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Wasps of the braconid subfamily Aphidiinae are
solitary endoparasitoids of aphids. Several aspects of
their biology have been the focus of intuitive evolution-
ary hypotheses which could be tested with a robust
phylogeny. Phylogenetic hypotheses have been pro-
posed previously for aphidiines based on morphology,
embryology, and DNA sequences. However, many of
them are based on a limited number of characters
and/or taxa and lack congruence. In addition, many of
the inferred phylogenies have not been based upon
cladistic analysis. Therefore, a phylogenetic study of
Aphidiinae was undertaken, utilizing 465 bp of DNA
sequence of the mitochondrial NADH1 dehydrogenase
gene. DNA sequences were obtained from 40 taxa,
including 14 genera and three outgroups. It is sug-
gested that in agreement with most of the previously
proposed phylogenies, the aphidiines, each of the three
recognized tribes (Praini, Ephedrini, Aphidiini), and
most genera are monophyletic. In contrast to previ-
ously proposed phylogenies, the clade of Praon +
Dyscritulus (=Praini), rather than Ephedrini, is basal

among the aphidiines. © 1999 Academic Press

INTRODUCTION

Wasps of the braconid subfamily Aphidiinae are
solitary endoparasitoids which exclusively parasitize
aphids. Approximately 50 genera and 400 species are
included in the subfamily (Mackauer and Stary, 1967;
Stary, 1988). Aphidiines have often been treated as a
separate family, Aphidiidae, because of their specializa-
tion on aphids and the presence of other morphological
features, such as a flexible suture between the second
and third tergites of the gaster. However, recent phylo-
genetic studies have shown aphidiines to be a lineage
within Braconidae (Quicke and van Achterberg, 1990;
Wharton et al., 1992). It still remains unclear to which
of the many braconid subfamilies the aphidiines are
most closely related.

Several aphidiine species have been utilized success-
fully in biological control programs throughout the
world (Carver, 1989; Hughes, 1989). Because of their
importance as biological control agents, many aspects
of aphidiine biology have been studied [see Stary (1970)
for a review of aphidiine biology]. Although aphidiines
are a coherent group defined by a number of synapomor-
phies, significant differences exist in morphology, biol-
ogy, and behavior among tribes, genera, and species.
Because of varied interpretation of these differences,
there has been disagreement concerning the phyloge-
netic placement of some aphidiine taxa. A number of
different phylogenies have been proposed previously for
aphidiines based on adult and larval morphology (Mack-
auer, 1961, 1968; Chou, 1984; Gardenfors, 1986;
O’Donnell, 1989; Finlayson, 1990), embryology (Trem-
blay and Calvert, 1971), and DNA sequences (Belshaw
and Quicke, 1997). The most widely accepted classifica-
tion scheme for aphidiines is that of Mackauer (1961),
who divided the subfamily into four tribes: Aclitini,
Aphidiini, Ephedrini, and Praini [reductions in rank
are necessary here relative to Mackauer’s (1961) treat-
ment of the group as a family]. The Aphidiini is the
largest of the four tribes and includes a majority of
known genera and species; it is subdivided into two
subtribes, Aphidiina and Trioxina.

One of the main phylogenetic controversies concerns
the basal lineage among extant aphidiines. Determina-
tion of the basal lineage is important because of its
strong implications for the evolution of the subfamily
and certain morphological and life history traits (e.g.,
venom apparatus, pupation habit, and host utilization).
Each of the four recognized tribes mentioned above
have been suggested as being basal (see Fig. 1): Ephed-
rini, based on adult morphology (Mackauer, 1961;
Gardenfors, 1986) and DNA sequences (Belshaw and
Quicke, 1997); Praini, based on pupation habit and
venom apparatus (Tobias, 1967; Tobias and Kyriak,
1971; Edson and Vinson, 1979); Aclitini, based on
morphology and behavior (Chou, 1984); and Trioxina
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FIG. 1. Hypotheses of relationships among aphidiine tribes as
presented in previous studies.

(=Aphidiini), based on final instar larval morphology
(Finlayson, 1990). Obviously, only one, if any, of the four
proposals can be correct. Making this determination
has proven to be problematic, as each of the above
proposals is based on a limited number of characters
and/or a limited number of taxa.

Belshaw and Quicke (1997) recently proposed a
phylogenetic tree for 18 aphidiine species, using DNA
sequences from portions of the mitochondrial cyto-
chrome b gene (cyt-b, 433 bp) and nuclear elongation
factor-la (EF-1a, 418 bp) and 28S rRNA (28S D2,
415-506 bp) genes. The tree inferred from cyt-b se-
quences was largely unresolved, that inferred from
EF-1a showed aphidiines to be polyphyletic, and the
tree based on 28S rRNA sequence was largely congru-
ent with that proposed by Mackauer (1961). However,
with regard to the 28S rRNA analysis, Belshaw and
Quicke (1997, p. 289) stated that “the true homology of
many aligned positions is questionable.” The ambigu-
ous alignment of the 28S rRNA sequences was due to a
large number (61%) of variable characters, missing
data, and insertion of numerous gaps throughout,
including a 50-bp gap in species of Ephedrus.

The ambiguity in the data and the results of Belshaw
and Quicke (1997) suggested a need for verifying their
results by including a more diverse range of aphidiine
taxa and employing DNA sequence from a different
gene. Thus, the objectives of the present study were to
use the DNA sequence of a portion of the mitochondrial
NADH1 dehydrogenase gene, both separately and in
conjunction with published sequences of the 28S rRNA
D2 variable region (Belshaw and Quicke, 1997), to infer
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a phylogenetic tree for Aphidiinae and to compare trees
inferred here to those based on other character sets.

MATERIALS AND METHODS

Insects

A list of aphidiine taxa analyzed in this study is
presented in Table 1. The insect specimens were dried,
frozen, or preserved in alcohol. Perilitus coccinellae
(Braconidae: Euphorinae) and Apanteles sp. and Cote-
sia congregatus (both Braconidae: Microgastrinae) were
selected as outgroup taxa.

DNA Extraction and PCR

DNA was extracted from one to five wasps following
the procedure outlined by Kambhampati and Smith
(1995). Polymerase chain reaction (PCR) amplifications
were performed in 50 pl volume as described by Kamb-
hampati et al. (1992). The temperature profile for the
amplification of the NADH 1 gene fragment included
an initial denaturation step of 95°C for 3 min followed
by 35 cycles of 95°C for 30 s, 45-48°C for 1 min, and
72°C for 1 min. A final extension step of 72°C for 7 min
was also added. Amplified products (40-48 ul) were
electrophoresed on a 2% low-melting-point agarose gel.
The band corresponding to the target PCR product was
excised with a sterile razor blade and purified using
minicolumns (Wizard PCRpreps, Promega) according
to the manufacturer’s instructions.

DNA Cloning and Sequencing

For most taxa, double-stranded PCR products were
sequenced directly using cycle sequencing with the
fmol DNA Sequencing System (Promega) following the
manufacturer’s instructions. The reaction mixtures
were electrophoresed on preheated 6% polyacryla-
mide + urea denaturing gels for 7 h with two loadings
(second load applied 4 h after the first). In cases in
which PCR amplification was weak and/or as a method
of rapidly obtaining sequence from fragment ends, the
PCR product was cloned into a T-vector (TA Cloning Kit,
Invitrogen) and the insert was amplified with M13
primers from a single white colony and sequenced with
M13 or NADH 1 dehydrogenase primers (see below).
Sequences for Apanteles sp. and C. congregatus were
obtained with an ABI 377 automated sequencer, using
the PRISM Dye Terminator Cycle Sequencing Ready
Reaction Kit FS (Perkin—Elmer) according to manufac-
turer’s specifications. Both strands of the PCR product
were sequenced for all taxa.

Oligonucleotide Primers

The oligonucleotide primers used in this study were
based on the mitochondrial sequence of Apis mellifera
(Crozier and Crozier, 1993). The primer sequences for
the amplification of a 465-bp portion of the NADH 1
dehydrogenase gene are: forward (ND1F)- 5'-GAT AAA
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TABLE 1
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Aphidiine Taxa and Outgroups Used in this Study

Species Aphid host Aphid host plant
Aphidius ervi Acyrthosiphon pisum  Medicago sativa
Aphidius matri- Diuraphis noxia Triticum aestivum

cariae

Aphidius nigripes
Aphidius picipes
Aphidius pisivorus
Aphidius smithi
Aphidius sonchi

Binodoxys acalephae

Binodoxys angelicae

Diaeretiella rapae

Dyscritulus plani-
ceps

Ephedrus califor-
nicus

Ephedrus laevicollis

Ephedrus niger

Ephedrus persicae

Ephedrus prociphili

Euaphidius setiger

Falciconus pseudo-
platani

Lipolexis gracilis

Lysiphlebus cardui
Lysiphlebus melan-
driicola
Lysiphlebus testa-
ceipes
Monoctonus pau-
lensis
Paramonoctonus
angustivalvus
Pauesia pini
Pauesia silvestris
Pauesia unilachni
Pauesia sp.
Praon abjectum
Praon barbatum
Praon bicolor
Praon dorsale
Praon pequodorum
Praon pubescens

Praon volucre
Trioxys betulae

Trioxys falcatus

Acyrthosiphon pisum
Diuraphis noxia
Acyrthosiphon pisum
Acyrthosiphon pisum
Hyperomyzus
latucae
Aphis epilobii
Aphis fabae
Diuraphis noxia
Drepanosiphum
plantanoides
Acyrthosiphon pisum

Chaetosiphon sp.
Uroleucon cichorii
Myzus cerasi
Prociphilus sp.
Periphyllus sp.
Drepanosiphum
plantanoides
Aphis chloris

Aphis fabae

Brachycaudus lych-
nidis

Aphis gossypii

Acyrthosiphon pisum
Nasonovia cf. nigra

Cinara pruinosa
Cinara pini
Schizolachnus pineti
Cinara cf. brauni
Aphis fabae
Acyrthosiphon pisum
Eulachnus agilis
Uroleucon jaceae
Acyrthosiphon pisum
Nasonovia cf. nigra

Sitobion fragariae

Symydobius
oblongus

Periphyllus sp.

Medicago sativa
Triticum aestivum
Medicago sativa
Medicago sativa
Sonchus oleraceus

Epilobium hirsutum
Evonymus europaeus
Triticum aestivum
Acer pseudoplatani

Medicago sativa

Rosa sp.

Crepis biennis
Prunus avium
Fraxinus excelsior
Acer platanoides
Acer pseudoplatani

Hypericum perfo-
ratum

Cirsium arvense

Silene alba

Citrus sp.
Medicago sativa

Hieracium cf. syl-
vaticum

Picea abies

Pinus sylvestris

Pinus sylvestris

Pinus nigra

Chenopodium sp.

Trifolium pratense

Pinus sylvestris

Centaurea jacea

Medicago sativa

Hieracium cf. sil-
vaticum

Rosa sp.

Betula pendula

Acer campestre

Outgroup

Outgroup host

Outgroup subfamily

Perilitus coccinellae

Cotesia congregata
Apanteles sp.

Hippodamia conver-
gens

Manduca sexta

Not available

Euphorinae

Microgastrinae
Microgastrinae

TCA AAA/T GGG/T GT-3' (positions 12,622-12,638 of
A. mellifera) and reverse (ND1R)-5'-CAA CCT TTT
AGT GAT GC-3' (13,078-13,095 of A. mellifera).

Sequence Alignments and Phylogenetic Inference

DNA sequences were read from autoradiographs into
a computer using SEQIN (PC/GENE, Intelligenetics,
Inc.) and aligned using CLUSTAL V (Higgins and
Sharp, 1989). The aligned sequences were checked and
modified as needed. Taxa used in the combined
(ND1 + 28S) analysis are presented in Table 2 with
28S rRNA GenBank accession numbers and/or sources.

Phylogenetic analyses were performed using maxi-
mum parsimony (MP) and neighbor-joining (NJ) meth-
ods using PAUP* ver. 4d62 (written by D. L. Swofford,;
used with permission) using the multiple equally parsi-
monious heuristic search option with tree bisection-
reconnection and 500 random addition sequence repli-
cates for DNA and 100 random addition sequence
replicates for amino acid sequence data. Branch sup-
port was assessed by bootstrapping (1000 replications;
Felsenstein, 1985) and decay index (Bremer, 1994). The
data were also analyzed by the NJ method (Saitou and
Nei, 1987) using the Tajima—Nei distance (Tajima and
Nei, 1984) and bootstrapped for 1000 replications in
PAUP*,

As a measure of heterogeneity among data sets, the
incongruence length difference (ILD) test (Mickevich
and Farris, 1981; Farris et al., 1994) was applied to the
combined (ND1 + 28S) data matrix (invariant charac-
ters removed; 10,000 randomizations) using the parti-
tion homogeneity test option in PAUP* ver. 4d62.
Finally, alternative phylogenetic trees, reflecting gener-
ally accepted relationships, were interactively con-
structed and evaluated using MacClade version 3.0
(Maddison and Maddison, 1992).

TABLE 2

Aphidiine/Braconid Taxa for which 28s rRNA
Sequences Were Used in a Combined Analysis

GenBank accession

Species number or source
Aphidius ervi 783582
Binodoxys acalephae 783587
Diaeretiella rapae 783583
Dyscritulus planiceps 783594
Ephedrus californicus 783596
Ephedrus persicae 783598
Falciconus pseudoplatani 783589
Pauesia unilachni 783584
Praon abjectum 783591
Praon dorsale 783592

Qutgroup
Peristenus sp. 297952

Cotesia sp.
Apanteles sp.

Mardulyn and Whitfield (submitted)
Mardulyn and Whitfield (submitted)
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The sequences reported in this paper can be obtained
from the GenBank database under accession numbers
AF069160-AF069199. The sequence alignment for the
combined data set is available from P.T.S.

RESULTS

The length of the sequenced NADH1 dehydrogenase
gene fragment for 37 aphidiine taxa was invariant at
465 bp. The alignment of the DNA sequence resulted in
a total of 465 characters. Of the 465 characters, 288
characters (61.5%) were variable and 220 (47.0%) were
parsimony informative among the 37 ingroup taxa. The
alignment of the translated amino acid sequence re-
sulted in a total of 156 characters. Of the 156 charac-
ters, 107 characters (69%) were variable and 80 (51%)
were parsimony informative.

The ILD test indicated that the ND1 and 28S data
sets were heterogeneous (P < 0.001). Nonetheless, the
two data sets were used in a combined analysis because
both simulation (Cunningham, 1997) and empirical
(Remsen and DeSalle, 1998) studies have shown that,
although data partitions may be incongruent, combin-
ing genes generally improves phylogenetic accuracy.
The combined (ND1 + 28S) data set resulted in a total
of 975 characters, including gaps. Of the 975 charac-
ters, 598 characters (61%) were variable and 449 (46%)
were parsimony informative.

Parsimony analysis identified (1) two equally parsi-
monious trees of 1214 steps when the characters were
unweighted (Fig. 2); (2) a single most parsimonious tree
with a length of 335.6 steps when the parsimony
informative characters were successively weighted (Car-
penter, 1988) and assigned a base weight of 1 (Fig. 3);
and (3) a single most parsimonious tree of 1218 steps
when the ND1 and 28S rRNA data sets were combined
for 10 ingroup and 3 outgroup taxa (Fig. 5). In all
parsimony trees, the 37 aphidiine taxa included in this
study were monophyletic. Taxa in each of the three
tribes were also monophyletic, with Praini basal, Ephed-
rini intermediate, and Aphidiini the most apical lin-
eage (Figs. 2-5). The overall topology of trees derived
from analyses based on amino acids (not shown) was
concordant with those obtained using the full DNA
sequence; however, relationships among congeneric
species were generally poorly resolved. Likewise, the
topology of the tree inferred using the neighbor-joining
method (Fig. 4) was similar to those obtained using
parsimony. Many of the relationships were supported
in 70-100% of the bootstrap replications and in trees
1-15 steps longer than the most parsimonious tree
(Figs. 2-5). Most notable was the basal positioning of
Praini, which was supported in 64-91% of the boot-
strap replications and in trees that were as much as
5-11 steps longer than the most parsimonious trees
(Figs. 2-5). We assessed whether current opinions on
aphidiine relationships are compatible with our results
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by forcing the monophyletic Ephedrini clade into a
basal position on the MP tree and counting the number
of extra steps that this implied. A tree with a basal
Ephedrini required seven additional steps added to the
most parsimonious tree (L = 1214 vs 1221).

DISCUSSION

In this paper a phylogenetic analysis of relationships
among 37 aphidiine taxa, representing 14 genera and 3
tribes, based on the DNA sequence of a portion of the
mitochondrial NADH1 dehydrogenase gene has been
presented. The characteristics of the 465-bp portion of
insect MtDNA are consistent with those of other insect
mMtDNA sequences. For example, a bias toward adenine
and thymine (82.6% of total) is consistent with the base
composition of mtDNA sequences of other insects (Si-
mon et al., 1994), including Hymenoptera (Cameron et
al., 1993; Crozier and Crozier, 1993; Ayala et al., 1996;
Vest Pederson, 1996). There was also an overall trans-
versional bias, a majority of which were A(-) T transver-
sions (83.4%), which is consistent with findings from
other Hymenoptera (Vest Pederson, 1996; Dowton and
Austin, 1997).

The parsimony and neighbor-joining trees exhibited
variable levels of branch support in the form of boot-
strap and decay index (Figs. 2-5). However, the mono-
phyly of each of the tribes, Praini, Ephedrini, and
Aphidiini, was generally well supported in all trees.
The fact that the relationships among taxa inferred
from parsimony and neighbor-joining analyses were
nearly identical, with relatively strong branch support,
provided confidence in the inferred relationships.

Underestimation of branch lengths due to homoplasy
can occur when species have been separated for a long
time, which allows for the accumulation of multiple
substitutions in the third codon position (Nei, 1987
Irwin et al., 1991). However, none of the methods
employed to take homoplasy into account (i.e., succes-
sive weighting of the parsimony informative characters
and amino acid analysis) resulted in drastic changes in
tree topology. The analysis of amino acids resulted in
reduced resolution among closely related taxa and in
an increase in the number of equally parsimonious
trees.

The results of parsimony and neighbor-joining analy-
ses were consistent with the monophyly of the Aphidi-
inae, as suggested in previous studies (Mackauer, 1961,
1968; Mackauer and Stary, 1967). Because members of
the tribe Aclitini were not included in our analysis, the
monophyly inferred here must remain subject to fur-
ther verification. Although members of Aclitini possess
several synapomorphies (e.g., wing venation, ovaries,
inside pupation, etc.) suggesting a close relationship to
the Aphidiini (Takada and Shiga, 1974), other unique
and apparently plesiomorphic traits (e.g., several as-
pects of behavior, genitalia, etc.) imply a more basal
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NADH 1 dehydrogenase gene for 37 aphidiine taxa. Tree length, 1214; consistency index, 0.43; retention index, 0.66. Numbers above branches
are bootstrap values (%) and those below branches are decay indices. Only bootstrap values above 50% are shown.

position within Aphidiinae (Mackauer, 1961). Thus,
inclusion of Aclitini in future phylogenetic analyses is
critical before conclusions can be made concerning the
monophyly and basal clade relationships of the subfam-
ily.

The three tribes included in our study were found to
be monophyletic. Previous morphological studies sug-
gested that Ephedrini and Praini are more closely
related to each other than either is to Aphidiini (Mack-
auer, 1961; Mackauer and Stary, 1967; Stary, 1970;
O’Donnell, 1989; Finlayson, 1990). Both lineages share
several characters which are not exhibited by the
Aphidiini, including relatively complete wing venation
(Mackauer and Stary, 1967), prolongately oval eggs

(Stary, 1970), 1st-instar larval appendages and man-
dible shape (O’'Donnell, 1989), and cephalic structures
of final instar larvae (Finlayson, 1990), but they differ
from each other in pupation habit (Stary, 1970), venom
apparatus (Edson and Vinson, 1979), and other adult
characters (Gardenfors, 1986).

Based on morphology, Ephedrini has generally been
considered to constitute the basal lineage among extant
aphidiines (Mackauer, 1961, 1968; Mackauer and Stary,
1967; Gardenfors, 1986; O’'Donnell, 1989) and some
recent DNA evidence (Belshaw and Quicke, 1997)
supports this view. In contrast, our results indicated
that the clade composed of Praon + Dyscritulus (Praini)
is more basal than that of Ephedrus (Ephedrini). The
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support for this conclusion (bootstrap, 64-91%; decay
index, 5-11) is comparable to that reported for Ephed-
rini as being basal (bootstrap, 65%; decay index, 5) by
Belshaw and Quicke (1997). Moreover, a combined
analysis of ND1 and 28S rRNA sequences also recov-
ered Praini as the basal clade (Fig. 5). However, strong
conclusions cannot be made based on the combined
approach because the two data partitions were found to
be incongruent and the analysis is based on a small
number of ingroup taxa (n = 10). Additional evidence
supporting the basal placement of Praini included the
additional seven steps in length added to the most
parsimonious topology by forcing Ephedrini into the
basal ingroup position.

In comparison to previous published topologies (see
Fig. 1), the results reported here are most similar to
those of Tobias (1967) and Tobias and Kyriak (1971)
based on pupation behavior and those of Edson and
Vinson (1979) based on venom apparatus morphology.
With respect to pupation behavior, aphidiines either
pupate inside the dead host (most extant species) or
outside and underneath the empty exoskeleton of the
host (most members of Praini). Mackauer (1961) pro-
posed that outside pupation in Praini evolved by way of
secondary loss of internal pupation, represents an
adaptation in response to hyperparasitoids (Mackauer,
unpublished), and is not homologous to the external
pupation exhibited by species in other braconid subfami-
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lies. Central to the issue of pupation behavior is the
phylogenetic position of the genus Areopraon (a mem-
ber of Praini), which contains species which pupate
internally and others which pupate externally or both
depending on the circumstances (Stary, 1970). Morpho-
logical evidence suggests that Areopraon is basal within
Praini. Given that we could not include Areopraon in
this study, conclusions concerning the evolution of
pupation behavior in aphidiines must remain subject to
further verification.

Three of the seven genera for which multiple species
were included were not monophyletic, namely Pauesia,
Aphidius, and Trioxys (see Figs. 2 and 3). Paraphyly in
Pauesia was due to P. unilachni falling outside the
other Pauesia species. This result was surprising be-

cause members of Pauesia are united not only by
morphological features (e.g., large central areola of
adults) but also by their distinct host range of attacking
aphids in the family Lachnidae. However, the separa-
tion of P. unilachni from the other Pauesia species is
also supported by the results of Belshaw and Quicke
(1997), which showed that P. unilachni and P. junipero-
rum were not monophyletic, and by egg morphology.
The eggs of P. unilachni are club shaped (Volkl and
Kraus, 1996), whereas the eggs of all other members of
Aphidiini are lemon shaped. Thus, P. unilachni may
represent either a highly derived or a basal Pauesia
species. Inclusion of additional species from this genus
should provide insight into the monophyly of this
genus.
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FIG. 5. Combined-evidence single most parsimonious tree for 10 aphidiine taxa. Tree length, 1218; consistency index, 0.66; retention
index, 0.64. Numbers above branches are bootstrap values (%) and decay indices and numbers below the branches are bootstrap values (%) for
the neighbor-joining tree and successive weighting parsimony analysis. Alignment of 28S rRNA sequences is from Belshaw and Quicke (1997).
The alignment was modified to account for dissimilar taxon sampling among data partitions. The outgroup taxa are “hybrids”, as no outgroup
taxa were in common among the two data sets. The hybrid outgroup taxa are as follows: (1) Euphorine sp. = (Peristenus sp., 28S; Belshaw et
al., 1998) + (Pe. coccinellae, ND1); (2) Cotesia sp. = (Cotesia sp., 28S; Mardulyn and Whitfield, unpublished) + (C. congregata, ND1); and (3)
Apanteles sp. = (Apanteles sp., 28S; Mardulyn and Whitfield, unpublished) + (Apanteles sp., ND1).

Paraphyly of Trioxys was due to a sister group
relationship between the two Trioxys spp. and Paramo-
noctonus angustivalvus. Similarly, Aphidius smithi was
a sister of Diaeretiella rapae rather than the other
Aphidius species included in the study. However, we
suspect that the paraphyly of both Aphidius and Tri-
oxys was probably a result of our limited taxon sam-
pling.

In summary, our results indicated that the 465-bp
portion of the mitochondrial NADH 1 dehydrogenase
gene was useful for inferring a phylogeny for the
aphidiine taxa included in the study. Although there

has been a considerable amount of work done on the
morphology of larval and adult aphidiines, few of these
data have been analyzed using cladistic methods. We
propose that future phylogenetic studies concentrate
on generating a morphological matrix so that these
data may be combined with currently available molecu-
lar data and analyzed using the “total evidence” ap-
proach (Kluge and Wolf, 1993). Differences in results
between the present study and that of Belshaw and
Quicke (1997) suggest a need for additional data from
both these genes to converge on a sufficient overlap in
taxon sampling so that these data sets may be com-
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bined and analyzed with a more complete data set. We
propose that future molecular and/or morphological
phylogenetic studies include exemplars from all four
recognized tribes and from a more diverse range of
aphidiine genera (i.e., Adialytus, Areopraon, Diaeretus,
Lysaphidus, Paralipsis, Protaphidius, Pseudopraon,
Pseudephedrus, etc.), as this would prove useful in
evaluating the monophyly of the subfamily as a whole,
verifying which group constitutes the basal lineage,
and in studying the evolutionary pathways of life
history traits.
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