GUEST EDITORIAL

RussellH. Messing,born 1951. Prof. of Entomology
Dept. of Plantand EnvironmentalProtectionSciences,
U. of Hawaii at Manoa,Kauai Agric. Res. Ctr. BA,
RutgersU., USA (1973); M.Sc. (1985) and Ph.D.
(1988) both from Oregon StateU., USA; 1989, Res.
Assoc.,Oreggon StateU.; 1990-93,Assist. Entomol-
ogist; 1993-97,Assoc. Entomologist;1988—present,
Entomologist,all at U. of Hawaii. Postdoctoralex-
perience(1989) and visiting researchef2000) at the
Institut National de la RechercheAgronomiquelabo-
ratory in Antibes, France. Recipientof Chateaubriand
ResearcHrellovship and GammaSigmaDelta Award
for Outstanding Researcher in the University of Hawaii
College of Tropical Agriculture. Sened on Editorial
Boardsof Biological Control and of BioControl (for-
merly Entomophaga) (1994-97).Main research inter-
ests: biologicalcontrolof plantpestsparasitoicbeha-
ioral ecology andinteractionsof parasitoidswith non-
targetspecies.

Centrifugal Phylogeny as a Basisfor Non-Target Host
Testing in Biological Control: Isit Relevant for
Parasitoids?

Practitionersof biological controlneedto conductnontagethosttestingprior to field
releaseof exotic organisms. The determinationof which organismsto test has been
criticized as “a matter of tradition, expediency, and convenience” (5). In fact, there
is currently no robust or intellectually satisfyingframework for identifying the rangeof
potentialnontagetspecies.

Weedbiocontrolhashistorically entailedmorerigorousnontagettestingthanbiocon-
trol of arthropods.Principlesand protocolsfor testingweedagentshave beeneffectively
implementedor 50 years whereaghosefor arthropodagentsarein theirinfang. We who
work with parasitoidssould benefitfrom the experienceof weedbiocontrolpractitioners.

Central to the practice of specificity testing in weed biocontrol is the conceptof
centrifugalphylogery, wherethe agentis exposedo a sequencef plantsfrom thosemost
closelyrelatedto the target weedto progressiely more distantlyrelatedplants,until the
hostrangehasbeencircumscribed?9). Thereareseveralreasonsvhy this may not be the
bestavailableframawvork for testingthe hostrangeof parasitoids.

Arthropod speciesoften outnumberplant speciesin communitiesby an order of
magnitude,and mary arthropodsremainundescribed.In Hawaii, there are only about
1,000specie®f native plants,but over 10,000specie®f native arthropodsApproximately
99% of theseplantshave beendescribedwhereasonly 50% of the arthopodseven have
names.In New Zealandthe situationis similar, with ~2,000native plantsand~20,000
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native insects.Again, only half of the arthropodsare described.The trendin otherisland
and continentalecosystemss undoubtedlysimilar. While it is difficult to quantify the
confidenceve have in proposedhylogeniedor thesetaxa,it would likely be proportional
in abroadsensdo our overall knowledgeof the speciegools.

This lack of knowledgeof arthropodphylogery is not restrictedto obscurefamilies.
Tephritidflies have beenextensiely studiedaroundthe world becausef theirimportance
asagriculturalpestsandtheir usefulnesssbiocontrolagentsagainstweeds.Yet, thereis
no generallyacceptechigher classificationof the tephritids(10). Many of the nontaget
tephritidsthatmight be atrisk from parasitoidsn Hawaii fall into whattaxonomicexperts
acknavledgeis an‘ill-defined tribe’ (the Tephritini), which containsexotic and endemic
speciesgall-formersandflower-headeedersendangeredpecieandbeneficiabiocontrol
agentsWith no furtherknowledgeof the phylogery, how do we circumscribeherangeof
speciegequiringtesting?

While herbiore specificity reflectsthe outcomeof evolutionary stratgies to solve
compatibility problems(host finding, nutrition, defensemechanismsprimarily for one
trophic level, parasitoidsmust routinely adaptto an arthropodhost, a plant host, and
the interactionof the two. In fact, mary parasitoidsare known for which host range
is characterizedn large part by microhabitatcharacteristicsather than by the hosts
themseles.

Eulophid parasitoidsin the genusPnigalio attackwidely divergenthostsin the Hy-
menoptera,Coleoptera,Lepidoptera,and Diptera. The organizing principle is that all
hostsareleafminers— thereis no relationto phylogery. Anothereulophid,Chrysocharis
gemma, parasitizedepidopteroudarvae on evergreenoak and dipterouslarvae on holly
— the defining elementis the fact that the plantsretain leavesthroughthe winter. Other
parasitoidsrestricttheir hoststo thosethat occuron certainplant taxa, or to plantsof a
certainheight, or evento thoseon only the upperor lower leaf surface(1). Parasitoids
in thegeneraPachycrepoides, Spalangia (PteromalidaeandDirhinus (Chalcididaegattack
tephritid pupaein the soil, ignore relatedtephritidsin nearbygalls or flower-heads but
parasitizehouseflyanddungfly pupae—the definingfactorbeingthelocationof hostsin
thesoil.

Phylogenetidisjunctionin hostrangeis not uniqueto parasitoids.Someherbivores
also attacknon-relatechoststhat sharecertainchemicals. Certain Papillio swallowtails
feed on unrelatedplantsin the Umbelliferaeand Rutaceadbecausehey containsimilar
flavonoids. However, in parasitoidghe disjunctionsappeairto betherule, ratherthanthe
exception.

Wapshereg(9) outlined several additional criteria for selectinghoststo testin weed
biocontrol,in orderto safeyuardagainstfailure usingthe centrifugalmethod. However,
thesecriteria focus on cultivatedplantsof economicimportancewhereasparasitoidsjn
contrastareusuallyindictedfor impactingrareor endemichon-economidosts(4).

In abiocontrolprojectagainsimedfly (Ceratitis capitata) in Hawaii, we haveimported
several opiine braconidparasitoiddrom Africa and Australiathat successfullyattackthe
target. However, thereareat least31 non-tagettephritidsthatarepotentiallyat risk from
new parasitoids,ncluding five introducedspeciesusedfor biocontrol of weeds,and 26
speciesendemido Hawaii, someof which arecandidate$or inclusiononthe FederaRare
and Endangeredbpeciedist. Potentialnontaget effectsare one of the main obstaclego
improvedfruit fly biocontrol(6).
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After ascertaininghatparasitoidattackthetarget(medfly, tribe Ceratitinae)we move
out to related Dacineflies. Here, host suitability is irregular: melon fly (Bactrocera
cucurbitae) andorientalfruit fly (B. dorsalis) encapsulatéhe parasitoidswhile theclosely
relatedsolanumfly (B. latifrons) is a suitablehost. Thus, we are compelledto move
furtheroutinto thesubfamily Tephritinaewherea clusterof generg Eutreta, Neotephritis,
Ensina, Procecidochares, Trupanea) are, to the bestof our knowledge, equidistantin
relatednesto Ceratitis. Here,again thepatternof hostsuitability is not clear;theendemic
flowerheadeederTrupanea dubautiae is not suitable whereaghelantanagall fly, Eutreta
xanthochaeta, andtwo othergall-formingweedcontrolagentgProcecidochares alani and
P. utilis) aresuitable.

We arethenfacedwith a dauntingquestion: sincethe parasitoids hostrangeis not
yet clearly circumscribedwithin the Tephritidae,must we conducthost testing further
afield?.. perhapsin otherfamilies of Dipterarelatedto tephritids? Again, phylogery
cannotgive usunambiguouguidelinesregardingproximity amongfamilies. Furthermore,
the situation rapidly becomesuntenable: there are 50 other families of acalypterate
muscoidflies in Hawaii. The Drosophilidaefamily alone contains600 known species,
andan additional200 specieghat have beencollectedandarein museuntraysawaiting
description Clearly, they cannotall betested.

If onedissectssuitablemedfly larvaefrom fruit and presentdhemto braconidpara-
sitoidsin apetridish,thewaspswill walk right overthelarvaewithoutstinging.Apparently
visual, tactile and olfactory cuesfrom the fruit are necessaryo elicit ovipositionin the
wasps. Lockwood (5) arguedthat we shoulddefinenontagetsas ecologicalprocesses,
ratherthanas speciesor materialentities. Many parasitoidsespondneitherto the insect
hostitself nor to the plantitself, but to the interactionof the two, a processwhich often
generatesiniquesetsof stimuli. Thesearemanifestin severalforms, suchasfrass(insect-
digestedplanttissue)or semiochemical¢emittedby plantsin responsdo herbiory and
insectsaliva) (8).

Sincethe opiine braconidsintroducedinto Hawaii areadaptedo oviposit into small,
round,reddish-coloredruit (coffeeberries)which vibratefrom internallarval feeding,we
might expectthat waspswould also attacksmall, round, reddish-tingedyalls that vibrate
from internalfeedingby thelantanagall fly. In factthey do (2). In contrastflower-heads
containingnontagetflies are not recognizedas suitablehost-habitatsand are generally
ignored by the wasps(3). Orientationin the waspsis also strongly influencedby fruit
odors(7).

Phylogely is still the beststartingpoint for predictingthe hostrangeof parasitoid
biological controlagentshut it mustbe usedwith circumspectionNew criteriashouldbe
developedthattake into accountfindingsin parasitoidbehavioral ecologywhich shav that
hostrangeis relatedto theinteractionof stimuli from severaltrophiclevelsandecological
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