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Abstract

The enormous cytochrome oxidase subunit I (COI) sequence database being assembled from the various DNA barcoding

projects as well as from independent phylogenetic studies constitutes an almost unprecedented amount of data for

molecular systematics, in addition to its role in species identification and discovery. As part of a study of the potential of this

gene fragment to improve the accuracy of phylogenetic reconstructions, and in particular, exploring the effects of dense taxon

sampling, we have assembled a data set for the hyperdiverse, cosmopolitan parasitic wasp superfamily Ichneumonoidea,

including the release of 1793 unpublished sequences. Of approximately 84 currently recognized Ichneumonoidea subfami-

lies, 2500 genera and 41 000 described species, barcoding 5¢-COI data were assembled for 4168 putative species-level termi-

nals (many undescribed), representing 671 genera and all but ten of the currently recognized subfamilies. After the removal

of identical and near-identical sequences, the 4174 initial sequences were reduced to 3278. We show that when subjected to

phylogenetic analysis using both maximum likelihood and parsimony, there is a broad correlation between taxonomic con-

gruence and number of included sequences. We additionally present a new measure of taxonomic congruence based upon

the Simpson diversity index, the Simpson dominance index, which gives greater weight to morphologically recognized taxo-

nomic groups (subfamilies) recovered with most representatives in one or a few contiguous groups or subclusters.
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Introduction

Mitochondrial protein-coding genes have played a large

role in many attempts at phylogeny reconstruction, either

alone or in concert with other genes. They are easily

amplified owing to their high copy number, and they

often display some highly conserved primer-binding

sites. On the other hand, the high rates at which they

evolve mean they often show saturation of substitutions.

Two gene fragments have played a particularly impor-

tant role in studies of Hymenoptera phylogeny in recent

years, the nuclear ribosomal 28S and the mitochondrial

cytochrome oxidase subunit 1 (COI) (Mardulyn &

Whitfield 1999; Zaldı́var-Riverón et al. 2008; Quicke et al.

2009). However, both pose their own problems. The for-

mer is length variable and thus difficult to align, and

how best to cope with ambiguously aligned regions is

still under debate (Gillespie et al. 2005; Laurenne et al.

2006; Zaldı́var-Riverón et al. 2006). COI, while being

highly constrained in the number of first and second

codon position sites free to vary (Graybeal 1994), evolves

far more rapidly at its 3rd codon position, and there has

been much debate over its utility for recovering phyloge-

nies (Klopfstein et al. 2010), especially for deeper (older)

divergences.

Recently, a vast additional source of mitochondrial

COI sequences has become available from Barcode of Life

Datasystem (BOLD; HYPERLINK http://www.boldsys-

tems.org; Ratnasingham & Hebert 2007) (Hebert et al.

2003; Smith et al. 2007, 2008, 2009; Janzen et al. 2009) and

similar initiatives. The primary aim of these barcoding

programmes has been to develop the means to identify

species and reveal morphologically cryptic species on the

basis of genetic uniqueness and sequence clustering.

However, the observed sequence variation also reflects

evolutionary history and is mostly neutral or nearly so.

It therefore ought also to provide a wealth of phylo-

genetic and higher-level taxonomic information. In this

study, we concentrate on sequences from the large

parasitic Hymenoptera superfamily Ichneumonoidea,

and ask whether, with the available data, taxa can be

assigned accurately to subfamily level based upon their

barcoding sequence and whether accuracy is related to

the total number of sequences that are available.

The Ichneumonoidea comprises two huge, cosmopoli-

tan families, the Ichneumonidae with 24 000 and the

Braconidae with 17 000 described species in 85 generally

recognized subfamilies (Yu et al. 2005; Quicke et al. 2009).

The Braconidae in particular have been subjected to

numerous phylogenetic analyses in recent years (Quicke

& Achterberg 1990; Wharton et al. 1992; Whitfield 1992,

2002; Belshaw et al. 1998, 2000; Dowton et al. 1998, 2002;

Whitfield et al. 2002; Shi et al. 2005; Sharkey et al. 2006;

Zaldı́var-Riverón et al. 2006; Pitz et al. 2007; Murphy et al.

2008; Sharanowski et al. 2011) and have become a test

case for phylogeny reconstruction in the face of multiple

convergent shifts in biology leading to marked conflict

between molecular and morphological data sets (Quicke

& Belshaw 1999; Whitfield et al. 2002). In contrast, the

Ichneumonidae have been subject to relatively few

molecular or global morphological investigations (Wahl

& Gauld 1998; Quicke et al. 2005; Laurenne et al. 2006;

Klopfstein et al. 2010), perhaps owing to them generally

being considered more taxonomically difficult to identify

at subfamily level with potentially higher levels of homo-

plasy (Gauld & Mound 1982).

Because COI is rapidly evolving and therefore very

prone to saturation, it is necessary firstly to assess the

degree and range of signal it contains about the member-

ship of clades (i.e. phylogenetic signal at relevant taxo-

nomic levels). With sequences such as COI, phylogenetic

signal and therefore the accuracy with which the

sequences are likely to be assigned to correct clades

(i.e. higher taxonomic groups) is likely to decrease with

increasing taxonomic and temporal distance between

taxa as substitutions approach saturation. Nevertheless,

Kallersjö et al. (1999) showed that the 3rd codon positions

of such genes, despite approaching saturation, still con-

tain important phylogenetic signal. Such signal is

expected to become useful if taxa are sampled sufficiently

densely such that globally homoplasious characters

become locally informative and if their rate of evolution

is more accurately estimated by the application of an

appropriate phylogenetic model.

Assessing phylogenetic accuracy is easy with simula-

tion studies (see Purvis & Quicke 1997) but difficult with

real data, as the true phylogeny is typically unknown.

Assessing success via congruence with independently

derived hypotheses offers the easiest solution. Most clas-

sifications are based upon morphology, and even though

they are probably imperfect representations of phylog-

eny, taxonomic hierarchies provide a benchmark for

assessing the accuracy of molecular trees.

Recently, the taxonomic retention index (tRI) has been

employed as a measure of the congruence between

molecular phylogenies and a prior, usually informal,

morphological classification at family, subfamily, tribe

and genus level (Hunt & Vogler 2008). This index is

based upon the retention index (RI; Farris 1989) widely

used in phylogenetic studies as a measure of how well

the data support the tree. The retention index is defined

as follows:

RI ¼ ðG� SÞ
ðG�MÞ

where G is the maximum number of evolutionary steps

that a character requires when fitted parsimoniously on a

tree, M is the minimum number that it could require on
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any possible tree, and S is the observed number of steps

on the given tree. The tRI treats the taxonomic placement

of each terminal as a ‘pseudocharacter’ and is calculated

as the ensemble retention index (i.e. using the sum of

these values for all the taxonomic groups to calculate the

RI) of that on the tree topology. It provides a simple

measure that varies linearly with the number of clades

that an expected taxon is distributed across, with tRI = 1

if an expected group is recovered as monophyletic and

tRI = 0 if all its members are dispersed.

Here, we introduce a new measure based on the Simp-

son dominance index (SDI; Simpson 1949), the taxonomic

Simpson dominance index (tSDI), which reflects of the

contiguity of clade(s) that a taxon is split over and also,

when a clade is split over more than one cluster on a tree,

the distribution of the number of terminals among those

clades, thus averting the property of the tRI that a single

rogue taxon has the same effect as a substantial split. The

SDI was calculated using the sample formula version

SDI ¼
Xs

i¼1

niðni � 1Þ
NðN � 1Þ

where N is the total number of terminals (species), s is

the number of clusters these are distributed across, and ni

is the number of terminals in the ith group. We chose the

Simpson dominance index over various other commonly

used indices such as the Shannon-Weiner and Margalef

ones because it is less affected by sample size (Giavelli

et al. 1986) and it is also less affected by a few rare

entities.

In terms of interpreting whether sequences are likely

to be assigned correctly to higher groups, this is impor-

tant, because, as widely recognized there are numerous

errors present in the taxonomic labels given to sequences

on databases such as GenBank (e.g. Aliabadian et al.

2009; Lukhtanov et al. 2009). In many groups, a few indi-

viduals may have been misidentified, or sequences

lodged on the databases could have been contaminants

or paper-trail mix-ups. These will linearly affect the

tRI, whereas if the great majority of sequences fall into

the correct expected clade, then the tSDI will be less

affected.

Materials and methods

Our initial data set included all readily available COI 5¢
barcodes for ichneumonoid wasps, that is, in total 4174

sequences as available from GenBank as of 1st January

2010, many new sequences generated by the ongoing

International Barcode of Life project and hosted in the

Barcode of Life Data System (BOLD), and sequences from

the laboratories of various co-authors and other collabo-

rators. All sequences were realigned manually with

reference to amino acid translation. Alignment was

unambiguous although a few species displayed single

amino acid deletions, single amino acid insertions (Cubus,

Triclistus and Colopotrochia) and single base deletions

(representatives of the Agathidinae). While such single

base deletions are indicative of a pseudogene or NUMT,

they are retrieved using multiple primer combinations

(M. Smith, unpublished) and present in specimens from

widely divergent localities displaying host-specific ecolo-

gies. In this analysis, we treated the Agathidinae

sequences that included the deletions as the CO1 marker

for this species, although further work (beyond the scope

of this investigation) is required to determine whether

these deletions are pseudogenes, particularly as RNA

editing is known to correct gene products, leading to

functional transcripts (Russell & Beckenbach 2008; Hrcek

et al. 2011).

Sequences from approximately 670 genera and 74 sub-

families were represented, including all but four gener-

ally recognized subfamilies of Ichneumonidae (lacking

Adelognathinae, Microleptinae, Nesomesochorinae and

Tatogastrinae) and all but four unambiguously assigned

subfamilies of Braconidae (lacking Telengaiinae, Ypsisto-

cerinae, Vaepellinae and Dirrhopinae); we also lack

sequences from the endemic Australian Trachypetinae

and Chilean Apozyginae which currently are ambigu-

ously placed within the Braconidae (Quicke et al. 1999).

For many species, or putative species based on sequence

divergence and other data, numerous individual

sequences were available. From these, we selected the

most complete sequence (greatest length, fewest ambigu-

ously called bases) or a random sequence among equally

complete sequences.

The data set included several extremely well-sampled

genera with many very closely related species differing

only by a small number of bases in the target gene region.

We thus further pruned the data set to include only a sin-

gle representative from each cluster of identical or near-

identical sequences, considering sequence variation of

less than four bases as uninformative. This was achieved

through the following algorithm: sequences were com-

pared in a pairwise fashion, with pairs considered identi-

cal or near-identical when differing at no more than four

bases at unambiguous sites; in other words, sites scored

with ambiguity codes [mrwsykvhdbn-] were not

included in the string comparisons, so a site containing

an ‘A’ in one of the pairs and ‘N’ in the other, would be

considered identical. Both members of the identical pair

were scored for sequence completeness, each additional

unambiguously scored base gaining a sequence score of

1. The scoring took the full nucleotide code into account.

For example, a sequence with a ‘C’ at a given position

would be considered one base longer than a sequence

with a ‘Y’ (i.e. C or T) at the homologous site. The lower
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scoring sequences were then discarded, or in cases where

two sequences were identical at shared sites and were

also of the same length, the first sequence in the file is

retained. After the removal of identical and near-identical

sequences, the 4168 Ichneumonoidea sequences were

reduced to 3278 (1890 braconid and 1388 ichneumonid

sequences, representing 671 genera and 74 subfamilies).

Tree searches

Tree searches were performed using maximum parsi-

mony (MP) and maximum likelihood (ML) algorithms.

For MP trees, we used the standard driven TNT search

(Goloboff et al. 2003), utilizing the constrained and ran-

dom sectoral search and tree fusing algorithms (TNT

command line option: xmult = replication 5 hits 3 autoconst

1 level 5 multiply css rss fuse 3). ML trees were built using

RAxML (v7.2.5) (Stamatakis et al. 2005) using the

GTRCAT nucleotide model and four categories for rate

variation among sites. The parameter settings chosen for

both tree search programmes were based on numerous

preliminary runs, and whilst with such a large data set

can never guarantee yielding the most likely or parsimo-

nious trees, produce robust searches such that resulting

trees are likely to have optimality scores close to the true

optima. Indeed, carrying out time-limited searches with

TNT showed that even far less thorough searches yielded

very similar trees (data not shown). For our purpose, if

expected clades are recovered in slightly suboptimal

trees, then confidence in the correct taxonomic placement

of unknown sequences should be conservative.

Taxonomic congruence scores

Trees were scored for taxonomic congruence of each

genus and subfamily using tRI and tSDI. Both indices

were calculated using a taxonomic presence ⁄ absence

matrix. We scored one character for each taxonomic

group, with each terminal taxon coded as 1 or 0, depend-

ing on whether it belongs to the taxonomic group. The

obtained taxonomic matrix was then used as input for

PAUP* (Swofford 2001) for the calculation of the parsi-

mony retention index.

Taxonomic Simpson dominance indexes were calcu-

lated individually for each taxon using a script written in

Perl (available in Table S1, Supporting information).

Character states (0 or 1) were then optimized on the tree

using the Fitch (1970) parsimony algorithm. With all

branches assigned to either state for each taxonomic

group, the number of subgroups into which a named

taxon had been split and the numbers of terminals in

each of those subgroups were inferred (Fig. 1). The

(a) (b)

(c) (d)

Fig. 1 Illustrating the behaviour of two methods of scoring taxonomic congruence, taxonomic retention index (tRI) and taxonomic

Simpson dominance index (tSDI), on four phyletic patterns of a given taxon (here shown as a red box). Branches belonging to the scored

taxon are shown as shaded. The monophyletic pattern in (a) gives tSDI of 1.0 and tRI of 1.0. (b) shows the taxon as polyphyletic with two

equally sized groups, giving tSDI of 0.4 and tRI of 0.8. In (c), the taxon is also polyphyletic, but of unequally sized groups. Here, the taxon

scores tSDI is 0.67, but the tRI remains 0.8. The paraphyletic group in (d) [of five sequences with one invader] gives tSDI of 1.0 and tRI of 0.8.
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number of sequences in each subgroup was used for the

calculation of tSDI.

For example, if in a 100-taxon tree a taxon with 11

terminals formed two separate lineages, one of one

terminal, the other with ten, the tRI would be 0.9, the

same as if they were recovered in groups of five and six

terminals. In contrast, the tSDI would be 0.8347 in the

first case but 0.504 in the second, thus giving a relatively

higher value to the case where most of the terminals

formed a monophyletic group. The tSDI and tRI respond

differently to paraphyly. The former treats a single

contiguous set of terminals as a single entity irrespective

of it being paraphyletic with respect to other groups,

whereas tRI effectively responds linearly to the number

of instances of paraphyly irrespective of the coherence of

the group on the tree.

Sequences that were unidentified to genus level (353

terminals) were pruned from the resulting trees so as not

to indicate lack of monophyly when the unidentified ter-

minal might actually be a member of the relevant taxon

during the calculations of tRI and tSDI.

If ambiguity was encountered during the calculation

of the monophyly score, we excluded the corresponding

data point. For example, different ancestral state recon-

struction methods (i.e. Acctran vs. Deltran) may disagree

when assigning branches to taxa. In these cases, the count

of the number of clades belonging to a specific taxon

would be dependent on the method used, and we

therefore discarded this score. These cases of ambiguous

polyphyly were most common in some of the densely

sampled taxa (Ophioninae, Cryptinae and Rogadinae).

Additional programming was carried out using R

(R Development Core 2007).

Results

The complete data set was subjected to tree searches, and

the ML tree obtained is presented in Fig. 2 in which dif-

ferent subfamilies are colour coded. This shows that most

sequences assigned to any given subfamily were usually

recovered largely as contiguous units and that separation

at family level was complete. Trees were scored for taxo-

nomic congruence using both tRI and tSDI at subfamily

level and at genus level. The congruence scores for sub-

family level are detailed in Table 1 and the results for

subfamily and genus levels summarized in Table 2.

Whilst there was a broad significant correlation

between number of sequences representing a subfamily

and the tRI for both likelihood and parsimony trees (lin-

ear models, likelihood: F = 9.472, d.f. = 1, 57, P < 0.005;

parsimony: F = 9.807, d.f. = 1, 57, P < 0.005), there was

no significant relationship with the tSDI. Twelve subfam-

ilies, mostly represented by relatively few sequences,

were always recovered as monophyletic, and three

subfamilies, the Labeninae, Pedunculinae and Rhyssinae,

were never recovered as monophyletic with either likeli-

hood or parsimony-based analyses (these three being

represented by very few sequences in the data set: 2, 2

and 3, respectively). Removing the subfamilies that were

always recovered as monophyletic, and therefore might

be expected to share many apomorphies, from the analy-

ses gives highly significant positive correlations of both

tRI and tSDI (linear models, all P values <0.001) with

numbers of included sequences per subfamily for both

likelihood and parsimony trees.

The tRI scores were significantly higher for the ML

tree than on the parsimony tree for the Braconidae

(paired t-test 3.3193, d.f. = 33, P < 0.005) but comparisons

for tRI of the Ichneumonidae, and tSDI for both families

were nonsignificant.

With one exception (Ichneumonidae), the proportion

of taxonomic groups recovered as monophyletic was

higher for the ML than for the MP trees. Recovery of

monophyletic groups was lower on the subfamily com-

pared to genus level. Whereas tRI scores were higher at

subfamily compared to genus level in the Braconidae,

they were approximately the same at both levels for the

Ichneumonidae. In contrast, tSDI scores were more or

less similar at both levels in the Braconidae, and

they were markedly lower at subfamily level in the

Ichneumonidae.

Discussion

The recovery of several morphologically recognized sub-

families as monophyletic when the whole data set is anal-

ysed, including several represented by a considerable

diversity of included genera, suggests that the barcoding

gene region has the potential to place many hard to rec-

ognize taxa correctly to subfamily and in many cases also

to genus level. With the parasitic Hymenoptera, this may

be especially important because it will enable data on

host groups and ranges of larger taxonomic entities to be

estimated from larval stages (i.e. ones found in associa-

tion with hosts in the field) when identified adults of the

same species are not available or have yet to be

sequenced.

Using recovery of taxonomic grouping as an indicator

of accuracy, we see approximately one-third of subfami-

lies and just under half of genera were recovered as

monophyletic from analysis of the full data set in the ML

trees. One limitation of the current study is the relative

incompleteness of taxonomic work on the Ichneumoni-

dae (Quicke et al. 2009), with several traditional

subfamilies appearing as either polyphyletic or paraphy-

letic based on combined morphological and 28S rDNA

sequence data analyses. Nevertheless, of the remaining

well-supported groups, the COI trees still fail to recover
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many as monophyletic, and therefore, using parsimony

or likelihood, any COI sequence of unknown subfamily

level identity might currently be misplaced.

Several subfamilies within the Braconidae and Ichneu-

monidae have consistently been recovered as nonmono-

phyletic, but when the taxonomic congruence measures

are examined, some of these have high scores. In such

cases, the most likely explanation is that some sequences

have been incorrectly assigned to them, through either

morphological misidentification or laboratory level mix-

ups. In a few cases, again especially within the Ichneu-

monidae, the exact limits of some subfamilies are not

known, and some may indeed be poly- or paraphyletic as

currently constituted. Recovery of sequences within the

group ⁄ clade comprising the vast majority of the

sequences in these cases is likely therefore to constitute a

relatively high degree of confidence about the placement

of the unknown taxon.

An important finding of this study is that the broad

correlation between taxonomic congruence and number

of included sequences for many groups (Fig. 3) which is

in agreement with numerous other studies that have

more generally shown that phylogenetic accuracy is

increased by adding more taxa (Poe 1998; Rannala et al.

1998; Zwickl & Hillis 2002). In the case of the barcoding

CO1 region, our results suggest that, excluding a few

cases where clades have highly characteristic sequences

(see Table 1; subfamilies with few representatives but

with tRI and tSDI = 1), only by having a large reference

set of correctly associated sequences representing a clade

Fig. 2 Circular maximum likelihood phylogram from analysis of the whole data set, differentially colour coded for all major sub-

families and with unassigned taxa coloured grey.
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Table 1 Taxonomic congruence scores of subfamilies for maximum likelihood and an exemplar maximum parsimony tree based upon

analysis of entire data set (subfamilies represented by only one sequence omitted)

Subfamily

No. of

genera represented No. of sequences

Likelihood Parsimony

tSDI tRI tSDI tRI

Braconidae

Acampsohelconinae 1 5 0.6 0.75 0.60 0.75

Agathidinae >1 10 1.0 1.0 1.0 0.67

Alysiinae 18 79 0.95 0.93 0.49 0.91

Amicrocentrinae 1 2 1.0 1.0 1.0 1.0

Aphidiinae 13 56 0.47 0.95 0.85 0.95

Blacinae 2 12 0.32 0.73 0.20 0.64

Brachistinae 9 28 0.38 0.72 0.49 0.64

Braconinae 39 86 1.0 0.99 0.97 0.96

Cardiochilinae 7 13 1.0 0.78 0.62 0.67

Cenocoeliinae 2 2 1.0 1.0 1.0 1.0

Charmontiinae 1 4 1.0 1.0 1.0 1.0

Cheloninae 6 136 0.98 0.99 0.97 0.98

Diospilinae 8 26 0.54 0.72 0.42 0.67

Doryctinae 58 97 0.36 0.94 0.89 0.93

Exothecinae 5 9 0.71 0.83 0.71 0.83

Gnamptodontinae 3 7 1.0 1.0 1.0 1.0

Helconinae 10 31 0.50 0.79 0.22 0.72

Homolobinae 2 9 0.78 0.87 0.78 0.75

Hormiinae 2 9 0.19 0.5 0.19 0.5

Ichneutinae 3 5 1.0 1.0 0.4 0.75

Khoikhoinae 2 5 0.60 0.75 1.0 0.75

Lysiterminae 5 11 0.25 0.57 0.25 0.57

Macrocentrinae 5 37 1.0 1.0 1.0 1.0

Maxfischeriinae 1 7 1.0 1.0 1.0 1.0

Mesostoinae 6 8 1.0 1.0 1.0 1.0

Meteorideinae 1 3 1.0 1.0 1.0 1.0

Meteorinae 14 84 0.97 0.97 0.97 0.93

Microgastrinae 21 408 1.0 0.99 0.51 0.99

Miracinae 1 11 0.82 0.9 0.66 0.8

Opiinae 6 28 0.30 0.80 0.62 0.75

Orgilinae 4 26 1.0 0.95 1.0 0.85

Pambolinae 3 6 0.67 0.6 0.27 0.6

Rhysipolinae 4 6 0.13 0.4 0.13 0.2

Rhyssalinae 5 5 1.0 1.0 0.3 0.5

Rogadinae 35 607 0.91 0.99 0.94 0.99

Ichneumonidae

Acaenitinae 4 4 0.18 0.33 0.5 0.33

Anomaloninae 12 32 0.68 0.91 0.68 0.91

Banchinae 12 32 1.0 0.97 0.73 0.90

Brachyscleromatinae 4 4 1.0 1.0 1.0 1

Campopleginae 20 187 1.0 0.99 1.0 0.97

Claseinae 1 2 1.0 1.0 1.0 1.0

Cremastinae 5 33 1.0 1.0 1.0 1.0

Cryptinae >99 182 0.89 0.91 0.61 0.83

Ctenopelmatinae 35 73 0.83 0.89 0.91 0.82

Diplazontinae 11 56 0.69 0.96 1.0 0.93

Hybrizontinae 2 4 1 1 1 1

Ichneumoninae 48 97 0.77 0.86 0.72 0.77

Labeninae 2 2 0 0 0 0

Lycorininae 1 5 1 1 1 1

Mesochorinae 3 108 0.96 0.97 0.94 0.97

Metopiinae 11 33 0.37 0.88 0.27 0.81
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can identify an unknown sequence to that clade be

achieved with high certainty. For example, with very

well-represented subfamilies such as the Microgastrinae

and Rogadinae, it is likely that almost any sequence

belonging to a member of either of these will associate in

MP or ML analysis with the existing cluster or clusters. In

contrast, for relatively poorly represented subfamilies,

such as members of the helconine complex within the

Braconidae (e.g. Helconinae, Diospilinae, Brachistinae,

Blacinae, Orgilinae, Homolobinae), and the Cryptinae,

Ichneumoninae, Ctenopelmatinae, Pimplinae, within the

Ichneumonidae, the highly interspersed natures of their

recovered clades on the best trees (see Fig. 2) suggest that

the available CO1 gene fragments are currently too diver-

gent to permit reliable subfamily placements of

sequences of unknown origin unless they are very closely

related to identified representatives. Therefore, before the

available barcoding databases can be used reliably to

place the great majority of ichneumonoids to subfamily

or tribe level, sampling density will need to be greatly

increased for particular, currently under-represented,

groups. Finally, this analysis points to the presence in the

analysed data set of a few wrongly labelled sequences

Table 2 Summary of monophyly and taxonomic congruence measures of morphologically defined genera and subfamilies for

maximum likelihood (ML) and maximum parsimony (MP) analyses of entire data set

Method

Proportion of taxa recov-

ered as monophyletic Mean tRI Mean tSDI

Subfamily Genus Subfamily Genus Subfamily Genus

Braconidae ML 0.379 0.430 0.868 0.742 0.792 0.759

MP 0.276 0.398 0.801 0.702 0.717 0.729

Ichneumonidae ML 0.278 0.5 0.704 0.713 0.648 0.765

MP 0.278 0.443 0.719 0.692 0.642 0.747

tSDI, taxonomic Simpson dominance index; tRI, taxonomic retention index.

0.5 1.0 1.5 2.0 2.5
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0

0.
2

0.
4

0.
6

0.
8

1.
0

Log(number of sequences)
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Fig. 3 Relationships between total number of sequences analy-

sed for each subfamily of wasp and two measures of taxonomic

congruence (taxonomic retention index and taxonomic Simpson

dominance index) on the maximum likelihood tree and an arbi-

trary most parsimonious tree.

Table 1 (Continued)

Subfamily

No. of

genera represented No. of sequences

Likelihood Parsimony

tSDI tRI tSDI tRI

Ophioninae 11 150 0.99 0.99 0.99 0.99

Orthocentrinae 15 112 0.49 0.89 0.34 0.87

Pedunculinae 2 2 0 0 0 0

Pimplinae 21 46 0.45 0.60 0.35 0.51

Poemeniinae 3 4 0.33 0 0.33 0.5

Rhyssinae 3 3 0 0 0 0

Tersilochinae 7 23 0.40 0.78 0.4 0.78

Tryphoninae 14 39 0.67 0.69 0.72 0.63

tSDI, taxonomic Simpson dominance index; tRI, taxonomic retention index.
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which in both ML and MP analyses fall conspicuously

among other homogeneous clusters of taxa.
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