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Abstract

Seirinae is one of the most diverse subfamilies of Collembola. To date no detailed
phylogeny of Seirinae has been proposed, which leads to difficulties in the under-
standing of evolutionary patterns regarding this taxon. The main aim of this study is
to clarify the phylogenetic relationships within the Neotropical Seirinae, by generat-
ing and analysing the mitochondrial genomes of 26 terminal taxa of Entomobryidae,
and one species of Paronellidae. Specifically, we first generated Illumina HiSeq 2000
shotgun sequence data from each species, then reconstructed the mitochondrial ge-
nome of each species using two methods: MitoZ and MIRA/MITOBim. Using these
data, we were able to generate a well-supported phylogeny that combined all the
above species as well as three publicly available mitogenomes from other species.
Bayesian and maximum likelihood methods were applied using all 13 protein cod-
ing genes. In this way, monophyly for the internal groups of Seirinae was obtained
based on molecular evidence for the first time, as was the potential validity of three
main internal taxa of the subfamily. We furthermore validated that Tyrannoseira is
a distinct lineage and propose the elevation of Lepidocyrtinus to genus. Lastly, we
anticipate that these newly available mitogenomes will serve as a useful dataset for

future studies on the evolution of the Collembola and Hexapoda.
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1 | INTRODUCTION

Phylogenetic analyses that employ molecular techniques are
commonly applied today across most of metazoan and plant
main clades, but only in the recent years they become more
common concerning the Collembola. Indeed, it was only re-
cently thatZhangetal. (2014)reported the firstdetailed phylog-
eny for a collembolan family (Entomobryidae). Their results
supported the monophyly of the subfamilies Entomobryinae
(now also including species with scales), Lepidocyrtinae and
Seirinae. The latter two were considered sister groups, al-
though based on weak phylogenetic support. Subsequently,
Zhang and Deharveng (2015b) reported a complementary
study in which morphological characters were incorporated
into the phylogenetic analyses. This study included additional
species (a total of 86) in the morphological analysis, and a new
character was suggested as diagnostic at the supra-generic
level—the S-chaetae tergal pattern. Fusions of the previously
recognized tribes were made, and Entomobryidae was subdi-
vided into seven subfamilies (Nothobryinae, Orchesellinae,
Heteromurinae, Bessoniellinae, Entomobryinae, Seirinae and
Lepidocyrtinae). As for Seirinae, six genera (except Seira)
were transferred to Entomobryinae. The genus Tyrannoseira
was not represented in this investigation.

After some months, Zhang, Sun, Yu, and Wang (2015)
published a phylogenetic study of the Entomobryoidea,
which included nine species of Paronellidae and 35 of
Entomobryidae, and concluded that the S-chaetae are
more relevant as diagnostic character for the classifica-
tion of Entomobryoidea than traditional characters, such as
furca morphology and presence or absence of body scales.
Interestingly, this phylogeny revealed Seirinae to be the sister
group of Entomobryinae, contradicting what was previously
suggested in 2014 when Seirinae and Lepidocyrtinae were
considered to be sister groups.

Despite the importance of these initial studies, the limited
range and restricted distribution of the taxa used within the
Seirinae limited their ability to clarify its internal phylogenetic
relationships. Additionally, the few loci used (at most four) may
have not sufficiently overcome commonly found problems on
mtDNA-based studies such as introgression and incomplete
lineage sorting. Seirinae is one of the most diverse subfam-
ilies of Collembola, comprised of two known genera: Seira,
with about 200 nominal species; and Tyrannoseira, with five
described species endemic to Brazil (Bellinger & Janssens,
2019; Cipola, Morais, Godeiro, & Bellini, 2019). Seirinae are
well-characterized entomobryids which present: heavily cili-
ated scales distributed on body and appendages; falcate mucro
without basal spine; in almost all species presence of 2/2/3 bo-
thriotricha on abdominal segments II to IV, respectively, and
formula of ordinary S-chaetae 11 | 022 + 3 and microsensilla
(ms) 10110100 (Soto-Adames, Barra, Christiansen, & Jordana,
2008; Szeptycki, 1979; Zhang & Deharveng, 2015b).

Analysis of complete mitochondrial genomes holds poten-
tial value for solving taxonomic disputes raised by morpho-
logical studies. This ability is due to several characteristics the
mitochondrial DNA, such as high mutation rate, almost total
absence of recombination and exclusive maternal inheritance.
Moreover, the fact that any mitochondrial locus is typically pre-
sented in many more copies per cell than most nuclear DNA
loci can facilitate its amplification and sequencing, which un-
doubtedly contributed to the widespread use of mitochondrial
markers in phylogenetic reconstruction (Gillett et al., 2014).

Nonetheless, currently only 15 mitogenomes have been
published for springtails (Carapelli, Comandi, Convey,
Nardi, & Frati, 2008; Carapelli, Convey, Nardi, & Frati,
2014; Carapelli, Lio, Nardi, van der Wath, & Frati, 2007;
Faddeeva-vakhrusheva et al., 2016, 2017; Nunes et al.,
2019; Wu et al., 2017; Zhang et al., 2019) of which only
four species belong to Entomobryidae: two of Orchesella,
one of Sinella and one of Lepidosira. Orchesella villosa
was published by Carapelli et al., 2007 together with other
99 mitogenomes of several Pancrustacea groups, and
Orchesella cincta was accompanied by a detailed descrip-
tion of the first complete genome published for Collembola
(Faddeeva-Vakhrusheva et al., 2016). The nuclear genome
of S. curviseta was published in January 2019 and is the
longest of the collembolan genomes assembled until now,
with a total length of 381,46 Mb and a mitochondrial ge-
nome length of 14,840 bp (Zhang et al., 2019). Lepidosira
neotropicalis Nunes and Bellini 2019 was sequenced to-
gether with the other mitogenomes published in the present
study, but the detailed mitogenome was published with the
species description (Nunes et al., 2019).

Giving the extensive taxonomic uncertainties and frequent
cryptic diversity within Collembola groups (Ding, Yu, Guo, Li,
& Zhang, 2018; Katz, Giordano, & Soto-adames, 2015; Porco
et al., 2012), this study was performed with the intention to the
following: (a) reconstruct a phylogeny for Neotropical Seirinae
based on mitogenomes; (b) test the hypothesis that Seirinae do
not include taxa with bidentate mucro (e.g. Lepidocyrtoides)
and (c) verify the potential monophyly of Neotropical genera of
the subfamily. This study is a first important step in understand-
ing the evolution of Seirinae and may guide future revisions of
the subfamily. It also uses a different approach (the use of mitog-
enomes) to investigate the evolution of part of Entomobryidae,
a topic recently well studied based in other techniques.

2 | METHODS

2.1 | Taxon sampling and processing

The mitogenomes of one sample of Paronellidae
(Trogolaphysa sp.) and 26 samples of Entomobryidae:

Lepidocyrtus (1 sp.), Lepidocyrtoides (2 spp.), Entomobrya
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(1 sp.), Seira (17 spp.) and Tyrannoseira (2 spp.) were se-
quenced in this study. Further details about the species are
listed in Table 1, and their respective sampling localities
are shown on the map of Figure 1. Specimens were stored
postcollection at —20°C in 100% ethanol and prior to genetic
analyses were initially analysed to confirm their overall con-
servation and morphological integrity. Some specimens of
each sample were mounted on glass slides following Mari-
Mutt (1979) with some modifications for taxonomic identi-
fication. All glass slides mounted were identified with the
same code of samples in ethanol and are stored at Collembola
Collection/UFRN and Soil Invertebrate Systematics and
Ecology Laboratory/INPA. The material source is included
in Brazilian SisGen online databank (accession number
A05460B).

2.2 | DNA extraction

Total genomic DNA was extracted from a single individual
from each vial containing several specimens belonging to a
given species following the protocol provided by Cell and
Tissue DNA Kit (Qiagen) with some modifications: incuba-
tion time was increased to 48h with extra addition of 15 pl
of proteinase K after the first 24 hr. Before DNA isolation
the specimen's cuticle was recovered and maintained in 70%
ethanol for further morphological analyses. Purification
was automated using KingFisher Duo Prime Purification
System (Thermo Fisher Scientific), and the purified genomic
DNA was eluted in 30 pl and quantified using Qubit 2.0
Fluorometer (Life Technologies).

2.3 | Libraries construction and sequencing

Genomic DNA was fragmented to an average length of 300-
400 bp using Bioruptor (Diagenode). To verify the frag-
ments size and concentration, automatized electrophoresis
was made on Tape Station 2200 (Agilent Technologies).
Libraries were prepared using NEBNext kit (Biolabs) ac-
cording to the Illumina multiplex protocol of Meyer and
Kircher (2010) using double-indexed library adapters. The
quantity (X) of PCR amplification cycles required to gen-
erate sufficient library for sequencing was determined by
a quantitative real-time PCR performed using Mx3000P
(Strategene). Amplification reactions were performed in
50 pl of reaction mixture containing 0.4 pl of 25 mm dNTP,
5 pl of buffer (10 concentrated), 5 pl of 25 mm MgCl2, 1 pl of
each primer (10 pm/pl), 1 pl of a forward primer (10 pm/1 pl),
5 pl of total DNA, 1 pl of TaqGold DNA polymerase and
31.6 pl of distilled water to complete to final volume. The
cycling profile was 95°C for 10 min, followed by X cycles
of 95°C for 30 s, 60°C for 45 s, 72°C for 45 s and 72°C for
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5 min during the final cycle. A final purification step was
made using QIAquick PCR purification kit (Qiagen), and the
quantification and size estimation of libraries were conducted
on a Tape Station 2200 (Angilent Technologies). Libraries
were pooled and sequenced at the Danish National High-
Throughput DNA Sequencing Centre on one lane of Illumina
HiSeq 2000, using 80 paired-end cycles with a rapid run.
FastQC was used for quality control of raw sequence data.
Adapter removal (Schubert, Lindgreen, & Orlando, 2016)
was conducted to remove reads containing adapters and low-
quality reads from the raw data.

Zoologica Scripta &

2.4 | Mitogenome assembly

As no closely related Collembola mitochondrial genome
was available (of the same genera or even subfamily) to be
used as a reference genome, we applied two methodologies
to de novo reconstruct the mitochondrial genomes of interest
based on our shotgun data.

The first methodology reconstructed 19 genomes using
MitoZ v. 1.04 (Meng, Li, Yang, & Liu, 2019), and the sec-
ond reconstructed eight using Mira v. 4.0 (Chevreux, Wetter,
& Suhai, 1999) and MITObim 1.8 (Hahn, Bachmann, &
Chevreux, 2013). The methodology and the reference genome
used for each sample are described in Table 1. Reference ge-
nomes used in the second reconstruction resulted from the
first methodology. To confirm the identity of the new ge-
nomes, BLAST (basic local alignment search tool) searches
were conducted on the National Center for Biotechnology
Information website (NCBI; https://blast.ncbi.nlm.nih.gov/
Blast.cgi) and all samples were similar to other Collembola
sequences available. Annotations and the visualization of the
circular genomes were made with MitoZ v. 1.04. The new 27
mitogenome sequences have been deposited at GenBank (see
Table S1), as well as the raw data that are deposited at the
SRA (Sequence Read Archive), available at the NCBI portal.

2.5 | Phylogenetic analyses

For phylogenetic reconstruction, the 13 protein coding
genes (NAD1, NAD2, NAD3, NAD4, NAD4L, NADS,
NAD6, COX1, COX2, COX3, ATP6, ATP8 and CYTB) of
the 27 samples sequenced here, plus Lepidosira neotropi-
calis, Sinella curviseta and Orchesella cincta (accession
numbers: MF716603, MK014212 and KT985987, respec-
tively) were used. All 13 protein sequences were aligned
separately with MAFFT 7 website (http://mafft.cbrc.jp/
alignment/server/index.html). The best partition model for
the ML and BI analyses was found using 1Q-Tree Model
Finder (Kalyaanamoorthy, Minh, Wong, Haeseler, &
Jermiin, 2017), and it is detailed in Table S2. ML analyses
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were conducted using IQ-Tree 1.6.10 (Nguyen, Schmidt,
Haeseler, & Minh, 2015). Branch support was estimated
using Ultrafast option for bootstrap analysis, with 1,000
replicates. The model mitochondrial vertebrate—mtREV
(Adachi & Hasegawa, 1996), was used for BI analyses
performed on MrBayes v.3.2.6 (Huelsenbeck & Ronquist,

Zoologica Scripta

Ratio of mitogenome-derived

)
o0
Q
Q
=
[
3
8
Q
=
g
=]
¥ g 2001) with number of generations 20M; relative burn-in
o0
§ e 3 % = - 2 P (fractions of samples discarded) of 0.25; print frequency
g o S S S S g § 2,000; sample frequency 2,000 and number of chains 4.
% S Evaluating effective sample size (ESS) values and state
g g convergence were checked in Tracer 1.6.0. (Andrew
=] IS
= % izt Rambaut, Drummond, Xie, Baele, & Suchard, 2018), as
é‘ é 4 well the burn-in value. The resulting phylogeny was vis-
S = . . . .
gn ks _§ ualized in FigTree v.1.4.2. (Rambaut, 2016) and edited
g ; _cg using Adobe Illustrator CC 2017.
e = &
9
@ < g
g2 2 2 3 =5 5
. A7 I
i g & = 5 2 Z = 3 | RESULTS AND DISCUSSION
~ — < =
= <
= S
% 2 A total of 27 collembolan mitogenomes were recovered, of
‘é g which 19 were assembled using a de novo method (Meng et
2 g & al., 2019), and eight were obtained using a reference-based
% E g method (Hahn et al., 2013) (Table 1). We retrieved mitog-
o . g:? £ enomes of full length for most of the species (18) and de-
<9 S N 21 . . . ..
§ = £ o livered 13 protein coding genes (PCGs) for the remaining
= = < < 5 5 species (Figures S1- . The len, of the mitogenomes
£ I < £ < < : » p Figures S1-S27). The length of the mitog
= = . .
SRR Z Z z Z §~] S ranged from 14,565-15,364 bp, similar to other reported col-
2 -§ lembolan mitogenomes (Carapelli et al., 2008, 2014, 2007;
o0
g E Faddeeva-vakhrusheva et al., 2016, 2017; Nunes et al., 2019;
s G . .. .
= < § 2 Wu et al., 2017; Zhang et al., 2019). Mapping statistics in-
£ ;:Qa 3 °Z‘, B cluding ratio of mitogenome-derived reads and average depth
] £
& & g “ 5 for all species is summarized in Table 1. On average reads
Q - & 2 . . . .
g E g N N N N £ g 3 derived from mitogenomes accounted for 0.16% in genomic
- o o o (] < -2
3 2 = = = = = B 5 DNA extracts and reached a depth of 79X coverage for all
g2S 5 5 s = = g 3 P g
3 s = é the assemblies (excluding the sample of Seira dapeste which
= m = . .
g s £ § had an overload of reads during the sequencing process). The
2 % = ‘E final mitogenomes have been uploaded to Genbank, as well
> < -8 .
o - é g as the raw data are deposited at the SRA (Sequence Read
2 =2 S E 3 . . .
Z & ﬁ R % Archive), available at the NCBI portal. Accession numbers
: [72] . o = . .
£ % E @ % é ‘§ E’ § g = are provided in the Table S1.
S = a9 = = & 2 L. . .
E =l = 2 § S 8 & ¢ % g We calculated the pairwise p-distance (proportion of
=] o Ee] =9 . . .
o S < 3 2 < £ £ = (uj z, nucleotide sites at which two compared sequences are
. R g g § L: E different) and G + C content for each PCG showing that
73 (o)) (o)) = . . . . .
g g § g § g § % 3 ;, ATP8 gene possesses the highest interspecies genetic vari-
s S - E - o 8o s < 8 ances (Figure 2) with the lowest G-C contents (Figure 3).
g = SE SE .S g &5 g
) g S 58 3% §E8 &9 g 52 Interestingly, the COI gene—widely adopted as the DNA
T .9 S S = . .
é @‘ 8‘ _§ E‘ g §‘ g £ s & g ;3 :§ é < barcode marker—possesses smallest interspecies ge-
§ é‘ § + 5% 58 3R £ ¥ g2 < E ; netic variances (Figure 2) but the highest G + C contents
= & g%§§§§§fg§g§“_§§g (Figure 3).
RS N S s 3 = = g . . . .
- U‘S) sE 52 5¢€ 5 3 _5;:3 S < ; i} : ; Bayesian (BI) and maximum likelihood (ML) analyses
E > SR L3 L3 8835 & 25358 using the reconstructed mitochondrial genomes and three
=2 T 8 8 8 N 5 £5E 3 ¢ iously published Lepidosi ]
. 5 & N & a g §g gk previously published sequences (Lepidosira neotropica-
[ = A~ 28z 2 E lis, Sinella curviseta and Orchesella cincta) resulted in a



334
—I—Wl LEY— Zoologica Scripta @

GODEIRO ET AL.

-60°W
1

-30°W
1

[ Atlantic Forest Biome Sampling points
[ Amazon Forest Biome A) Caracarai/ RR J) Almino Afonso / RN
- Caaﬁnga Biome B) Rio Preto da Eva/AM  K) Bananeiras / PB
. C) Pedro I1/ PI L) Areia / PB

] Cerrado Biome D) Quixad4 / CE M) Abaira / BA

. E) Apodi / RN N) Sapé / PB
- Pampas B“.)me F) Lajes / RN 0O) Bariri/ SP
[_]Pantanal Biome G) Natal / RN P) Aguas de Lind6ia / SP

H) Riacho da Cruz / RN Q) Londrina / PR
N I) Vera Cruz / RN R) Medianeira / PR 200
500
Km
FIGURE 1 Map of Brazilian biomes showing the source areas of samples, highlighting nearby locations in northeastern region. Species

from Atlantic and Amazon Forest biomes were collected from forested areas or their surroundings. Species collected from Caatinga Biome were

collected from forested areas, exposed soil or over rocks. AM, Amazonas; BA, Bahia; CE, Ceara; PB, Paraiba; PI, Piaui; PR, Parana; RN, Rio

Grande do Norte; RR, Roraima and SP, Sao Paulo, all Brazilian states [Colour figure can be viewed at wileyonlinelibrary.com]

consensus tree with high support values for the major-
ity of the nodes (Figure 4). The single Paronellidae spe-
cies (Trogolaphysa sp.) was recovered as a sister group of
Entomobryinae with medium support (Bootstrap = 50% and
PP = 0.95). Seirinae was presented as a monophyletic taxon
(Bootstrap = 100% and PP = 1), including only species with
scales and falcate mucro. Lepidosira and Lepidocyrtoides
were found to group within Entomobryinae (Bootstrap = 98%
and PP = 1, in Figure 4), and Seirinae was recovered as the
sister group of Lepidocyrtinae (Lepidocyrtus sp.), rather
than Entomobryinae (Bootstrap = 92% and PP = 0.98).

Within the Neotropical Seirinae, three clades were re-
covered with high support in all nodes. The first major
event of internal cladogenesis in the taxon occurred with
the appearance of two groups of species: those mostly with
modified chaetae on dorso-distal manubrium and proximal
dens, with extra anterior macrochaetae on mesothorax and
large lateral teeth on ungues (indicated as Lepidocyrtinus
in Figure 4) and those lacking such structures. The second
major event of cladogenesis occurred with the emergence
of species with clear male dimorphic legs, belonging to
Tyrannoseira genus, compared with the other members of
Seira s. str.

The reconstructed phylogeny (Figure 4) corroborates
the results of Zhang et al. (2014) in that species (eg.
Lepidosira, Lepidocyrtoides) with strongly ciliated scales,
S-chaetotaxy formula 22[122 + 3 dense coverage of dor-
sal macrochaetae and bidentate mucro of Seirini sensu
Soto-Adames et al., 2008 belong to Entomobryinae sensu
Zhang & Deharveng, 2015b. This observation reinforces
the hypothesis that densely ciliated scales with different
apex morphologies emerged independently among differ-
ent Entomobryidae taxa (Zhang et al., 2014, 2015; Zhang
& Deharveng, 2015a) or are derived from a basal group
(probably close related to Heteromurini) and were sec-
ondarily lost in different branches of Entomobryinae and
Paronellinae. The condition of a high number of dorsal
macrochaetae in both Seirinae and Entomobryinae is some-
how plesiomorphic, and for this reason could not support
the inclusion of Lepidosira and Lepidocyrtoides aside with
the Seirinae with falcate mucro. This can be explained by
the fact that basal Entomobryidae such as Capbryinae and
Nothobryini sensu Soto-Adames et al., 2008 (Nothobryinae
sensu Zhang & Deharveng, 2015b) also shows dense cov-
erage of multiciliated macrochaetae, a feature that has been
further reduced in some taxa such as Heteromurinae and
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FIGURE 2 Boxplot showing the P-distances within each of the 13 genes analysed across all the 27 samples studied. Outlier values are

depicted as red points [Colour figure can be viewed at wileyonlinelibrary.com]

Lepidocyrtinae (Baquero-Martin, Jordana, & Christiansen,
2004; Cipola, Oliveira, Morais, & Bellini, 2016; Jordana,
2012; Zhang & Deharveng, 2015a).

The monophyly of Seirinae that is evident from our results
is reaffirmed by a clear diagnosis among the Entomobryoidea
of the following combination of characters: antennae with
four segments; fourth antennomere bearing an apical bulb;
postantennal organ (PAO) absent; 8 + 8 eyes present; strongly
ciliate scales with rounded or lanceolate apexes covering dor-
sal body and appendices (including ventral part of furcula);
dorsal macrochaetotaxy moderately plurichaetotic, and most
macrochaetae present a truncated apex; chaetae m4 and p4 on
second abdominal segment absent in adult specimens (possi-
bly modified into scales during development); bothriotricha
formula from second to fourth abdominal segments 2/3/3 (ex-
cept in S. rowani Yosii, 1959, with 2/3/2); S-chaetae formula
from Th. II to fifth abdominal segment 11 | 022-3 and the
microsensilla 10 | 10100; fourth abdominal segment at least
2.5 times longer than third in the body midline; dens dorsally
crenulated without spines and falcate mucro separated from
dens, without mucronal chaeta (Christiansen & Bellinger,
2000; Soto-Adames et al., 2008; Szeptycki, 1979; Zhang &
Deharveng, 2015b). Although none of these characters alone
is synapomorphic of Seirinae, their combination delimits the

taxon. On the other hand, recent morphological and phylo-
genetic reviews indicate that diagnoses in Entomobryinae
and Lepidocyrtinae are challenging. Both taxa are appar-
ently paraphyletic as they may include different lineages of
Paronellidae. In this sense, the Paronellinae possibly emerged
from one (or more) of the Entomobryinae lineages, and the
Cyphoderinae are derived from some form of Lepidocyrtinae,
possibly Pseudosinella (Szeptycki, 1979; Zhang et al.,
2015), or at least both Cyphoderinae and Lepidocyrtinae
are sister groups. Our data also corroborate the paraphyly of
Entomobryinae, since the sole species of Paronellinae used
in our analysis, Trogolaphysa sp., is apparently related to
Entomobryinae taxa.

Our analysis shows Lepidocyrtinae as the sister group
of Seirinae, with high support (Bootstrap = 92% and
PP = 0.98). This condition is in disagreement with the most
recent Entomobryoidea phylogeny studies (Zhang et al.,
2014; Zhang, Ma, & Greenslade, 2017). Our results can-
not be taken as conclusive since we used a single species
of Lepidocyrtinae in our analysis (Lepidocyrtus sp.), and
we could not include representatives of all subfamilies of
Entomobryidae. Morphologically, this relationship may
be related to the loss of S-chaetae on the second and third
thorax and first abdominal segments (Zhang & Deharveng,
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2015b). Also, the lack of nuclear genes in our analysis may
have contributed to the uncertainty about the relations of
deeper branches of Entomobryoidea, as subfamilies affin-
ities. In this sense, our aim in this study was to verify the
internal relationships of Seirinae only. We believe the addi-
tion of a greater number of species of other Entomobryidae
subfamilies, more outgroups and the use of nuclear genes
in the analysis could clarify the subfamilies affinities in the
family.

The subgenus Lepidocyrtinus sensu Yosii, 1959 was val-
idated here with a maximum value of posterior probability
(1) and medium bootstrap value (72) (Figure 4), and its main
characteristics are the presence of macrochaetae on manu-
brial plates and on dorso-proximal region of dens of most
species, and enlarged lateral teeth on ungues. Also, most
Neotropical species present enlarged Th. II with extra mul-
tiples of anterior chaetaec above m1-2 complex and antennae
longer than trunk. Lepidocyrtinus was created by Borner
(1903) as a subgenus of Lepidocyrtus, but in subsequent mor-
phological revisions, the group was considered a variation of
Seira by its falcate mucro and presence of 3 + 3 bothriotricha
on fourth abdominal segment (Szeptycki, 1979; Yosii, 1959).
Thus, other members of Lepidocyrtinus were later integrated
into Seira such as its Neotropical species (Christiansen &

Bellinger, 2000; Godeiro & Bellini, 2014, 2015). In fact, the
Neotropical taxa of Lepidocyrtinus were first designated in
Ctenocyrtinus, a genus that was later synonymized with Seira
by (Christiansen & Bellinger, 2000). The data presented in
Figure 4 supports Lepidocyrtinus as a monophyletic taxon.
In this context, we therefore raise Lepidocyrtinus to generic
status here.

Tyrannoseira, the most recently described genus of
Seirinae, was recovered as a monophyletic taxon and the
sister group of Seira s. str. with high support. Such data
support the view of Tyrannoseira as a full genus within the
Seirinae as recently proposed (Bellini & Zeppelini, 2011;
Cipola et al., 2019). The main feature that differentiates
Tyrannoseira from Neotropical Seira s. str. is the male
sexual dimorphism on the first pair of legs. Males have
the first pair of legs modified into prehensile structures:
femora are variably enlarged and possess a series of short,
multiciliated spines in inner projection; tibiotarsus has
an inner row of long ciliated spines (Bellini & Zeppelini,
2011; Christiansen & Bellinger, 2000; Mari-Mutt, 1986).
Although some species of the domestica group of Old
World Seira (e.g. S. domestica, S. mantis and S. uwei) also
present sexual dimorphism related to the first pair of legs
(Cipola et al., 2018), such species are widely different
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from Tyrannoseira in dorsal chaetotaxy, especially on Th.
III and Abd. I, which have several extra macrochaetae in
domestic-group species, while in Tyrannoseira, this pat-
tern is reduced (Cipola et al., 2019). Also, the femora are
not clearly dilated in these species, as well as in any other
Entomobryoidea genus. Adult specimens of Tyrannoseira
always have the first abdominal segment devoid of macro-
chaetae, a less common feature in Seira s. str. The absence
of macrochaetae in this segment is either homoplasious or
the primitive condition of Seira s. str.4+Tyrannoseira clade.
In the phylogeny presented in Figure 4, it is observed that
Seira sp. 3, which does not have macrochaetae in the Abd.
I, is the closest species to Tyrannoseira clade.

Following our revision, a future step to better understand
the evolution within Seirinae will be the inclusion of spe-
cies from other regions. Concerning Seira, for instance, the
domestica group and other Palaeartic taxa present a more

complex macrochaetotaxy (as described in Cipola et al.,
2018), which suggests they could belong to a more primi-
tive branch of the genus. Inclusions like this will help us to
understand which species are more related to the primitive
stock of each genera and the subfamily itself and whether
Seirinae can be subdivided into other well-supported gen-
era or subgenera.
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