Molecular Phylogenetics and Evolution 54 (2010) 386–394

Contents lists available at ScienceDirect

Molecular Phylogenetics and Evolution
journal homepage: www.elsevier.com/locate/ympev

Phylogenetics of Coenonymphina (Nymphalidae: Satyrinae) and the problem
of rooting rapid radiations
Ullasa Kodandaramaiah a,*, Carlos Peña b, Michael F. Braby c,d, Roger Grund e, Chris J. Müller f, Sören Nylin a,
Niklas Wahlberg a,g
a

Department of Zoology, Stockholm University, 106 91 Stockholm, Sweden
Museo de Historia Natural, Universidad Nacional Mayor de San Marcos, Av. Arenales 1256 Apartado 14-0434, Lima-14, Peru
Museum and Art Gallery Northern Territory, Darwin, NT 0801, Australia
d
School of Botany and Zoology, The Australian National University, Canberra, ACT 0200, Australia
e
9 Parkers Road, Torrens Park, Adelaide, SA 5062, Australia
f
Molecular Ecology Lab, Department of Biological Sciences, Macquarie University, Sydney, NSW 2109, Australia
g
Laboratory of Genetics, Department of Biology, University of Turku, 20014 Turku, Finland
b
c

a r t i c l e

i n f o

Article history:
Received 20 April 2009
Revised 10 August 2009
Accepted 12 August 2009
Available online 15 August 2009
Keywords:
Rapid radiation
Coenonymphina
Hypocystina
Outgroup rooting
Outgroup selection

a b s t r a c t
We report a rapid radiation of a group of butterﬂies within the family Nymphalidae and examine some
aspects of popular analytical methods in dealing with rapid radiations. We attempted to infer the phylogeny of butterﬂies belonging to the subtribe Coenonymphina sensu lato using ﬁve genes (4398 bp) with
Maximum Parsimony, Maximum Likelihood and Bayesian analyses. Initial analyses suggested that the
group has undergone rapid speciation within Australasia. We further analyzed the dataset with different
outgroup combinations the choice of which had a profound effect on relationships within the ingroup.
Modelling methods recovered Coenonymphina as a monophyletic group to the exclusion of Zipaetis
and Orsotriaena, irrespective of outgroup combination. Maximum Parsimony occasionally returned a
polyphyletic Coenonymphina, with Argyronympha grouping with outgroups, but this was strongly dependent on the outgroups used. We analyzed the ingroup without any outgroups and found that the relationships inferred among taxa were different from those inferred when either of the outgroup combinations
was used, and this was true for all methods. We also tested whether a hard polytomy is a better hypothesis to explain our dataset, but could not ﬁnd conclusive evidence. We therefore conclude that the major
lineages within Coenonymphina form a near-hard polytomy with regard to each other. The study highlights the importance of testing different outgroups rather than using results from a single outgroup combination of a few taxa, particularly in difﬁcult cases where basal nodes appear to receive low support. We
provide a revised classiﬁcation of Coenonymphina; Zipaetis and Orsotriaena are transferred to the tribe
Eritina.
Ó 2009 Elsevier Inc. All rights reserved.

1. Introduction
Rapid radiations have been documented in several groups of
organisms – plants (Harris et al., 2000; Fishbein et al., 2001; Malcomber, 2002; Shaw et al., 2003), insects (Mardulyn and Whitﬁeld,
1999; Jordal et al., 2000; Von Dohlen and Moran, 2000; Lockhart
and Cameron, 2001; Braby and Pierce, 2007; Peña and Wahlberg,
2008), shrimps (Morrison et al., 2004), amphibians (Mahoney,
2001), snakes (Wiens et al., 2008), birds (Barker et al., 2004) and
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mammals (Halanych and Robinson, 1999; Lin et al., 2002). Phylogenetic reconstructions of such groups have posed signiﬁcant
challenges (Whitﬁeld and Lockhart, 2007). Resolution of nodes
preceded by short branches (internal nodes) has proven to be
difﬁcult, even with large amounts of data (Tajima, 1983; Wiens
et al., 2008; Hallström and Janke, 2008). Furthermore, rooting of
trees with outgroups has been problematic, especially when the
outgroup taxa are distant from the ingroup (Lin et al., 2002; Zanis
et al., 2002; Slack et al., 2003; Blanga-Kanﬁ et al., 2009). Here, we
report a rapid radiation of a group of butterﬂies within the subfamily Satyrinae (Nymphalidae) and examine in detail some
aspects of popular analytical methods in dealing with rapid
radiations.
Peña et al. (2006), in their phylogenetic study of the subfamily Satyrinae, identiﬁed several clades that did not conform to
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the accepted morphological classiﬁcation of the subfamily (Harvey, 1991), which was based on the monograph by Miller
(1968). One major clade in Peña’s study consisted of genera from
the subtribe Hypocystina (represented by 13 genera), subtribe
Coenonymphina (represented by Coenonympha), Oressinoma
(Euptychiina) and Orsotriaena (then placed in Mycalesina).
Although they did not include all genera in the two subtribes
Coenonymphina and Hypocystina, it was clear that their Coenonymphina was paraphyletic and Hypocystina polyphyletic; hence,
delineation of these two subtribes was not satisfactory. Peña
et al. (2006) therefore informally proposed that Hypocystina
should be synonymized with Coenonymphina and its studied
genera included under Coenonymphina along with Oressinoma
and Orsotriaena. Thus, Coenonymphina, as proposed by Peña
et al. (2006), includes four distinct zoogeographic elements: Holarctic (Coenonympha), Australasian (many genera), Oriental
(Zipaetis, Orsotriaena) and Neotropical (Oressinoma). More recently, Peña and Wahlberg (2008) and Peña et al. (in press) included some coenonymphine genera in their studies. In their
analyses, Zipaetis and Orsotriaena formed a clade with members
of Eritina and were together sister to a clade composed of the
remaining members of Coenonymphina. A study of three Holarctic members of the group (Lyela, Triphysa, Coenonympha) showed
that Coenonympha was paraphyletic with respect to Lyela and
Triphysa; hence the latter two genera were synonymized under
Coenonympha (Kodandaramaiah and Wahlberg, 2009). However,
Kodandaramaiah and Wahlberg (2009) did not include data from
the fourth Palaearctic genus, Sinonympha, and thus its afﬁnity
with other members of Coenonymphina remains unclear. Miller
(1968) divided his Hypocystini into the Xenica and Hypocysta
series. The Xenica series was composed of temperate species
found mainly in the Australian mainland, Tasmania and New
Zealand while the Hypocysta series consisted of genera distributed predominantly in New Guinea, the Solomon Islands and
New Caledonia (Table 1).

Table 1
Current classiﬁcation of Coenonymphina and revised classiﬁcation scheme proposed
in this study. An asterisk indicates that the genus was part of Miller’s Hypocysta series
and a double asterisk indicates that it belongs to his Xenica series.
Current classiﬁcation (Peña et al., 2006)

Proposed classiﬁcation

Coenonymphina
Coenonympha
Sinonympha (tentative)
Altiapa
Argyronympha*
Dodonidia**
Argyrophenga**
Percnodaimon**
Erebiola**
Erycinidia*
Harsiesis*
Argynnina**
Geitoneura**
Heteronympha**
Nesoxenica**
Hyalodia*
Hypocysta*
Lamprolenis*
Paratisiphone**
Platypthima*
Oreixenica**
Tisiphone**
Zipaetis*
Orsotriaena
Oressinoma

Coenonymphina
Argyronympha
Oressinoma
Sinonympha
Coenonympha
Erycinidia
Oreixenica
Paratisiphone
Tisiphone
Nesoxenica
Dodonidia
Erebiola
Argyrophenga
Percnodaimon
Argynnina
Heteronympha
Geitoneura
Platypthima
Harsiesis
Lamprolenis
Hypocysta
Altiapa
Hyalodia

Moved to Eritina
Orsotriaena
Zipaetis
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In summary, the tribe Coenonymphina now contains 24 genera,
including members of the former Hypocystina, Oressinoma and
Coenonympha (Parsons, 1998; Braby, 2000; Bozano, 2002; Peña
et al., 2006, in press; Kodandaramaiah and Wahlberg, 2009). The
inclusion of Zipaetis, Orsotriaena and Sinonympha is tentative, needing further corroboration. Our objectives at the outset were to deﬁne Coenonymphina and to clarify relationships of genera within
the group. Our preliminary analyses indicated that the basal
branches were very short and phylogenetic relationships of major
lineages were unstable. We conducted more rigorous analyses
with increased data to investigate the effects of outgroup choice
and stability of clades recovered.
Hard or near-hard polytomies can theoretically result from rapid speciation where extremely short internal (basal) branches
are followed by much longer branches (Braby et al., 2005; Shavit
et al., 2007). If successive speciation events proceed rapidly, there
is little time for synapomorphies to accumulate in the short period
between two speciation events (Whitﬁeld and Kjer, 2008). Even if
synapomorphies are accumulated in the internal branch, phylogenetic reconstruction methods can be misled if at least two of the
external (terminal) branches are much longer than the internal
branch, since homoplastic changes on these longer branches can
override the signal in the internal branch (long-branch attraction;
Felsenstein, 1978; Bergsten, 2005). Long branches are thought to
affect Maximum Parsimony (MP) methods more severely (Felsenstein, 1978; Philippe et al., 2005), but model-based methods such
as Bayesian Inference (BI) and Maximum Likelihood (ML) are not
immune to the problem (Siddall, 1998; Omilian and Taylor,
2001; Schwarz et al., 2004; Bergsten, 2005). Generally speaking,
most problems of rapid radiations can be attributed to their resemblance to hard polytomies.
Although empirical studies can highlight many problems posed
by rapid radiations, they cannot be used to pinpoint the sources of
errors and estimate the accuracy of a given phylogenetic reconstruction method, because the ‘true’ phylogeny remains unknown.
Simulation studies are useful in this respect. Studies by Holland
et al. (2003) and Shavit et al. (2007) have suggested that the choice
of outgroups can affect relationships within the ingroup signiﬁcantly. In their studies, adding outgroups frequently disrupted ingroup relationships that were correctly inferred when analyzed
without outgroups and the ingroup was most accurately recovered
when no outgroup was used. However, the effect of different outgroup combinations on ingroup relationships has rarely been
investigated in detail on ‘real world’ datasets. A typical phylogenetic analysis includes a single set of outgroup taxa that are presumed to be close enough to the ingroup taxa (Nixon and
Carpenter, 1993). In this study, we explicitly test the effect of different outgroup combinations on ingroup relationships and compare them to the results from the analysis without outgroups.
It is quite likely that for a given rapid radiation there have been
no substitutions in the genes used to infer the phylogeny. If this is
true, the real phylogeny for that particular gene combination is a
hard polytomy. All three methods MP, ML and BI have been shown
to be biased towards a spurious resolved topology in such cases
(Suzuki et al., 2002; Cummings et al., 2003; Shavit et al., 2007),
with BI especially prone to returning high posterior probability values for non-existent nodes (Susko, 2008). Lewis et al. (2005) proposed a solution to this problem. They suggested a modiﬁcation
of the MCMC (Markov Chain Monte Carlo) algorithm currently
used in BI so that less resolved tree topologies with polytomies
could be allowed to compete with fully resolved topologies using
the reversible-jump MCMC algorithm (Green, 1995). This method
is potentially useful in analyses of rapid radiations to determine
whether a hard polytomy is the best hypothesis for the genes comprising the dataset used in a study. We applied this method to our
dataset to test for a hard polytomy.
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2. Materials and methods
2.1. Data collection
We included 21 out of 22 genera of Coenonymphina (we were
unable to procure samples of Hyalodia, which is endemic to western Papua), as well as Zipaetis and Orsotriaena. Sequences of relevant genera from Peña et al. (2006, in press) and Kodandaramaiah
and Wahlberg (2009) were also included in the current study. Supplementary material 1 lists the samples used in this study along
with their collection localities. Specimens were collected by the
authors and collaborators and preserved either in ethanol or by
desiccation. DNA was extracted from two legs using QIAGEN’s
DNeasy extraction kit (Hilden, Germany). We initially sequenced
the same three genes used in Peña et al. (2006) and Kodandaramaiah and Wahlberg (2009) using protocols described therein. These
are COI, EF1-a and wingless, amounting to a total of 3090 bp. The
combination of these three genes to reconstruct phylogenies at
similar taxonomic levels has been proven in previous studies on
butterﬂies (Wahlberg et al., 2005; Simonsen et al., 2006; Kodandaramaiah and Wahlberg, 2007; Wahlberg and Freitas, 2007; Silva
Brandão et al., 2008). Initial analyses on this three gene dataset
indicated poorly resolved basal nodes. To test whether additional
data improves resolution, we sequenced two more genes, GAPDH
and RPS5. These two genes have been found to be phylogenetically
informative within various subfamilies of Nymphalidae (Peña and
Wahlberg, 2008; Aduse-Poku et al., 2009; Wahlberg et al., 2009),
and display variation on par with wingless (Wahlberg and Wheat,
2008). GAPDH was ampliﬁed with the primers Frigga and Burre,
while the primers RpSfor and RpSrev ampliﬁed RpS5. Both primer
pairs and protocols were adopted from Wahlberg and Wheat
(2008). Outgroup sequence data were taken from Peña and Wahlberg (2008). Supplementary material 1 lists the Genbank accession
numbers for samples used in the study.

2.2. Phylogenetic analyses
The combined dataset of ﬁve genes including those from eight
outgroup taxa (henceforth the ‘8-outgroup’ dataset) was analyzed
using MP, ML and BI. MP analyses were conducted in TNT v 1.1
(Goloboff et al., 2008). New Technology searches (Goloboff, 1999;
Nixon, 1999) consisting of Tree Fusion, Ratchet, Tree Drifting and
Sectorial searches were performed on 1000 random additional replicates. Support for individual clades was calculated using Bootstrap proportions that were based on 1000 pseudo-replicates
with 10 random replicates each.
ML analyses were performed in RAxML III (Stamatakis et al.,
2008) assuming the GTR + G model of substitution, which was chosen by the software jModelTest (Posada, 2008). The dataset was
partitioned into ﬁve categories corresponding to the genes, with
model parameters estimated individually for each partition. Support for the nodes recovered was estimated from 1000 bootstrap
replicates. BI analyses were performed in MrBayes 3.2 (Ronquist
and Huelsenbeck, 2003). Partitioning of the dataset was as in the
ML analysis and model parameters were unlinked between partitions. The MCMC chains were run either for 5,000,000 generations
or until the average standard deviation of split frequencies
dropped below 0.01.
We performed a series of analyses to test whether outgroup
choice affected relationships inferred within the ingroup. We ﬁrst
conducted the MP, ML and BI analyses described above on a dataset with 23 outgroups by adding 15 additional outgroups. This
dataset will henceforth be referred to as the ‘23-outgroup’ dataset.
The same analyses were also repeated without outgroup taxa
(henceforth the ‘ingroup’ dataset). Furthermore, we performed

tests to distinguish between effects of outgroup number (outgroup
sampling density) and varying outgroup combination. We put together eight datasets, each having eight randomly chosen outgroups from the 23-outgroup dataset in addition to Zipaetis and
Orsotriaena. These datasets were analyzed in TNT and compared
to results from the MP analysis on the 8-outgroup dataset. We also
performed MP, ML and BI analyses with only COI, EF1-a and wingless to make them comparable with the many published studies
that have used these three genes.
Partitioned Bremer support (PBS) values were used to estimate
conﬂict between partitions (Baker and DeSalle, 1997), and were
calculated in TNT using a script written by one of the authors (Carlos Peña; available from www.zmuc.dk/public/phylogeny/tnt/
scripts/pbsup.run). Due to anomalous results, the PBS analyses
were conducted on the 23-outgroup, 8-outgroup and the ingroup
only datasets. Partition Congruence Index (PCI) values were used
to summarize these PBS values (Brower, 2006). If all partitions support a particular node, the PCI value equals the total Bremer Support (BS) value from all partitions for that node. The PCI value
decreases with increasing conﬂict between partitions and becomes
negative with high amounts of conﬂict (Brower, 2006).
The 8-outgroup dataset was analyzed with the software Phycas
v1.1.2 (www.phycas.org) to test whether a tree with one or more
polytomous nodes was a better hypothesis than trees with a fully
resolved topology. The MCMC algorithms in the most widely used
software such as MrBayes and BEAST (Drummond and Rambaut,
2007) only consider and evaluate the likelihoods of fully resolved
topologies. Thus, less resolved topologies with one or more polytomies do not feature in the posterior distribution of trees. This leads
to spurious resolution in groups whose true phylogenies include
hard polytomies. To overcome this shortcoming, Lewis et al.,
2005 proposed that less resolved topologies should be evaluated
in addition to completely resolved topologies. However, less resolved topologies are of different dimension compared to a completely bifurcate pattern because they have fewer branch length
parameters. Thus their evaluation necessitates a jump between
models of differing dimensions, which cannot be done by the
MCMC in MrBayes and BEAST. Lewis and colleagues offered a solution that involves a modiﬁcation to MCMC called the reversiblejump MCMC (Green, 1995). This modiﬁcation allows the MCMC
run to explore a tree space that includes all topologies: fully bifurcate, less resolved and completely star-like. This algorithm has
been implemented in Phycas. Currently, Phycas does not allow partitioning of the dataset. The GTR + G model was imposed on the
combined dataset. A gamma distribution with mean 0.5 was used
as the prior for the gamma shape parameter. An exponential distribution with mean 1.0 was set as the prior for both the ratio of the
rate of transitions to the rate of transversions and the mean of the
branch lengths. Polytomies and resolved topologies were assigned
equal priors. The MCMC chain was run for 60,000 cycles after discarding the ﬁrst 1000 trees as burnin (note that one cycle involves
more calculations in Phycas and is not the equivalent of one generation in MrBayes), with trees sampled every 10 cycles.

3. Results
The combined dataset including seven outgroups consisted of
4447 bp, of which 1490 bp were parsimony informative. We will
refer to the Bayesian analysis in MrBayes as MB to distinguish it
from the Phycas analysis. The trees from the three analyses (MP,
MB and ML) on the 8-outgroup dataset were in conﬂict at several
nodes. Fig. 1 depicts the ML tree and Supplementary material 2a
and 3a show the MP and MB trees. Basal branches in ML and MB
were shorter than terminal branches and the nodes that they preceded generally had poor support. Three nodes on the 50% majority
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Fig. 1. Maximum Likelihood tree from the RAxML analysis on the 8-outgroup dataset. Numbers below branches are bootstrap values.

rule consensus tree from MB were unresolved (Supplementary
material 2a). Only one MP tree was recovered (Supplementary
material 3a).
Sinonympha was sister to Coenonympha with strong support in
the model-based analyses (MB: 1.0 posterior probability; ML:
100% bootstrap). Sinonympha was nested within Coenonympha
and they were together monophyletic with strong support in the
MP analysis (100% bootstrap). In all three analyses the genera comprising Coenonymphina excluding Zipaetis and Orsotriaena formed
a monophyletic group, with good support in MB and ML (MP: 53,
MB: 1.0, ML: 98), although relationships within this clade differed
between the three. This clade will henceforth be referred to as the
Coenonymphina clade.
Zipaetis and Orsotriaena formed a clade with Erites and Coelites
(both Satyrini: Eritina) with good support in MB and ML (MB:
1.0, ML: 99) but this clade was not sister to the Coenonymphina
clade. This clade was also recovered in the MP tree, but with poor
support (<50), and as in the other two analyses not sister to the
Coenonymphina clade.

All analyses on the 23-outgroup dataset indicated the monophyly of the Coenonymphina clade (MP: 66, MB: 1.0; ML: 100).
The relationships within the clade differed signiﬁcantly among
the three trees. They were also different from respective analyses
(i.e., analyzed with the same method) on the 8-outgroup dataset.
The MB tree was less resolved than the 8-outgroup tree at two
nodes. The Zipaetis–Orsotriaena–Erites–Coelites clade was recovered in all analysis, with strong support in MB and ML (MB: 1.0;
ML: 93; MP: <50).
The Coenonymphina clade was used in the ingroup analyses. As
with the previous sets of analyses, the different analyses recovered
discordant relationships. For all three methods, recovered relationships differed from those analyzed using the same method but with
outgroups. Fig. 2(a,b,c) depict the three different topologies recovered in the three ML analyses. Fig. 3(a,b,c) and Supplementary material 3b show the same for the MP and MB analyses, respectively.
Analyses with only COI, EF1-a and wingless showed similar patterns
of discordance among the three methods of analysis and the effect of
outgroups on ingroup relationships (results not shown).
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Fig. 2. Topologies recovered in the three Maximum Likelihood analyes in RaxML. (a) 23-outgroup dataset. (b) 8-outgroup dataset. (c) Ingroup analyzed without outgroups,
rooted with Argyronympha rubianensis for comparison with a and b.

The PBS analyses showed high to extremely high conﬂict at
many nodes in the 23-outgroup and the 8-outgroup analyses
(especially among outgroup relationships). The conﬂict did not
have similar patterns in the two analyses, rather in the 23-outgroup analysis the conﬂict was found randomly in the different
gene regions, where as in the 8-outgroup dataset COI and EF1-a
were systematically in conﬂict with the other three gene regions,
even for the same nodes found in the 23-outgroup analysis (Supplementary material 3 and 4). Interestingly, in the ingroup only
PBS analysis, most conﬂict disappeared (Supplementary material
4). We believe this has something to do with outgroups being long
branch taxa and these are interacting with the long branches of the
ingroup taxa in unpredictable ways. Investigating this in more detail is beyond the scope of this paper and will be addressed
elsewhere.

Where tested, all genera except Platypthima and Coenonympha
were monophyletic with good support. Harsiesis hygea was nested
within the two Platypthima species used in this study. Similarly,
Coenonympha was paraphyletic with respect to Sinonympha in ingroup and all MP analyses. Basal nodes received poor support in
all analyses. Clades that received strong support were recovered
in all trees and showed little or no conﬂict in the PBS analysis.
Coenonympha-Sinonympha was one such clade. Among the Australasian genera, three clades - ‘Dodonidia-Erebiola-PercnodaimonArgyrophenga’, ‘Erycinidia-Oreixenica’ and ‘Hypocysta-Altiapa-Lamprolenis-Platypthima-Harsiesis’ were well-supported and recovered
in all analyses. We refer to these clades that were recovered in all
above mentioned analyses as ‘stable’ clades. Additionally, members of the Coenonymphina clade to the exclusion of Argyronympha
formed a clade that was recovered in all analyses as the sister
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Fig. 3. Strict consensus topologies recovered in the Maximum Parsimony analyses in TNT. (a) 23-outgroup dataset. (b) 8-outgroup dataset. (c) Ingroup analyzed without
outgroups, rooted with Argyronympha rubianensis for comparison with a and b. Note that Argyronympha is monophyletic in the unrooted tree.

group to Argyronympha. Furthermore, Oressinoma was sister to
Coenonympha + Sinonympha with strong support in all 6 modelbased analyses and this relationship was also recovered with weak
support (<50%) in the MP analysis with 8 and 23 outgroups.
The eight MP analyses with randomly chosen combinations of 8
outgroups resulted in eight unique topologies (Supplementary
material 5). The stable clades mentioned above were recovered
in all eight analyses. However, the Coenonymphina clade was not
monophyletic in ﬁve instances (Supplementary material 5b, c, d,
f, and g). Paratisiphone was sister to Nesoxenica in all eight trees,
and this clade was also recovered in the ﬁrst three MP analyses
(Fig. 3).
The Bayesian analysis in Phycas recovered the Coenonymphina
clade with strong support (Posterior Probability 1.0; Supplementary material 6). The topology was slightly more resolved than
the MB topology of the 8-outgroup dataset and all the stable clades
appeared with strong support. Relationships were congruent with
those from the MrBayes analysis, with the exception of the position

of Paratisiphone as either sister to Tisiphone in the MB analysis or
sister to Nesoxenica in the Phycas analysis (Supplementary material
2a, 6).
4. Discussion
We ﬁrst consider results from the MP, ML and MB analyses.
Concordance between different methods of analysis, especially between MP and model-based methods is considered to be an indication of strong phylogenetic signal and stability of the relationships
inferred (Kim 1993; Brooks et al., 2007; Wahlberg and Freitas,
2007; Wahlberg and Wheat, 2008). The monophyly of the Coenonymphina clade is very strongly supported in Maximum Likelihood
and Bayesian analyses. This clade was also recovered in most MP
analyses, albeit with low support. The lower support in MP is possibly due to long-branch attraction artefacts, which are difﬁcult to
identify because of the presence of multiple long branches within
the clade. In instances where the monophyly of the clade was dis-
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rupted, it was only because Argyronympha grouped with outgroup
taxa. The MB and ML analyses indicate that the branch leading to
this genus is longer than in other genera. In light of these results
and considering the stability of the clade excluding Argyronympha,
we regard the Coenonymphina clade to be reasonably stable. This
is also in agreement with Peña et al. (in press), who found Argyronympha to be sister to the rest of the Coenonymphina clade in their
broad study of the tribe Satyrini. We thus propose that taxa forming the Coenonymphina clade, including Argyronympha, should
henceforth be classiﬁed in the subtribe Coenonymphina.
On a similar note, the Zipaetis–Orsotriaena–Erites–Coelites group
was monophyletic in all analyses. Erites and Coelites are currently
placed in Eritina, although Peña et al. (in press) did not ﬁnd them
to group together. Zipaetis was tentatively placed within Hypocystina by Miller (1968), who noted that the morphology of Zipaetis
was ‘exceptionally aberrant’. It is clear that Zipaetis does not belong
in Coenonymphina and should be moved to Eritina, along with
Orsotriaena (see also Peña et al., in press).
Relationships within the Coenonymphina clade changed with
change in outgroup composition, irrespective of the analytical
method used. The 23-outgroup, 8-outgroup and ingroup datasets
had the same composition of terminals within Coenonymphina,
while the outgroup sampling density differed. Analyses on datasets
with eight randomly chosen outgroup taxa all had the same taxon
sampling density, yet the results differed in inferred relationships
within Coenonymphina. This shows that ingroup relationships
can be affected by changes both in outgroup sampling density
and combination of taxa used as outgroups.
Other studies have shown that distant outgroups can attach
themselves randomly within the ingroup due to long-branch
attraction, thereby disturbing ingroup relationships (Lin et al.,
2002; Slack et al., 2003; Fric et al., 2007; Gatesy et al., 2007).
We believe the disruption of monophyly of Coenonymphina in
some analyses (e.g., Supplementary material 4a and d) is due to
such long branch attraction. In all other instances, however, the
monophyly of Coenonymphina was intact and outgroups always
attached themselves to the branch between Argyronympha and
its sister group. Despite being attached to the same branch, outgroups had an impact on relationships within Coenonymphina.
This phenomenon has been shown previously in simulation studies (Shavit et al., 2007), but to our knowledge this is the ﬁrst
study to demonstrate it in an empirical dataset. The effect of outgroups is most pronounced in the basal parts of the Coenonymphina clade.
The ﬁnding that outgroup choice can affect ingroup relationships has implications for the use of phylogenies in biology.
Although it is acknowledged that weakly supported relationships
can only result in poorly supported inferences based on the phylogeny, in many cases a single topology is chosen to be used for further analyses of divergence time estimates, biogeography,
character evolution, etc. The most common approach is to use a
small set of outgroups in the analysis with the intention of rooting
trees. In the analyses used here, rooting with outgroups is a post
hoc action with no effect on the tree search. Yet, the current study
indicates that the taxa included as outgroups in the analysis can affect relationships inferred among the taxa designated as the ingroup. Our results show that it can be very useful and important
to evaluate the effects of varying outgroup combinations, both in
terms of recovering a monophyletic ingroup and in obtaining a better indication of the robustness of relationships within it.
Within the Coenonymphina clade, the branches in the MB and
ML trees are characterized by the presence of short basal branches
followed by much longer branches. There is a clear trend for basal
nodes to be weakly supported and well-supported groups to be
preceded by longer branches. The combination of the three genes,
COI, EF1-a and wingless, that has resolved relationships at similar

taxonomic levels time and again fails to do so for this particular
dataset. Furthermore, the tree topology with respect to basal nodes
was sensitive to the choice of outgroups, a phenomenon that has
been only been reported in simulation studies of near-hard polytomies (Shavit et al. 2007). In summary, these ﬁndings strongly suggest that the members of the clade are the result of a rapid
radiation and conform to properties of near-hard polytomies.
One reason for poorly supported basal nodes is that there might
not have been any mutational changes in the ﬁve genes during the
short periods between early speciation events in the group. In this
case, the true phylogeny for the ﬁve genes used is a hard polytomy.
Although various software have had the option of collapsing nodes
if branch lengths are zero, they are clearly biased towards resolved
trees (Lewis et al., 2005; Shavit et al., 2007). The method of Lewis
and colleagues implemented in Phycas can theoretically detect
true hard polytomies. In our analysis, the consensus tree from Phycas was in fact more resolved than the MB tree with the same outgroups. There was one polytomy within Coenonymphina; however,
inspection of sampled trees indicated that this polytomy was not
solely because it appeared in more than 50% of the samples, but
also because of conﬂict between trees. Overall, this analysis suggests that hard polytomous nodes within Coenonymphina do not
have a higher posterior probability than resolved topologies.
Since all genera except one are included in the study, it is unlikely that better sampling of extant taxa will increase resolution
within this group. Increased data from more genes may result in
better resolution and stronger support for the basal nodes. The
amount of data analyzed here is on the higher side compared with
the average molecular systematic study on animal taxa. How much
more data needs to be added before the basal branches become
stable? The advent of the phylogenomic era in phylogenetics has
allowed several authors to utilize genomic-scale data in an attempt
to resolve difﬁcult phylogenies. Hallström and Janke (2008) used
data from 3012 genes (amounting to 2,844,615 bp) in their phylogenomic analysis of placental mammals but were unable to resolve
divergences that occurred in less than a 4 my time-frame. They
surmised that historic processes such as hybrid speciation or introgression may obscure speciation patterns. Other studies (Hackett
et al., 2008; Wiens et al., 2008) have found similar patterns. We
side with Rokas and Carroll (2006) in their view that there will
be several bushes in the tree of life and that these are not necessarily failures of phylogenetic methodology, but a portrayal of the
kind of evolution that has taken place. Coenonymphina is perhaps
one of these.
4.1. Systematic relationships within Coenonymphina
Miller placed Erycinidia in his Hypocysta series on the basis of
midleg tibial spurs being absent, but in fact spurs are present in
Erycinidia, but are very reduced (Grund 2006). In this study, Erycinidia is sister to Oreixenica (Xenica series) with strong support in all
analyses. The two genera share the morphological character of a
strongly sclerotised annular juxtal-ring around the aedeagus of
the male genitalia (Grund, 2006). Even with Erycinidia moved to
the Xenica series, Miller’s classiﬁcation into two series is not supported by our results. Genera in the Hypocysta series form a clade,
but the Xenica series is paraphyletic with respect to this clade.
Platypthima appears to be paraphyletic with respect to Harsiesis,
but with our sampling we are unable to say whether Platypthima
really is paraphyletic, or whether the species P. homochroa should
be transferred to Harsiesis. Parsons (1998) noted that the two genera are superﬁcially similar, but that P. homochroa is quite different
from other species of Platypthima. Harsiesis and Platypthima are the
only genera of the Hypocysta series with absent or very reduced
brachia in the male genitalia (Parsons, 1998) that are not replaced
by a signiﬁcant basal gnathos sclerotisation as in Oressinoma,
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which also has no brachia. The four genera endemic to New Zealand – Dodonidia, Erebiola, Percnodaimon and Argyrophenga – have
all descended from a common ancestor. Paratisiphone seems to
be sister to Tisiphone, although this relationship is not recovered
in all analyses. The relationship of Sinonympha to Coenonympha is
unclear. Although some analyses suggest that they are sister genera, the former is nested within the latter in others, especially in
the MP analyses. We refrain from proposing any taxonomic
changes to these two genera.
5. Summary and conclusions
The subtribe Coenonymphina to the exclusion of Zipaetis and
Orsotriaena was a stable monophyletic clade. We revise the classiﬁcation of the subtribe by removing the latter genera. These two
genera comprise a clade with Erites and Coelites and we propose
that they should henceforth be classiﬁed under Eritina. Outgroup
choice had a signiﬁcant effect on the topology within the ingroup.
The results indicate the Coenonymphina is a near-hard polytomy
caused by rapid radiation. We tested whether a hard polytomy is
a better hypothesis to explain the patterns found in the group,
but were unable to ﬁnd conclusive evidence for this. The current
study includes 21 of 22 genera in the subtribe and increased taxon
sampling is unlikely to improve the resolution. Addition of more
data may do so, but we believe the group will remain difﬁcult to
resolve even with large amounts of data.
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