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Table.1. Costs and benefits of biological control assessed by the Institute of International
Tropical Agriculture

Th B e rARER) FERF(ER) FRER

Rufous scale ol 1,789.14 Gy ER 1997
226,916

Barnacle scale R — 2 EHA 1974
110,000

Sugarcane scale oy RT 11,975.88 = &£ 3 & 67,832 1974

Sugarcane borers ¥ F 9.54 A ] 1979

48.15
Coconut leafminer #r9 g+ 35,782.95 & E RO T 1977
11,400,000
Potato tuber moth IR 35,731.66 p 1974~80 & 1974
g & 547,559

2. oA R FGIENH 2 2 Kb
Table.2. Predaceous natural enemies successfully introduced and established in Taiwan

AEE L TA85¢L DR B pisrask!

Rodolia cardinalis Icerya purchasi T 1909 C

Cryptolaemus montrouzieri Nipaecoccus N 1909 P
filamentosus

Coelophora saucia Ceratovacuna A%z 1924 P
lanigera

Euglandina rosea Achatina fulica S 1959 P

Amblyseius fallacies Tetranychus urticae iR 1985 S

Phytoseiulus persimilis(A)  T. urticae iR 1989 S

P. persimilis(B) T. urticae B 1990 S

1) C=Complete - S=Substantial - P=Partial -

3. o BFAMIFGIESH 2 2 %0
Table. 3. Parasitic natural enemies successfully introduced and established in Taiwan

T EE L TAE L O RG) BE ekl
Lixophaga diatraeae Sugarcane borers i 1959 P
Isotima javensis Scirpophaga nivella R 1961 P
Apanteles glomeratus Pieris rapae p oA 1974 P
Tamarixia radiata Diaphorina citri T RPEE 1983 P
Tetrastichus brontispae Brontispa longissima i 4% 1983 S
Trissolcus basalis Nezara viridula RS 1983 P
Diadegma eucerophaga  Plutella xylostella B R 1985 P
Cotesia erionatae Erionota totus FEEY 1987 P
Ooencyrtus erionotae E. torus FEEY 1987 P
Trichogrammatoidea Conopomorpha sinensis ?’x 2y 1988 P
bactacfumata

1) P=Partial > S=Substantial -
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g =% p 1890 # B 4/ F = g3l i& Classical Biological Control £ 4] &4
Plrip1ivr iz 1988 # L 1518 X 849 s AT EF T A5 o
HP @B £350:2 6814 At 987fi30 Popisgi Rt fon 26814
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MHERBLE oA M R A Bh o EE- YA RHE RIS V}xfﬁﬁ/\nf»m °
BAPRBEI AP oo FRF S 0 kARG E- FEE
%1989 # 33 4 BWEMT -8 2 Fini € ki & Koebele 51382
HEARL D s R B O i 0o 43 &% X chp nF 08 % 1979 £31 i
= #a&~ £ Nephaspis amnicola Wingo > Nephaspis bicolor Gordon 4= Delphastus
pusillus LeConte - = f& % 4 #& Encarsia sp.? haitiensis Dozier 4= Encarsia sp. °
SEIF A AREF AL L R sl 4 & Aleurodicus dispersus
Russell. » & ## pinilg hit 22 L g% 7o

%\4 % ig_:;;bb_%rﬁlr’-\%lilj
Table4. Plant pests under complete biological control in Hawaii

Plant Pests Major Controlling Agents

1. Acyrthosiphon pisum (Harris) (pea aphid) P -Aphidius smithi Sharma & Rao
2. Agonoxena argaula Meyrick (coconut | -Trathala flavo-orbitalis (Cameron)
leafminer) P -Brachymeria agonoxenae Fullaway
3. Agrius cingulatus (F.) (sweetpotato | -Brachymeria polynesialis (Cameron)
hornworm) P -Trichogramma chilonis Ishii
4. Aleurocanthus spiniferus (Quaintance) P -Prospaltella smithi (Silvestri)

(orange spiny whitefly) | -Encarsia variegata Howard
5. Aleurodicus dispersus Russell | -Encarsia spp.
(spiraling whitefly) P -Encarsia ?haitiensis (Dozier)

P -Encarsia spp.
P -Nephaspis amnicola Wingo

6. Aleurothrixus floccosus (Maskell) P -Delphastus pusillus (LeConte)
(woolly whitefly) P -Amitus ?spiniferus (Brethes)
7. Anomala orientalis (Waterhouse ) P -Cales noacki DeSantis

(oriental beetle)
P -Campsomeris marginella modesta (Smirh)

8. Antonina graminis (Maskell) P-Tiphia segregata Crawford
(Rhodesgrass mealybug) I-Anagyrus antoninae Timberlake
9. Aphids-various species I-Neodusmetia sangwani Rao

P-Lysiphlebius testaceipes(Cresson)
I-Aphelinus gossypii Timberlake
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Table.4. Plant pests under complete biological control in Hawaii (continued)

Plant Pests

Major Controlling Agents

10. Amorbia emigratella Busck
(Mexican leafroller)

11. Bedellia orchilella Walsingham
(sweetpotato leafminer)

12. Ceroplastes cirripediformis Comstock

(barnacle scale)
13. Coptosoma xanthogramma (White)
(black stink bug )

| & P-Other parasites & coccinellids
P-Bracon omiodivorum (Terry)
P-Brachymeria obscurata (Walker)
N-Echthromorpha fuscator (F.)
P-Pholetesor bedelliae (Viereck)
P-Coccidoxenus mexicanus (Girault)

I-Trissolcus sp.

14. Gryllotalpa africana Palisot de Beauvois P-Larra luzonensis Rohwer

(mole cricket)
Gynaikothrips ficorum (Marchal)
(Cuban laurel thrips)
Hedylepta accepta (Butler)
(sugarcane leafroller)

17. Icerya purchasi (Maskell)
(cottony cushion scale)
18. Ithome concolorella (Chambers)
(kiawe flower moth)
19. Melanaphis sacchari (Zehntner)
(sugarcane aphid)
20. Melipotis indomita (Walker)
(monkeypod-kiawe caterpillar)
21. Murgantia histrionica (Hahn)
(harlequin bug)
22. Nezata viridula (L.)
(southern green stink bug)

23. Nipaecoccus nipae (Maskell)
(coconut mealybug)

24. Oxya japonica (Thunberg)
(Japanese grasshopper)

25. Papilio xuthus L. (citrus wallowtail)

26. Perkinsiella saccharicida
Kirkaldy (sugarcane delphacid)

27. Pelopidas thrax (L.) (banana skipper)

P-Montandoniola moraguesi (Puton)

I- Trathala flavo-orbitalis (Cameron)
P-Bracon omiodivorum (Terry)
N-Diadegma blackburni (Cameron)
I-Casinaria infesta (Cresson)
P-Rodolia cardinalis (Mulsant)
I-Cryptochaetum iceryae (Williston)
P-Agathis cincta Cresson

I- Aphelinus maidis Timberlake
P-Coelophora inaequalis F.
P-Eucelatoria sp.

P-Ooencyrtus johnsoni (Howard)
P-Trissolcus murgantiae Ashmead
P-Trissolcus basalis (Wollaston)
P-Trichopoda pilipes (F.)
P-Trichopoda pennipes F.

P- Pseudaphycus utilis Timberlake
P-Hyperaspis silvestrii Weise
P-Scelio pembertoni Timberlake

P-Trichogramma chilonis Ishii
P-Pteromalus luzonensis Gahan
P-Tytthus mundulus (Breddin)

P-Ooencyrtus erionotae Ferriere
P-Cotesia erionotae (Wilkinson)
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Table.4. Plant pests under complete biological control in Hawaii (continued)

Plant Pests Major Controlling Agents
P-Leucopis obscura Haliday
28.Pineus pini (Macquart) P-Leucopis nigraluna McAlpine
(Eurasian pine adelgid)
29. Polydesma umbricola Boisduval I- Eucelatoria armigera (Coquillett)
(monkeypod moth) P-Brachymeria obscurata (Walker)

I-Hyposoter exiguae (Viereck)
I-Coccygomimus punicipes (Cresson)
30. Pseudaletia unipuncta (Haworth) P-Glyptapanteles militaris (Walsh)
(armyworm) P-Cotesia marginiventris (Cresson)
I-Chaetogaedia monticola (Bigot)
P-Euplectrus plathypenae Howard

31. Pseudococcus affinis (Maskell) P-Cryptolaemus montrouzieri Mulsant
(obscure mealybug)

32. Psylla uncatoides (Ferris & Klyver) P-Harmonia conformis (Boisduval)
(acacia psyllid)

33. Scotorythra paludicola (Butler) N-Enicospilus sp.
(koa moth) I-Hyposoter exiguae (Viereck)

I-Pristomerus hawaiiensis Perkins
P-Lespesia archippivora (Riley)

34. Siphanta acuta (Walker) P-Aphanomerus pusillus Perkins
(torpedo bug)

35. Spodoptera exempta (Walker) P-Cotesia marginiventris (Cresson)
(nutgrass armyworm) P-Meteorus laphygmae (Viereck)

I-Eucelatoria armigera (Coquillett)

36. Syagrius fulvitarsis Pascoe P-Doryctes syagrii (Fullaway)
(Australian fern weevil)

37. Tarophagus proserpina (Kirkaldy) P-Cyrtorhinus fulvus Knight
(taro delphacid) P-Ootetrastichus megameli Fullaway

38. Therioaphis maculata (Buckton) P-Trioxys complanatus Quilis

(spotted alfalfa aphid)

P-purposely introduced species
I-immigrant species
N-native species
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Table. 5. Plant pests under substantial biological control in Hawaii

Plant Pests

Major Controlling Agents

1. Aspidiotus destructor Signoret
(coconut scale)

2. Ceratitis capitata (Wiedemann)
(Mediterranean fruit fly)

3. Cinara atlantica (Wilson)
(Carolina conifer aphid)

4. Dacus dorsalis Hendel
(oriental fruit fly)

5. Elimaea punctifera (Walder)
(narrow winged katydid)

6. Hedylepta blackburni (Butler)
(coconut leafroller)

7. Herpetogramma licarsisalis
(Walker) (grass webworm)

8. Ophiomyia phaseoli (Tryon)
(bean fly)

9. Artogeia rapae (L.)
(imported cabbageworm)

10. Planococcus citri (Risso)

(citrus mealybug)

11. Pulvinaria psidii Maskell
(green shield scale)

12. Rhabdoscelus obscurus (Boisduval)
(New Guinea sugarcane weevil)
13. Spodoptera mauritia (Boisduval)

(lawn armyworm)

P-Telsimia nitida Chapin
P-Lindorus lophanthae Blaisdell
I-Aphytis spp.

P-Biosteres tryoni (Cameron)
P-Biosteres arisanus ( Sonan )

P-Hippodamia convergens
Guerin-Meneville

P-Biosteres longicaudatus (Ashmead)
P-Biosteres arisanus (Sonan)
P-Biosteres vandenboshi (Fullaway)

I- Anastatus koebelei Ashmead
I-Ufens elimaeae Timberlake
I-Oligosita sp

N-Diadegma blackburni (Cameron)
P-Lespesia archippivora (Riley)
P-Brachymeria obscurata (Walker)
N-Echthromorpha fuscator (F.)

I- Trichogramma spp.

P-Meteorus laphygmae Viereck
I-Trathala flavo-orbitalis (Cameron)
I-Eucelatoria armigera (Coquillett)
P-Opius importatus Fischer

P-Opius phaseoli Fischer

P-Cotesia glomeratus (L.)

P-Lespesia archippivora (Riley)
P-Cryptolaemus montrouzieri Mulsant
P-Leptomastidea abnormis (Girault)
I-Metaphycus flavus (Howard)
P-Cryptolaemus montrouzieri Mulsant
P-Lixophaga sphenophori (Villeneuve)

P-Cotesia marginiventris (Cresson)
P-Chelonus insularis (Cresson)

P-purposely introduced species
I-immigrant species
N-native spcies
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Comparing biocontrol in Taiwan and Hawalii
Lai Po-Yung?, Chiou Chian-Yih!, Chen Mihg-Chao?

L Institute of Tropical Agriculture and International
Cooperation

2 Entomologist of Kaohsiung District Agriculture
Improvement Station.

ABSTRACT

Taiwan and Hawaii are geologically volcanic islands. Pests found on them
were usually originated from foreign sources. As such, Taiwan and Hawaii are
ideal places for conducting classical biological control of pests. Both places have
been known for their use of biological control for more than 100 years. During
that period, a total of 44 species of natural enemies were introduced into Taiwan;
of which, 30.4% was successfully controlled by natural enemies. In addition,
47.8% of the 44 species introduced became successfully established in Taiwan.
In Hawaii, however, a total of 849 attempts were made to introduce 681 species of
natural enemies during 1890 to 1988. Of those species introduced, 254 species
(37.3%) ultimately became established in Hawaii. Among the pests selected for
biological control in Hawaii, 38 species are currently under a complete control and
13 species are under a substantial control.

In comparing the biological control programs developed in Taiwan and
Hawaii, both initiated their programs by introducing the vedalia beetle, Rodolia
cardinalis Mulsant, for the control of the cottony cushion scale, Icerya purchasi
Maskell, in 1909 and 1890, respectively. However, significant differences were
found in their execution of the programs on such issues as (1) appropriation of
funds: Annual budgets have been appropriated for the execution of biological
control work in Hawaii since 1890. In Taiwan, however, biological control work
was carried out by related research institutions on an annual project basis; (2)
restrictions of foreign exploration imposed on Taiwan’s researchers: Foreign
exploration for natural enemies by researchers were restricted in the years prior to
the deregulations on traveling in foreign countries. This restriction seriously
impeded the development of biological control in Taiwan; (3) establishment of
quarantine laboratories at ports of entry: To date, there is only one quarantine
laboratory officially approved for isolating natural enemies introduced from
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foreign countries.  Although a new quarantine laboratory was recently built at the
National Ping-Tung University of Science and Technology, it has yet to be
approved for receiving insects, mites or plants required quarantine isolation.
Contrary to Taiwan, quarantine laboratories, for isolating insects and plant
pathogens, have long been established in Hawaii. These laboratories have been
vital to the success of biological control in Hawaii; and (4) policies on introduction
of natural enemies: Hawaii has employed qualified exploratory entomologists
traveling to different countries in the world to search for natural enemies and
introduced them to Hawaii for isolation in quarantine laboratories for screening
and study. In contrast, Taiwan requires that only those natural enemies currently
being reared in laboratory are permitted for introduction into Taiwan for study
under quarantine isolation.

In order to ensure a sustainable development of biological control in Taiwan,
efforts should be made to strengthen such activities as (1) providing annual
budgets necessary to carry out biological control programs; (2) strengthening
human resource development for biological control; (3) actively conducting
foreign exploration for natural enemies: (4) increasing the number of quarantine
laboratories and establishing their standards of operation procedures in keeping
with international requirements; (5) establishing a review system to effectively
evaluate the safety of natural enemies released; and (6) holding conferences or
workshops on biological control and promoting exchanges of experiences and
technologies between Taiwan and its foreign counterparts.

Key words: biological control, natural enemies, quarantine laboratory
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