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Centrifugal Phylogeny as a Basis for Non-Target Host
Testing in Biological Control: Is it Relevant for

Parasitoids?

Practitionersof biologicalcontrolneedto conductnontargethosttestingprior 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 currentlyno robust or intellectuallysatisfyingframework for identifying the rangeof
potentialnontargetspecies.

Weedbiocontrolhashistoricallyentailedmorerigorousnontargettestingthanbiocon-
trol of arthropods.Principlesandprotocolsfor testingweedagentshave beeneffectively
implementedfor 50years,whereasthosefor arthropodagentsarein their infancy. Wewho
work with parasitoidscouldbenefitfrom theexperienceof weedbiocontrolpractitioners.

Central to the practiceof specificity testing in weed biocontrol is the conceptof
centrifugalphylogeny, wheretheagentis exposedto a sequenceof plantsfrom thosemost
closelyrelatedto the target weedto progressively moredistantlyrelatedplants,until the
hostrangehasbeencircumscribed(9). Thereareseveralreasonswhy this maynot bethe
bestavailableframework for testingthehostrangeof parasitoids.

Arthropod speciesoften outnumberplant speciesin communitiesby an order of
magnitude,and many arthropodsremainundescribed.In Hawaii, thereare only about
1,000speciesof nativeplants,but over10,000speciesof nativearthropods.Approximately
99% of theseplantshave beendescribed,whereasonly 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 thearthropodsaredescribed.Thetrendin otherisland
and continentalecosystemsis undoubtedlysimilar. While it is difficult to quantify the
confidencewehave in proposedphylogeniesfor thesetaxa,it would likely beproportional
in a broadsenseto ouroverall knowledgeof thespeciespools.

This lack of knowledgeof arthropodphylogeny is not restrictedto obscurefamilies.
Tephritidflies havebeenextensively studiedaroundtheworld becauseof their importance
asagriculturalpestsandtheir usefulnessasbiocontrolagentsagainstweeds.Yet, thereis
no generallyacceptedhigherclassificationof the tephritids(10). Many of the nontarget
tephritidsthatmight beat risk from parasitoidsin Hawaii fall into whattaxonomicexperts
acknowledgeis an ‘ill-defined tribe’ (the Tephritini), which containsexotic andendemic
species;gall-formersandflower-headfeeders;endangeredspeciesandbeneficialbiocontrol
agents.With no furtherknowledgeof thephylogeny, how do wecircumscribetherangeof
speciesrequiringtesting?

While herbivore specificity reflectsthe outcomeof evolutionary strategies to solve
compatibility problems(host finding, nutrition, defensemechanisms)primarily for one
trophic level, parasitoidsmust routinely adaptto an arthropodhost, a plant host, and
the interactionof the two. In fact, many parasitoidsare known for which host range
is characterizedin large part by microhabitatcharacteristicsrather than by the hosts
themselves.

Eulophid parasitoidsin the genusPnigalio attackwidely divergenthostsin the Hy-
menoptera,Coleoptera,Lepidoptera,and Diptera. The organizingprinciple is that all
hostsareleafminers– thereis no relationto phylogeny. Anothereulophid,Chrysocharis
gemma, parasitizeslepidopterouslarvaeon evergreenoak anddipterouslarvaeon holly
– the definingelementis the fact that the plantsretain leavesthroughthe winter. Other
parasitoidsrestrict their hoststo thosethat occuron certainplant taxa,or to plantsof a
certainheight,or even to thoseon only the upperor lower leaf surface(1). Parasitoids
in thegeneraPachycrepoides, Spalangia (Pteromalidae)andDirhinus (Chalcididae)attack
tephritid pupaein the soil, ignore relatedtephritidsin nearbygalls or flower-heads,but
parasitizehouseflyanddungfly pupae– thedefiningfactorbeingthe locationof hostsin
thesoil.

Phylogeneticdisjunctionin hostrangeis not uniqueto parasitoids.Someherbivores
also attacknon-relatedhoststhat sharecertainchemicals. CertainPapillio swallowtails
feedon unrelatedplantsin the UmbelliferaeandRutaceaebecausethey containsimilar
flavonoids. However, in parasitoidsthe disjunctionsappearto be therule, ratherthanthe
exception.

Wapshere(9) outlined several additionalcriteria for selectinghoststo test in weed
biocontrol, in order to safeguardagainstfailure using the centrifugalmethod. However,
thesecriteria focuson cultivatedplantsof economicimportancewhereasparasitoids,in
contrast,areusuallyindictedfor impactingrareor endemic,non-economichosts(4).

In abiocontrolprojectagainstmedfly(Ceratitis capitata) in Hawaii, wehave imported
severalopiine braconidparasitoidsfrom Africa andAustraliathat successfullyattackthe
target. However, thereareat least31 non-targettephritidsthatarepotentiallyat risk from
new parasitoids,including five introducedspeciesusedfor biocontrolof weeds,and26
speciesendemicto Hawaii, someof whicharecandidatesfor inclusionontheFederalRare
andEndangeredSpecieslist. Potentialnontargeteffectsareoneof the main obstaclesto
improvedfruit fly biocontrol(6).
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After ascertainingthatparasitoidsattackthetarget(medfly, tribeCeratitinae),wemove
out to relatedDacine flies. Here, host suitability is irregular: melon fly (Bactrocera
cucurbitae) andorientalfruit fly (B. dorsalis) encapsulatetheparasitoids,while theclosely
relatedsolanumfly (B. latifrons) is a suitablehost. Thus, we are compelledto move
furtherout into thesubfamily Tephritinae,whereaclusterof genera(Eutreta, Neotephritis,
Ensina, Procecidochares, Trupanea) are, to the best of our knowledge, equidistantin
relatednessto Ceratitis. Here,again,thepatternof hostsuitability is notclear;theendemic
flowerheadfeederTrupanea dubautiae is notsuitable,whereasthelantanagall fly, Eutreta
xanthochaeta, andtwo othergall-formingweedcontrolagents(Procecidochares alani and
P. utilis) aresuitable.

We are then facedwith a dauntingquestion: sincethe parasitoid’s host rangeis not
yet clearly circumscribedwithin the Tephritidae,must we conducthost testing further
afield?����� perhapsin other families of Diptera relatedto tephritids? Again, phylogeny
cannotgiveusunambiguousguidelinesregardingproximity amongfamilies.Furthermore,
the situation rapidly becomesuntenable: there are 50 other families of acalypterate
muscoidflies in Hawaii. The Drosophilidaefamily alonecontains600 known species,
andan additional200speciesthathave beencollectedandarein museumtraysawaiting
description.Clearly, they cannotall betested.

If onedissectssuitablemedfly larvaefrom fruit andpresentsthemto braconidpara-
sitoidsin apetridish,thewaspswill walk rightoverthelarvaewithoutstinging.Apparently
visual, tactile andolfactorycuesfrom the fruit arenecessaryto elicit oviposition in the
wasps. Lockwood (5) arguedthat we shoulddefinenontargetsas ecologicalprocesses,
ratherthanasspeciesor materialentities. Many parasitoidsrespondneitherto the insect
host itself nor to the plant itself, but to the interactionof the two, a processwhich often
generatesuniquesetsof stimuli. Thesearemanifestin severalforms,suchasfrass(insect-
digestedplant tissue)or semiochemicals(emittedby plantsin responseto herbivory and
insectsaliva) (8).

Sincethe opiine braconidsintroducedinto Hawaii areadaptedto oviposit into small,
round,reddish-coloredfruit (coffeeberries)which vibratefrom internallarval feeding,we
might expectthat waspswould alsoattacksmall, round,reddish-tingedgalls that vibrate
from internalfeedingby thelantanagall fly. In fact they do (2). In contrast,flower-heads
containingnontarget flies arenot recognizedassuitablehost-habitats,andaregenerally
ignoredby the wasps(3). Orientationin the waspsis also strongly influencedby fruit
odors(7).

Phylogeny is still the beststartingpoint for predicting the host rangeof parasitoid
biologicalcontrolagents,but it mustbeusedwith circumspection.New criteriashouldbe
developedthattake into accountfindingsin parasitoidbehavioral ecologywhichshow that
hostrangeis relatedto theinteractionof stimuli from severaltrophiclevelsandecological
sources.
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