982,
Maddison 1982, Kumar and Lal
1983, Binziger 1987, Waterhouse
and Norris 1987, Denton et al.
1991, Kessing and Mau 1993,
Sands et al. 1993)
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Hosts References
guava, common (Psidium guajava) (Cochereau 1977, CAB 2004)
guava, strawberry (Psidium cattleianum) (CAB 2004)

guduchi' (Tinospora cardifolia)

(Muniappan et al. 2004)

Hypserpa decumbens"*

(Bénziger 1982, Fay and Halfpapp
1993b, Herbison-Evans and
Crossley 2005)

Hypserpa laurina"*

(Fay and Halfpapp 1993b)

Hypserpa ponapensis'

Hypserpa reticulata*

(Fay and Halfpapp 1993b)

Hypserpa sp. 1

(Muniappan et al. 1993, Fay 1996)

Hypserpa trukensis'

Indian bael' (degle marmelos)

(Sandhu et al. 1980)

Indian cockle' (Cocculus indicus)

(Hargreaves 1936, Baptist 1944)

(= A. integrifolius))

jackfruit (Artocarpus heterophyllus

(Cochereau 1977, Denton et al.
1991, CAB 2004)

Jamaica cherry (Muntingia calabura)

(Binziger 1982, CAB 2004)

Java-plum (Syzygium cumini (=Eugenia

(Cochereau 1977)

Jjambolana))

kariba weed (Salvinia molesta) (CAB 2004)
kechapi (Sandoricum koetjape) (CAB 2004)
kiwi (Actinidia chinensis) (CAB 2004)

kiwifruit (Actinidia sp.)

(Waterhouse and Norris 1987,
Denton et al. 1991, Fay and
Halfpapp 1993b, Kessing and Mau
1993)

laui'atolo' (Stephania forsterr)

(Maddison 1982, Waterhouse and
Norris 1987, Kessing and Mau
1993, Muniappan et al. 1993,
Herbison-Evans and Crossley
2005)

laurel-leaf snailseed' (Cocculus laurifolius)

(Bénziger 1982, Poole 1989)

Legnephora sp. '

(Muniappan et al. 1993, Fay 1996)

lemon (Citrus limon (= C. limonum))

(Cochereau 1977, Denton et al.
1991, CAB 2004)

lime (Citrus aurantifolia)

(Bénziger 1982)

lime, sweet (Citrus limettioides)

(Sandhu et al. 1980)

longan (Dimocarpus longan)

(Bénziger 1982, 1987, Waterhouse
and Norris 1987, Denton et al.
1991, Fay and Halfpapp 1993a,
Kessing and Mau 1993, Sands et al.
1993, Zhang 1994, CAB 2004,
Herbison-Evans and Crossley
2005)
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Hosts

References

lychee (Litchi chinensis (= Nephelium litchi))

(Bénziger 1982, Waterhouse and
Norris 1987, Denton et al. 1991,
Fay and Halfpapp 1993a, b,
Kessing and Mau 1993, Sands et al.
1993, Fay 1994, Fay and Halfpapp
1999, CAB 2004, Muniappan et al.
2004, Herbison-Evans and
Crossley 2005); (Cochereau 1977)

lychee (Litchi chinensis 'Kwai May Pink')

(Fay and Halfpapp 1993a)

lychee (Litchi chinensis 'Tai So")

(Fay and Halfpapp 1993a)

machete"* (Erythrina berteroana)

(Waterhouse and Norris 1987)

Malasian apple (Syzygium malaccense)

(CAB 2004)

mandarin (Citrus reticulata)

(Baptist 1944, Cochereau 1977,
Bénziger 1982, Waterhouse and
Norris 1987, Denton et al. 1991,
Kessing and Mau 1993, CAB
2004)

mango (Mangifera indica)

(Baptist 1944, CIE 1977,
Cochereau 1977, Kalshoven and
Van Der Laan 1981, Bénziger
1982, Maddison 1982, Kumar and
Lal 1983, Waterhouse and Norris
1987, Denton et al. 1991, Fay and
Halfpapp 1993b, Kessing and Mau
1993, Zhang 1994, CAB 2004,
Muniappan et al. 2004)

mangosteen (Garcinia mangostiana)”

(Bénziger 1982)

melon (Cucumis sp.)

(Waterhouse and Norris 1987,
Denton et al. 1991, Kessing and
Mau 1993)

milla (Vitex pinnata)

(Bénziger 1982)

mulungu tree” * (Erythrina velutina)

(Waterhouse and Norris 1987)

nectarine (Prunus persica var. nectarina)

(Cochereau 1977, Waterhouse and
Norris 1987, Denton et al. 1991,
Kessing and Mau 1993)

orange (Citrus sinensis 'Blood Red")

(Sandhu et al. 1980)

orange (Citrus sinensis 'Jaffa')

(Sandhu et al. 1980)

orange (Citrus sinensis 'Mosambi')

(Sandhu et al. 1980)

orange (Citrus sinensis 'Navel'")

(Waterhouse and Norris 1987,
Kessing and Mau 1993, CAB
2004)

CAPS PRA: Eudocima fullonia




Hosts

References

orange (Citrus sinensis)

(Baptist 1944, Comstock 1963,
Cochereau 1977, Binziger 1982,
Kumar and Lal 1983, Waterhouse
and Norris 1987, Denton et al.
1991, Kessing and Mau 1993,
Lubulwa and McMeniman 1998,
Bhumannavar and Viraktamath
2001a, Muniappan et al. 2004)

orange, calamondin® ( xCitrofortunella
microcarpa)

(Denton et al. 1991)

orange, king (Citrus nobilis)

(Cochereau 1977)

orange, sour (Citrus aurantium)

(Cochereau 1977)

Pachygone ledermannii'

(Fay and Halfpapp 1993b)

Pachygone longifolia"*

(Fay and Halfpapp 1993b)

Pachygone ovata'

(Fay and Halfpapp 1993b, CAB
2004, Muniappan et al. 2004)

Pachygone sp.'

(Fay 1996)

papaya or papaw (Carica papaya)

(CIE 1977, Cochereau 1977,
Bénziger 1982, Maddison 1982,
Kumar and Lal 1983, Waterhouse
and Norris 1987, Denton et al.
1991, Fay and Halfpapp 1993b,
Kessing and Mau 1993, Zhang
1994, Lubulwa and McMeniman
1998, CAB 2004)

Parabaena sagittata'

(Bénziger 1982)

passion fruit (Passiflora edulis)

(Waterhouse and Norris 1987,
Denton et al. 1991, Kessing and
Mau 1993, CAB 2004)

pauh kijang (Irvingia malayana)

(Béanziger 1982)

peach (Prunus persica (= Persica vulgaris))

(Shiraki 1952, Cochereau 1977,
Bénziger 1982, 1987, Waterhouse
and Norris 1987, Denton et al.
1991, Kessing and Mau 1993, CAB
2004)

pear (Pyrus sp.)

(Shiraki 1952, Zhang 1994, Cave
and Lightfield 1997)

pearl vine' (Sarcopetalum harveyanum)

(Fay and Halfpapp 1993b, Fay
1994, Herbison-Evans and
Crossley 2005)

pepper (Capsicum sp.)

(Waterhouse and Norris 1987)

pepper, bell (Capsicum annuum)

(Cochereau 1977, Denton et al.
1991, CAB 2004)

pepper, green (Capsicum annuum)

(Vargo et al. 1993)
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Hosts

References

peron

(Kalshoven and Van Der Laan
1981)

persimmon, oriental (Diospyros kaki)

(Béanziger 1982, Waterhouse and
Norris 1987, Denton et al. 1991,
Fay and Halfpapp 1993b, Kessing
and Mau 1993, CAB 2004)

pineapple (Ananas comosus)

(Cochereau 1977, Waterhouse and
Norris 1987, Denton et al. 1991,
Kessing and Mau 1993, Lubulwa
and McMeniman 1998, CAB 2004)

plantain, french (Musa paradisiaca var.
sapientium)

(Cochereau 1977)

Pleogyne sp. "

(Muniappan et al. 1993)

plum (Prunus domestica)

(Denton et al. 1991)

plum, black® (Diospyros australis)

(Denton et al. 1991)

plum, hog (Spondias axillaris)

(Bénziger 1982)

pomegranate (Punica granatum)

(Baptist 1944, Binziger 1987,
Bhumannavar and Viraktamath
2001a, CAB 2004, Muniappan et
al. 2004)

prickly tape vine' (Echinostephia aculeata
(= Stephania aculeata))

(Bénziger 1982, Fay 1996,
Herbison-Evans and Crossley
2005)

pricklypear (Opuntia sp.)

(Cochereau 1977, CAB 2004)

pummelo (Citrus maxima (= C. grandis))

(Cochereau 1977, Denton et al.
1991, CAB 2004)

putarwali' (Tinospora crispa)

(Bénziger 1982, 1987, Fay and
Halfpapp 1993b)

. 1,2
Pycnarrhena novoguineensis

(Fay and Halfpapp 1993b)

rambutan (Nephelium lappaceum)

(Bénziger 1982, CAB 2004)

red cardinal "** (Erythrina herbacea)

(Waterhouse and Norris 1987)

rose apple (Syzygium jambos)

(Bénziger 1982)

round-leaf vine' (Legnephora moorei)

(Bénziger 1982, Fay and Halfpapp
1993b, Fay 1994, Zhang 1994,
Herbison-Evans and Crossley
2005)

Rubus sp.

(Bénziger 1982)

Sarcopetalum sp. '

(Muniappan et al. 1993, Fay 1994,
1996)

snake vine' (Tinospora smilacina)

(Baptist 1944, Binziger 1982, Fay
and Halfpapp 1993b, Fay 1994,
Sands and Chan 1996, Fay and
Halfpapp 1999, Herbison-Evans
and Crossley 2005)
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Hosts

References

snake vine""* (Stephania japonica var. discolor)

(Fay and Halfpapp 1993b)

soursop (Adnnona muricata)

(Cochereau 1977, Denton et al.
1991, CAB 2004, Muniappan et al.
2004)

southern japonica' (Stephania japonica)

(Bénziger 1982, Waterhouse and
Norris 1987, Sands and Brancatini
1991, Fay and Halfpapp 1993b,
Sands et al. 1993, Fay 1994,
Bhumannavar and Viraktamath
2001a, Muniappan et al. 2004,
Herbison-Evans and Crossley
2005)

star apple (Chrysophyllum cainito)

(Vargo et al. 1993, CAB 2004)

Stephania bancroftii"*

(Fay and Halfpapp 1993b)

Stephania dinklagei'

(Hargreaves 1936, Bénziger 1982)

Stephania harveyanum'*

(Fay 1994)

Stephania hernandiaefolia'

(Baptist 1944)

Stephania japonica var. forsteri'

(Sands et al. 1993)

.. N 3 N 1,5
Stephania japonica var. timoriensis

(Fay and Halfpapp 1993b, Fay
1996)

Stephania sp. '

(Hargreaves 1936, Waterhouse and
Norris 1987, Kessing and Mau
1993, Muniappan et al. 1993, Fay
1996)

Stephania wightii'

(Bhumannavar and Viraktamath
2001a)

stone fruit (Prunus sp.)

(Sands et al. 1993)

strawberry (Fragaria sp.)

(Bénziger 1982)

sugar apple or sweetsop (Annona squamosa)

(Cochereau 1977, Denton et al.
1991, CAB 2004)

. N 1
Synclisia ferruginea

(Hargreaves 1936)

tiger's claw' (Erythrina variegata (= Erythrina
indica (= Erythrina variegata var. fastigiata)))

(Hargreaves 1936, Cochereau
1977, Kumar and Lal 1983,
Waterhouse and Norris 1987,
Muniappan et al. 1993, Vargo et al.
1993, Fay 1996, CAB 2004,
Muniappan et al. 2004, Herbison-
Evans and Crossley 2005)

tiger's claw' (Erythrina variegata var.
orientalis)

(Comstock 1963, Cochereau 1977,
Waterhouse and Norris 1987,
Kessing and Mau 1993, Muniappan
et al. 1993, Sands et al. 1993)

R s 1,2
Tiliacora acuminata>

(Bhumannavar and Viraktamath
2001b)
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Hosts

References

— T
Tiliacora australiana

(Fay and Halfpapp 1993b, Fay
1994)

Tiliacora funifera'

(Béanziger 1982)

- 1
Tiliacora sp.

(Hargreaves 1936, Kalshoven and
Van Der Laan 1981, Bénziger
1982, Kumar and Lal 1983,
Waterhouse and Norris 1987,
Kessing and Mau 1993, Fay 1994,
1996)

7. .1
Tiliacora warneckei

(Baptist 1944)

A . N 1
Tinomiscium petiolare

(Bénziger 1982)

- T2
Tinospora angusta

(Fay and Halfpapp 1993b)

. . .1
Tinospora baenzigeri

(Bénziger 1982, 1987, Fay and
Halfpapp 1993b)

. T
Tinospora homosepala

Tinospora sp.'

(Waterhouse and Norris 1987,
Kessing and Mau 1993, Muniappan
etal. 1993, Fay 1994, Zhang 1994,
Fay 1996)

Tinospora spp. aff. glabra'

(Bénziger 1982)

tinospora, Chinese' (Tinospora sinensis)

(Bénziger 1982, 1987, Fay and
Halfpapp 1993b, CAB 2004)

tinospora, gulancha' (Tinospora cordifolia)

(Baptist 1944, Comstock 1963,
Gupta 1969, Béanziger 1982, Fay
and Halfpapp 1993b, Bhumannavar
and Viraktamath 2001a, b, CAB
2004)

tomato (Solanum lycopersicum var.
lycopersicum (= Lycopersicon esculentum))

(Baptist 1944, Shiraki 1952,
Comstock 1963, CIE 1977,
Cochereau 1977, Maddison 1982,
Kumar and Lal 1983, Waterhouse
and Norris 1987, Denton et al.
1991, Kessing and Mau 1993,
Vargo et al. 1993, Bhumannavar
and Viraktamath 2001a, CAB
2004, Muniappan et al. 2004)

. . 1
Triclisia patens

(Hargreaves 1936)

Triclisia sp.’

(Waterhouse and Norris 1987,
Kessing and Mau 1993, Muniappan
et al. 1993)

vasan vel' (Cocculus hirsutus)

(Hargreaves 1936, Baptist 1944,
Bénziger 1982, Apte 1999,
Bhumannavar and Viraktamath
2001a, b, CAB 2004, Muniappan et
al. 2004)
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Hosts References

vines of the family Menispermaceae’' (Baptist 1944, Gupta 1969,
Cochereau 1977, Binziger 1982,
1987, Denton et al. 1991, Sands
and Broe 1991, Fay and Halfpapp
1993b, Kessing and Mau 1993,
Muniappan 1993, Muniappan et al.
1993, Sands et al. 1993, Fay 1994,
Zhang 1994, Fay 1996, Sands et al.
1996, Sands and Chan 1996,
Bhumannavar and Viraktamath
2001a, CAB 2004, Muniappan et

al. 2004)

water hyacinth (Eichhornia sp.) (CAB 2004)

watermelon (Citrullus lanatus var. lanatus (Cochereau 1977)

(= Citrullus vulgaris))

white sapote (Casimiroa edulis) (CAB 2004)

wili wili' (Erythrina tahitensis) (Waterhouse and Norris 1987,
Muniappan et al. 1993)

wiry grape' (Pleogyne australis) (Fay 1994, Herbison-Evans and
Crossley 2005)

yaanang' (Tiliacora triandra) (Béanziger 1982, 1987)

1. Larval host plants.

2. Experimental larval host plants (laboratory).

3. Experimental host in studies by Béanziger (1982) and Bhumannavar (2001b), however
Bhumannavar collected larvae in the wild from D. glaucescens.

4. Listed by Bénziger (1982) and Herbison-Evans (2005) as a known host, and as an
experimental host by Fay (1993b).

5. Considered an experimental host by Fay (1993b), and also as a wild host (Fay 1996).

See Appendix B for maps showing where various hosts occur in the contiguous
US.

3. Survey Methodology. Rating: Low. Despite the economic significance of
E. fullonia, tools for sampling its populations remain rudimentary. No
semiochemicals have been identified for this insect, so traps baited with
attractants are not an option. Moths are attracted to ultraviolet light (reviewed in
Martin Kessing and Mau 1993), so blacklight traps might be an option. Dodia et
al. (1986) mention the use of blacklight traps; however, they did not comment on
their effectiveness. Light traps must be used with caution, because E. fullonia
may be repelled by certain wavelengths of light (Martin Kessing and Mau 1993).
In a small number of cases, orchards were flooded with light to prevent moths
from attacking fruit (reviewed in Martin Kessing and Mau 1993).

Curiously, surveys for this insect commonly depend on visual inspections of
orchards at night with flashlights (Yoon and Lee 1974, Fay and Halfpapp 1999).
Adults have large eyes that glow red when illuminated making this life stage easy
to detect when it is at moderate to high densities (CAB 2004). Fay and Halfpapp
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(1999) began their surveys 30 minutes after sundown. Surveys typically lasted
for 1 hr (Yoon and Lee 1974, Fay and Halfpapp 1999).

In a regional survey, foliage of host plants was inspected for larvae at ca. 2.5 m
(~8 ft) above ground (Fay and Halfpapp 1993b); at a site, 10-25 plants were
examined.

The number of plants to be inspected depends on the level of infestation and the
desired degree of statistical confidence from the sample. More specifically, if we
can assume that (i) larvae or adults on a plant will be found when that plant is
inspected, (ii) the number of possible plants to inspect is large; and (iii) plants are
selected at random the likelihood of detection depends directly on the proportion
of plants that have at least one individual, binomial statistics can be used to
calculate the number of plants that should be inspected to detect at least one E.
fullonia in an area with a desired degree of statistical confidence. Figure 3
illustrates how the number of required samples changes as the proportion of plants
with insects and/or the desired degree of statistical confidence changes. In
general, more samples are required as the desired probability of detection
increases and as the proportion of plants with insects decreases (i.e., the insects
become rarer in the environment). These same principles apply whether
surveying for adults or larvae.

10°

104 Do

10° -

102 4

Probability of detection . D
Col 7 vs Col 8 ~

Number of sample units

................ Col 7 vs Col 10 ~N ~
100l —————- Col 7 vs Col 12
————— Col 7 vs Col 14 N
— — — - Col7vsCol16
K
100 , ' ' —
10+ 10 102 107 10°

Proportion of plants with insects
Figure 3. Required number of sample units (whole plants) to be inspected to
detect at least one E. fullonia in relation to the proportion of plants with adults or
larvae, respectively, and the desired probability of detecting the pest when it is
present. This figure assumes random sampling from a large environment.

4. Taxonomic Recognition. Rating: Medium. Eudocima fullonia are not likely to
be confused with most other noctuids that occur in North America. Larvae are
particularly unique (Fig. 1). Some confusion might occur if the range of E.
fullonia overlaps with the rage of E. materna, which occurs in Florida and Texas.
Observers may confuse E. fullonia adults with other morphologically similar
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relatives, E. homaena and E. jordani (CAB 2004). Neither species currently
occurs in the US. Additionally, seven Eudocima spp. occur in northeastern
Queensland Australia. Fay and Halfpapp (1999) observed six of these species in
northeastern Queensland Australia: E. fullonia, E. jordani, E. materna, E.
salaminia, E. aurantia, and E. cocalus. Substantial color and pattern variations,
especially among larvae, complicate distinctions between closely related
Eudocima species (Comstock 1963, Apte 1999). The identity of suspect
specimens should be determined by a qualified taxonomist.

For a detailed description of the morphology and taxonomy of E. fullonia, see
Appendix C.

5. Entry Potential. Rating: Low. Eudocima fullonia has not been intercepted by
inspectors with the US Department of Agriculture, Animal and Plant Health
Inspection Service or the US Department of Homeland Security at US ports of
entry between 1985 and 2004 (USDA 2005). Likewise, no specimens of
unspecified “Eudocima sp.” have been reported. A single interception of
Eudocima procus was noted in Miami on chrysanthemum originating in
Colombia. If Eudocima fullonia had been intercepted in the last 19 years, it may
have been identified simply as “Noctuidae; species of.” Unidentified Noctuids
have been intercepted, on average, at least 1,813 (£236 standard error of the
mean) times between 1985 and 2004 (incomplete records complicate the accuracy
of this count) (USDA 2005). However, it seems highly unlikely that all or even
most of these specimens were E. fullonia. Only 5.8% of all interceptions
originated in a country that is known to have E. fullonia. If all of the specimens
coming from countries known to have E. fullonia were, in fact, this insect, a
medium rating would be warranted. The most common origins were Thailand
(2% of all unspecified Noctuid interceptions), South Africa (0.7%), Hawaii
(0.6%), Zimbabwe (0.4%), Kenya (0.4%), New Zealand (0.3%), and Nigeria
(0.2%).

The majority of Noctuid interceptions from all parts of the world have been
associated with permit cargo (50%), international airline baggage (30%), and
general cargo (13%) (USDA 2005). The majority of Noctuid interceptions were
reported from Miami, FL (56%), JFK International airport, NY (14%), Los
Angeles, CA (6.7%), Houston, TX (4%), and Dallas, TX (4%). These ports are
the first points of entry for infested material coming into the US and do not
necessarily represent the final destination of infested material. Movement of
potentially infested material is more fully characterized in the next section.

6. Destination of Infested Material. Rating: High. When an actionable pest is
intercepted, officers ask for the intended final destination of the conveyance.
Although Eudocima sp. were intercepted only once, materials infested with
“Noctuidae; species of”” were destined for 45 states including the District of
Columbia within the contiguous US (USDA 2005). The most commonly reported
destinations were Florida (55%), New York (14%), California (11%), and Texas
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(9%). Portions of these states, with the exception of California, have climates
(based on our predictions) and potential hosts that would be suitable for
establishment by Eudocima fullonia.

7. Potential Economic Impact. Rating: High. Eudocima fullonia is considered an
important pest of citrus and numerous commercial fruits and vegetables
(Cochereau 1977, Waterhouse and Norris 1987). For example, in northeastern
Queesnsland, Australia, E. fullonia is considered one of the most destructive fruit-
piercing moth species attacking carambola, lychee, sweet Citrus, mango, kiwi,
pawpaws and persimmons (Fay and Halfpapp 1993b, 1999), all highly valuable
commodities. An adult will pierce ripening fruits with its proboscis to extract
juice. Minor adult feeding directly blemishes fruit, and heavy feeding destroys it.
Puncture wounds can also cause premature ripening, fruit drop, rot, and encourage
additional damage by secondary pests such as microorganisms and fruit flies.
Damage of this nature renders fruits and vegetables unmarketable (Hargreaves
1936, Kalshoven and Van Der Laan 1981, Maddison 1982, Martin Kessing and
Mau 1993, Sands et al. 1993, CAB 2004). Thus, adult feeding can reduce the
quantity and quality of marketed fruit. In New Caledonia, severe outbreaks occur
about every five years, causing considerable losses (Waterhouse and Norris
1987). Direct and indirect damage from the adult stage pest has resulted in up to
50% crop loss for Citrus, carambolas, and lychees in northeast Australia (Fay
1994).

The true economic impact of E. fullonia can be difficult to measure, especially
when this moth occurs in mixed populations with other Eudocima species (Fay
and Halfpapp 1999). Eudocima fullonia can comprise nearly 90% of moths
(average of 81.4% on carambolas, and 95.1% on lychees, respectively) causing
damage to fruit.

Larvae generally do not cause economic damage. Larvae tend to feed on foliage
of wild hosts, typically trees, shrubs and vines, within the families
Menispermaceae and Fabaceae (Bénziger 1982). In Australia, larvae often feed
preferentially on foliage of certain Tinospora spp. (family Menispermaceae). The
separation of resources for larvae and adults allows E. fullonia to extend its period
of reproduction and maintain population densities, even during unfavorable
climatic conditions(Fay and Halfpapp 1993b). The extent of feeding on larval
host plants is not well known, but plants are not considered economically
important (Fay and Halfpapp 1993b, Fay 1994).

Establishment and spread of E. fullonia could jeopardize crops, domestic and
foreign forest product industries, and the nursery trade.

8. Potential Environmental Impact. Rating: High. In general, newly established
species may adversely affect the environment by reducing biodiversity, altering
species composition, disrupting ecosystem function, jeopardizing endangered or
threatened plants, degrading critical habitat, or stimulating use of chemical or
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biological controls. Eudocima fullonia is likely to affect the environment in many
of these ways.

Historically, the introduction of invasive agricultural pests has initiated control
measures to avoid lost production (National Plant Board 1999). Consumer
preferences for unblemished, high quality produce encourage the use of
pesticides, while at the same time, negative public opinion regarding the use of
pesticides on fruits and vegetables is a market concern (Bunn et al. 1990).
Therefore, the establishment of any new pests of fruits and vegetables destined for
fresh markets is likely to stimulate greater use of either chemical or biological
controls to ensure market access.

Eudocima fullonia has a wide host range, feeding on foliage of tree, shrub and
vine hosts in the larval stage, and on fruits of numerous fruit crops in the adult
stage [see ‘Host Specificity’]. Appendix D summarizes federally listed threatened
or endangered plant species (USDA NRCS 2004) found within plant genera
known to be hosts (or potential hosts) for E. fullonia. Plants listed in Appendix D
might be suitable hosts for E. fullonia, and thus, could be adversely affected by
this insect.

9. Establishment Potential. Rating: Low. Our initial predictions suggest that
nearly 30% of the US has a climate that could support populations of E. fullonia
(Fig. 2). Known favored host plants for adults (esp. citrus) are grown in portions
of these climatically suitable areas. However, the biology of this insect is fairly
complex, and both larval and adults hosts must occur in the same area. The
majority of known larval hosts occur in the tropics or sub-tropics. For
establishment in the US to be likely, larvae would need to utilize red apple (Malus
domestica), coralbead (Cocculus spp), or erythrina (Erythrina spp). Larvae can
feed and develop on red apple, but this has only been observed under laboratory
conditions (Table 1). The Cocculus spp. or Eythinia spp. that occur commonly in
the United States have not been confirmed as larval hosts. Conversely, those
species of Cocculus and Erythrinia that have been confirmed as larval hosts do
not occur in the United States, except perhaps under glasshouse or ornamental
conditions. Further, based on available interception records, it appears that this
insect is not regularly introduced into the contiguous US. Collectively, these
factors contribute to a low likelihood for establishment.

See Appendix E for a more detailed description of the biology of E. fullonia.
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