Received: 17 September 2021

Accepted: 30 December 2021

DOI: 10.1111/syen.12536

ORIGINAL ARTICLE

Systematic Bt st

Entomology Society

Phylogenetics and host-specificity of the mega-diverse louse
genus Myrsidea (Amblycera: Menoponidae)

Stanislav Kolencik! | Joseph A. Cacioppo? |
Jason D. Weckstein*®

Oldrich Sychra® |

'Department of Biology, University of Nevada
Reno, Reno, Nevada, USA

2Summit Veterinary Referral Service, Tacoma,
Washington, USA

3lllinois Natural History Survey, Prairie
Research Institute, University of lllinois at
Urbana Champaign, Champaign, lllinois, USA

“Department of Biology and Wildlife Diseases,
Faculty of Veterinary Hygiene and Ecology,
University of Veterinary Sciences, Brno,
Czech Republic

SDepartment of Ornithology, Academy of
Natural Sciences of Drexel University,
Philadelphia, Pennsylvania, USA

4Department of Biodiversity, Earth, and
Environmental Sciences, Drexel University,
Philadelphia, Pennsylvania, USA

Correspondence

Stanislav Kolencik, Department of Biology,
University of Nevada Reno, 1664 N. Virginia
Street, Reno, NV, 89557, USA.

Email: skolencik@unr.edu; stanislav.kolencik@
gmail.com

Funding information

Division of Environmental Biology, Grant/
Award Numbers: 1120054, 1503804,
1855812, 1925312

INTRODUCTION

Kevin P. Johnson® | Julie M. Allen? |

Abstract

Myrsidea Waterston is the most diverse genus of chewing lice, primarily parasitizing
perching birds (Passeriformes), which is the most speciose avian order. Myrsidea also par-
asitize several hosts from non-passerine groups, including toucans, barbets, wood-
peckers (Piciformes) and hummingbirds (Apodiformes). To examine host specificity, host
switching and generic limits, we reconstructed a phylogeny of the avian feather louse
genus Myrsidea using DNA sequence data from two fragments of the mitochondrial COI
gene and a fragment of the nuclear EF-1a gene for 152 Myrsidea specimens collected
from 23 avian host families. Unlike other highly diverse louse genera, only a small pro-
portion of Myrsidea species parasitize more than one host species. We found that host
family has significant phylogenetic signal on the Myrsidea phylogeny. These results sug-
gest that Myrsidea is generally highly host-specific, with some exceptions where host
switching is important. We found that there are two separate groups of Myrsidea that
parasitize toucans, and that both are nested within Myrsidea found on perching birds,
suggesting that these toucan ectoparasites may have arisen from two independent host
switching events. Lastly, representatives of the genus Ramphasticola Carriker, which was
originally described as a distinct genus due to a suite of morphologically unique charac-
ters, falls in with a strongly supported clade of Myrsidea parasitizing Ramphastos toucans,

and therefore we definitively place Ramphasticola as a synonym of Myrsidea.
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estimated that there may be over 900 species of Myrsidea yet to be
described from Brazil alone.

Birds are among the most well-studied taxonomic groups on the
planet, yet their ectoparasite communities remain relatively unknown.
For example, the avian feather louse genus Myrsidea (Waterston)
(Phthiraptera: Menoponidae) mainly parasitizes birds from the order
Passeriformes (Price et al., 2003; Sychra, 2010), which includes over
6000 described bird species. However, only ~380 species of Myrsidea
have been described to date (Kolencik et al., 2018). Yet, even this
level of known diversity makes Myrsidea the most speciose louse
genus, with many more species thought to be undiscovered (Valim &
Weckstein, 2013). For example, Valim and Weckstein (2013)

This massive diversity of the genus Myrsidea is thought to be due,
in part, to the extreme host specificity of species in this group, with
estimates of more than 80%-88% of species parasitizing only a single
host species (Price et al., 2003; Sychra, 2010). However, an analysis of
host specificity in the context of a phylogeny for the genus Myrsidea
has never been conducted. Clay (1966) suggested that the genital
sclerites of males could be used to clarify the phylogenetic relation-
ships among species within the genus Myrsidea. Therefore, the mor-
phological similarity of genital sclerites among Myrsidea parasitizing
closely related hosts (Clay, 1970; Price & Dalgleish, 2007) suggest that

Syst Entomol. 2022;1-12.

wileyonlinelibrary.com/journal/syen

© 2022 Royal Entomological Society. | 1


mailto:skolencik@unr.edu
mailto:stanislav.kolencik@gmail.com
mailto:stanislav.kolencik@gmail.com
http://wileyonlinelibrary.com/journal/syen

2 Systematic

Entomology
there is phylogenetic signal in host association. As a result, many
authors have adopted the practice of conducting taxonomic revisions
of Myrsidea from specific focal host families (e.g., Dalgleish &
Price, 2003b; Kolencik et al., 2018; Kounek, Sychra, Capek, Lipkova, &
Literak, 2011; Kounek, Sychra, Capek, & Literdk, 2011; Sychra
et al., 2006). This taxonomic approach of focusing on single host fami-
lies assumes that species of Myrsidea are always specific to particular
host taxonomic groups (e.g., host families). Therefore, if major clades
of Myrsidea are not confined to closely related host groups, then
smaller taxonomic revisions based on host families could lead to the
same louse species being described multiple times, artificially increas-
ing the number of species in this genus. One major question that
remains unanswered is whether, in a broad phylogenetic context,
Myrsidea clades are restricted to avian host families.

Here we use a phylogeny of Myrsidea to determine the level of
specificity of Myrsidea clades to major host groups. We examine this
specificity at two scales, first at the avian family level and second at the
level of host-species. Although 95% of Myrsidea species parasitize pas-
serine birds (order Passeriformes; Price et al., 2003), there are represen-
tatives parasitizing a few non-passerine families, including barbets
Lybiidae
et al., 2009; Soto-Patifo et al., 2018), woodpeckers (order Piciformes,

(order Piciformes, families and Capitonidae; Bueter
family Picidae; llieva, 2009), toucans (order Piciformes, family
Ramphastidae; Hellenthal et al., 2005; Price et al., 2004) and humming-
birds (order Apodiformes, family Trochilidae; Dalgleish & Price, 2003a).
Although there are many taxonomic studies of Myrsidea from passer-
ines (e.g., Dalgleish & Price, 2003b; Dalgleish & Price, 2005; Kolencik
et al., 2016; Kolencik et al., 2017; Kolencik et al., 2018; Kounek, Sychra,
Capek, Lipkova, & Literdk, 2011; Kounek, Sychra, Capek, &
Literak, 2011; Kounek et al, 2013; Price et al, 2005; Price &
Dalgleish, 2006; Sychra et al., 2006; Sychra et al., 2007; Sychra
et al, 2009; Valim & Weckstein, 2013), only a few authors have
focused their study on those from non-passerine birds (Carriker, 1949;
Carriker & Diaz-Ungria, 1961; Hellenthal et al., 2005; Price et al., 2004).
How these non-passerine avian host orders and families acquired their
Myrsidea chewing lice remains a key unanswered question. Presumably,
this has happened through the process of host-switching. Such host-
switching events between unrelated hosts may have been possible at a
location where birds with similar behaviour and ecology coexist (Sychra
et al., 2014; Weckstein, 2004). Another unanswered question about
the host distribution of Myrsidea is how many times Myrsidea may have
host-switched from passerine to non-passerine groups. These ques-
tions can be answered with a phylogeny of Myrsidea that includes sam-
ples collected from both passerines and non-passerines.

Lastly, the taxonomy of Myrsidea from toucans has been based on
morphological descriptions that compare the differences between
toucan Myrsidea species and other Myrsidea. Carriker (1949) erected a
new morphologically diagnosable genus from toucans named
Ramphasticola Carriker. However, the status of this genus, and
whether it is synonymous with Myrsidea, has been controversial
(Hellenthal et al., 2005; Hopkins & Clay, 1952). A phylogeny including
broad taxonomic sampling of Myrsidea and Ramphasticola will also

shed light on the generic limits in this complex.

Royal
Entomological
&g

KOLENCIK ET AL.

To address these questions, we sequenced portions of both
nuclear and mitochondrial protein coding genes to reconstruct the
phylogeny for the genus Myrsidea, including species sometimes placed
in the genus Ramphasticola. We examined patterns in both host and
geographic distribution of these parasites over this tree and discuss
the implication of our results for the taxonomy of this genus.

MATERIALS AND METHODS
Taxon sampling, DNA extraction and slide mounting

Parasites were collected from avian hosts using the postmortem ethyl
acetate fumigation and ruffling methods (Clayton et al, 1992;
Clayton & Drown, 2001) and stored in 95% ethanol at —80°C. In most
cases, host specimens were prepared as vouchers and deposited into
one of several museum bird collections (Table S1). In some cases, the
hosts were banded and released.

We extracted DNA from individual louse specimens using the
Qiagen DNeasy micro-kit (Valencia, CA, U.S.A.), following the manu-
facturer's protocols either as described by Johnson et al. (2001) or
Valim and Weckstein (2011). The only difference between these two
modified protocols is that Johnson et al. (2001) separated the head
and the body of each specimen and the Valim and Weckstein (2011)
protocol involved making a small cut halfway across the meeting point
of the head and thorax of the specimen. After DNA extraction from
individual louse specimens, the exoskeletons were retained and
mounted on microscope slides using the standard Canada Balsam
method described by Palma (1978). Slide mounted specimens from
this study were deposited in the insect collections at Field Museum of
Natural History, Chicago, IL (FMNH) and lllinois Natural History Sur-
vey (INHS), Champaign-Urbana, IL (Table S1).

The final data set analysed for this study included 144 Myrsidea
and 8 Ramphasticola specimens from 100 avian host taxa from 23 fam-
ilies and 59 genera within the orders Passeriformes and Piciformes,
collected in 15 countries. We used Dennyus sp. for an outgroup taxon
to root the phylogenies because based on previous studies it is con-
sidered the closest relative to the Myrsidea complex (Cruickshank
et al., 2001; Marshall, 2003; Table S1).

Molecular methods

Three loci were amplified using the polymerase chain reaction (PCR),
including a 379 bp fragment of the mitochondrial cytochrome oxidase
| (COI) gene (COI, Hafner et al., 1994), a separate 670 bp fragment of
the COI gene (COI-L; Folmer et al., 1994) and a 347 bp fragment of
the elongation factor 1-alpha gene (EF1a; Danforth & Ji, 1998), for a
total of 1396 bp of DNA sequence data. All primers and their
sequences are listed in Table S2.

Each PCR tube was filled with 24 pl of a PCR master mix and 1 pl
of template louse DNA, totalling 25 pl. PCR master mix in each tube
included 2.5 ul PCR buffer (provided with the polymerase), 0.2 pl of
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Platinum Tag DNA Polymerase (Invitrogen, Life Technologies, Carlsbad,
California), 1 pl of 50 mM MgCl, (provided with polymerase), 1 ul of
each primer after dilution to 10 pM, 1 ul of 100 pM DNTPs and 17.3 pl
of sterile dH,O. Negative controls were also included in each set of
reactions. The PCR amplification protocol conditions are found in
Table S3.

The success of amplification was verified by electrophoresing a
subsample of each PCR product on a 1% agarose gel stained with
ethidium bromide and visualized under UV light. Amplification prod-
ucts were purified by cutting a single band of product out of a low-
melt agarose gel and digesting it with GELase (Epicentre Technologies,
Madison, WI, U.S.A)) following the recommended manufacturer proto-
col. PCR products were then cycle-sequenced using the BigDye 3.1
Terminator kit (BigDye, Applied Biosystems, Foster City, CA, US.A)
and the same primers used during amplification. Sequencing reaction
products were cleaned with an ethanol-EDTA precipitation and
resuspended in Hi-Di formamide before being run on an ABI 3730
automated capillary DNA sequencer.

Phylogenetic reconstruction

Clean consensus sequences (GEnEious PRIME® 2020.0.4; https://www.
geneious.com) from each gene fragment were aligned in seaview v4.7
(Gouy et al., 2010) using cLusTAL oMEGA (Sievers et al., 2011) and aligned
by eye. parTITIONFINDER v2.1.1 (Lanfear et al., 2016) was used to determine
the optimal partitioning scheme and the best-fit model of molecular evo-
lution for each partition. Data partitions were defined according to the
loci and their codon positions. We estimated a Maximum Likelihood
(ML) phylogeny using raxmL (v8.2.12) and applied the GTR + G model of
molecular evolution for each partition and assessed nodal support using
1000 bootstrap replicates (Felsenstein, 1985). We ran a Bayesian Infer-
ence analysis (BA) in Mreaves (Ronquist & Huelsenbeck, 2003) with seven
partitions and three models (Table S4). All model parameters except
topology and branch lengths were set as unlinked between partitions
and were estimated from the data, as in Johnson et al. (2011). We ran
two parallel runs for 50 million generations with four Markov chains
(Huelsenbeck & Bollback, 2001) and sampled the Markov chains every
1000 generations for a total of 50,000 parameter point estimates. All
sampled parameter point estimates were examined in Tracer v 1.7.1
(Rambaut et al., 2018) to determine whether the chains had reached
stationarity and 25% of these parameter point estimates were removed
as burning. Finally, a 50% majority rule consensus tree with posterior
probabilities was generated. The best ML tree and 100 randomly chosen
posterior distributions of trees from the BA analysis were used in the fol-

lowing analyses to account for tree uncertainty.
Operational taxonomic units and test of phylogenetic
signal

Operational taxonomic units (OTUs) were determined using two
methods as in Bush et al. (2016). We combined the two different
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fragments of COIl assuming they evolve at approximately the same
rate. First, we used mMoTHUR (Schloss et al., 2009), which applies a cut-
off value and pairwise distances to determine OTU clusters. Here we
used a 12% cutoff value estimated from interspecific variation in COI
for Myrsidea as reported by Kolencik et al. (2017) and confirmed these
results by examining the tree for closely related groups under this cut-
off. For phylogenetic-based estimation, we used the Bayesian imple-
mentation of the general mixed yule-coalescent model (scmyc) on
100 random trees from the Bayesian analysis, after removing the out-
group. We used a custom perl script (Bush et al., 2016) to calculate
the mean value for the conspecificity probability threshold (p.div) from
the results of the seMmyc analysis (Reid & Carstens, 2012) to calculate
the number of OTUs within the dataset (Table S1).

To examine the phylogenetic signal (Maddison & Slatkin, 1991)
with respect to the host family, the OTUs were associated with their
host families (Clements et al., 2018), with only a single host family
association character scored for each OTU. We tested for host family
phylogenetic signal on the Myrsidea phylogeny using a Maddison and
Slatkin (1991) test and the Bayesian consensus tree pruned to a single
taxon per OTU for each of the clusters identified by both MoTHUR and
BeMyc (Figure S2). We ran the Maddison and Slatkin (1991) test using
a custom Rr script (Bush et al., 2016), with 1000 randomizations in
both runs.

RESULTS

Of the 153 louse DNA samples tested, we successfully amplified and
sequenced the short 379 bp fragment of COI from all 153 samples,
the 670 bp fragment of COIl (which we refer to as COI-L) from
127 samples, and the EF-1a gene from 140 samples. Both ML and BA
analyses of these concatenated DNA sequences resulted in similar
phylogenetic trees (Figures 1 and S1). For each of the trees, higher
support was found for the more terminal nodes and lower support
was found among the earlier branching nodes at the base of the tree,
which is similar to phylogenetic studies of other louse genera based
on this subset of loci (e.g., Bush et al., 2016). However, these phyloge-
netic reconstructions still yielded many clades with high support. The
major differences between the ML and BA trees generally involved
weakly supported basal rearrangements, whereas the major groupings
of Myrsidea among hosts remained stable.

The analysis of 152 ingroup taxa indicated that there are between
83 (based on 12% delimitation cutoff in mMoTHUR) and 98 (based on
0.57 conspecificity probability threshold in semyc) OTUs (Table S1).
Both species delimitation analyses correspond well with species iden-
tified based on morphology. The densest taxon sampling in our
dataset was Myrsidea from toucans (68/152 samples; 44.7%). There
were either 11 (MotHUR) or 22 (Bemyc) OTUs among these samples.
This broad taxonomic, host and geographic sampling from toucans is
important for assessing the status of the toucan-specific genus
Ramphasticola, which has been considered synonymous with Myrsidea
(Hopkins & Clay, 1952; Price et al., 2003). The results of our analysis
show that there are two clades of toucan-associated lice that are
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FIGURE 1 Bayesian phylogenetic tree of Myrsidea specimens based on mitochondrial cytochrome oxidase | and nuclear EF-1a sequences.
Tree is rooted with the outgroup from the genus Dennyus. Nodes with posterior probability values above 90% are labelled with these values. The
tree is coloured according to host families. Morphological groups as defined by Price et al. (2004) are also labelled on the tree, including the
“victrix species group” (VSG: M. victrix, M. ceciliae and M. witti) the “extranea species group” (ESP: M. extranea and M. peruviana) and the
“abbreviata species group” (ASG: M. abbreviata, M. dorotheae, M. aleixoi and M. lanei). lllustrations of male genital sclerites for toucan louse species
are redrawn from Price et al. (2004) and Hellenthal et al. (2005) and are placed next to the nodes of the louse clades with these morphological
features
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FIGURE 1 (Continued)

likely not sister groups, and both are nested within Myrsidea found on
passeriform birds (Figure 1). One clade of louse species parasitizing
Ramphastos Linnaeus toucans includes lice that are currently placed in

is ex Tangara chilensis 12
Myrsidea sp. ex Chrysothlypis chrysomelas 112
Myrsidea seminuda ex Thraupis palmarum103

Myrsidea seminuda ex Thraupis episcopus 102

Ramphasticola; a second clade includes Myrsidea hosted by

Pteroglossus aragaris. In general, the OTUs identified by Mothur-
limits based on the toucan

matched species louse species
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morphological descriptions, with two exceptions. Myrsidea dorotheae
Eichler was separated into three different OTUs; and a single
Ramphasticola mirabile (Carriker) specimen was placed in the same
OTU with three Ramphasticola aenigma (Carriker) specimens. OTUs

from the BeMyc analysis split most terminal clades and subclades from
novel hosts into terminal OTUs. Thus, based on the semyc results, we
find multiple cases where a single louse morphospecies species har-
bours multiple OTUs and each OTU is usually associated with a
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different host species and/or localities. For example, in the Bemyc analy-
sis, M. lanei Price, Hellenthal & Weckstein has two OTUs, M. ceciliae
Carriker & Diaz-Ungria and M. extranea (Carriker) each have three
OTUs and M. dorotheae has six OTUs. Furthermore, all four R. hirsuta
(Carriker) specimens belong to different OTUs. However, R. aenigma
and R. mirabile are lumped into the same OTU and parasitize the same
host species, Ramphastos tucanus Linnaeus (Table S1).

The result of the Maddison and Slatkin (1991) test to assess phy-
logenetic signal of host family associations was significant (p < 0.001),
supporting that most clades of Myrsidea have a strong level of speci-
ficity to host family (Figure S2). There are several well-supported
Myrsidea clades or sister pairs that are specific to particular avian fam-
ilies (Figure 1). For example, there are two clades parasitizing the
members of Ramphastidae (both with a posterior probability value of
1.00), a clade including most of the species from Icteridae (1.00), a
small clade of Myrsidea parasitizing the members of Philepittidae
(0.99) and a sister clade of Myrsidea consisting mostly of species para-
sitizing the members of Pycnonotidae, with one species hosted by the
Malagasy host family Bernieridae (0.99).

Host switching events are supported by several closely related cla-
des of Myrsidea that are hosted by multiple avian families, suggesting
switching between those families. For example, a clade of lice (0.99)
whose hosts include migrant New World thrushes (Turdidae) also
includes Neotropical resident thrushes, as well as resident hosts from
several other families (Cardinalidae, Parulidae and Tityridae). Further-
more, species of Myrsidea from the host family Thraupidae are found in
five different clades across the tree, suggesting widespread host-
switching between members of Thraupidae and other host families.

Non-passerine Myrsidea form four distinct clades in the tree
(Figure 1), including two well supported monophyletic clades of toucan
lice (Ramphastidae), one for Myrsidea (and Ramphasticola) hosted by
Ramphastos toucans and one clade for Myrsidea hosted by Pteroglossus
aracaris, and a weakly supported clade including one African barbet
louse (ex Gymnobucco calvus Lafresnaye; Lybiidae) and an African
woodpecker louse (ex Chloropicus griseocephalus rewenzori Sharpe,
1902; Picidae), and a separate African barbet louse (ex Tricholaema
leucomelus Boddaert; Lybiidae). These findings suggest that there have
been multiple interordinal host-switching events. However, none of the
basal relationships among these toucan, barbet and woodpecker lice in
relation to passerine lice are well supported. Thus, although the mono-
phyly of the two toucan Myrsidea clades is well established, the rela-
tionship among these clades and non-passerine hosted Myrsidea is
unclear in this phylogenetic reconstruction due to relatively low sup-
port (posterior probabilities <0.90).

Lastly, our results have implications for generic level taxonomy of
Myrsidea. Within the well-supported monophyletic clade of Myrsidea
and Ramphasticola parasitizing Ramphastos toucans, there are two cla-
des of Myrsidea species, which are typical in that they have the sternal
aster of setae and match the morphologically defined species-groups
identified by Price et al. (2004) (Figure 1). For example, the victrix spe-
cies group, which parasitizes channel-keel-billed croaking Ramphastos
toucans (Weckstein, 2004), is recovered as monophyletic (VSG;

Figure 1a). The extranea species group, which parasitizes smooth
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billed/yelping Ramphastos toucans (Weckstein, 2004) is a bit more
complicated and forms two separate clades in the tree, the extranea
clade and the peruviana clade, which are apparently not sisters (ESG;
Figure 1a). However, M. peruviana Eichler is strongly supported (0.99;
Figure 1) as sister to a morphologically distinct species that lacks well-
developed typical aster—Ramphasticola hirsuta. Moreover, compari-
sons of the morphology of male genital sclerites of Myrsidea (including
Ramphasticola) from toucans indicate there are three different types,
all corresponding to particular clades in the tree (Figure 1). Interest-
ingly, M. peruviana shares the same type of genital sclerite as
Ramphasticola species. Furthermore, a second clade of Ramphasticola
that includes R. aenigma and R. mirabile is sister to all other Myrsidea
and Ramphasticola parasitizing Ramphastos toucans (Figure 1). Thus,
Ramphasticola and Myrsidea are not reciprocally monophyletic. Addi-
tionally, the abbreviata species group (ASG), parasitizing Pteroglossus

aracaris, is monophyletic in our tree (1; Figure 1c).

DISCUSSION

The avian chewing louse genus Myrsidea is the most species-rich avian
louse genus with likely many undiscovered species (Valim &
Weckstein, 2013). This diversity is thought to be due in part to the
high host-specificity of the genus Myrsidea. Here we conducted a
large molecular phylogenetic reconstruction of 152 Myrsidea
specimens collected from 23 host families and 59 host genera to
examine Myrsidea host specificity, interordinal and interfamilial host
switching, and generic limits with respect to the avian louse genus
Ramphasticola. In general, our tree was well resolved and well
supported at more terminal clades but lacked highly supported bra-

nches among the more ancestral nodes of the tree.

Patterns of host distribution

The phylogenetic tree indicates that most Myrsidea species from
closely related host groups cluster together phylogenetically. For
example, there are many well-supported (>0.99) clades of Myrsidea
that cluster by host family. These include two monophyletic toucan
louse clades (Ramphastidae), a New World blackbird (Icteridae) louse
clade and small antbird (Thamnophilidae) and asity (Philepittidae)
louse clades, among others (Figure 1). In many of the recently
published Myrsidea taxonomic revisions, authors have used host
families to circumscribe their taxonomic descriptions of Myrsidea
(e.g., Dalgleish & Price, 2003b; Johnson & Price, 2006; Kolencik
et al., 2018; Price et al., 2005; Sychra et al., 2006). In many cases in
which lice are less host-specific, this strategy of delimiting taxonomic
revisions based on host taxonomic groups could be risky and could
result in the description of synonyms. However, our analysis of phylo-
genetic signal, using the Maddison and Slatkin (1991) test, indicates
that host family has significant phylogenetic signal on the Myrsidea
phylogeny (Figure S2), and therefore confirms that in general Myrsidea
lineages are highly specific to clades (families) of hosts. Thus, our
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results suggest that Myrsidea taxonomic revisions focused on lice from
individual host families are a reasonable strategy for tackling the taxo-
nomic impediment of this immensely diverse louse genus.

An examination of the Myrsidea phylogenetic tree suggests a his-
tory of host switching between migratory thrushes (Turdidae) and
tropical resident birds (Figure 1b). In a well-supported clade (0.99) that
consists of lice from multiple host families, including thrushes
(Turdidae), cardinals (Cardinalidae), tityras (Tityridae) and wood war-
blers (Parulidae), the lice parasitizing Catharus Bonaparte thrushes are
not each other’s closest relatives. Specifically, one clade of lice parasit-
izing the Neotropical migrant Catharus thrushes (C. ustulatus
Nuttall, C. fuscescens Stephens and C. guttatus Pallas) is closely related
to Myrsidea cinnamomei Dalgleish & Price, which parasitizes a Neo-
tropical resident species from the distantly related host family
Tityridae (Pachyramphus homochrous Sclater and P. minor Lesson). This
same clade is similarly closely related to Myrsidea sp. from two parulid
warbler species (Setophaga ruticilla Linnaeus and Seiurus aurocapilla
Linnaeus), which are also not closely related to Catharus thrushes. This
clade of lice is sister to a second clade that is not well supported
basally, but also includes Myrsidea that parasitize Neotropical resident
(non-migratory) Catharus (C. mexicanus, C. fuscater) and Turdus Lin-
naeus thrushes (Turdus grayi Bonaparte, T. albicollis Vieillot), Old
World Thrushes (Geokichla gurneyi Hartlaub) and one cardinalid louse
(Myrsidea habiae Kolencik & Sychra ex. Habia rubica Vieillot). Thus, the
polyphyly of lice from thrushes implies that at a macroevolutionary
scale there were likely multiple host-switching events between migra-
tory thrushes and tropical residents, and perhaps tropical resident
thrushes and other tropical resident birds. The relationships within
this clade need to be tested with additional molecular data to be cer-
tain of many of the basal relationships. Furthermore, additional speci-
mens from a broader sampling of host species will help to test
whether the few cases where Myrsidea lice appear to lack host family
specificity are simply sampling artefacts.

Our phylogenetic analyses of the genus Myrsidea also implies
major host-switching events between different orders of birds, for
example, between Passeriformes and Piciformes. Here we found five
lineages of Myrsidea from three non-passerine host families in the
order Piciformes, including the toucans (Ramphastidae), African bar-
bets (Lybiidae) and woodpeckers (Picidae). The species of Myrsidea
found on toucans form two well supported (Bl = 1 respectively) and
reciprocally monophyletic clades, one hosted by Ramphastos toucans
and the other hosted by Pteroglossus aracaris (Figure 1). In our phylo-
genetic reconstruction, these two Myrsidea clades hosted by toucans
are not sister groups. Therefore, taken at face value, this implies that
toucans acquired their Myrsidea chewing lice independently from
host-switching events from perching birds. Although two Myrsidea
from African barbets are sister taxa, the Myrsidea from another Afri-
can barbet host, Tricholaema leucomelas (Boddaert), is sister to a
louse from a tanager. Support for nodes basal to these toucan louse
and African barbet louse clades is weak and thus these relationships
need to be tested with genomic scale data to obtain better phyloge-
netic support to assess how many times toucans acquired their

Myrsidea.
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Taxonomic implications

The results of our phylogenetic analysis have implications for Myrsidea
taxonomy, particularly regarding the Myrsidea and Ramphasticola
found on toucans. Initially, Carriker (1949) described a morphologi-
cally distinct genus of Amblycera from the large-bodied Ramphastos
toucans, which he named Ramphasticola. However, Hopkins and
Clay (1952) did not recognize Ramphasticola as a genus distinct from
Myrsidea, and thus, Price et al. (2003) also maintained it as a junior
synonym of Myrsidea. The synonymy of these two genera is also
supported by a comparison of the genital sac sclerite from what Price
et al. (2004) referred to as “typical Myrsidea” from toucans (figure
14 in Price et al., 2004) with the genital sac sclerite found in
Ramphasticola (figure 7 in Hellenthal et al., 2005). Yet, Hellenthal
et al. (2005) suggested Ramphasticola should be treated as a unique
genus and indicated four important features which separate them
from all other Myrsidea. Among these features, perhaps the most
important was the absence of the distinctive well-developed sternal
aster (Figure 2c,d), which is a spine-like cluster of setae on both
posterio-lateral margins of sternite Il (Figure 2a,b), often considered as
one of the defining morphological features of the genus Myrsidea
(Zlotorzycka, 1964). Contrary to Zlotorzycka (1964) who described
several genera based on differences in this character, Clay (1966) did
not consider the aster to be a main generic character and did not
include it in her key for the family Menoponidae (Clay, 1969). Our
phylogenetic reconstruction confirms that this character is not impor-
tant for defining the generic limits in this complex.

Our results indicate that Ramphasticola is phylogenetically nested
within typical Myrsidea and therefore our results are consistent with
the synonymy of these taxa proposed by Hopkins and Clay (1952)
and Price et al. (2003). In this case, Ramphasticola are found in two
well supported clades (Figure 1), one with R. hirsuta (Bl - 1.00), which
is sister to M. peruviana (Bl = 0.99), and this clade is sister to all
Myrsidea hosted by Ramphastos toucans (Bl = 0.99). Furthermore,
based on the results in this study we find that some species in the
Myrsidea complex (e.g., those currently considered Ramphasticola) lack
the sternal aster of spine-like setae on sternite I, confirming that it is
not a synapomorphy for all lice found in the broader Myrsidea clade.
Our phylogenetic results suggest a loss of this feature in some mem-
bers of the broader Myrsidea clade. In general, focusing only on one or
few characteristics can be problematic in defining a new genus. As
suggested in Kolencik et al. (2017), morphological description of a
new species in combination with molecular phylogenetic data can help
determine the value of specific characters in defining monophyletic
groups. This approach was adapted by Kolencik et al. (2021), who
found that three species in the Myrsidea complex with the sternal
asters were sufficiently unique in morphology and genetics to treat
them as members of a new genus, Apomyrsidea Kolencik & Sychra &
Allen.

To distinguish the two different morphotypes of “Myrsidea”
occurring on toucans, we use the terms “typical” (with aster) and
“atypical” (aster absent) Myrsidea. The term “typical Myrsidea” was
previously mentioned by Price et al. (2004) and Hellenthal et al. (2005)
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(a) Ventral view of female Myrsidea seminuda Eichler (as typical Myrsidea), with the ellipse marking sternite Il and the distinctive

sternal asters; (b) An illustration of sternite Il with sternal asters highlighted in red; (c) Ventral view of male Ramphasticola (now as Myrsidea)
aenigma (as atypical Myrsidea); (d) An illustration of sternite Il without well-developed sternal asters of setae

and referred to Myrsidea from toucans which shared the typical mor-
phological characteristics such as the sternal aster of spine-like setae on
sternite Il, which is lacking in Ramphasticola. This division is not related
to the type species for these genera, which are M. victrix Waterston for
Myrsidea - here represented by the close relative and erstwhile subspe-
cies M. ceciliae, and M. hirsuta for Ramphasticola. The results of our phy-
logenetic study strongly support that rather than being a unique genus,
Ramphasticola is a morphologically atypical Myrsidea (Figure 1).
Although Ramphastos toucans can harbour both typical and atypical
Myrsidea, there is no evidence of atypical Myrsidea parasitizing
Pteroglossus aracgaris or channel-keel-billed/croaking Ramphastos tou-
cans. Atypical Myrsidea (i.e., Ramphasticola) are only known from
smooth-billed/yelping Ramphastos toucans. Furthermore, there are two
clades of Ramphasticola present in the tree, indicating that R. hirsuta
phylogenetically falls within the Myrsidea “extranea species group”
(in sensu Price et al., 2004). The non-monophyly of Ramphasticola, with
respect to Myrsidea, suggests that there may be morphological plasticity
within this group with respect to the development of sternal asters.
Furthermore, Price et al. (2004) distinguished three species
groups (victrix, extranea and abbreviata) that were based mainly on
modifications of the metanotum and/or tergites of females. However,

they noted that this classification introduces a degree of

heterogeneity, by including males with conspicuously different male
genital sclerites. Clay (1966) suggested that females show important
characteristics that can be used to distinguish species, but that these
characteristics appear to be of little phylogenetic importance, whereas
the genital sclerites of males could be used to clarify the phylogenetic
relationships among species within the genus Myrsidea. Although our
results do not completely follow species groups according to Price
et al. (2004), they do support the conclusions of Clay (1966) and show
that closely related Myrsidea share the same type of genital sclerites
(Figure 1). While the genital sac sclerites of the abbreviata species
group (ASG) appear to be similar to those in VSG, they differ in the
structure of the lateral arms, which leading up along the postero-
lateral margin are rounded and partially bifurcated, in comparison to
broken at an acute angle in VSG (Figure 1a,c). Thus, these morphologi-
cal characters are an important phylogenetic indicator of relationships

within Myrsidea.

CONCLUSIONS

Our phylogenetic study yielded three main results. First, host family
exhibited significant phylogenetic signal on the Myrsidea phylogeny,
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which suggests that focusing taxonomic revisions on these lice from
specific host families is a reasonable approach to tackling the taxo-
nomic impediment of describing species in this hyper diverse genus.
Even with molecular phylogenetic data, the importance of morpholog-
ical revisions should not be underestimated. Herein, from 152 ingroup
samples, 32 (21.1%) specimens could not be assigned to a species des-
ignation based on current taxonomic literature, mostly due to a lack of
adequate material necessary for complete species level revision
(including well-preserved specimens with both adult sexes). This study
found 27 previously undescribed louse-host associations that may be
new species. With many Myrsidea species still undiscovered (Valim &
Weckstein, 2013), our knowledge about this highly diverse genus is
limited. Second, well-supported clades of lice from different host
orders (Passeriformes and Piciformes) are not reciprocally monophy-
letic, suggesting that they may have arisen due to intraordinal host
switching events. However, the genetic data analysed here are mostly
partial sequences from one or few genes, and do not provide strong
support among more basal nodes in the phylogeny (e.g., Kolencik
et al, 2017; Valim & Weckstein, 2013). Future work on this genus
should improve both the genome level of sequence data combined
with increased taxon sampling to provide more robust phylogenetic
reconstructions at basal nodes. Lastly, our phylogenetic data indicate
that Ramphasticola is nested within Myrsidea and that these genera as
currently defined are not reciprocally monophyletic and therefore
Ramphasticola is best treated as a junior synonym of Myrsidea. In addi-
tion to phylogenomic scale data and broader taxon sampling, detailed
morphological descriptions are needed for many unnamed taxa in this

relatively unknown hyper diverse group of lice.

ACKNOWLEDGMENTS

We would like to thank Janice H. Dispoto with her help with DNA
extraction and sequencing during Stanislav Kolencik’s visit to Jason
D. Weckstein's lab at the Academy of Natural Sciences. This research
was supported in part by NSF DEB-1120054, DEB-1503804 and
DEB-1855812 to Jason D. Weckstein and Ornithology Department
endowment funds at the Academy of Natural Sciences of Drexel Uni-
versity and NSF DEB-1925312 to Julie M. Allen. We thank Michel
Valim for identifying species level taxa where possible given the small
number of mounted specimens and three anonymous reviewers for

useful comments which have improved the quality of this paper.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available in the

supplementary material of this article.

REFERENCES

Bueter, C., Weckstein, J.D., Johnson, K.P., Bates, JM. & Gordon, C.E.
(2009) Comparative phylogenetic histories of two louse genera
found on Catharus thrushes and other birds. Journal of Parasitology,
95, 295-307.

Royal
Entomological
&g

KOLENCIK ET AL.

Bush, S.E., Weckstein, J.D., Gustafsson, D.R., Allen, J., DiBlasi, E.,
Shreve, S.C. et al. (2016) Unlocking the black box of feather louse
diversity: a molecular phylogeny of the hyper-diverse genus Brueelia.
Molecular Phylogenetics and Evolution, 94, 737-751.

Carriker, M.A,, Jr. (1949) Neotropical Mallophaga miscellany. V. New gen-
era and species. Revista Brasilaira de Biologia, 9, 297-313.

Carriker, M.A,, Jr. & Diaz-Ungria, C. (1961) New and little known
Mallophaga from Venezuelan birds (Part 1). Novedades Cientificas,
Contribuciones Ocasionales del Museo de Historia Natural La Salle, 28,
3-60.

Clay, T. (1966) Contributions towards a revision of Myrsidea Waterston.
1. (Menoponidae: Mallophaga). Bulletin of the British Museum (Natural
History): Entomoloy, 17, 327-395 2 pls.

Clay, T. (1969) A key to the genera of the Menoponidae (Amblycera:
Mallophaga: Insecta). Bulletin of the British Museum (Natural History):
Entomology, 24, 3-26.

Clay, T. (1970) Species of Myrsidea (Insecta: Mallophaga) parasitic on the
Estrildidae (Aves). HD Srivastava Commemoration, 1970, 561-570.

Clayton, D., Gregory, R.D. & Price, R.D. (1992) Comparative ecology of
neotropical bird lice. Journal of Animal Ecology, 61, 781-795.

Clayton, D.H. & Drown, D.M. (2001) Critical evaluation of five methods
for quantifying chewing lice (Insecta: Phthiraptera). Journal of Parasi-
tology, 87, 1291-1300.

Clements, J.F., Schulenberg, T.S., lliff, M.J., Roberson, D., Fredericks, T.A.,
Sullivan, B.L. & Wood C.L. (2018) The eBird/Clements checklist of birds
of the world: v.2018. Available at: http://www.birds.cornell.edu/
clementschecklist/download/

Cruickshank, R.H., Johnson, K.P., Smith, V.S., Adams, R.J., Clayton, D.
H. & Page, R.D.M. (2001) Phylogenetic analysis of partial
sequences of elongation factor 1 alpha identifies major groups of
lice (Insecta: Phthiraptera). Molecular Phylogenetics and Evolution,
19, 202-215.

Dalgleish, R.C. & Price, R.D. (2003a) Two new species of Myrsidea
(Phthiraptera: ~ Amblycera: ~ Menoponidae)  from  hummingbirds
(Apodiformes: Trochilidae). Occasional Papers, Vol. 6. Camarillo, Cali-
fornia: Western Foundation of Vertebrate Zoology, pp. 1-9.

Dalgleish, R.C. & Price, R.D. (2003b) Four new species of Myrsidea
(Phthiraptera: Menoponidae) from manakins (Passeriformes:
Pipridae). New York Entomological Society, 111, 167-173.

Dalgleish, R.C. & Price, R.D. (2005) Two new species of the genus Myrsidea
Waterston (Phthiraptera: Menoponidae) from cotingas (Passeriformes:
Cotingidae). Zootaxa, 983, 1-6.

Danforth, B.N. & Ji, S. (1998) Elongation factor-1 alpha occurs as two cop-
ies in bees: implications for phylogenetic analysis of EF-1 alpha
sequences in insects. Molecular Biology and Evolution, 15, 225-235.

Felsenstein, J. (1985) Phylogenies and the comparative method. The Ameri-
can Naturalist, 125, 1-15.

Folmer, O., Black, M., Hoeh, W., Lutz, R. & Vrijenhoek, R. (1994) DNA
primers for amplification of mitochondrial cytochrome c oxidase sub-
unit | from diverse metazoan invertebrates. Molecular Marine Biology
and Biotechnology, 3, 294-299.

Gouy, M., Guindon, S. & Gascuel, O. (2010) SeaView version 4: a
multiplatform graphical user interface for sequence alignment and
phylogenetic tree building. Molecular Biology and Evolution, 27,
221-224.

Hafner, M.S., Sudman, P.D., Villablanca, F.X., Spradling, T.A., Demastes, J.
W. & Nadler, S.A. (1994) Disparate rates of molecular evolution in
cospeciating hosts and parasites. Science, 265, 1087-1090.

Hellenthal, R.A., Price, R.D. & Weckstein, J.D. (2005) The genus
Ramphasticola Carriker (Phthiraptera: Amblycera: Menoponidae)
from the toucans (Piciformes: Ramphastidae), with description of a
new species. Proceedings of the Entomological Society of Washington,
107, 565-571.

Hopkins, G.H.E. & Clay, T. (1952) A checklist of the genera & species of
Mallophaga. London: British Museum (Natural History), p. 362.


http://www.birds.cornell.edu/clementschecklist/download/
http://www.birds.cornell.edu/clementschecklist/download/

PHYLOGENETICS AND HOST-SPECIFICITY OF MYRSIDEA

Systematic
Entomology

Huelsenbeck, J.P. & Bollback, J.P. (2001) Empirical and hierarchical Bayes-
ian estimation of ancestral states. Systematic Biology, 50, 351-366.

llieva, M. (2009) Checklist of the chewing lice (Insecta: Phthiraptera) from
wild birds in Bulgaria. Zootaxa, 2138, 1-66.

Johnson, K., Moyle, R.G., Witt, C.C., Faucett, R.C. & Weckstein, J.D. (2001)
Phylogenetic relationships in the louse genus Penenirmus based on
nuclear (EF-1a) and mitochondrial (COI) DNA sequences. Systematic
Entomology, 2, 491-497.

Johnson, K.P. & Price, R.D. (2006) Five new species of Myrsidea Waterston
(Phthiraptera: Menoponidae) from bristlebills and greenbuls
(Passeriformes: Pycnonotidae) in Ghana. Zootaxa, 1177, 27-37.

Johnson, K.P., Weckstein, J., Meyer, M.J. & Clayton, D.H. (2011) There
and back again: switching between host orders by avian body lice
(Ischnocera: Goniodidae). Biological Journal of the Linnean Society,
102, 614-625.

Kolencik, S., Sychra, O. & Allen, J.M. (2021) Another puzzle piece in the
systematics of the chewing louse genus Myrsidea, with a description
of a new genus Apomyrsidea. European Journal of Taxonomy, 748,
36-50.

Kolencik, S., Sychra, O., Papousek, |, Kuabara, KM.D., Valim, M.P. &
Literak, I. (2018) New species and additional data on the chewing
louse genus Myrsidea (Phthiraptera: Menoponidae) from wild Neo-
tropical Passeriformes (Aves). Zootaxa, 4418, 401-431.

Kolencik, S., Sychra, O., Papousek, I. & Literak, I. (2017) Where are the spe-
cies limits? Morphology versus genetics in Neotropical chewing lice
of the genus Myrsidea (Phthiraptera: Menoponidae), with description
of three new species. Zootaxa, 4324, 161-179.

Kolencik, S., Sychra, O., Valan, M. & Literak, I. (2016) New data on the tax-
onomy and distribution of ten Neotropical chewing lice of the genus
Myrsidea (Phthiraptera: Menoponidae), including the description of a
new species. Zootaxa, 4085, 233-247.

Kounek, F., Sychra, O., Capek, M., Lipkova, A. & Literak, I. (2011) Chewing
lice of the genus Myrsidea (Phthiraptera: Menoponidae) from the
Cardinalidae, Emberizidae, Fringillidae, and Thraupidae (Aves: Pas-
seriformes) from Costa Rica, with descriptions of four new species.
Zootaxa, 3032, 1-16.

Kounek, F., Sychra, O., Capek, M. & Literak, I. (2011) Chewing lice of the
genus Myrsidea (Phthiraptera: Menoponidae) from New World war-
blers (Passeriformes: Parulidae) from Costa Rica, with description of
four new species. Zootaxa, 3137, 56-63.

Kounek, F., Sychra, O., Capek, M. & Literak, I. (2013) Chewing lice of genus
Myrsidea (Phthiraptera: Menoponidae) from Turdidae (Passeriformes)
of Costa Rica, with descriptions of seven new species. Zootaxa,
3620, 201-222.

Lanfear, R., Frandsen, P.B., Wright, AM., Senfeld, T. & Calcott, B. (2016)
PartitionFinder 2: new methods for selecting partitioned models of
evolution for molecular and morphological phylogenetic analyses.
Molecular Biology and Evolution, 34, 772-773.

Maddison, W.P. & Slatkin, M. (1991) Null models for the number of evolu-
tionary steps in a character on a phylogenetic tree. Evolution, 45,
1184-1197.

Marshall, I.K. (2003) A morphological phylogeny for four families of
amblyceran lice (Phthiraptera: Amblycera: Menoponidae, Boopidae,
Laemobothriidae, Ricinidae). Zoological Journal of the Linnean Society,
138, 39-82.

Palma, R.L. (1978) Slide mounting of lice: a detailed description of the
Canada balsam technique. The New Zealand Entomologist, 6,
432-436.

Price, R.D. & Dalgleish, R.C. (2006) Myrsidea Waterston (Phthiraptera:
Menoponidae) from tanager (Passeriformes: Thraupidae), with
descriptions of 18 new species. Zootaxa, 1174, 1-25.

Price, R.D. & Dalgleish, R.C. (2007) Myrsidea Waterston (Phthiraptera:
Menoponidae) from the Emberizidae (Passeriformes), with descrip-
tions of 13 new species. Zootaxa, 1467, 1-18.

Price, R.D., Hellenthal, R.A. & Dalgleish, R.C. (2005) The genus Myrsidea
Waterston (Phthiraptera: Menoponidae) from tyrant-flycatchers

e | o

(Passeriformes: Tyrannidae), with descriptions of 13 new species.
Zootaxa, 1048, 1-20.

Price, R.D., Hellenthal, R.A., Palma, R.L., Johnson, K.P. & Clayton, D.H.
(2003) The chewing lice: world checklist and biological overview. Cham-
paign, lllinois: lllinois Natural History Survey Special Publication 24,
p. 501.

Price, R.D., Hellenthal, R.A. & Weckstein, J.D. (2004) The genus Myrsidea
Waterston (Phthiraptera: Menoponidae) from the toucans
(Piciformes: Ramphastidae), with descriptions of three new species.
Zootaxa, 613, 1-18.

Rambaut, A., Drummond, A.J., Xie, D., Baele, G. & Suchard, M.A. (2018)
Posterior summarisation in Bayesian phylogenetics using Tracer 1.7.
Systematic Biology, 67, 901-904.

Reid, N.M. & Carstens, B.C. (2012) Phylogenetic estimation error can
decrease the accuracy of species delimitation: a Bayesian implemen-
tation of the general mixed Yule-coalescent model. BMC Evolutionary
Biology, 12, 196.

Ronquist, F. & Huelsenbeck, J.P. (2003) MRBAYES 3: Bayesian phyloge-
netic inference under mixed models. Bioinformatics, 19, 1572-1574.

Schloss, P.D., Westcott, S.L., Ryabin, T., Hall, J.R, Hartmann, M.,
Hollister, E.B. et al. (2009) Introducing Mothur: open-source,
platform-independent, community-supported software for describing
and comparing microbial communities. Applied Environmental Microbi-
ology, 75, 7537-7541.

Sievers, F., Wilm, A., Dineen, D.G., Gibson, T.J., Karplus, K., Li, W. et al.
(2011) Fast, scalable generation of high-quality protein multiple
sequence alignments using Clustal Omega. Molecular Systems Biology,
7, 539. https://doi.org/10.1038/msb.2011.75

Soto-Patifio, J., Londono, G.A., Johnson, K.P., Woeckstein, J.D.,,
Avendanio, J.E., Catanach, T.A. et al. (2018) Composition and distribu-
tion of lice (Insecta: Phthiraptera) on Colombian and Peruvian birds:
new data on louse-host association in the Neotropics. Biodiversity
Data Journal, 6, €21635.

Sychra, O. (2010) Myrsidea Waterston 1915 (Amblycera: Menoponidae).
Abstracts from the fourth international conference on Phthiraptera
(ICP4), Urgup, Turkey. Turkiye Parazitoloji Dergisi, 34(1), 34.

Sychra, O., Literak, I. & Capek, M. (2009) Chewing lice of the genus
Myrsidea Waterston (Phthiraptera: Menoponidae) from the
Emberizidae and Thraupidae (Passeriformes) in Mato Grosso do Sul,
Brazil. Neotropical Entomology, 38, 501-503.

Sychra, O., Literak, I, Capek, M. & HavliCek, M. (2006) Chewing lice
(Phthiraptera) from typical antbirds and ground antbirds
(Passeriformes: Thamnophilidae, Formicariidae) from Costa Rica, with
descriptions of three new species of the genera Formicaphagus and
Myrsidea. Zootaxa, 1206, 47-61.

Sychra, O., Literak, I, Capek, M. & HavliCek, M. (2007) Chewing lice
(Phthiraptera) from ovenbirds, leaftossers and woodcreepers
(Passeriformes: Furnariidae: Furnariinae, Sclerurinae,
Dendrocolaptinae) from Costa Rica, with descriptions of four new
species of the genera Rallicola and Myrsidea. Caribbean Journal of Sci-
ence, 43, 117-126.

Sychra, O., Najer, T., Kounek, F., Nguyen, H.M. & Tolstenkov, O.0O. (2014)
Myrsidea claytoni (Phthiraptera: Menoponidae) from Cymbirhynchus
macrorhynchos (Passeriformes: Eurylaimidae): a case of natural host
switching. Journal of Parasitology, 100, 280-283.

Valim, M.P. & Weckstein, J.D. (2011) Two new species of Brueelia Kéler,
1936 (Ischnocera, Philopteridae) parasitic on Neotropical trogons
(Aves, Trogoniformes). ZooKeys, 128, 1-13.

Valim, M.P. & Weckstein, J.D. (2013) A drop in the bucket of the
megadiverse chewing louse genus Myrsidea (Phthiraptera, Amblycera,
Menoponidae): ten new species from Amazonian Brazil. Folia Para-
sitologica, 60, 377-400.

Weckstein, J.D. (2004) Biogeography explains cophylogenetic patterns in
toucan chewing lice. Systematic Biology, 5, 154-164.

Zlotorzycka, J. (1964) Mallophaga parasitizing Passeriformes and Pici
1. Brueeliinae. Acta Parasitologica Polonica, 12, 239-282.


https://doi.org/10.1038/msb.2011.75

12 Systematic
Entomology

SUPPORTING INFORMATION
Additional supporting information may be found in the online version

of the article at the publisher’s website.

Figure S1. Maximum Likelihood phylogenetic tree, using the GTR
+ G model of molecular evolution and 1000 bootstrap replicates.
Bootstrap values are next to the nodes (values below 50% are not
shown). Green coloured are lice species from toucans
(Ramphastidae), blue from barbets (Lybiidae), and purple from
woodpecker (Picidae). R - previously described as Ramphasticola,

now synonymized as Myrsidea.

Figure S2. The results of Maddison and Slatkin (1991) test of host
family phylogenetic signal based on taxon sampling delimited by both
OTU analyses. A-83 OTUs from 12% cutoff Mothur analysis; B-98
OTU from mean conspecificity probability threshold result of the
bGMYC species delimitation analysis.
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Table S1. List of louse specimens included in our phylogenetic ana-
lyses, with their voucher numbers, hosts, host families, OTU numbers,
GenBank accession numbers, country of collection and host catalogue
id/voucher number. NA = missing molecular data, ¥ = new louse-host

association, * = now synonymized as Myrsidea.

Table S2. Primer pairs used for DNA amplification and sequencing.

Table S3. PCR protocols.

Table S4. Partitions and their models used in Bayesian Analysis (BA).
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