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ABSTRACT

Populations of parasitoids collected from different host species or geographical regions can
differ in host specificity. Where the necessary research has been done, such populations have
usually been found to represent various stages of speciation. Here, we review the literature
on variation in host specificity among populations and sibling species of parasitoids. We then
summarize our results on the evolution and genetics of host specificity in Aphelinus varipes
Foerster and Aphelinus albipodus Hayat and Fatima (Hymenoptera: Aphelinidae). Popula-
tions of A. varipes/albipodus from Diuraphis noxia (Mordvilko), Ropalosiphum padi (L.), and
Aphis glycines Matsumura (Homoptera: Aphididae) collected in France, Georgia, Israel, China,
Korea, and Japan differed in parasitism of seven aphid species in five genera and two tribes on
four host plant species in no-choice laboratory experiments. Some populations showed nar-
row to monospecific host use, others attacked most or all host species tested. Most popula-
tions were reproductively isolated by pre-zygotic, behavioral barriers involving female choice.
However, some allopatric populations where partially or completely reproductively compat-
ible in laboratory crosses, although they differed in host specificity. A molecular phylogeny
based on three nuclear and two mitochondrial genes indicated that these compatible, allopat-
ric populations are distinct lineages, and morphometric analyses showed subtle differences
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between them. Our conclusion is that Aphelinus varipes/albipodus is a rich complex, with
populations in various stages of speciation. Although there was some concordance between
phylogenetic affinities of host species and parasitoid species, other cases showed flips in host
use between closely related taxa in the complex. We have been able to introgress genes for
use of a novel aphid species from one parasitoid species to another in laboratory crosses, and
we are using these crosses to map genes involved in host specificity. The take-home lessons
for biological control are: (1) parasitoids in what appears to be a single species, but collected
from widely different geographical regions or from different host species, may differ greatly
in host specificity and thus should be tested separately, and (2) allopatric sibling species with
different patterns of host use may introgress if placed in sympatry, which could lead to evo-
lutionary changes in host use.

INTRODUCTION

Populations of parasitoids collected from different host species or geographical regions can
differ in host specificity. Parasitoid species may consist of distinct host races that switch little
between host species in the field (Cameron et al. 1984; Henter et al. 1996; Hufbauer 2002;
Nemec and Stary 1983; Powell and Wright 1988; Stary 1983). Differences in host use among
populations may often be explained by unrecognized sibling species. Evidence accumulated
during the last decade suggests that sibling species of parasitoids may be far more common
than previously realized (Campbell et al. 1993; Clarke and Walter 1995; Gauld and Janzen
2004; Kazmer et al. 1996; Pinto et al. 2003). Here, we review some of the literature on varia-
tion in host specificity among populations and sibling species of parasitoids, summarize our
results on this issue, and draw conclusions concerning biological control introductions.

LITERATURE REVIEW

Microctonus aethiopoides (Hymenoptera: Braconidae) from different regions and host species
differ in parasitism of Hypera postica versus Sitona spp. (Coleoptera: Curculionidae)
(Sundaralingam et al. 2001) and also in parasitism of different Sitona spp. (Loan and Holdaway
1961; Phillips et al. 2002; Sundaralingam et al. 2001). Some of the differences parasitism result
from differences in encapsulation by the host (Phillips et al. 2002). Microctonus aethiopoides
from different sources differ in nuclear and mitochondrial DNA sequences (Vink et al. 2003).
Although Vink et al. (2003) found no morphological differences among sources, Sundaralingam
(1986) was able to discriminate between parasitoids from H. postica in France and those from
Sitona discoideus in Morocco using eight quantitative traits. Furthermore, parasitoids from
H. positica in France and S. discoideus in Morocco were partially reproductively isolated,
with much lower frequences of males courting and females accepting insects from the other
source (Sundaralingam et al. 2001). These results suggest that some of the differences in host
use among populations of Microctonus aethiopoides can be explained by confounding of cryptic,
sibling species.

Aphidius ervi (Hymenoptera: Braconidae) comprises a complex of populations, some of
which have been recognized as host races or sibling species based on patterns in parasitism of
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their aphid hosts, reproductive compatibility, morphology, and molecular markers (Atanassova
et al. 1998; Pennacchio et al. 1994). Stary (1975) synonomized many species in a morphol-
ogy-based revision of Aphidius colemani (Hymenoptera: Braconidae), another major parasi-
toid of aphids. But subsequent research has shown that A. colemani is a complex of repro-
ductively isolated sibling species with different patterns in host use (Messing and Rabasse
1995; Ode and Hopper, unpublished data).

Populations of Apocephalus paraponerae (Diptera: Phoridae), a parasitoid ants in Cen-
tral and South America, show differences in morphology, molecular markers, and host speci-
ficity sufficient to consider them cryptic species (Morehead et al. 2001). Populations of
Pseudacteon tricuspis (Diptera : Phoridae) appear to be cryptic species with different host
ranges (Porter and Gilbert 2005). Populations of Pseudacteon curvatus (Diptera : Phoridae),
which are being introduced to control imported fire ants in North America, also show differ-
ences in host specificity which may affect their potential for impact on non-target native ants
(Porter and Gilbert 2005; Vazquez et al. 2004;).

Leptopilina boulardi (Hymenoptera: Figitidae), a parasitoid of Drosophila spp., shows
geographical variation with a genetic basis in responses to different host-associated odors
(Campan et al. 2002) and ability to avoid encapsulation by its hosts (Dupas et al. 2003). Asobara
tabida and its sibling species Asobara rufescens (Hymenoptera: Braconidae) also show geo-
graphical variation in ability to overcome encapsulation by their hosts (Kraaijeveld and Godfray
1999; Kraaijeveld et al. 1994).

HOST USE IN APHELINUS VARIPES COMPLEX

Although Aphelinus varipes has been reported from 40 host species across several genera of
aphids (Kalina and Stary 1976), we found distinct patterns of host use among A. varipes from
different hosts and regions (Fig. 1) as well as different populations within a region (Fig. 2).
We measured host use in single-host-species laboratory experiments, where female parasi-
toids had the choice of whether to oviposit or not in a particular host species. This is fre-
quently the choice parasitoids make in the field. “Choice” tests in the laboratory provide
different species in close spatial and temporal proximity, but the behavior on encountering a
particular host is still whether to parasitize in or not. Our goal was to determine host accep-
tance/suitability in an environment that appears to harbor only one aphid species on only one
plant species and where parasitoid females re-encounter this combination repeatedly with a
full egg complement after a relatively long period without encountering other host species.
In these experiments, we exposed 100 aphids (mixed stages) on host plant to individual, naive,
mated female wasps for 1 day, with 10-20 replicates per host-species/parasitoid-source com-
bination. We measured parasitism as the number of mummified aphids produced during this
exposure.

Most of these populations in the A. varipes complex had fixed differences in DNA se-
guences, subtle but highly significant differences in morphology, and were reproductively
incompatible. Itappears that Aphelinus varipes/albipodus is a rich complex, with populations
in various stages of speciation. Thus, the host range reported in the literature for A. varipes s
incorrect because sibling species have been confounded.
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Figure 1. Host specificity in Aphelinus varipes complex: differences among host and regional sources.
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Figure 2. Host specificity in Aphelinus varipes complex: differences among populations from Aphis glycines
in the Far East.
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Although closely related species sometimes show similar patterns of host specificity,
phylogenetic affinity was not a reliable indicator of host specificity. Even among the rather
closely related species and populations in the A. varipes complex, use of some host species
roughly maps onto the parasitoid phylogeny, but use of other species does not.

Therefore, we need to examine the genetic basis of host switches if we are to predict
when they will occur. Two populations in the A.varipes complex, one from D. noxia in
Georgia (‘Georgia-D. noxia’) and the other from A. glycines in Japan (‘Japan-A. glycines’)
were reproductively compatible, despite differences in DNA sequences, morphology, and
host use. ‘Japan-A. glycines’ parasitoids do not parasitize D. noxia, whereas ‘Georgia-D.
noxia’ parasitoids readily parasitize this host (Fig. 1). By crossing and backcrossing, we have
introgressed genes from ‘Georgia-D. noxia’ into the ‘Japan-A. glycines’ background and pro-
duced hybrids segregating for parasitism of D. noxia.

CONCLUSIONS

The take-home lessons for biological control are: (1) parasitoids in what appears to be a single
species, but collected from widely different geographical regions or from different host spe-
cies, may differ greatly in host specificity and thus should be tested separately, and (2) allo-
patric sibling species with different patterns of host use may introgress if placed in sympatry,
which could lead to evolutionary changes in host use.
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