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Abstract
The male of Hitobia makotoi Kamura, 2011 is described for the first time from Hengshan Mountain,
Hunan Province, China. This species was originally described from Amami-ôshim Island, Japan and has
been recorded from Gaoligong Mountain, Yunnan Province, China. Morphological descriptions and
illustrations of both sexes of this species are given.
Keywords
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Introduction
The spider genus Hitobia is distributed in East Asia with 16 species described to date,
half of which are described by only the male or only the female (World Spider Catalog
Version 2016, Wang and Peng 2014, Kamura 2011).
The species Hitobia makotoi Kamura, 2011 was first described based on female
specimens only from Amami-ôshim Island, Japan. Wang and Peng (2014) identified a
female specimen from Gaoligong Mountain, Yunnan Province, China as this species,
although the spermathecae of this specimen are slightly different from those of the
holotype in the original description of Kamura (2011). Recently, during examination
of the spider specimens collected from Hunan Province, one female and four males
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were found, which can be identified as Hitobia makotoi based on comparison with the
type specimens. The female is redescribed and the male is described for the first time
in the present paper.

Material and methods
Specimens were examined with an Olympus SZX16 stereomicroscope. Details were
further studied with an Olympus BX53 compound microscope. The illustrations were
made using an Olympus drawing tube and inked on ink jet plotter paper. Photos were
taken with a Canon PowerShot G12 digital camera mounted on an Olympus BX53
compound microscope and compound focus images were generated using Helicon Focus software (3.10 Free). Both the male palp and the female epigynum were detached
from the spiders’ bodies for examination and illustration.
All specimens are deposited in the College of Life Sciences, Hunan Normal University (HNU).
All measurements are given in millimeters. Leg measurements are given as: total
length (femur, patella + tibia, metatarsus, tarsus). The following abbreviations are used
in the text:
ALE
AME
MOA
PLE
PME

anterior lateral eye;
anterior median eye;
median ocular area;
posterior lateral eye;
posterior median eye.

Taxonomy
Family Gnaphosidae Pocock, 1898
Hitobia Kamura, 1992
Hitobia makotoi Kamura, 2011
Figs 1–4
Hitobia makotoi Kamura, 2011: 104, figs 3–7 (description and illustration of female).
Hitobia makotoi: Wang and Peng 2014: 31, figs 17–23 (description and illustration of
female).
Material examined. 2 ♂ (HNU), Cangjingdian (27°16.14'N, 112°41.72'E, 950 m),
Hengshan Mountain, Hengyang City, Hunan Province, China, 8 July 2014; 1 ♂,
1 ♀ (HNU), Lingzhiquan (27°16.28'N, 112°42.13'E, 650 m), Hengshan Mountain,
Hengyang City, Hunan Province, China, 8 July 2014; 1 ♂ (HNU), Shumuyuan
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Figure 1. Male of Hitobia makotoi Kamura, 2011, based on the specimen from Hengshan. A Habitus,
dorsal view B Left palp, ventral view C Same, retrolateral view. Scale bars: 0.5 mm (A); 0.1 mm (B, C).

(27°15.93'N, 112°43.34'E, 360 m), Hengshan Mountain Hengyang City, Hunan
Province, China, 10 July 2014. All specimens were collected by Bing Zhou, Cheng
Wang, Jiahui Gan and Yuhui Gong.
Diagnosis. Male of H. makotoi can be distinguished from all other Hitobia by the
extraordinarily elongated retrolateral tibial apophysis which is nearly as long as the
cymbium, and its distal end serrated and with a small hook apically (Figs 1B, C; 3A,
B). The female of H. makotoi is similar to that of H. unifascigera (Bösenberg & Strand,
1906) in having a transverse white band on the posterior part of opisthosoma, but can
be distinguished from the latter by the following characters: epigynal hood situated
on the anterior part of epigynum, but situated at the middle part in H. unifascigera;
atrium vertically elongated, and almost as long as the epigynum, but short, and half as
long as the epigynum in H. unifascigera (Figs 2B, 3D, cf. fig. 633e in Yin et al. 2012
and fig. 89H in Song, Zhu and Zhang 2004); and finally, a long and thin spermathecae in H. makotoi, but thick and massive in H. unifascigera (Figs 2C, 3E, cf. fig. 633f
in Yin et al. 2012 and fig. 89I in Song, Zhu and Zhang 2004).
Description. Male: Body length 3.92. Prosoma length 1.78, width 1.18; opisthosoma length 2.18, width 1.01. Clypeus height 0.04. Carapace black brown, oval, widest at coxae II and III. Fovea and cervical grooves indistinct (Fig. 1A). Eye measurements and interdistances: AME 0.08, ALE 0.10, PME 0.08, PLE 0.10, AME–AME
0.03, AME–ALE 0.01, PME–PME 0.08, PME–PLE 0.05, ALE–PLE 0.07. MOA

4

Bing Zhou et al. / ZooKeys 579: 1–7 (2016)

Figure 2. Female of Hitobia makotoi Kamura, 2011, based on the specimen from Hengshan. A Habitus,
dorsal view B Epigynum, ventral view C Vulva, dorsal view. Scale bars: 1 mm (A); 0.1 mm (B, C).

anterior width 0.15, posterior width 0.20, length 0.07. Both eye rows recurved. Chelicerae with three promarginal (the middle one largest) and one retromarginal teeth. Endites yellowish, with some soft short hairs on the inner side. Labium yellowish brown,
longer than wide. Sternum decorated with many black spots, anterior straight and
posterior subacute. Legs femora I–IV blackish brown, but yellowish brown dorsally.
Trochanters I and II without ventral notch, III and IV each with a shallow ventral
notch. Leg spination: femora: I, II, IV d1-1-1, p1-0-0, III d1-1-1, p1-1-0, v1-1-0;
patellae: III, IV r0-1-0; tibiae: I p1-0-0, v2-2-2, II p1-0-1, v2-2-1, III d2-2-0, p0-0-1,
v2-2-1, r0-1-1, IV d1-0-0, p1-1-1, v1-0-1, r1-0-1; metatarsi: I v2-0-0, II p0-1-0, v20-0, III d0-1-1, p1-1-1, v0-0-1, r1-1-2. Leg measurements: I 3.20 (0.88, 1.28, 0.60,
0.44), II 3.48 (1.00, 1.32, 0.68, 0.48), III 3.00 (0.84, 0.96, 0.76, 0.44), IV 4.12 (1.16,
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Figure 3. Hitobia makotoi Kamura, 2011. A–C Male: A Left palp, ventral view B Same, retrolateral
view C Enlarged embolus and conductor, retrolateral view B, C Female: B Epigynum, ventral view
C Vulva, dorsal view. Scale bars = 0.1 mm. Abbreviations: C - conductor, E - embolus, FD - fertilization
duct, H - hood, RTA - retrolateral tibial apophysis, S - spermatheca.

1.36, 1.04, 0.56). Leg formula: IV-II-I-III. Opisthosoma long and oval, covered all
over with villi, and with a transverse white stripe postero-dorsally; venter light brown.
Spinnerets cylindrical and blackish brown.
Male palp (Figs 1B, C, 3A–C): Tibia short, with several long prolateral macrosetae,
retrolateral tibial apophysis extraordinarily elongated, nearly as long as cymbium, and its
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Figure 4. Distribution records of Hitobia makotoi Kamura, 2011 in China.

distal end serrated and with a small hook apically. Bulb long and oval, simple. Conductor
membranous, relatively large, originating from the middle part of bulb, covering the base
of embolus. Embolus short, twisted, originating from the prolateral top of bulb, mostly
hidden under conductor and only its tip visible in ventral view. A small membranous
process originating from the retrolateral top of bulb, protecting the embolus together
with the conductor (Fig. 3C). Two strong macrosetae situated at the top of cymbium.
Female: Body length 5.45. Prosoma length 2.30, width 1.46; opisthosoma length
3.05, width 1.61. Clypeus height 0.06. Eye measurements and interdistances: AME
0.08, ALE 0.10, PME 0.08, PLE 0.10, AME–AME 0.03, AME–ALE 0.01, PME–
PME 0.08, PME–PLE 0.06, ALE–PLE 0.10. MOA anterior width 0.18, posterior
width 0.23, length 0.12. Leg spination: femora: I, II, IV d1-1-1, p1-0-0, III d1-1-1,
p1-1-0, v1-1-0; patellae: III, IV r0-1-0; tibiae: I p1-0-0, v2-2-2, II p1-0-1, v2-2-1, III
d2-2-0, p0-0-1, v2-2-1, r0-1-1, IV d1-0-0, p1-1-1, v1-0-1, r1-0-1; metatarsi: I v2-0-0,
II p0-1-0, v2-0-0, III d0-1-1, p1-1-1, v0-0-1, r1-1-2. Leg measurements: I 3.80(1.28,
1.40, 0.68, 0.44), II 3.88 (1.24, 1.44, 0.68, 0.52), III 3.52(1.12, 1.16, 0.76, 0.48), IV
5.28(1.52, 1.80, 1.20, 0.76). Leg formula: IV-II-I-III.
Epigynum longer than wide, with a distinct anterior hood; atrium vertically elongated, and almost as long as epigynum, with the basal part very wide, and abruptly
becoming narrow and extending to the anterior part (Figs 2B, 3D); spermathecae
reniform, vertically elongated, separated from each other (Figs 2C, 3E).
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Remark. There are very small differences between the holotype female and the
newly collected female specimen in the present study: the distal part of atrium is narrower and the basal part wider in the newly collected female specimen (Figs 2B, 3D)
than in the holotype (Fig. 6 in Kamura 2011).
Distribution. China (Hunan, Yunnan), Japan (Amami-ôshima Is.).
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Abstract
A phylogenetic study was conducted to hypothesize relationships of most of the genera of the Oniticellini
and Onthophagini for the first time using morphological characters from a diverse array of external and
internal sclerites. The monophyly and sister relationship of both tribes was found using Bayesian and parsimony analyses with heavily to moderately weighted data. An alternative hypothesis based on parsimony
analyses of unweighted or slightly weighted data show a paraphyletic Oniticellini without the Onthophagini, although recognition of the subtribe Helictopleurina as a tribe would eliminate non-monophyly.
Of the three Oniticellini subtribes, the Helictopleurina and Drepanocerina are monophyletic. There
is no support for the monophyly of the Oniticellina or the Onthophagini subtribe Alloscelina, as currently defined. The genus Liatongus is paraphyletic, while strong support was found for monophyly of
the Madagascan genus, Helictopleurus. The genus Onthophagus is never monophyletic in any analysis
performed. Two new subtribes are also proposed: Liatongina subtr. n. including the genus Liatongus and
Attavicina subtr. n. including the genera Attavicinus and Paroniticellus.
Topological evidence shows that the ancestral oniticellines and onthophagines were all coprophagous
with alternative food sources evolving relatively recently. Both myrmecophily and termitophily probably
evolved only once in the onthophagines. The phylogenetic analysis supports an African origin for the two
tribes, with a relatively early age for the split of the Madagascar helictopleurines from the remaining oniticellines via dispersal. Furthermore, the presence of the oniticellines in the New World is hypothesized to
be due to two relatively old dispersal events via Beringia and two relatively recent trans-Atlantic invasions
of the Caribbean.
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Introduction
The Oniticellini and Onthophagini contain close to one half of the roughly 7,000
species of scarabaeine dung beetles known worldwide (Schoolmeesters et al. 2010).
Undoubtedly more species remain undocumented, perhaps as many as 1,000 or more,
and certainly a large proportion of those, when described, will be placed in either the
speciose onthophagine genus Onthophagus or another closely related group. In one estimate, Onthophagus alone contains 1765 species (Hanski and Cambefort 1991) while
a recent estimate put the total at ~2500 species (Tarasov and Solodovnikov 2011).
With their high species diversity, these two tribes are among the most important in
regards to understanding the evolution of the Scarabaeinae dung beetles.
Many Oniticellini and Onthophagini (generic classification in Table 1) are tunnelers where dung is buried at the ends of tunnels created beneath a dropping and used
as adult and larval food. But within these tribes the behaviors and food sources are far
more diverse. For example, the oniticellines Oniticellus Serville, Tragiscus Klug, and
possibly Paroniticellus Balthasar have species with nesting behavior known as dwelling,
where brood cavities are excavated within the dung or in the soil adjacent to and in
contact with the dropping (Davis 1989, Philips and Bell 2008). Some of the smallsized onthophagines are kleptocoprids that steal dung from larger tunneling or rolling
dung beetles. Nearly all oniticellines specialize on dung, especially those from large
bodied herbivores (Cambefort 1991). In contrast, many onthophagines have alternative food and nesting habits. This includes taxa that feed on carrion, millipedes, fruit,
or mushrooms (Hanski and Cambefort 1991, Brühl and Krell 2003). Several genera
are also highly specialized to live with ants or termites and likely feed on nest detritus
(Branco 1995, 1996; Krell and Philips 2010). The number of times these alternative
food sources have evolved is unknown.
The Onthophagini contain approximately 35 genera, the number depending upon
the chosen taxonomic classification (Cambefort 1991, Davis et al. 2002, Philips 2011).
Many taxa previously considered subgenera are now recognized as genera, including
Proagoderus Lansberge, Diastellopalpus Lansberge, Digitonthophagus Balthasar, Strandius Balthasar, and Euonthophagus Balthasar (Halffter and Matthews 1966, Davis et al.
2008). Subgenera are still recognized in both Onthophagus and Caccobius, and species
groups defined, for example, by Arrow (1931), Balthasar (1963), Boucomont (1923),
Branco (1992a) and d’Orbigny (1913) are commonly used. Within the Oniticellini,
species groups have been defined, for example, within Liatongus and Helictopleurus (see
Montreuil 2005 for those in the latter). In the Onthophagini, subtribes have yet to be
proposed with the exception of the Alloscelina, while three are recognized in the oniticellines. But typically few characters for any of these groups justify their recognition
and none have yet been studied in a broader phylogenetic context.
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Table 1. Generic classification of the Oniticellini and Onthophagini with the number of species in each
genus currently recognized in the far right column. Taxa in bold are included in this study.
Tribe Oniticellini Kolbe, 1905
Subtribe Drepanocerina van Lansberge, 1875 – 12 genera, 53 spp. (+ 1 extinct sp.)
Afrodrepanus
Krikken
2009
Clypeodrepanus
Krikken
2009
Cyptochirus
Lesne
1900
Drepanocerus
Kirby
1828
Drepanoplatynus
Boucomont
1921
Eodrepanus
Barbero, Palestrini and Roggero
2009
Epidrepanus
Roggero, Barbero and Palestrini
2015
Ixodina
Roth
1851
Paraixodina
Roggero, Barbero and Palestrini
2015
Latodrepanus
Krikken
2009
Sinodrepanus
Simonis
1985
Tibiodrepanus
Krikken
2009
Subtribe Oniticellina Kolebe, 1905 – 12 genera, 75 spp.
Anoplodrepanus *
Simonis
1981
Attavicinus
Philips and Bell
2008
Euoniticellus
Janssens
1953
Liatongus
Reitter
1893
Nitiocellus
Branco
2010
Oniticellus
Serville
1828
Paroniticellus
Balthasar
1963
Scaptocnemis **
Péringuey
1901
Scaptodera #
Hope
1837
Tiniocellus
Péringuey
1901
Tragiscus
Klug
1855
Yvescambefortius
Ochi and Kon
1996
Subtribe Helictopleurina Janssens, 1946 – 2 genera and ~ 81 spp.
Helictopleurus
d’Orbigny
1915
Heterosyphus
Paulian
1975
Tribe Onthophagini Burmeister, 1846 – 36 genera and ~ 2500 spp.
Subtribe Alloscelina Janssens, 1949 – 3 genera and 43 spp.
Alloscelus
Boucomont
1923
Haroldius
Boucomont
1914
Megaponerophilus***
Janssens
1949
Remaining 33 genera
Amietina
Cambefort
1981
Anoctus
Sharp
1875
Caccobius
Thomson
1859
Cambefortius
Branco
1989
Cassolus
Sharp
1875
Cleptocaccobius
Cambefort
1984
Cyobius
Sharp
1875
Diastellopalpus
Van Lansberge
1886
Digitonthophagus
Balthasar
1959

2
3
4
5
1
9
3
5
3
3
8
7
2
1
19
45
2
10
1
1
1
6
1
1
62
1

4
38
1
4
5
89
8
9
24
5
33
2

12
Disphysema
Dorbignyolus
Euonthophagus
Eusaproecius
Heteroclitopus
Hyalonthophagus***
Krikkenius
Milichus
Mimonthophagus
Neosaproecius
Onthophagus
Phalops
Pinacopodius
Pinacotarsus
Proagoderus
Pseudosaproecius
Stiptocnemis
Stiptopodius
Stiptotarsus
Strandius***
Sukelus*
Tomogonus
Unidentis***
Walterantus
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Harold
Branco
Balthasar
Branco
Péringuey
Palestrini
Branco
Péringuey
Balthasar
Branco
Latreille
Erichson
Branco
Harold
Van Lansberge
Balthasar
Branco
Harold
Branco
Balthasar
Branco
d’Orbigny
Josso and Prévost
Cambefort

1873
1989
1959
1989
1901
1989
1989
1901
1963
1989
1802
1847
1989
1875
1883
1941
1989
1871
1989
1935
1992
1904
2012
1977

1
1
26
7
10
9
1
16
8
2
2000–2500
38
2
2
73
12
2
11
3
17?
1
11
1
1

* Moved out of the Drepanocerina to the Oniticellina by Krikken (2009).
** Moved out of the Drepanocerina to the Oniticellina by Branco (2010).
# Scaptodera is most often cited as Liatongus (Paraliatongus) but is considered a valid genus by some workers.
*** Taxon is considered either a generic synonym or a subgenus by some workers.

Inconsistencies in the classification of these two tribes have been frequent. For
example, nine of the 35 generic level onthophagine taxa were formerly placed in Dichotomiini (Janssens 1939; Balthasar 1941; Branco 1989, 1990, 1991, 1992a, 1992b)
or the Oniticellini (Kolbe 1905). The Alloscelina were previously placed as a subtribe
of the Scarabaeini (Halffter and Edmonds 1982) or were considered a tribe by Janssens
(1949). In a taxonomic proposal for the Drepanocerina (Krikken 2009), the previous
species groups of Janssens (1953) were elevated to genera. Most recently, this classification has been updated by Roggero et al. (2015) with the creation of another two
genera. Lastly, the monotypic Scaptodera (S. rhadamistus) recognized by some workers,
has been previously cited as Liatongus (Paraliatongus) Reitter, Oniticellus Serville, or
even Pseudoniticellus Janssens (e.g., Hanski and Cambefort 1991).
Based on evidence of relationships within the Scarabaeinae from a wide range of
morphological characters (Zunino 1983, Luzzatto 1994, Philips et al. 2004b, Tarasov
and Génier 2015) and some molecular studies (Villalba 2002, Ocampo and Hawks
2006, Monaghan et al. 2007, in part), there is strong support for a single common
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ancestor for the Oniticellini and Onthophagini. But relationships between and within
these two tribes and subtribes are very poorly known. Therefore, this morphological
study was undertaken to hypothesize the phylogeny of this group, including a test of
monophyly of the entire clade, each tribe, and the four subtribes of the oniticellines
and onthophagines currently recognized. Also, a preliminary test of generic monophyly
of Helictopleurus d’Orbigny, Liatongus Reitter and Onthophagus Latreille is performed.
As is possible with all phylogenies, the evolution of the biology and biogeography of
this clade of dung beetles is also hypothesized.

Materials and methods
The 41 ingroup species, including many rare taxa, represent the morphological and behavioral diversity found within these two tribes reasonably well (Table 2). Representatives of 12 of the 26 genera of Oniticellini were studied, including both Old and New
World representatives of Liatongus Reitter. Excluded from the study were two monotypic
and rarely collected genera Drepanoplatynus Kirby, and Heterosyphus Paulian, as well as
Sinodrepanus Simonis. Also, excluded were seven of the recently proposed Drepanocerina
genera of Krikken (2009) Barbero et al. (2009a, b), and Roggero et al. (2015) whose
species were previously placed in Drepanocerus; all of these genera were created after
the data collection for this study and their relationships, based on morphological data,
have recently been well studied (Roggero et al. 2015). Twenty-four of the 36 genera of
Onthophagini were also represented in the data set. Of the 12 excluded genera, all are
uncommon in collections and 10 are either monotypic or contain only two species.
To test generic monophyly, the study included three species of the Madagascar
endemic Helictopleurus (from three species groups), two species of Liatongus Reitter
(an Old and New World representative), and three species of Onthophagus Latreille
(one endemic each from North America, Africa, and Australia). Three outgroup taxa
were used to polarize character evolution in the ingroup and included a representative
from the Onitini, Eurysternini, and Sisyphini. Previous analyses of the entire subfamily using morphology (Philips et al. 2004b) and evidence from molecular studies (Villalba 2002, Ocampo and Hawks 2006, Monaghan et al. 2007), support the Onitini
or a lineage of this tribe (if the Onitini is paraphyletic) as the probable sister clade of
the Oniticellini + Onthophagini, and the Sisyphini may also be closely related as well.
Dried specimens were initially relaxed in hot water and then cleared using lactic
acid. Individual sclerotized body parts were observed on slides in glycerine and some
of the larger structures were studied dry. An attempt was made to discover as many
characters as possible from the various sclerotized structures without any bias as to
what might be phylogenetically informative. Characters were only excluded if discrete
states could not be adequately defined or if they were autapomorphic within a binary
character. Five genitalic characters were used and more could have been included (as
some recent dung beetle studies have done (e.g., Roggero et al. 2015, Tarasov and Solodovnikov 2011). Regardless, a very broad range and relatively high number (134) of
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Table 2. List of taxa and country of collection used in the analysis.
Ingroup
Oniticellini:
Helictopleurina:
Helictopleurus quadripunctatus Olivier
Helictopleurus giganteus Harold
Helictopleurus neoamplicollis Krell
Drepanocerina:
Scaptocnemis segregis Péringuey
Cyptochirus ambiguous (Kirby)
Afrodrepanus impressicollis (Boheman)
Oniticellina:
Anoplodrepanus reconditus (Matthews)
Tragiscus dimidiatus Klug
Paroniticellus festivus Steven
Oniticellus pictus (Hausmann)
Euoniticellus intermedius (Reiche)
Liatongus militaris Castelnau
Liatongus californicus (Horn)
Attavicinus monstrosus (Bates)
Tiniocellus spinipes Roth
Onthophagini:
Alloscelina:
Alloscelus paradoxus Boucomont
Haroldius convexus (Philips & Scholtz)
Subtribe undefined:
Amietina eburnea Cambefort
Caccobius ferrugineus Fahraeus
Cassolus humeralis Arrow
Cleptocaccobius schaedlei (d’Orbigny)
Diastellopalpus thomsoni Bates
Digitonthophagus gazella (Fabricius)
Euonthophagus sp.
Eusaproecius tinantae (Boucomont)
Heteroclitopus annamariae Branco
Hyalonthophagus alcyon (Klug)
Megaponerophilus megaponerae Brauns
Milichus apicalis Fahraeus
Mimonthophagus hinnulus (Klug)
Onthophagus depressus Harold
Onthophagus hecate (Panzer)
Onthophagus capella Kirby
Phalops sp.
Pinacotarsus dohrni Harold
Proagoderus lanista Castelnau
Pseudosaproecius validicornis Quedenfeldt

Madagascar
Madagascar
Madagascar
East Africa
South Africa
South Africa
Jamaica
South Africa
Turkey
South Africa
South Africa
South Africa
USA
Mexico
South Africa

Haut-Uele, Moto, DRC
South Africa
Ivory Coast
Botswana
Mangpo, Darjeeling, India
Kenya
Malawi
South Africa
South Africa
DRC
Nigeria
South Africa
Lulua, Sandoa, DRC
South Africa
Madagascar
South Africa
North America
Australia
South Africa
Haut-Uele, Paulis, DRC
South Africa
Tanzania
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Sukelus jessopi (Branco)
Stiptopodius doriae Harold
Strandius lenzi (Harold)
Tomogonus crassus (d’Orbigny)
Outgroups
Eurysternini:
Eurysternus sp.
Sisyphini:
Sisyphus sp.
Onitini:
Onitis fulgidus Klug
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Kenya
Gemu-Gofa Prov., Ethiopia
Japan
Masinga (Mayombe), DRC?

Costa Rica
South Africa
South Africa

both external and internal morphological characters were discovered (including those
from sclerites not used in the previous two studies cited) and used to hypothesize relationships among taxa (see below). Illustrations of nearly all of the character states are
in Philips et al. (2002, 2004a, 2004b) and are not duplicated herein. Morphological
nomenclature follows primarily Lawrence and Britton (1994), and additionally that of
Nel and Scholtz (1990), Doyen (1966) and Dellacasa et al (2010).
For the parsimony analysis, WinClada (Nixon 1999) was used to enter data (Table
3) in Dada, the trees were first produced with Nona (Goloboff 1993a), and the character
state distributions were analyzed with Clados (Nixon 2002). Characters were analyzed
unordered and initially unweighted. One thousand repetitions with random taxon entry
order in Nona were used several times to make certain the shortest trees were discovered,
although all of the most parsimonious trees were found within the first 100 replications.
Use of the Rachet in TNT (Goloboff et al. 2008) did not find any additional topologies
with further searching, using the default parameters as follows: the perturbation phase
used up-weighting and down-weighting probabilities of 4 and was stopped when 20
substitutions were made or 99% swapping was completed; the total number of iterations
was set at = 10 and the auto-constrained iterations at = 0 with alternate equal weights on.
Piwe weighting (parsimony with implied weighting) in TNT (Goloboff 1997) was
used in an attempt to reduce the number of equally parsimonious trees. K values were
tested from 1 through 50 using the default parameters. This program estimates character weights (i.e., character reliability based on degree of homoplasy) during the tree
search and is based on searching for trees which have maximum total fit. The algorithm
considers the fit as a concave function of homoplasy and, when comparing topologies,
differences in steps occurring in characters which show more homoplasy, are less influential. In other words, if two trees of equal length are being compared, the tree topology supported by the character with less homoplasy is preferred (see Goloboff 1993b
for more details). Analyses with lower K (or CO) values have the strongest weighting
against those characters with homoplasy.
Weighting in morphological analyses has been considered unscientific by some
(e.g., Kluge 1997) but valid by many others (e.g., Griswold et al. 1999, Platnick 2000).
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Table 3. Character states (0-133) of the taxa included in the analysis.
Anoplodrepanus
0011121123122102100110101131111101111201011101?201000?????02--2110011111100101000121??11101010101111111111010101120011002110111100211
Cyptochirus
0010011133122102101010101231111111111011201111310111011211121221100110011101113001211011101010100111101110111111121111002110111100111
Afrodrepanus
0011020142122102101110001231111111111011211111310010011211101022110011011100111
0001210011101010100111100111110101121111110110111100201
Euoniticellus
02011110531221021001101002311011111110010111110-012001221102--20100111111001113001211111101010111111111110010111121011002110111100211
Helictopleurus_quadripunctatus
001101103312210210111011122111110010121021112110014101121002--21101110110001011010111110001010111110111110010101121011101111111111111
Helictopleurus_giganteus
001000103310210210111011122110110110121021112110012201121102--21101111110001011010111110001010111110111110110101121011101121111111111
Helictopleurus_amplicollis
00110110331221001?111010023102111101101011112131012301121102--21101110110001010011011110001010111110111100111101121011102121111111211
Liatongus_californicus
001001112312210010001010023111111011101111112101011100221102--21100110111011013010211011101010111111111110210101121011102110111101101
Liatongus_militaris
001010113312210011111010023101101011101111112111011101121002--20100110111001010011211000101010001111101110212110121011102110111101211
Liatongus_monstrosus
001010111311210210111010023112132011121121112111011101121002--21101111111102013000210011001010111110111110113111021111102110111111211
Oniticellus
001011112312210210201010023111101111100101112132011101121102--20101110111011110001111100101010011111101110311110121001002110111111211
Paroniticellus
001010112312210210111010023110110011101021111131011401121102--21101110010101011001210001101010001111101110110111021111102110111111111
Scaptocnemis
00101011311221021001101002311011001110110011113201100022??12022110011011001111301121111110101111110110111011211112101100211011110121?
Tiniocellus
0011121123122102101010101131101?0011101100112132011001121102--20111010110001111011211101101010011101101110011101121011002110111101211
Tragiscus
0010?00101112102100010100231111?111110110111210-011211121002--1110111011101111300121101110101011111110111031211002100101211011111121?
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Haroldius
00111220731200011?11101011311211110102112?11013211060012??101020111110111?3200132
11211110111210111111011111412001021211601102101111011
Alloscelus
111011106012010210301112123112101111111101110132103001121012022110111111?020003111111111110000111111110111112111000111201106001110010
Amietina
01111200331221001030101001301110110102112211013210300?????12020111111011100001311101??11111010111111110111112111100111241106011111110
Caccobius
02111210731221021010101002310010010112112011211110?0201210121221100111110002013010211011001010111110110101112111100111301100111111111
Cassolus
0000021002122002001013101031121111010211221131?211053?????10102011111111110201131
1101??10101310111011011111112011001111641105001111110
Cleptocaccobius
0211120073122100101010000131111001211211201101321050002211110201110111010002013011111111101010111111110101112111100111201100111111111
Diastellopalpus
001013101210210210111010020113000121121111012111014101121112201110111110100101301021101100101011111111010111211111011150100311111111?
Digitonthophagus
1000101021122100000110101131101201111211111021310132011211121211101111110101013010201011001010111111111101112111110011301100111111111
Euonthophagus
001112103212210210411010023100110101121101102131003101121012022110111011000201201111111010101011111111011111211110011130110011111111?
Eusaproecius
0211121030121102114100101011121311011111111100321031211210121221001101110020013001211111121200111111110111112111100111201100111111111
Heteroclitopus
021112103002111210?1100010311211?1111111011100321033211210120221111101110?20003001011110121201111111110111112111100111201100110011011
Hyalonthophagus
1210021071122102100110100231001001211211110121310034002210120021001110010002013010011111101010110110110111112111100110701100111111111
Megaponerophilus
03111200?3120101101010001131011001110111011120311034011210121201111101110221113111211111111200111111110111112111000111701106101111110
Milichus
0311122073122102002110100230011001211211011021310030211210121201101111010002013000211011101010111110110111112111110111341100111111111
Onthophagus_capella
1211011062102102105011111231121101111211111021310161001210120221101111001002013010111010101010111110110101102111110111301100111111111
Onthophagus_depressus
0001111083122100100110101131120101111211111001310032011211120221111110110102013000011011101010111111110101102111100111201100111110011
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Onthophagus_hecate
0211121072122100102110101131111101111211111041310044002210121221001110111032010010011011001010111110110101112111100111201100111111111
Onthophagus_sp.
0201122043122102001010100131001001111211011121211031002211120211111011110102013011011011101010011111110101102111100111301100111111111
Phalops
0010021121122102000110101131111101001211111040110112011210120011001110110101010000211011101010111111111101112111121110341100111011111
Pinacotarsus
0211121030121102013100121011121421111111?11100321031011210120201111101110000003001011111121100111111111111111111100111401100110111011
Proagoderus
00100210231221021051101002311112010112110111211-0161011211121211001110010001010011011011001010111110011111112111001111501100111111111
Pseudosaproecius
0211121070120102000101101031121?110112111111013110?00112101210221101111110320?13
011011011110200111111111111112111100111301100111111011
Sukelus
021112101002211211310012101112152111111111100032103100121012020110110111???0?03011211111121200111111110111112111100111201100110011011
Stiptopodius
0211111030121112013102121011121?21011211211100321030211210120221111101110020013001111111121100111111111111112111100111201100101111011
Strandius
1211111083122102004111101131111001111211111021300041002110120021101110010002012010211010101010111110111111113111110111301100111111111
Tomogonus
1111111093122000101011101130111001211211111021?110300?????12122110111111002201301121??1110101011121011111111?111100111301106111111011
Eurysternus
1001121003122101021112100131041?01010211201121320055302101100112110111111030001
311101111110101111111111101051011113001183011601111011?
Onitis
0020011103122102131111100231141001210211211121100162000001120221101111110001013000201111001010111011111110512111030011820014111111111
Sisyphus
0311121073122102101111201231121001110211221111320022000001100112110111011000001
3100011111101011111111111011014001130011951106011110101

It could be argued that giving all characters equal weights is a form of unbiased weighting. Certainly some characters are more informative than others in any analysis and
differential weighting is considered a reasonable technique to use in the present study
(see Goloboff et al. 2008 for further discussion and citations within).
The standard model for morphological data and the default set of priors were used
in the Bayesian analysis (Mr. Bayes version 3.2.1 for Windows 32 bit) (Ronquist et al.
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2012). The topology was developed using the MCMC command with two simultaneous searches. Three separate runs were performed and for each 1,000,000 generations
were typically needed to get below the 0.01 level of the standard deviation of split frequencies. Default burn-in values used were the first 25% from the cold chain. Plots of
the likelihoods of sampled trees were examined to determine when the MCMC chains
had reached the stationary distribution. The majority rule consensus tree was obtained
from the remaining trees.
Posterior probability node support is shown on the tree from the Bayesian analysis.
Bootstrap values were calculated in TNT from 1000 replicates using sampling with
replacement, the traditional tree search setting, and collapsing of groups below a value
of 1. Values are displayed at all nodes where support is at or above 0.5 or 50%. Consistency and retention indices (CI and RI) derived from unweighted data (Figs 4–5)
are listed after each character within the descriptions. CI and RI values for weighted
data (not shown) would result in different values for many characters depending upon
the K value used; additionally the lower the K value the more likely characters would
receive values of zero.
Biogeographic analysis was done using a Dispersal-Vicariance Analysis (Ronquist
1997) in S-DIVA (Yu et al. 2010) to hypothesize ancestral state distributions with
the maximum areas at each node = 4 to reduce erroneously inferred vicariance events.
The included areas were Afrotropical, Palaearctic, Oriental, Australasian, Madagascar,
Nearctic, Neotropical, and Caribbean following those recognised for dung beetles in
Davis et al. (2002).
Brief discussions on the evolution of morphology, nesting behavior, food sources,
and biogeography are based on the best supported hypotheses of evolution. Rather
than inclusion in the discussion, Table 4 is used to summarize the specific character
support based on unweighted and/or weighted K = 10 topologies for the tribes, subtribes, and relevant clades. One should note that weighted tree support is based on
synapomorphies that can be considered more reliable in defining clades.
Table 4. Character support for selected clades, unweighted or weighted (K value =10) data.
Character support: Onitini, Oniticellini, and the Onthophagini monophyly (unweighted data)
Uncontroverted synapomorphies:
1) pygidium median groove absent (59-2);
2) propygidium transversely with an even width (61-0);
3) propygidium posterior/ventral border medially without either an angulate emargination anteriorly or
rounded shape posteriorly (62-2);
4) elytral striae composed of a single line (94-0);
5) cervical lateral sclerite apex lacking a lateral pocket or cavity (104-1);
6) meso- and metatibia broad and greatly expanded apically (125-1);
7) metatibia not elongate and parallel sided at middle ½ (130-1).
Controverted synapomorphies:
8) cephalic projection consisting of a central horn positioned posteriorly (46-1);
9) eye canthus completely dividing eye (49-1);
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10) ventral lacinial articulation sclerite with a short “tail” extending only part of length (76-1);
11) four teeth on the protibia; (80-0);
12) pronotal posterior margin with a slight but distinct posteriorly directed point or angulate edge (89-0).
Character support: Oniticellini + Onthophagini monophyly (unweighted data)
Uncontroverted synapomorphies:
1) labial palps with the third palpomere reduced in size and appearing as having only two palpomeres (21-0);
2) mentum paraglossal strut laterally at distal apex expanded but not bifurcate (29-1);
3) angle of parameres to basal piece where attached approximately 45 degrees (54-1);
4) length of parameres to basal piece, excluding narrow projections approximately ½ the length of basal piece
(55-2);
5) dorsal plate of the genital capsule oriented transversely (56-1).
Controverted synapomorphies:
1) mentum glossal lobe narrowly rounded (31-1);
2) the antennae with vessicles present and easily visible (36-1);
3) blunt paramere apex (53-1);
4) mesonotum with the prescutum anteriorly transverse plate approximately ventrally directed and angularly
emarginate (107-1);
5) mesocutum lateral projection extended with a pointed apex (114-2);
6) mesoscutum lateral edge lacking a pocket (115-1);
7) metascutellum posterior edge with a slight margin or remnant edge (119-1).
Character support: Oniticellini + Onthophagini monophyly (weighted data, k = 10)
Uncontroverted synapomorphies:
1) labial palps with the third palpomere reduced in size and appearing as having only two palpomeres (21-0);
2) angle of parameres to basal piece where attached approximately 45 degrees (54-1);
3) length of parameres to basal piece, excluding narrow projections approximately ½ the length of basal piece
(55-2);
4) dorsal plate of the genital capsule oriented transversely (56-1);
5) wing AA vein posteriorly forming a cell partially closed with extension toward costal margin (8-2).
Controverted synapomorphies:
1) antennae with vessicles present and easily visible (36-1);
2) blunt paramere apex (53-1);
3) mesonotum with the prescutum anteriorly transverse plate approximately ventrally directed and angularly
emarginate (107-1);
4) paraglossal strut laterally at distal apex expanded, but not bifurcate (29-1);
posterior margin of the gula on the head truncate and slightly projecting (51-1).
Character support: Oniticellini monophyly (weighted data, k = 10)
Uncontroverted synapomorphies:
1) pygidium lacks a transverse ridge defining or separating the propygidium from the pygidium (58-0).
Character support: Onthophagini monophyly (unweighted data)
Uncontroverted synapomorphies:
1) scutellum (metanotum) posterior margin with a short apical projection and with a truncate apex and laterally
with rapidly converging sides (119-5).
Controverted synapomorphies:
1) dorso-lateral edge of propygidium angulate and not rounded; (63-1);
2) mesonotum scutellum apex triangular shaped (106-1);
3) prescutum-scutum junction when viewed in a horizontal position broadly rounded (109-2);
4) mediophragma of the metanotum with a distinct longitudinal ridge (123-0).
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Character support: Onthophagini monophyly (weighted data, k = 10)
Controverted synapomorphies:
1) dorso-lateral edge of propygidium angulate, and not rounded (63-1);
2) the scutellum (mesonotum) apex triangular shaped (106-1);
3) prephragma of the prescutum (mesonotum) in ventral view recurved in shape (116-1);
4) mediophragma (metanotum) with a distinct longitudinal ridge (123-0).
Onthophagini clade 1 support: Haroldius + Cassolus through to Sukulus (unweighted data)
Uncontroverted synapomorphy:
1) apical extension of pigmented mesal comb compared to sclerotized (darkened) area near opposite lateral edge
approximately the same length or slightly shorter; (92-2).
Controverted synapomorphies:
1) mentum length approximately equal to width (24-1);
2) inner strut of lacinia (nearest to palpifer), distal tip, notch absent and tapered tip (75-2);
3) scutum distinctly transverse (113-0);
4) metatarsi: length of first metatarsis compared to second: first nearly 2X or more the length of second (126-0).
Onthophagini clade 2 support: Megaponerophilus through to Sukulus (unweighted data)
Uncontroverted synapomorphies:
1) proximal antennomere of the apical club in lateral view (~4 to 5 times as long as wide) (37-1);
2) mandibular cuticle on the lateral edge and part of ventral surface bright chestnut red color (93-0).
Controverted synapomorphies:
1) prothoracic apodemes with a complete oblique suture (40-0);
2) apex of the paramere blunt and not pointed (53-1).
Oniticellini clade 1 support: Helictopleurina (unweighted data)
Controverted synapomorphies:
1) prothoracic apodeme with a large flattened single flange and with one lateral edge slightly expanded perpendicularly (39-0) [only seen elsewhere in Paroniticellus];
2) pronotal surface glabrous (88-0);
3) elytral seventh stria strongly curved (100-0);
4) anterior margin of scutum with an pale colored, transverse region of cuticle (111-0).
Oniticellini clade 2 support: Drepanocerina: Cyptochirus + Afrodrepanus (unweighted data and weighted
data, k = 10)
Controverted synapomorphies:
1) anal region of wing with a posterior notch (4-0);
2) apodeme of cervical sclerite lacking a carina (40-2);
3) a single carinae anterior of eyes (47-1);
4) a transverse ridge defining or separating propygidium from the pygidium present (58-1);
5) Elytral umeral angle in dorsal view with a lateral bulge (97-0);
6) Mesonotum prescutum: prephragma in ventral view with recurve present (116-1).
Oniticellini clade 3 support: Oniticellina and Drepanocerina (unweighted data)
Controverted synapomorphies:
1) RA vein extension along apical margin relatively great (7-1) [only seen elsewhere in Phalops and Onitis];
2) internal apodeme (V or Y shaped usually with one arm relatively short) adjacent to paraglossal apodeme in
dorsal view, from anterior to posterior obliquely angled outwards (33-0) [only seen elsewhere in Helictopleurus
quadripunctatus].
Oniticellini clade 4 support: Attavicinus + Paroniticellus (unweighted data)
Controverted synapomorphies:
1) internal accessory sclerite within the maxilla that is curved near the proximal end (74-1);
2) the protibia on proximal side with a line of setae associated with a carina (81-0);
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3) males with two postero-lateral ridges on the pronotum (85-0);
4) scutum distinctly transverse (113-0).
Oniticellini clade 5 support: Liatongus californicus to Euoniticellus (unweighted data)
Uncontroverted synapomorphies:
1) metacoxal separation at middle relatively large (129, 0), uncontroverted.
Controverted synapomorphies:
2) labium internal apodeme adjacent to paraglossal apodeme in dorsal view, from anterior to posterior, appearing
V shaped (32, 1);
3) visible portion of the first ventrite projecting between metacoxae distinctly truncate at apex (67, 0).

Description of the morphological characters and their states
Wing
0.
1.

2.
3.
4.
5.
6.
7.
8.

AA vein: (0) with a remnant cross vein and appearing as a small “T” proximally;
(1) lacking remnant cross vein. CI = 0.16, RI = 0.16.
MP vein length compared to RP: (0) normal (long), approximately 30% or more
the length of the RP; (1) intermediate, approximately 20–30% the RP length;
(2) short, only near margin and not extending backwards (less than 20% the RP
length); (3) MP vein absent. CI = 0.30, RI = 0.58.
Pigment patch near apical 1/3: (0) absent; (1) present and distal edge perpendicular to longitudinal axis of the body (Note that the patch is sometimes poorly
defined; (2) present and distal edge oblique. CI = 0.28, RI = 0.0.
Anal region: (0) large and well developed (noticeably expanded); (1) lacking this
shape. CI = 0.10, RI = 0.43.
Anal region posterior notch: (0) present; (1) absent. CI = 0.11, RI = 0.27.
Jugal and AP vein: (0) both present; (1) AP only; (2) both absent; (3) jugal only.
CI = 0.17, RI = 0.22.
MP vein near posterior margin of wing: (0) straight to very slightly curved; (1)
distinctly, strongly curved; (2) does not reach margin. CI = 0.20, RI = 0.0.
RA vein extension along apical margin: (0) slight, not reaching the margin; (1) great,
reaching and running parallel to margin for part of its length. CI = 0.25, RI = 0.75.
AA vein posteriorly (near wing base): bridge vein extension towards CuA vein:
(0) forming cell that is completely closed; (1) forming cell partially closed and
extending on both sides of AA and AA vein with small break; (2) forming cell
partially closed and with extension toward costal margin but large break on AA
vein; (3) cell broadly open, bridge vein absent; (4) forming cell slightly closed
with bend towards costal margin; (5) forming cell slightly closed and proximal
end of bridge vein detached from AA vein; (6) cell bridge vein complete but cell
partially open due to break in AA vein; (7) cell absent (lacking bridge vein) and
AA vein smoothly curved; (8) cell partially closed with bridge vein not reaching CuA vein; (9) cell absent (bridge vein absent) with vein slightly sigmodal in
shape. CI = 0.39, RI = 0.36.
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Epipharynx
9.
10.
11.
12.
13.
14.
15.
16.
17.

18.

19.
20.

Apical margin: (0) broadly emarginate and not projecting medially; (1) narrowly,
smoothly emarginate medially; (2) projecting medially; (3) approximately truncate. CI = 0.25, RI = 0.40.
Pigmentation: (0) extremely heavy and dark colored; (1) heavy and dark color
absent. CI = 0.50, RI = 0.0.
Lateral comb (chaetopariae) apical extension: (0) to or near lateral margin; (1) to
front margin first and curving towards lateral margin; (2) distant from both front
and lateral margin. CI = 0.40, RI = 0.0.
Lateral combs (chaetopariae): (0) relatively parallel and straight but curving
slightly inwards apically; (1) relatively parallel and straight throughout; (2)
curved throughout. CI = 0.50, RI = 0.66.
Anterior median ventral process base (crepis): (0) long (length much longer than
width; (1) short (length approximately equal to width). CI = 0.50, RI = 0.50.
Anterior median ventral process basally (crepis): (0) distinct and triangular
(sometimes elongately); (1) indistinct. CI = 0.50, RI = 0.50.
Posterior median tormal process (epitorma): (0) smoothly, broadly tapered
throughout: (1) smoothly narrowly tapered; (2) more irregularly shaped. CI =
0.18, RI = 0.10.
Lateral tormal processes (apotorma): (0) without any obvious circular-shaped
muscle attachment point proximally; (1) with attachment point(s). CI = 0.10, RI
= 0.0.
Dark pattern on anterior half of ventral surface: (0) broadly triangular without
any emargination on either side of peak; (1) moderately broadly triangular and
with an emargination on either side of the peak; (2) triangular but with parallel
sides at narrow base; (3) broadly rounded. CI = 0.60, RI = 0.50.
Cavity on dorsal side of proximal portion of epipharynx: (0) broadly emarginate;
(1) flat to slightly rounded; (2) narrowly, sharply emarginate; (3) narrowly, gradually emarginate; (4) moderately, sharply emarginate; (5) small shallow emargination on either side of middle (two). CI = 0.27, RI = 0.27.
Base of anterior median process in dorsal view (crepis): (0) lateral projections visible; (1) projections lacking. CI = 0.11, RI = 0.38.
Coarse setae on ventral surface between combs (prophobae): (0) at middle only;
(1) relatively evenly scattered throughout. CI = 0.50, RI = 0.75.

Labium
21. Third palpomere: (0) indistinctly and appearing as two, with the third very reduced in size; (1) distinctly as three, third only slightly reduced; (2)third absent;
(3) third subequal to second. CI = 0.37, RI = 0.28. Note that in state “0,” the
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third palpomere is very tiny and difficult to observe. It appears though to be a
tiny reduced palpomere.
Second palpomere shape: (0) distinctly rounded to transverse; (1) elongate; (2)
triangular. CI = 0.40, RI = 0.0.
Mentum apical edge: (0) shallow V-shaped notch; (1) U-shaped notch; (2)
smoothly rounded notch. CI = 0.40, RI = 0.40.
Mentum shape: (0) distinctly transverse; (1) length approximately equal to width.
CI = 0.10, RI = 0.52.
Mentum oblique lateral edge: (0) no notch, steeply angled; (1) no notch, moderately angled; (2) notch present (slight to distinct). CI = 0.18, RI = 0.52.
Shape of anterior declivous region of mentum: (0) narrow and parallel sided; (1)
elongate triangular shape with acutely pointed apex; (2) broad and parallel sided;
(3) broad triangular shape with a broadly rounded apex. CI = 0.75, RI = 0.75.
Anterior declivous region of mentum apex: (0) with a dark lip; (1) dark lip absent. CI = 0.33, RI = 0.0.
Anterior declivous region of mentum: (0) projecting anteriorly with ventral surface horizontal; (1) or not. CI = 0.12, RI = 0.12.
Paraglossal strut laterally at distal apex: (0) expanded and bifurcate; (1) expanded
but not bifurcate; (2) approximately parallel sided; (3) sigmoidal; (4) abruptly
expanded near apex. CI = 0.22, RI = 0.39.
Palpomere strut apex adjacent to paraglossal strut: (0) expanded; (1) unexpanded. CI = 0.50, RI = 0.0.
Glossal lobe; (0) large and emarginate; (1) large and narrowly rounded; (2) large
and broadly rounded; (3) large and triangular; (4) small and rounded; (5) absent.
CI = 0.33, RI = 0.37.
Internal apodeme (V or Y shaped usually with one arm relatively short) adjacent
to paraglossal apodeme in dorsal view, from anterior to posterior, appearing: (0)
Y-shaped; (1) V-shaped; (2) straight, no arm present. CI = 0.25, RI = 0.62.
Internal apodeme (as in #32): (0) obliquely angled outwards; (1) longitudinally
aligned; (2) obliquely angled inwards. CI = 0.33, RI = 0.66.
Internal apodeme, proximal apex: (0) enlarged; (1) not enlarged. CI = 0.12, RI = 0.12.
Most proximal apodeme, length from apex to transverse bridge: (0) long; (1)
normal (approximately the same length as the width of the transverse bridge). CI
= 0.50, RI = 0.50.

Antennae
36. Antennal vessicles: (0) absent (or possibly obscure and difficult to see); (1) present and easily visible. CI = 0.33, RI = 0.66.
37. Proximal antennomere of the apical club viewed laterally: (0) about 50% longer
than wide; (1) approximately 4 to 5 times as long as wide; (2) approximately two
times as long as wide. CI = 0.28, RI = 0.66.
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Prothoracic apodemes
38. Apical flanges: (0) trilobed; (1) or not. CI = 0.50, RI = 0.50.
39. Apodeme: (0) with a large flattened single flange (with one lateral edge slightly
expanded perpendicularly; (1) large flattened single flange absent. CI = 0.50, RI
= 0.66.
40. Apodeme: (0) with a complete oblique suture/carina; (1) with an incomplete
oblique suture/carina; (2) suture/carina absent. CI = 0.14, RI = 0.53.
41. Apodeme pocket: (0) deep and elongate; (1) no deep pocket, slight flanges at
most. CI = 0.25, RI = 0.14.
42. Apodeme apex: (0) with a short second flange; (1) short second flange absent. CI
= 0.50, RI = 0.0.
43. Apodeme shape: (0) broad, smoothly rounded; (1) lacking a broad and smoothly
rounded shape. CI = 0.25, RI = 0.66.

Head
44. Clypeal teeth: (0) two and juxtaposed; (1) two and broadly separated; (2) four;
(3) single median. CI = 0.36, RI = 0.58.
45. Genal development: (0) strong, acutely angled or less; (1) weak, angle greater
than 90 degrees. CI = 0.33, RI = 0.66.
46. Cephalic projections: (0) central horn anteriorly; (1) central horn posteriorly; (2)
paired separate projections. CI = 0.30, RI = 0.30.
47. Carinae anterior of eyes: (0) two transverse carinae; (1) one transverse carina; (2)
no carinae. CI = 0.22, RI = 0.61. Taxa that have a horn that obscures a carina if
it was present were coded with a dash (-).
48. Transverse projection: horn or ridge posterior of eyes: (0) present; (1) absent.
CI = 0.50, RI = 0.92. This ridge is located anterior of a second ridge, if present,
demarking smooth usually hidden surface posterior from typically exposed part
of the head.
49. Eye canthus: (0) not dividing eye; (1) completely dividing eye. CI = 0.20, RI = 0.80.
50. Head posterior margin, dorsally: (0) wide projection with broadly truncate apex;
(1) medial moderate triangular projection approximately equal in size to emarginations on either side; (2) medial narrow triangular projection, much narrower
than emarginations on either side; (3) medial broad triangular projection, larger
than emarginations on either side; (5) medial broad and elongate triangular projection and with emarginations distally with slightly filled in with darken cuticle;
(6) medial very broad projection with approximately equal and broad emarginations on either side. CI = 0.42, RI = 0.61.
51. Posterior margin of gula: (0) broadly rounded and strongly projecting; (1) truncate and slightly projecting; (2) shallowly emarginate at middle; (3) narrowly
slightly projecting at middle; (4) broadly rounded and weakly projecting; (5)
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truncate but narrowly emarginate at middle; (6) narrowly strongly projecting at
middle. CI = 0.27, RI = 0.30.
52. Setal pattern on anterior margin of gula: (0) transverse band; (1) elongate triangular shape with base positioned distally; (2) approximately equilateral triangle
with base positioned proximally; (3) broad triangular shape with base positioned
distally. CI = 0.37, RI = 0.0.

Aedeagus and genital capsule
53. Paramere apex: (0) elongately pointed; (1) blunt. CI = 0.12, RI = 0.46.
54. Angle of parameres to basal piece where attached: (0) aligned at approximately
same angle; (1) approximately 45 degrees; (2) approximately 90 degrees. CI =
0.20, RI = 0.11.
55. Length of parameres to basal piece, excluding narrow projections: (0) nearly
equal to length of basal piece; (1) much greater than ½ the length of basal piece;
(2) approximately ½ the length of basal piece. CI = 0.66, RI = 0.50.
56. Dorsal plate orientation: (0) vertical; (1) transverse. CI = 1.00, RI = 1.00.
57. Dorsal plate shape: (0) with distinct lateral projections or “tails;” (1) lateral projections lacking. CI = 0.12, RI = 0.58.

Pygidium
58. Transverse ridge defining or separating propygidium from the pygidium: (0) absent; (1) present. CI = 0.25, RI = 0.72.
59. Median groove: (0) distinct and with complete lateral edges; (1) present but indistinct; (2) absent. CI = 0.50, RI = 0.50.
60. Median groove on propygidium: (0) sides parallel; (1) sides converging. CI =
1.00, RI = 1.00.
61. Propygidium shape: (0) even width throughout; (1) longer medially (slightly);
(2) narrowed medially. CI = 0.18, RI = 0.10.
62. Propygidium posterior/ventral border medially: (0) angulate emargination anteriorly; (1) rounded posteriorly; (2) none of the previous. CI = 0.40, RI = 0.25.
63. Dorso-lateral edge of propygidium: (0) with a lateral projection creating an overhanging edge; (1) not projecting and angulate, not rounded; (2) none of the
previous. CI = 0.22, RI = 0.41.
64. Dark band of pigment at base: (0) present; (1) absent. CI = 0.25, RI = 0.0.
65. Propygidium length compared to width: (0) relatively broad; (1) or narrow. CI =
0.20, RI = 0.0.
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Abdominal ventrites
66. First ventrite: (0) distinctly visible throughout entire length; (1) reduced to thin
“line” near middle. CI = 0.16, RI = 0.50.
67. First ventrite visible portion projecting between metacoxae: (0) distinctly truncate; (1) not distinctly truncate. CI = 0.20, RI = 0.50.
68. Fifth ventrite, males: (0) reduced to a thin line at middle; (1) wider and obvious.
CI = 0.50, RI = 0.0. Note: Males were lacking for Liatongus californicus, Anoplophora, Cassolus, Amietina, and Tomogonus and were coded as “?.”

Maxillae
69. Galea shape: (0) longer than wide; (1) wider than long. CI = 0.33, RI = 0.66.
70. Apical palpomere: (0) basal 2/3 distinctly darker than apical 1/3; (1) approximately the same shade throughout. CI = 0.80, RI = 0.42.
71. Dorsal articulatory sclerite: (0) projecting laterally as an acute point; (1) not projecting laterally as an acute point. CI = 0.14, RI = 0.14.
72. Ventral articulatory sclerite (‘V) of the galea (distal half) in dorsal view: (0)
abruptly expanded from base to apex on galea brush side at middle; (1) expansion not abrupt but more gradual. CI = 0.50, RI = 0.0.
73. Ventral articulatory sclerite (‘V’) of the galea (proximal half) in dorsal view: (0)
parallel sided or nearly so; (1) expanded at or near middle. CI = 0.12, RI = 0.46.
74. Accessory internal sclerite: (0) curved near distal end; (1) curved near proximal
end; (2) straight. CI = 0.33, RI = 0.25. Two taxa, Heteroclitopus and Sukelus, were
coded as “?” as the structure was too difficult to see clearly.
75. Inner strut of lacinia (nearest to palpifer), distal tip: (0) with notch (sometimes
with one tooth greatly reduced); (1) with notch and with one tooth perpendicular to other; (2) notch absent and tapered tip; (3) notch absent and spatulate tip.
CI = 0.42, RI = 0.63.
76. Ventral lacinial articulation sclerite (in ventral view): (0) lacking any extension or
“tail;” (1) with a short “tail” extending only part of length; (2) with a long “tail”
extending most of lacinial length. CI = 0.40, RI = 0.86.
77. Number of “extra” sclerites associated with the galea: (0) one or more; (1) absent.
CI = 0.25, RI = 0.62.
78. Large sclerotized plate of the dorsal aticulation sclerite situated between arms of
ventral articulatory sclerite (“V) of the galea: (0) present; (1) absent. CI = 0.33,
RI = 0.33.
79. Ventral articulatory sclerite (‘V) of the galea, apex of distal arm: (0) truncate; (1)
slightly emarginate; (2) bifurcate; (3) pointed or rounded. CI = 0.23, RI = 0.09.
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Pronota and prolegs
80. Number of teeth on tibia: (0) four; (1) three; (2) two. CI = 0.50, RI = 0.60.
81. Tibia on proximal side opposite outer teeth: (0) with a line of setae associated
with a carina; (1) setae absent. CI = 0.11, RI = 0.50.
82. Pronotum anterior opening dorsally: (0) with a slight indentation medially; (1)
or more smoothly rounded. CI = 0.12, RI = 0.53.
83. Tibia between second and third teeth, number of microteeth: (0) two or three;
(1) one; (2) none. CI = 0.11, RI = 0.15.
84. Male tibia: (0) elongate, narrow, and curved near apex; (1) relatively short, wide
and straight throughout. CI = 0.50, RI = 0.0.
85. Male pronotal sculpture: (0) two posterio-lateral ridges; (1) or not. CI = 0.50, RI = 0.50.
86. Male pronotal projections or depressions: (0) present; (1) absent, surface smoothly rounded. CI = 0.12, RI = 0.61.
87. Pronotum with pale colored maculations: (0) present; (1) absent. CI = 0.25, RI = 0.0.
88. Pronotal surface: (0) glabrous; (1) setose, although sometimes only at or near
edges. CI = 0.14, RI = 0.40.
89. Pronotum posterior margin dorsally: (0) with a slight but distinct posteriorly
directed point or angulate edge; (1) edge rounded. CI = 0.14, RI = 0.33.

Mandibles
90. Apex, appearing (0) sharply acute; (1) narrowly rounded; (2) broadly rounded.
CI = 0.66, RI = 0.87.
91. Outer lateral edge: (0) bulbous/expanded laterally; (1) no bulbous expansion laterally. CI = 0.50, RI = 0.0.
92. Apical extension of pigmented mesal comb compared to sclerotized (darkened)
area near opposite lateral edge: (0) longer; (1) absent (not visible); (2) approximately the same length or slightly shorter; (3) approximately ¾ the length of the
sclerotized area. CI = 0.60, RI = 0.66.
93. Outer lateral edge and part of ventral surface: (0) with bright chestnut red colored
cuticle; (1) red colored cuticle absent. CI = 1.00, RI = 1.00.

Elytra
94. Elytral striae: (0) composed of a single line; (1) composed of a three lines creating
two rows (i.e., with a thin line separating two adjacent rows). CI = 0.33, RI = 0.33
95. Pigment patches: (0) dark elongate areas on some intervals adjacent to pale cuticle;
(1) dark areas lacking. CI = 0.20, RI = 0.0.
96. First, third and fifth intervals: (0) slightly raised above surrounding intervals; (1)
nearly the same height as the others. CI = 0.25, RI = 0.25.
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97. Humeral angle in dorsal view: (0) with a lateral bulge; (1) bulge absent. CI =
0.50, RI = 0.50.
98. Epipleura: (0) double; (1) single; (2) indistinct. CI = 0.66, RI = 0.0.
Note in Tomogonus there is no distinct epipleura but the elytra are smoothly
rounded to the lateral edge.
99. Eighth interval: (0) extending only approximately ½ the length of the elytron; (1)
or not. CI = 1.00, RI = 1.00.
Note that in Scaptocnemis and Tiniocellus, the eight interval appears to be obsolete beyond the basal half.
100. Seventh stria: (0) strongly and distinctly curved inwards towards 6th stria near the
elytral base; (1) slightly curved at most. CI = 0.16, RI = 0.54.

Cervical lateral sclerite
101. Shape at anterior margin: (0) rounded without or only a slight lateral protrusion;
(1) or not. CI = 0.50, RI = 0.50.
102. Lateral margin near apex: (0) with a distinct beak-like tapered straight point; (1)
tapered straight point absent. CI = 0.33, RI = 0.71.
103. Apex: (0) with a distinct darkened hook projecting ventrally; (1) hook projecting
ventrally absent. CI = 0.11, RI = 0.50.
104. Apex with a lateral pocket or cavity: (0) present; (1) absent. CI = 1.00, RI = 1.00.
105. Apex, including muscle apodeme: (0) broadly rounded; (1) or not. CI = 0.16, RI
= 0.44.

Mesonotum
106. Scutellum apex: (0) elongate and parallel sided, tongue-shaped; (1) triangular
shaped. CI = 0.25, RI = 0.78.
107. Prescutum anteriorly: transverse plate approximately ventrally directed: (0) narrow, parallel sided, needle-shaped; (1) angularly emarginate to various depths; (2)
narrowly rounded; (3) short small projection; (4) flat, no projection; (5) broadly
rounded. CI = 0.55, RI = 0.42.
108. Prescutum anteriorly transverse plate approximately ventrally directed: (0) with
distal tips curved out laterally; (1) tips parallel or absent. CI = 0.33, RI = 0.0.
109. Prescutum-scutum junction when viewed in a horizontal position: (0) sharply
emarginate; (1) broadly emarginate; (2) broadly rounded; (3) narrowly rounded
at middle; (4) straight. CI = 0.33, RI = 0.33.
110. Scutum- scutellum, each sclerite: (0) on two different planes or levels (with a
strong declivity between them); (1) on a single plane or level (declivity absent or
weak). CI = 0.50, RI = 0.50.
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111. Anterior margin of scutum: (0) with a pale colored, transverse region of cuticle;
(1) pale colored transverse region absent. CI = 0.14, RI = 0.25.
112. Prescutum: prephragma (longitudinally directed median apodeme with scutum
in a horizontal position: (0) with a transverse suture; (1) transverse suture absent.
CI = 0.50, RI = 0.50.
113. Scutum: (0) distinctly transverse; (1) not distinctly transverse in shape. CI = 0.16,
RI = 0.37.
114. Scutum lateral projection (0) extended only slightly and truncate; (1) distinctly
extended and with a blunt apex; (2) extended and with a pointed apex; (3) projection absent. CI = 0.37, RI = 0.77.
115. Scutum lateral edge: (0) with a rounded or somewhat rounded lateral pocket; (1)
pocket absent. CI = 0.20, RI = 0.76.
116. Prescutum: prephragma in ventral view: (0) recurve absent (and with longitudinal axis): (1) recurve present; (2) recurve absent (longitudinal axis absent to
support recurve). CI = 0.40, RI = 0.78.
117. Scutellum ventral surface at apex: (0) with carina extending anteriorly through
V-shaped sclerite; (1) carina absent. CI = 1.00, RI = 1.00.
118. Scutellum in ventral view: (0) triangular shaped and much less than ½ the width
of the scutum; (1) or not. CI = 0.50, RI = 0.0.

Metanotum
119. Scutellum posterior margin: (0) no margin or edge; (1) slight margin or remnant
edge; (2) short, round triangular projection (converging sides); (3) long triangular projection (parallel or subparallel sides for part of length); (4) short projection
with truncate apex, gradually converging sides; (5) short projection with truncate
apex, rapidly converging sides; (6) short projection, gradually converging sides
with emarginate apex; (7) short triangular projection (converging sides) but truncate apex; (8) broad, subparallel projection with truncate apex; (9) short, sharp
triangular projection (converging sides). CI = 0.64, RI = 0.80.
120. Scutellum anterior margin: (0) straight to very slightly projecting; (1) moderately
projecting and broadly rounded; (2) sinuate; (3) truncate (rounded at anterio-lateral edges); (4) slightly emarginate; (5) strongly projecting and broadly rounded.
CI = 0.55, RI = 0.0.
121. Alar ridge sides on scutellum excluding anterior projection towards posterior: (0)
narrow in width and sides slightly converging basally; (1) wide and sides strongly
converging basally; (2) wide and sides slightly converging basally. CI = 0.40, RI
= 0.76.
122. Mediophragma, ventral margin cleft shape: (0) deeply emarginate (sides subparallel); (1) shallowly emarginate (sides obliquely angled). CI = 0.50, RI = 0.0.
123. Mediophragma: (0) with a distinct longitudinal ridge; (1) with a partial ridge
(remnant easily visible); (2) ridge absent. CI = 0.50, RI = 0.86.

Phylogeny of the Oniticellini and Onthophagini dung beetles...

31

Meso- and metaventrite and meso- and metaleg
124. Mesosternum: (0) with a transverse and longitudinal low ridge forming a cross
shape of various forms; (1) with a U shaped depression intersected by a longitudinal
ridge; (2) with a transverse ridge with a very slight medial expansion anteriorly; (3)
transverse ridge medially narrowly smoothly expanded ventrally; (4) with a longitudinal ridge expanded anteriorly; (5) with a transverse ridge expanded slightly
anteriorly at middle forming a truncate anterior margin; (6) with a transverse ridge
(in Amietina extending anteriorly gradually towards middle). CI = 0.66, RI = 0.57.
125. Meso- and metatibia: (0) narrow and only slightly expanded apically; (1) broad
and greatly expanded apically. CI = 0.25, RI = 0.25.
126. Metatarsi: length of first metatarsomere compared to second: (0) first nearly 2X
or more the length of second; (1) first only slightly longer than second. CI = 0.33,
RI = 0.50.
127. First metatarsomere: (0) lengthened and greatly expanded laterally; (1) neither
lengthened and expanded laterally. CI = 0.50, RI = 0.50.
128. First metatarsomere: (0) distinctly fringed on both lateral edges with dense combs
of setae; (1) distinct setal fringes lacking. CI = 0.33, RI = 0.0.
129. Metacoxal separation at middle: (0) relatively large, coxae distinctly separated
throughout and ventrite projection anteriorly at middle separating coxae truncate
at apex; (1) relatively narrow, coxae not distinctly separated anteriorly, in contact
or nearly so, ventrite projection pointed at apex. CI = 0.50, RI = 0.85. Note that
this character appears to be quite variable within the Eurysternini.
130. Metatibia: (0) elongate and parallel sided at middle ½; (1) or not. CI = 0.25, RI
= 0.57.
131. Metasternum between mesocoxae: (0) diverging anteriorly; (1) approximately
parallel sided; (2) converging anteriorly. CI = 0.22, RI = 0.58.
132. Metasternum posteriorly: (0) with a shallow depression; (1) depression absent.
CI = 0.33, RI = 0.0.
133. Metendosternite basal stalk: (0) sides diverging throughout length; (1) sides parallel (sometimes slightly sigmoidal) to slightly converging . CI = 0.33, RI = 0.33.

Results
The hypothesis that the Oniticellini and Onthophagini constitute a monophyletic
group is strongly supported by this study (Figs 1–5). No outgroup taxa were found
within the ingroup in any of the analyses. Analysis of the unweighted data using parsimony produced a total of six trees (strict consensus with character support in Figs
4A, 5), each with a length of 825 steps, and overall CI and RI of 0.29 and 0.50, respectively. Alternative topologies in the step-like tree are due to two polytomies within
the onthophagines, one located approximately in the middle of the topology involving
alternate relationships of six taxa and the other located at the apex in four probable
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A

A
Figure 1. A, B Cladogram found using Piwe weighting with K values of 8-10. This topology is considered to be the best supported in this study. Bootstrap values above 50% found for nodes indicated.
A Oniticellini.

termite associated taxa. The Bayesian analysis shows unresolved clades near or at the
base in both the Oniticellini and the Onthophagini (Fig. 2).
The tribe Onthophagini is monophyletic in all analyses. For the Oniticellini two
results were discovered. The tribe is monophyletic in the Bayesian tree (Fig. 2) and
the Piwe weighted trees with K values from 1–10 (Figs 1A, 3, 4B). In contrast, the
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B
Figure 1. Continued. B Onthophagini. * = no taxon image.

parsimony tree using unweighted characters and the Piwe weighted trees with relatively high K values from 11–50 show the Helictopleurina as sister to the remaining
oniticellines + onthophagines (Fig. 4A). K values of 44 and higher resulted in one of
the six unweighted trees found. This was an expected result since with higher K values
the weighting becomes increasingly reduced and eventually becomes equivalent to un-
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Figure 2. Bayesian 50% majority rule consensus tree with confidence values above 0.5 for nodes indicated.

weighted data. Topologies found using K values = 11–30, are identical and similar to
the unweighted data topology except that the two polytomies seen in the latter are fully
resolved (Fig. 5, two small clade inserts).
K values of 8–10 also resulted in identical topologies (Fig. 1) while those of 4–7
resulted in minor rearrangements of taxa within the Onthophagini. Rearrangements
occurred at the base or in more derived clades, via taxa shifting up or down one node,
or by adjacent taxa becoming sisters. As expected, weighting generally increases tree
length compared to unweighted data, except in cases of minimal weighting (i.e., high
K values) that result in the same topology found using unweighted data. But moderate
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Figure 3. Cladograms found with extreme weighting using Piwe: A K value of 1 (left side) B K value of 3
(right side).

weighting of K values = 8–11 only increased the tree length by two steps (825 to 827).
In contrast, K values of 1, 2, and 3 increased the tree length by 31–64 steps (lengths
were 889, 874, and 856 steps respectively). Additionally, analyses with the very lowest K levels show trees the most altered (Fig. 3) compared to the unweighted analyses.
Therefore the best hypothesis is considered to be the fully resolved parsimony topology
using K values of 8–10 (Fig. 1) due to only moderate data weighting, the increase in
tree length by only two steps, and congruence with the Bayesian analysis (Fig. 2).
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A

B

Figure 4. Oniticellini topology with characters and states shown. A Topology above using unweighted
data shows the tribe as paraphyletic without the Onthophagini B Topology below using the weighted
data with K value of 10 shows the tribe as monophyletic.

Clades within the Oniticellini
In all analyses, the Helictopleurina and Drepanocerina are monophyletic (supported
by four and six controverted synapomorphies respectively) while the Oniticellina is
paraphyletic. The sister relationships of Tiniocellus + Scaptocnemis, Tragiscus + Oniticellus, and Anoplodrepanus + Euoniticellus are also invariant in all analyses. Attavicinus
monstrosus (Bates), formerly placed in Liatongus (see Philips and Bell 2008), does not
share common ancestry with the other Liatongus taxa. The clade consisting of Attavicinus + Paroniticellus is maintained except in the most extreme weighting (K = 1 (and
2, not illustrated); Fig. 3). In those two topologies, Paroniticellus is shifted to a more
derived position in the tree and Attavicinus is a basal lineage and sister to all remaining
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Figure 5. Onthophagini topology, with characters and states shown and based on unweighted data.
Inserted clades are the resolved topologies found with Piwe weighting using K values of 11-30.

Oniticellina + Drepanocerina. Also, the clade composed of Liatongus militaris as sister
to Tragiscus + Oniticellus is shifted to an apical origin. The remaining oniticellines show
only minor differences in arrangement in the trees with K values < 6 compared to that
seen in with K values of 8–10.

Clades within the Onthophagini
This tribe is a well-defined monophyletic group based on both Bayesian and parsimony
analyses, and using either unweighted or weighted data. In the unweighted topology,
five states (one uncontroverted) support monophyly. The relationships found with K
values = 8–10 are identical (Fig. 1B) and differ from those found at higher K values of
11–30 (Fig. 5) in that the basally originating Phalops and Digitonthophagus are sister
taxa in the former instead of successive branches in the latter. There are also minor differences of the position of some taxa in the middle of the tree (from Onthophagus hecate
through to Milichus). Trees based on stronger weighting with K = 1–7 values (see Fig.
3) place Digitonthophagus as basal and, in trees from K = 2–7, Onthophagus capella +
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Diastellopalpus as the next most apical clade. In the K = 4–7 trees, a third basal clade
consisting of Proagoderus + Phalops is seen.
The trees found with the most extreme weighting (K values of 1–3) compared to
all others are the most different (Fig. 3); the topology found with K = 2 (not illustrated) contains elements of both. Changes include the shifting to a more apical origin
of both Proagoderus and Phalops.
The probable symphile taxa (from Amietina to the tree apex) with the most derived
features have strong support for monophyly; all included nodes are supported by a
minimum of one uncontroverted and two controverted states. These lineages are not
dung feeders but necrophilous (Amietina), myrmecophilous (Haroldius, Megaponerophilus, Alloscelus, and likely Eusaproecius and Pseudosaproecius) or termitophilous (Heteroclitopus, Pinacotasus, Stiptopodius, and probably Sukelus). Inquiliny most parsimoniously evolved only once in the common ancestor of Haroldius through to Sukelus. Support for this clade is based on five character states, including one uncontroverted. The
Alloscelina (Alloscelus, Haroldius, and Megaponerophilus) is found within this larger
clade but there is no support for its monophyly in any of the tree searches performed.

Discussion
These results and the morphological studies of Philips et al. (2004b), Edmonds and
Halffter (1978) and Zunino (1983) and the molecular studies of Villalba et al. (2002),
Ocampo and Hawks (2006) and Mlambo et al. (2015) support monophyly (or at least a
close relationship) of each of these two tribes. In contrast, the molecular study of Wirta
et al. (2008) does not support either a monophyletic Oniticellini or Onthophagini. The
base of their tree contains two large clades of onthophagines, and between those lineages
and the apical helictopleurines are a mix of clades composed of both the oniticellines
and onthophagines. In the molecular study of Monaghan et al. (2007), the oniticellines
and onthophagines were always a single clade based on parsimony or Bayesian 9 partition models. But in other tested models (Bayesian 7 partition, maximum likelihood,
parsimony length invariant, and POY models), this group was paraphyletic. Additionally, the tribe Oniticellini was monophyletic in the Bayesian 7 partition analysis (their Fig.
2), but paraphyletic in the nine-partition, maximum likelihood, and three parsimony
analyses via the inclusion of either two or four species of onthophagines (one parsimony
tree shown in their Fig. 3). In contrast to the results here, the genus Helictopleurus was in
a relatively derived position and hence, there is no support for a monophyletic Oniticellini without the inclusion of the helictopleurines. Lastly, the onthophagines were always
polyphyletic. Similar problems of non-monophyly of these tribes are seen in Mlambo et
al. (2015), using molecular evidence from four genes in a study of African taxa, where
the tribe Onthophagini is paraphyletic without the Oniticellini.
In contrast to all other studies, Bai et al. (2011) found the sisyphines positioned
within the oniticellines. This study relied on hind wing and body morphological characters and the result is most likely due to evolutionary convergence. Additionally, Gé-
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nier (2009) moved the genus Eurysternus as a subtribe to the Oniticellini, but evidence
herein does not support this placement.

The Oniticellini Clades
Traditionally the Oniticellini are divided into three subtribes, the Drepanocerina,
Helictopleurina, and the Oniticellina (e.g., Halffter and Matthews 1966). In this
study the Drepanocerina and Helictopleurina are monophyletic. Recognition of the
Helictopleurina as a tribe would eliminate possible paraphyly in the Oniticellini. This
was done for perhaps the first time in Orsini et al. (2007), although their study provides little evidence for doing so with a single outgroup and only Madagascar species
represented.

Drepanocerina
The Drepanocerina currently contain 12 genera but until recently included only two,
Cyptochirus and Drepanocerus. Even the genus Cyptochirus was previously considered a
synonym of Drepanocerus (e.g., Arrow 1931, Halffter and Matthews 1966). Simonis
and Zunino (1980) validated the genus, which at that time included several Oriental
species now placed in Sinodrepanus (Simonis 1985a). Simonis (1985b) later hypothesized Drepanoplatynus and Sinodrepanus as sister genera and this clade in turn sister to
Drepanocerus, relationships not supported in Roggero et al. (2015). New genera in this
subtribe were recently created (Krikken 2009, Barbero et al. 2009a,b, and Roggero et
al. 2015) including Afrodrepanus Krikken, Clypeodrepanus Krikken, Drepanellus Barbero, Palestrini and Roggero (now a junior synonym of Latodrepanus), Eodrepanus Barbero, Palestrini and Roggero, Epidrepanus Roggero, Barbero, and Palestrini, Latodrepanus
Krikken, Paraixodina Roggero, Barbero, and Palestrini and Tibiodrepanus Krikken. A
recent phylogenetic study of morphology by Roggero et al. (2015) including representatives of all genera has now hypothesized relationships within this subtribe.
The two representatives in this study, Cyptochirus and Afrodrepanus, were found as
sister taxa. The Drepanocerina may not be monophyletic based on preliminary studies mentioned but not discussed in Barbero et al. (2009b), perhaps due to the relative
heterogeneous morphologies of the genera. Krikken (2009) does give a morphological
description of the group but later notes that support for their monophyly is negligible.
Roggero et al. (2015) using Anoplodrepanus as a single outgroup gives a relatively weak
test for monophyly. But based on the results in this study and the hypothesized close
relationship of taxa included within the Drepanocerina, there is support for the monophyly of the clade. Notably, Scaptocnemis and Anoplodrepanus have been placed by some
authors in the Drepanocerina previously, but this study supports their placement in the
Oniticellina as suggested earlier by Branco (2010) and Krikken (2009). The Drepanocerina as defined herein is therefore restricted to the Afrotropical-Oriental regions.

40

T. Keith Philips / ZooKeys 579: 9–57 (2016)

Helictopleurina
The Madagascar endemic helictopleurines are composed of only two genera, the speciose Helictopleurus with ~80 species and the monotypic Heterosyphus. The included
species of Helictopleurus representing three subgenera are strongly supported as monophyletic. The rare Heterosyphus was not available for study. When Paulian (1975) described this genus he placed it in the Canthonini and discussed its unusual morpho
logy, surmising that it was not closely allied with this clade. But he also stated that this
taxon might be related to Helictopleurus based on the form of the head and legs. Similarities were noted with Sisyphus in the form and sculpture of the prothorax and that
the presence of a visible scutellum separates it from Onthophagus, although this last
character is present to various extent within species of Helictopleurus as well. Halffter
and Edmonds (1982) may have been the first to place Heterosyphus in the Helictopleurina. The fairly well supported molecular study of Wirta et al. (2008) shows this taxon
to be a derived Helictopleurus. Therefore, Heterosyphus Paulian should be considered a
junior synonym of Helictopleurus d’Orbigny so that the species becomes Helictopleurus
sicardi (Paulian).
The position of the Helictopleurina in the moderately or heavily weighted topologies supports the recognition of the group as either a monophyletic subtribe or tribe. In
contrast, the unweighted or slightly weighted topologies support the creation of a new
tribe to avoid a paraphyletic Oniticellini. But molecular evidence from Monaghan et
al. (2007) in some of their analyses suggests that the helictopleurines are derived from
within the oniticellines. Therefore although the results found in this study support the
helictopleurines as either a subtribe or tribe, current molecular evidence suggests that
this clade should continue to be recognized as a subtribe.

Oniticellina
The subtribe Oniticellina is paraphyletic, although some generic sister relationships are
invariant (see in results above). Euoniticellus and Paroniticellus have been classified as
subgenera of Oniticellus in the past (Halffter and Matthews 1966) but neither appears
phylogenetically close to Oniticellus and their generic status is supported. Interestingly, some evidence exists that the monotypic Paroniticellus and Oniticellus, (perhaps
only the subgenus Oniticellus, sensu stricto) are closely related, as larvae of both are
characterized by numerous setae on the head capsule (Lumaret 1979). But immatures
will first need to be examined over a broader range of species to confirm this potential
synapomorphy. The Jamaican endemic Anoplodrepanus is sister to Euoniticellus and also
probably a valid genus.
While an African Euoniticellus was included in this study, the single New World
species E. cubiensis Laporte from the West Indies (Cuba, Jamaica, Isla de la Juventud,
and the Bahamas (Woodruff 1973, M.A. Ivie pers. comm.)) was not. Zunino (1982)
states that this species (referred to as Oniticellus cubiensis) “belongs though in a rather
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isolated position, to the genus Euoniticellus.” A more recent phylogeny of Euoniticellus
by Cambefort (1996) solidly supports its placement in this genus.
Several genera not included also deserve brief comments. The monotypic genus
Scaptodera was removed from generic synonymy by Paulian (1986), but might be a
Liatongus based on its previous placement. Ixodina is often considered a synonym of
Drepanocerus (e.g., Davis et al. 2008) but Krikken (2009) and Roggero et al. (2015)
list this genus as valid and part of the Drepanocerina. The species now placed in the
Southeast Asian Yvescambefortius (Ochi and Kon 1996) was originally placed in Oniticellus by Gillet (1926) and later in Tiniocellus by Janssens (1953). Ochi and Kon
(1996) hypothesized a close relationship of their new genus with the east African Scaptocnemis, which in this phylogeny is sister to Tiniocellus. Hence, it may be part of the
Scaptocnemis + Tiniocellus clade.
Based on this study, a solution for monophyly within the Oniticellini subtribes outside of the Helictopleurina would be to recognize all genera (including the
Drepanocerina) in a single subtribe, or alternatively, the recognition of the Drepanocerina and two or more subtribes. From the Bayesian analysis and the majority of parsimony topologies found (see Figs 1A, 4B), another possibility is a subtribe including
Paroniticellus and Attavincinus, while the other would include all remaining genera
together with the Drepanocerina. One could also divide the Oniticellina into three
or more subtribes while continuing to recognize the Drepanocerina. Based on current
evidence of relationships, a possible subtribal classification recognizing hypothesized
monophyletic groups is as follows:
Drepanocerina: Afrodrepanus, Clypeodrepanus, Cyptochirus, Drepanocerus, Drepanoplatynus, Eodrepanus, Epidrepanus, Ixodina, Latodrepanus, Paraixodina, Sinodrepanus
and Tibiodrepanus.
Helictopleurina: Helictopleurus (with Heterosyphus a junior synonym of Helictopleurus).
Liatongina subtr. n. Philips. Type genus Liatongus Reitter, 1893: Liatongus
Reitter (monophyly of the genus needs confirmation).
Diagnosis: This subtribe can be characterized by the following two characters: The
mesonotal prescutum anteriorly with the transverse plate approximately ventrally directed is narrowly rounded apically and the posterior median tormal process (epitorma) of the epipharynx is smoothly and broadly tapered throughout its length. Based
on a weighted topology (K=3) the three following characters also support this clade:
The prothoracic apodeme has an incomplete oblique suture/carina, one or more “extra” internal sclerites are associated with the galea, and the metanotum scutellum posteriorly has a slight margin or remnant edge.
Oniticellina: Anoplodrepanus, Euoniticellus, Nitiocellus, Oniticellus, Scaptocnemis
Scaptodera, Tiniocellus, Tragiscus and Yvescambefortius.
Attavicina subtr. n. Philips. Type genus Attavincinus Philips & Bell, 2008:
Attavicinus and Paroniticellus.
Diagnosis: This subtribe can be characterized by the following combination of
characters: Maxilla internal accessory sclerite is curved near the proximal apex, the
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protibia on the proximal side has a line of setae associated with a carina, males have a
longitudinal ridge on the pronotum laterally, and the mesosternal scutum is distinctly
transverse in shape.
Note that based on the most heavily weighted parsimony topologies (Piwe K values = 1 and 2), Paroniticellus should be placed within the Oniticellina. Based on the
Bayesian topology, Paroniticellus may need to be placed in its own or possibly one of
the other subtribes, as its relationship to the other subtribes (excluding the Helictopleurina) is unclear.

The Tribe Onthophagini
This tribe in every analysis was a well supported monophyletic group. Philips et al.
(2004b) also support the monophyly of this tribe based on morphological evidence. In
contrast, molecular data in Monaghan et al. (2007), Wirta et al. (2008) and Mlambo
et al. (2015) generally support a poly- or paraphyletic Onthophagini and indicate that
some currently recognized onthophagines may belong elsewhere.
The topologies found herein with extreme weighting K = 1–3 topologies are considered less trustworthy compared to those found with higher K values. This conclusion is also supported by the molecular studies of Monaghan et al. (2007) and Wirta
et al. (2008) that do not support either a relatively derived position of Proagoderus and
Phalops. Further, Tarasov and Solodovnikov (2011) also found support for a basal origin of Proagoderus and Diastellopalpus as seen in the less strongly weighted topologies.
An internal classification of the onthophagines, if desired and based on the evidence
herein, would likely necessitate the creation of numerous subtribes to maintain monophyly in classification.

The Apical Clades of the Onthophagini
Branco (1989, 1990, 1991, 1992a,b, 1995) placed several of these most derived genera
together in a new group based on shared morphological features, such as antennomere
number. His Pinacotarsus group includes eight genera (taxa in bold included in this
study): Dorbignyolus, Eusaproecius, Heteroclitopus, Krikkenius, Pinacopodius, Sukelus (as Falcidius), Stiptocnemis, and Pinacotarsus. The Stiptopodius group, first defined
by Boucomont (1923) and containing some of the genera in the Pinacotarsus group,
was redefined by Branco (1995) and includes the genera Neosaproecius, Pseudosaproecius, Stiptopodius, and Stiptotarsus. Of the six genera included in this study, all form
a monophyletic clade at the apex of the onthophagines in both the parsimony and
Bayesian analyses. Branco hypothesized the Stiptopodius group as less derived than the
Pinacotarsus group and this is approximately seen in Figs 1 and 2. But neither group is
monophyletic in any of the topologies discovered in this study.
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The Genus Onthophagus
As a very preliminary test of monophyly for Onthophagus, three species were studied,
including one Nearctic, an Australian, and one Ethiopian. Also included were four taxa
that are usually considered subgenera of Onthophagus (i.e., Digitonthophagus, Diastellopalpus, Proagoderus, and Strandius), as well as Euonthophagus, Hyalonthophagus, and
Mimonthophagus. All will be considered Onthophagus, sensu lato in the discussion below.
In this study, Onthophagus, in either the strict or broad sense, is not monophyletic.
Onthophagus, sensu stricto, typically appears in three clades. Onthophagus, sensu lato,
appear in various topologies in no fewer than four to as many as nine separate lineages.
Strandius often appears as part of a clade of Onthophagus while Euonthophagus, Hyalonthophagus and Mimonthophagus are justified as genera evolutionarily distinct from
Onthophagus. In regards to Onthophagus, sensu stricto, molecular evidence from Monaghan et al. (2007) also does not support monophyly. Tarasov and Kabakov (2010)
discuss the difficulty with placing species within the subgeneric classification. Furthermore, the creation of subgenera based on Asian species that are derived from African
lineages will certainly create issues of monophyly for the latter.
Two phylogenetic studies have been done that concentrate mainly on Onthophagus. One on the “Serrophorus” complex (Tarasov and Solodovnikov 2011) used morphological data and included 39 species of Onthophagus. This work also explored the
use of male endophallic characters in the group; from 74 parsimony informative characters used, 45 (~60%) were coded from male genitalia. Emlen et al. (2005) used a
sample of 48 Onthophagus species, employing up to seven gene sequences. Monophyly
of the included taxa is assumed in both studies and it is possible that this is not the
case. Regardless, more taxonomically broad studies on this genus and with molecular
data are certainly needed to clarify relationships among subgenera and species groups.
More genera then are currently recognized will likely be needed to delimit monophyletic clades in this speciose genus.
From various sources (Wikispecies website accessed 3 N. 2015, Zunino 1979, Lumaret and Kim 1989, Tarasov and Solodovnikov 2011, Tagliaferri et al. 2012), the subgenera of Onthophagus that perhaps are most commonly accepted are listed below (taxa
in bold included in this study). Excluding five that most dung beetle workers recognize
at the generic level (Diastellopalpus, Digitonthophagus, Mimonthophagus, Proagoderus and Strandius), this leaves 25 subgenera as follows: O. (Afrostrandius), O. (Altonthophagus), O. (Amphionthophagus), O. (Bicornonthophagus), O. (Colobonthophagus),
O. (Euonthophagus), O. (Exonthophagus), O. (Furconthophagus), O. (Gibbonthophagus), O. (Hyalonthophagus), O. (Indachorius), O. (Macronthophagus), O. (Matashia),
O. (Micronthophagus), O. (Onthophagiellus), O. (Onthophagus), O. (Palaeonthophagus),
O. (Paraphanaeomorphus), O. (Parascatonomus), O. (Parentius), O. (Pseudophanaeomorphus), O. (Relictonthophagus), O. (Serrophorus), O. (Sinonthophagus) and O. (Sunenaga).
Onthophagus (Phanaeomorphus) is another group that could be recognized (Lumaret and
Kim 1989), as are O. (Trichonthphagus), O. (Eremonthophagus) and O. (Palaeonthopha-
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gus) (Zunino, 1979), and O. (Pseudonthophagus) Kabakov and Shokhin 2014, and see
Tagliaferri et al. (2012 for the latest added above) bringing the total number of subgenera to as many as 30 (see Tarasov and Kabakov 2010 for a review of the subgenera).

Onthophagines?
There are a number of scarabaeine species that historically have been placed in various
tribes, reflecting difficulty in their classification. This often included some of the inquilinous scarabaeines with highly modified morphologies, such as flattened leg segments
and the presence of trichomes (e.g., Krell and Philips 2010). The formerly recognized
Alloscelina (or Alloscelini) was once placed within the Scarabaeini, which included all the
“rollers” at that time (Halffter and Matthews 1966). This group included the currently
recognized onthophagine genera Alloscelus, Megaponerophilus (a former subgenus of Caccobius), Haroldius (including its junior synonyms Ponerotrogus Silvestri and Afroharoldius
Janssens, both synonymized by Paulian (1985), Formicdubius Philips and Scholtz, synonymized by Krell and Philips (2010)) and the genus Freyus Balthasar (now a junior
synonym of the dichotomine Paraphytus Harold (Halffter and Matthews 1966)).
Two problematic genera are Haroldius Bocomont and Cassolus Sharp. Hanski and
Cambefort (1991) classify Haroldius as a Canthonini, while Philips and Scholtz (2000)
placed it within the Onthophagini. Cassolus is listed as a canthonine in Halffter and
Matthews (1966), but as an onthophagine in Hanski and Cambefort (1991). In this
study, Cassolus and Haroldius appear deep within the onthophagines as sister taxa and
supported by 12 character states, including two uncontroverted. Together with their
sister clade, they are supported by five characters, including one that is uncontroverted.
But they may indeed not be onthophagines. In Bai et al. (2011) using morphological evidence, they found Cassolus + Parachorius positioned outside the onthophagine
clade. A recently described species of the Oriental canthonine Parachorius bridges the
morphological gap between these two genera, and both form a monophyletic clade
according to Tarasov and Keith (2011). At this time, the effects of morphological
convergence remain unclear and evidence from molecular data is probably needed to
resolve the origins of both genera and their proper tribal classification.

Antennal Pits
In Philips et al. (2004b), the Onthophagini and Oniticellini shared what was thought
to be a fairly strong and intriguing synapomorphy of antennal cavities in the first
(proximal) and middle antennomeres of the club. It was also seen in the canthonine
Epirinus hilaris Péringuey but is lacking in E. silvestris Cambefort and seven other canthonines examined in Philips et al. (2004b). Interestingly, E. hilaris plus three other
Epirinus species may be sister to the sisyphines, onitines, oniticellines and onthophagines, as seen in the molecular based topology of Monaghan et al. (2007). Some onitine
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taxa later examined, notably Platyonitis smeenkorum Krikken, were also noted to share
this feature, while others (e.g. Bubas sp., Heteronitis sp., and Onitis spp.) did not. Interestingly, this feature is also found in the dichotomines Ontherus Erichson, Scatimus
and “Trichillum” but not in Scatrichus and “Pedaridium” (F. Génier pers. comm.).
Recently, Tarasov and Solodovnikov (2011) discovered that the Onthophagus subgenus
Parascatonomus has only a single cavity on the first antennomere of the club. As these
cavities are absent in a reasonably broad selection of other dichotomiines and coprines
(and hence it is probably not a plesiomorphic condition for dung beetles), this trait appears to have independently evolved numerous times. The function of these antennal
cavities is unknown.

Nesting behavior in the dung feeders
Ancestral oniticellines and onthophagines are presumed to have been coprophagous
as all of the basal lineages are dung feeders. Tunneling behavior in this clade is very
similar amongst taxa and all are classified as Pattern I nesters in Halffter and Edmonds
(1982), with a few notable exceptions. An alternative nesting strategy known only
within the Oniticellini is dwelling or endocoprid behavior (classified as Pattern VII
nesters), which can include nests within dung or nests in pits directly below the dung.
Known only in Oniticellus and Tragiscus (Davis, 1989), it may also occur in Paroniticellus although this is currently unclear (see Halffter and Matthews 1966 and Philips and
Bell 2008 for comments). Excluding Paroniticellus, this behavior only evolved once in
the common ancestor of the sister genera Oniticellus and Tragiscus.
Both tribes are characterized typically and most distinctively by the absence of a
brood ball and larvae are supplied with a brood mass that is either modified to some
degree or not. Additionally, male-female cooperation is absent or limited and brood
care is not known to exist. These are simple behaviors in what one could argue is a
derived lineage compared to some of the more ancient origin tunneling clades where
complex behaviors evolved. For example, coprines construct brood ovoids, and have
extensive male-female cooperation, and brood care. But simple nesting behavior appears to be a very successful strategy evolutionary; the oniticellines and onthophagines
are some of the most successful dung beetles in many ecosystems in terms of number
of species, and often in terms of abundance and biomass (Davis et al. 2008).

Inquiliny
The African endemic Stiptopodius and Pinacotarsus groups of onthophagines form a
monophyletic clade as discussed above. Based on the results, all included species are
probably either myrmecophilous or termitophilous. As evidenced by the relatively high
diversity within this lineage, the association with social insects may be relatively ancient. In contrast, only the New World oniticelline, Attavicinus montrosus, is an inqui-
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line. This species is associated with leaf-cutter ant debris piles and has a very restricted
distribution in central Mexico (Philips and Bell 2008). There is no strong evidence for
the age of these associations at this time.
Krikken (1982) stated that the onthophagine genera Dorbignyolus, Krikkenius and
Pinacopodius are all termitophilous. It is also thought that several others, including
Pinacotarsus, Heteroclitopus, Stiptocnemis and Sukelus, are also known or likely termitophilous (Branco 1991, 1992a,b). Directly above this termitophilous clade in a less
derived position are two taxa in the genera Eusaproecius and Pseudosaproecius. Pseudosaproecius is considered a generalist in regards to food source by Branco (1995), with
two species collected on fish carrion and a third on human dung (and see Cambefort
1984). But he also notes that nine species have been collected only at light. Similarly,
only a single record from dung of a Eusaproecius species (of seven described) is known
(Branco 1992a). The isolated dung and carrion records are probably not typical, but
more likely may be supplemental food sources. A total of 26 specimens of Neosaproecius trituberculatus (Frey) were only collected in flight intercept traps and never at any
bait in Ghana (Philips, unpublished data). Hence, it seems probable based on common ancestry, all of the species in this clade are symphiles of some type.
Above these clades (in less derived positions) in successive steps are three additional
lineages also associated with social insects. The first, Alloscelus, is thought to be closely
related to Pseudosaproecius (due to similar male genitalia and form of sexual dimorphism)
but they do not form a monophyletic clade. The second and third, Megaponerophilus and
Haroldius + Cassolus, are mainly myrmecophiles, with the exception of Cassolus where
only one species of nine is known to be an ant associate (Halffter and Matthews 1966).
In summary, the evidence in this analysis suggests that there may be a single origin
of inquiliny in the onthophagines. Several genera with unknown habits are probably
associated with either ants (Eusaproecius and Pseudosaproecius) or termites (Sukelus).
The other four genera may also be considered as part of this clade although future
studies may shift Haroldius and Cassolus out of the onthophagines. The evolution of
myrmecophily preadapting the more derived taxa for an association with the Isoptera
also seems plausible.

Necrophagy, mycetophagy, and frugivory
Necrophagy and mycetophagy are rare within the oniticellines and onthophagines and
perhaps are recently evolved behaviors with several independent origins. For example,
Liatongus rhinocerulus (Morón 1984) and some species of Onthophagus are specialists
on basidiomycete mushroom fruiting bodies, although L. rhinocerulus has also been
found on carrion and most of the Onthophagus are probably generalist feeders (Halffter
and Matthews 1966). Carrion feeding is a specialty of species of Amietina, is known
in Caccobius, and in New and Old World species of Onthophagus. There are many taxa
associated with feeding on millipede carrion as well, particularly in Africa, perhaps
indicating a more ancient origin of this habit. Other alternative feeding habits, such
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as fruit feeding, may be more recently derived. One should note that the use of any of
these foods by adults does not necessarily indicate their use as larval brood food.

Biogeography
The Oniticellini and Onthophagini are postulated to be a relatively modern aged
group of dung beetles by Cambefort (1991). Davis et al. (2002) noted that the antiquity of generic distribution patterns lent support for an old age of the entire tribal and
subtribal lineage divergence within the Scarabaeinae. Estimates for an origin of the
common ancestor of these two tribes are the late Mesozoic (Davis et al. 2008, Philips
2011). More precisely, Mlambo et al. (2015) place the origin at ~early Miocene and
the Oniticellini at mid to late Miocene. An Afrotropical origin of the common ancestor of both tribes is most likely, based on this study as well as Philips et al. (2004b) and
Monaghan et al. (2007). Based on the results herein, most of the lineages are restricted
to the Afrotropical region (Fig. 6). While all of the early branching as well as most of
the generic level lineages of onthophagines are restricted to the Afrotropics with dispersals to other regions found in typically more derived lineages, the oniticellines show
a pattern of relatively ancient lineage shifts into Madagascar, Palaearctic, and Nearctic
regions and, more recently, into the Orient and the Caribbean.
Another general trend of the Oniticellini appears to be successive invasions from
the Ethiopian into the Palaearctic through to the Oriental region (including the Lesser
Sunda Islands and Sulawesi) in many groups (e.g., Tibiodrepanus (Barbero et al. 2011)).
Currently the Drepanocerina have eight genera endemic to Africa while the Oniticellina have two. Hence, 14 generic level clades that evolved in Africa have dispersed to
other geographic regions. In the Palearctic and the Caribbean, the Oniticellina have a
single endemic genus in each region (Paroniticellus and Anoplodrepanus, respectively),
while the Drepanocerina have a single endemic (Sinodrepanus) in Southeast Asia and
southern China (Davis et al. 2002). The Oniticellina are known from the Mediterranean region but, in contrast, no Drepanocerina are currently found there, although
fossil deposits from England dated at 70–100,000 years BP indicate they were once
present (Krikken 2009, Barbero et al. 2009b).
Based on basal branching, the oniticelline ancestors that led to the Madagascan
helicopleurines, the Palaearctic Paroniticellus, and the New World Attavicinus and
Liatongus may be relatively old dispersal events. Dispersal of an ancestral oniticelline
from Africa to Madagascar during the early to middle Cenozoic may be the most likely
hypothesis for the presence of the helictopleurines (see Yoder and Nowak 2006) and
the clade origin has been dated to between 34 and 21 Mya (Wirta et al. 2008). In contrast and based on the low diversity of the Madagascar onthophagines, their presence
there must be due to one or more relatively recent dispersal events, not including the
modern accidental introductions.
The New World oniticellines belonging to Attavicinus and Liatongus may each
represent separate invasions by ancestral species from Asia to North America via Ber-
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Figure 6. Biogeographical analysis using S-DIVA of the Oniticellini and Onthophagini showing relative
probabilities of ancestral area alternative distributions. Each color and associated letter code represents a
biogeographic area used in the analysis: A Afrotropical B Palaearctic C Oriental D Australasian E Madagascar F Nearctic G Neotropical H Caribbean. Font in bold indicates Onthophagini taxa.

ingia. The land connection between these continents has been present from the midCretaceous up through the late Pliocene 3.5 Mya and several more times during the
Pleistocene (Sanmartín et al. 2001). Cambefort (1991) suggests the colonization of
North America by these ancestors is not older than the Pliocene. Based on comparison
with probable dispersal events in natricine snakes (Guo et al. 2012), invasions may
have occurred even earlier during the late Oligocene or early Miocene ~27 Mya. If dispersal via tropical forest was required, the most likely dispersal event occurred during
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the Eocene (~50-35 Mya), when the northern hemisphere was much warmer and humid than it is today and a continguous boreotropical forest linked the two continents.
At the end of the Eocene, a mixed deciduous hardwood forest changed to conifers and
the rise of the Rocky Mountains and Sierra Madre Occidental created a barrier between the western and eastern Nearctic. It is not yet clear if the restricted distribution
of these taxa in western North America is due to a mountain high elevation barrier or
some other cause.
The Mexican Attavicinus monstrosus generally appears as sister to Paroniticellus, a
monotypic genus known from middle Asia and Turkey. This close relationship is difficult to explain compared to the latter’s alternate position in the K = 1 or 2 extreme
weighted trees, where it is deep within a paraphyletic Oniticellina. But links between
the eastern/western Palearctic with western Nearctic are certainly known (Sanmartín
et al. 2001) and therefore a sister relationship is plausible. This lineage is sister to all
other Oniticellina and Drepanocerina included in the study, evidence for its antiquity.
But no doubt further support is needed for broad acceptance.
The two Nearctic Liatongus species, L. californicus (Oregon and northern California) and L. rhinocerulus (northern and central Mexico) most likely share a most recent
common ancestor based on very similar external morphologies and close but disjunct
distributions. The one representative included in this study, L. californicus, nearly always appears as sister to a larger clade that has as its basal lineage an Old World species
of Liatongus. Zunino (1982), states that these two North American species of Liatongus
belong to the Southeast Asian L. phanaeoides group. Thus, the position of the two included species of this genus in this study (one New World and one Old World) as sister taxa in the K = 3 weighted tree may indicate an accurate evolutionary relationship.
The Jamaican endemic Anoplodrepanus and an African representative of Euoniticellus appear as sister taxa in all topologies discovered. It is a relatively derived
lineage appearing at the apex of the Oniticellini topology with its sister clade of
Cyptochirus + Afrodrepanus. Euoniticellus has an African origin with Palaearctic and
Asian species and a single New World member, E. cubiensis (Cambefort, 1996). A
link between the faunas of Africa and the Caribbean has been reported elsewhere
for many groups of insects and studies give both vicariance and dispersal hypotheses
(e.g., Brown 1978, Flint 1977, Liebherr 1988). Both Anoplodrepanus and E. cubiensis
may represent two invasions of the New World; one by perhaps by a Euoniticellus
ancestral species that reached Jamaica and evolved into what we now recognize as
Anoplodrepanus. A second invasion of a Euoniticellus ancestral species is supported by
the position of E. cubiensis in a phylogeny of the genus done by Cambefort (1996).
From a study on lizards (Gamble et al. 2011), it is possible that these two dung beetle
dispersal events happened sometime between 6.0 to 21.9 Mya (but see Wiens et al.
2009 and references within for some contrasting evidence on colonization age and
diversification in frogs).
Few biogeographic studies have been completed on individual genera. But in one
on Eodrepanus (Barbero et al. 2009b), the oldest lineages are west and central or perhaps east African and a major split between the African and Oriental clades is seen
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using a variety of analyses (Ochiai similarity matrix, parsimony analysis of endemicity, and dispersal vicariance analysis). Evidence also suggests the effects of an initial
African-Palearctic split and later further vicariant events and at least one more dispersal
event in Asia.
The Onthophagini dispersal pattern is similar to that seen in the Oniticellini, but
continued into Australia and South America, as well as everywhere else where one finds
dung beetles. The African, Asian, and Palaearctic regions contain a total of 30, 11, and
3 genera, respectively. But of the total 35 Onthophagini genera, most are endemic to
either the African (22 genera) or Asian (4 genera) regions (Davis et al. 2002).
Onthophagus alone is the most widespread as well as the most speciose genus, comprising at least 45% of the species of Scarabaeinae. It is also the only onthophagine
genus that has spread outside of the Ethiopian, Oriental, or Palaearctic regions. Based
on Emlen et al. (2005), this group has its oldest lineages in Africa and its youngest lineages in Australia and the New World. Dispersal to the New World may have occurred
earlier than in the Oniticellini before the rise of the Western Cordillera by the late
Eocene, although extensive erosion largely eliminated this barrier by 30 Mya, allowing
dispersal between the western and eastern Neactic (Sanmartín et al. 2001). In the New
World, the Oniticellini include six species, while the Onthophagini have 139 species
(Davis et al. 2002, Delgado et al. 2006). Moreover, Onthophagus spread into South
America (95 species) and occur at least as far south as 40th parallel (Cambefort 1991),
whereas the oniticellines are completely absent from this region. The high diversity of
the onthophagines (compared to the oniticellines) may be due to earlier dispersal and
longer time for speciation or perhaps other factors not yet clear.

Conclusions
This study is the first with a broad range of taxa from these two tribes that strongly
supports the monophyly of the Oniticellini + Onthophagini, and the Onthophagini.
The Oniticellini are also monophyletic in the Bayesian analysis (Fig. 2) and in all
weighted analyses with K values of 10 or less (Figs 1A, 3). In contrast, the unweighted
and weighted analyses with K values of 11–30, the tribe Oniticellini is paraphyletic
without the onthophagines (Fig. 4A). This is considered a less plausible hypothesis
based on the lack of congruence with trees supported with molecular data (Monaghan
et al. 2007, Wirta et al. 2008, Mlambo et al. 2015).
In all topologies, the Helictopleurina are monophyletic. Recognition of this clade
as a tribe would eliminate the potential paraphyly of the oniticellines in unweighted
and weighted topologies (K = 11–30). But, since molecular data shows the helictopleurines as more derived oniticellines and not a basally originating lineage, the group
should continue to be recognized as a subtribe. The Drepanocerina is supported as
monophyletic. The Oniticellina is paraphyletic without the Drepanocerina and therefore redefinition of the former and the recognition of additional subtribes is needed if
one desires to maintain monophyly in the classification.
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The three most thorough molecular studies on the Oniticellini and Onthophagini
generally support the monophyly of the two tribes combined and the Oniticellini
(Monaghan et al. 2007, Wirta et al. 2008, Mlambo et al. 2015). But in contrast to the
results herein, the Onthophagini are paraphyletic without the Oniticellini. The lack
of congruence and the odd placements of taxa in the two older studies reduces the
confidence in these hypotheses. In Monaghan et al. (2007) and Wirta et al. (2008) the
Helictopleurina are placed in a more apical position within the oniticellines in contrast to a basal position in the present results. Additionally in some analyses done in
Monaghan et al. (2007), some of the onthophagines such as Digitonthophagus + Phalops are sister to the onitines + oniticellines and remaining onthophagines. There are
also genera, such as Oniticellus and Tiniocellus, where species of each appear in separate
clades. In Wirta et al. (2008), there is a mix of oniticelline and onthophagine taxa in
the topology, as well as a species of Onitini positioned within this clade. In contrast,
Mlambo et al. (2015) support the onitines as sister to the onthophagines + oniticellines
as hypothesized by Philips (2004b). Lastly, the speciose genus Onthophagus, based on
both molecular and morphological evidence, is not monophyletic and will no doubt
need future subdivions. Clearly the assumption of monophyly of this genus or any of
the species or generic groups proposed should not be assumed.
Certainly larger molecular data sets and perhaps large numbers of morphological
characters from a broad range of taxa is needed to help stabilize our conclusions and
understanding of the evolution of these two major tribes of Scarabaeinae. Morphological phylogenies have the advantage that rarely collected taxa can be included. Regardless, future molecular studies using new techniques will produce large amounts of data
and will clarify the evolution of these tribes and major clade divergence times (but see
Mlambo et al. 2015 for divergence estimates of Afrotropical lineages). Although further study is needed on these tribes and scarabaeine evolution in general, the picture of
their extensive diversification is slowly becoming clearer.
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Abstract
Keys to species, descriptions, synonymy, host plants, and geographical distributions are presented for the
three species in the genus Decellebruchus (Borowiec 1987); of those, D. walker (Pic 1912) was the only
species included at the time of the genus denomination, D. atrolineatus (Pic 1921) is transferred to this
genus, and D. lunae is described as a new species. The shortest and most parsimonious phylogenetic tree
for genera with pectinate antennae had a length of 33, consistency index 87, and retention index 81.
Keywords
Seed beetles, Decellebruchus, Bruchidae, cladistics

Introduction
The monotypic genus Decellebruchus was erected by Borowiec in 1987 with the type
species Decellebruchus walkeri (Pic 1912). This species has a complicated history, starting with Bruchus figuratus that was described by Walker (1859); however this was a
homonym and then Pic (1912) proposed the replacement name of Bruchus walkeri.
Later Decelle (1975b) transferred it to Bruchidius, but because the unusual pectinate
antennae of the species in the genus Bruchidius, Borowiec (1987) erected the monotypic genus Decellebruchus for it. Another species that has been included unofficially
in the latter genus is Bruchus atrolineatus Pic, 1921; however B. atrolineatus has also
Copyright Jesús Romero Nápoles. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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suffered a series of generic changes through time. Finally the third species included in
the genus is the new species D. lunae. In order to clarify the genus it is reviewed and a
hypothesis of its phylogeny is proposed.

Material and methods
Specimens. Preparation of genitalia for study followed the techniques and nomenclature described by Kingsolver (1970) and modified by Romero and Johnson (1999).
For specimens the following collections were consulted: Colección Entomológica del
Colegio de Postgraduados, Montecillo, Estado de México, México (CEAM), Florida
Table 1. Characters used for the cladistic analysis for Bruchidae with pectinate antennae.
External morphology
8–16 mm: 0; 1.5–5.4 mm: 1
Shallow: 0; deep: 1
Not pectinate: 0; pectinate 1
About half as long as hind tibia: 0; as long as or longer than hind tibia: 1
With carina: 0; without carina: 1
Complete: 0; no complete:1
Not conical, without distinctly concave sides: 0; conical with distinctly
6. Pronotum shape
concave sides: 1
7. Pronotal disc
Without gibbosites: 0; with gibbosites: 1
8. Scutellum shape
Subsquare: 0; elongate: 1
9. Metepisternal sulcus
With sulcus:0; without sulcus: 1
10. Tenth elytral stria
Extending nearly to apex of elytron: 0; extending to half of elytron: 1
11. Elytral basal tubercles
Without tubercles: 0; with tubercles: 1
Pygidium and penultimate tergum partially fused and no covered by elytra 1;
12. Pygidium articulation
Penultimate tergum no fused to pygidium and covered by elytra 2
13. Hind femur
Without carinae: 0; with one carina or obsolete carinae 1; bicarinate: 2
14. Spines on hind femur
With 10-14 spines: 0; with 1 to 3 spines: 1; without spines: 2
15. Hind tibia carinae
With complete set of carinae: 0; incomplete set of carinae: 1
16. Tuft of white setae on fore coxa Without tuft of white setae: 0; with tuft of white setae: 1
17. Male pygidium
Reclinate 0; vertical 1
Internal morphology
18. Lateral lobes of male genitalia Fused 0; divided 1
19. Ventral valve of male genitalia No arcuate: 0; deeply arcuate 1
20. Shape of apical portion of
No bulbous: 0; bulbous: 1
median lobe of male genitalia|
21. Basal strut of lateral lobes of
With an obsolete or small perpendicular keel: 0; with strong perpendicular
male genitalia
keel 1
22. Armature of internal sac of
Only with spinules: 0; with spinules and small teeth 1
male genitalia
Ecological characters
23. Distribution
Worldwide 0; New world 1; Old world: 2
24. Host plants
Aricaceae: 0; Fabaceae: 1; Convolvulaceae: 2
0. Body length
1. Eye sinus
2. Male antenna shape
3. Last antennal segment
4. Carina media on frons
5.Pronotal carina
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Table 2. Data matrix.
Taxa
1. Pachymerus
2. Kytorhinus
3. Megacerus
4. Callosobruchus
5. Conicobruchus
6. Rhipibruchus
7. Pectinibruchus
8. D. atrolineatus
9. D. walkeri
10. D. lunae

0
0
1
1
1
1
1
1
1
1
1

1
0
1
1
1
1
1
1
1
1
1

2
0
1
1
1
1
1
1
1
1
1

3
0
1
1
1
1
1
1
1
1
1

4
1
0
1
1
1
1
1
1
1
1

5
0
1
1
1
1
1
1
1
1
1

6
0
0
0
0
1
0
0
0
0
0

7
0
0
0
1
0
1
1
1
1
1

8
0
1
0
0
0
0
1
0
0
0

9
0
1
1
1
1
1
1
1
1
1

10
0
0
1
0
0
0
0
0
0
0

Character

11
0
0
0
1
0
1
0
1
1
1

12
0
1
0
0
0
0
0
0
0
0

13
0
1
1
2
1
1
1
1
1
1

14
0
2
1
1
1
1
1
1
1
1

15
0
1
0
0
1
0
1
0
0
0

16
0
0
0
0
0
0
0
1
1
1

17
0
1
1
1
0
1
1
1
1
1

18
0
0
0
1
1
1
1
1
1
1

19
0
0
0
0
0
0
0
1
1
1

20
0
0
0
0
0
0
0
0
1
0

21
0
0
0
0
0
0
0
0
0
1

22
0
0
0
0
0
0
0
0
1
1

23
1
0
1
2
2
1
1
2
2
2

24
0
1
2
1
1
1
1
1
1
1

State Collection of Arthropods, Gainesville, Fl, USA (FSCA), Musee Zoologique de
l’Universite de Lund, Lund University, Sweden (MZLU); South African National Collection of Insects, Queenswood, South Africa (SANC).
Cladistics. External morphological characters and internal characters, these latter
only from male genitalia (Table 1) were used. Host plants and distribution were also
considered. Taxa included in the analysis were only those bruchids with pectinate
antennae (excluding the genera Caryedes and Gibbobruchus because they have only
few species with pectinate antennae) and all species in the genus Decellebruchus. Pachymerus, a less derived genus was used as the outgroup. The data matrix is presented
in Table 2. The program Hennig86 (Farris 1988) was used to generate the cladogram,
although a comparative tree was obtained with Mesquite, version 3.04 (Maddison and
Maddison 2015) using the same data matrix.

Results and discussion
Key to genera of Bruchidae with pectinate antennae.
1
–
2
–
3
–

Pygidium with one or two tergites exposed behind elytra; antenae in males
pectinate or strongly serrate, in female serrate.............. Kytorhinus Bridwell
Pygidium covered at base by elytra...............................................................2
Tenth elytral stria shortened, extending to middle of elytron; antennae in
males pectinate, in female serrate.................................. Megacerus Fahraeus
Tenth elytral stria extending nearly to apex of elytron..................................3
Hind femur bicarinate, with spine on both internal and external ventral margins; antennae in males strongly serrate or pectinate, in female subserrate or
serrate............................................................................. Callosobruchus Pic
Hind femur not bicarinate or carinae obsolete, or only ventral carina present..............................................................................................................4
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Pronotum conical with distinctly concave sides, antennae in males serrate or
pectinate, in female subserrate..................................Conicobruchus Decelle
Pronotum not conical, without distinctly concave sides...............................5
Last antennal segment as long as or longer than hind tibia...........................6
Last antennal segment about half as longer as hind tibia................................
............................................................................. Decellebruchus Borowiec
Hind tibia carinate, mucro longer than lateral coronal denticle; scutellum
subcuadrate............................................................... Rhipibruchus Bridwell
Hind tibia with obsolete lateral carina, mucro absent; scutellum elongate......
...........................................................................Pectinibruchus Kingsolver

Key to species of Decellebruchus
1
–
2
–

Hind femur with only 1 subapical spine .....................................................2
Hind femur with 1 subapical spine followed by 2 smaller spines....................
....................................................................... Decellebruchus walkeri (Pic)
Pygidium with basal spot of white pubescence; antennomere VII 1.76-2.0X
wider that longer; hind femur with subapical acuminate spine about as long
as width of tibial base......................... Decellebruchus lunae Romero, sp. n.
Pygidium with two pubescent spots apically; antennomere VII 4.4-5.6X wider than longer; hind femur with small subapical acuminate spine about half as
long as width of tibial base....................... Decellebruchus atrolineatus (Pic)

Taxonomy
Decellebruchus Borowiec
Decellebruchus Borowiec, 1987: 149.
Description. Male. Vestiture: Moderately dense or dense, variegated; front coxa with a
wide tuft of white setae. Body oval and stout. Head: Short, strongly constricted behind
eyes, postocular lobe very short; eyes bulging, deeply emarginate; frons narrow, with
sharp median carina; antennae pectinate from 4th or 5th segment. Prothorax: Pronotum
subconical, without lateral carina; disc convex, slightly gibbous before scutellum and
with shallow median channel; prosternal process narrow, triangular, acute. Meso- and
metathorax: Scutellum square, bidentate apically; elytral striae regular; striae 4 and 5
abbreviated basally by tubercle. Legs: Metacoxa densely punctate; hind femur moderately swollen, ventral carinae obsolete. Internal ventral margin with small subapical
spine, often followed by two smaller spines; hind tibia straight, enlarged, with complete
or incomplete set of carinae, mucro longer than lateral coronal denticle. Abdomen:
More or less telescoped, fifth sternite deeply emarginated; pygidium vertical. Genitalia:
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Internal sac of male genitalia lined with fine spines with or without sclerites; ventral
valve deeply arcuate. Female. Similar to male, except antenna not pectinate, eyes less
bulging, pygidium subvertical, last abdominal sternite not emarginated.
Decellebruchus atrolineatus (Pic, 1921), comb. n.
Bruchus atrolineatus Pic, 1921: 15, 1932: 36; Decelle 1951: 184, 1961: 8, 1975a: 21
(comb. n.).
Bruchidius atrolineatus: Prevett 1961: 636, 1967: 5, 1971: 247; Booker 1967: 2; Luca
1968a: 188, 1968b: 589; Decelle 1975a: 15; Southgate 1978: 219; Biemont et al.
1982: 2610; Hamon et al. 1982: 327; Pfaffenberger 1985: 3; Germain et al. 1987:
157; Monge et al. 1988: 297, 1989: 95; Huignard et al. 1989: 197; Pouzat and
Nammour 1989: 319; Udayagiri and Wadhi 1989: 119; Lenga et al. 1990: 79;
Glitho and Huignard 1990: 195; Pfaffenberger and Monge 1991: 309; Pichard et
al. 1991: 185; Shimada and Ishihara 1991: 289; Credland 1992: 1; Ishihara and
Shimada 1995: 127; Ofuya and Credland 1996: 323; Kingsolver 1988; Sanon et
al. 2005; Löbl and Smetana 2010: 341.
Callosobruchus atrolineatus: Zacher 1952: 465; Shomar 1963: 178.
Bruchus semiflabellatus Pic, 1931; Bondar 1936: 37 (syn.); Kingsolver and Silva 1991:
413 (syn.); Udayagiri and Wadhi 1989: 119.
Acanthoscelides semiflabellatus: Blackwelder 1946: 761.
Callosobruchus semiflabellatus: Zacher 1952: 465.
Decellebruchus atrolineatus: Anton 1994: 100; Kergoat et al. 2005: 605 (without indicating clearly new combination).
Description. Male (Fig. 1a–b). Length (pronotum-elytra): 2.4–2.6 mm; width: 1.4–
1.6 mm; maximum thoracic depth 1.5–1.7 mm. Color: Antennae with the first three
segments yellowish, the rest dark or partially dark; head, prosternum, metasternum,
base of meso-femur and meta-femora, and coxae dark; pronotum with two longitudinal dark bands, which may together form a dark spot; elyton variegate; pygidium with
three pairs of dark spots, two apical, two median-lateral, and two basal; rest of body
yellowish. Vestiture: Body with mixed yellowish and white pubescence; scutellum with
whitish pubescence; fore coxa with a tuft of white setae; pygidium with yellowish and
whitish pubescence forming a variegate pattern. Head: Short and broad, densely micropunctulate, frons with a strong median carina, distance between eyes 2.3.–3.3× as
wide as eye width, eye cleft 0.60–0.71× its length by ocular sinus, posterior margin of
eye protruding from adjacent surfaces, postocular lobe rounded and setose; distance
from base of antennae to apex of labrum 0.39–0.55× as long as distance from upper
limits of eyes to apex of labrum; antennomeres I–III filiform, IV subserrate, V–XI pectinate; antennomere II 2.8–3.8× as long as antennomere XI; antennomere VII 4.4–5.6×
wider that long; antenna extending slightly beyond humerus. Prothorax: Subconical,
without lateral carina; densely foveolate, disc convex, slightly gibbous before scutellum
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Figure 1. Male habitus of Decellebruchus atrolineatus; a dorsal view b lateral view.
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and with shallow median channel; prosternal process narrow, triangular, acute, half as
long as procoxae. Meso- and metathorax: Scutellum square, bidentate apically; elytral
striae regular, striae 4 and 5 abbreviated basally by tubercle, humeri raised. Legs: First
protarsomere 2.0–3.0× as long as second, first mesotarsomere 1.8–2.3× as long as second, first metatarsomere 2.6–3.0× as long as second; metacoxa densely punctate; hind
femur constricted basally and apically, expanded medially to about width of coxa; without external carina ventrally; internal ventral carina with small subapical acuminate
spine about half as long as width of tibial base; hind tibia straight, enlarged, with only
mesal and ventral carinae; tibial corona with 4 spinules, mucro 0.10–0.13× as long as
first tarsomere; without sinus at base of spine; first hind tarsomere with ventrolateral
glabrous longitudinal carina. Abdomen: Pygidium vertical (Fig. 2); last sternite emarginate. Genitalia: Median lobe moderately long, ventral valve triangular and deeply
arcuate, internal sac with many small spines or needles, without large sclerites (Fig. 3a);
lateral lobes elongate, expanded at apex, cleft about 0.53 their length; basal strut an
obsolete perpendicular keel (Fig. 3b). Female (Fig. 4a–b). Length (pronotum-elytra)
2.4–2.8 mm, width: 1.5–1.7 mm, Maximum thoracic depth 1.6–1.8 mm. Similar to
male except antennae serrate; distance between eyes 1.8.–2.0× as wide as eye width;
pygidium subvertical; last sternite not emarginate.
Material examined. NAMIBIA: Rundu, 28/V/2015, T. Chauke, 17°55’S
19°46’E, reared seed Glycine max (L.), intercepted at Pretoria SAAFQIS Plant Quarantine Station, South Africa, Sample Pta. 2811 (1 ex SANC). Caprivi region, 2002,
intercepted at Pretoria SAAFQIS Plant Quarantine Station, South Africa (70 ex
SANC). AFRICA: Intercepted at USA, 36/XII/2003, reared seed Phaseolus sp. (3 ex,
FSCA); Intercepted at Atlanta, USA, 10/IX/2006, reared seed Phaseolus vulgaris L. (1
ex., FSCA). DEMOCRATIC REPUBLIC OF THE CONGO: N of Shaba Province,
28/III/1980, Whitecomb W.H., in cowpeas (1 ex., FSCA). NIGERIA: Intercepted at
USA, 2/II/2004, Phaseolus sp. (7 ex., FSCA); Intercepted at USA, 3/II/2004, reared
seed Phaseolus sp. (2 ex., CEAM). MEXICO: Ocolome, El Fuerte, Sinaloa, 21/I/2013,
Lugo G.G.A., reared seed Vigna unguiculata (L.) WALP. (190 ex., CEAM).
Host plants. Dolichos lablab L., Glycine max (L.), Phaseolus vulgaris L. Vigna unguiculata (L.) Walp., Vigna unguiculata subsp. stenophylla (Harv.) Maréchal & Al.,
Vigna unguiculata subsp. unguiculata (L.)Walp. (Fabaceae). Zacher (1952) stated that
Lablab niger Medik. and Medicago sativa L. are plant hosts of D. atrolineatus, however
this information must be corroborated.
Distribution. Algeria, Angola, Brazil, Burkina Faso, Cameroon, Central African Republic, Democratic Republic of the Congo, Egypt, Ethiopia, Gambia, Ghana, Jamaica,
Kenya, Liberia, Mali, Mexico, Mozambique, Namibia, Niger, Nigeria, South Africa,
Saudi Arabia, Senegal, Sudan, Tanzania, Uganda, United Kingdom, Yemen, Zanzibar.
Discussion. Decellebruchus atrolineatus has high economic importance, because
it is a pest mainly in species in the genus Vigna. It is frequently found together with
Callosobruchus maculatus (F.). Large losses due to this insect are reported frequently in
some countries of Africa, where those bruchids are endemic (Booker 1967, Germain
et al. 1987, Ofuya and Credland 1996, Sanon et al. 2005).
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Figure 2. Male pygidium of Decellebruchus atrolineatus.

Figure 3. Male genitalia of Decellebruchus atrolineatus; a median lobe b lateral lobes.
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Figure 4. Female habitus of Decellebruchus atrolineatus; a dorsal view b lateral view.
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Decellebruchus lunae Romero, sp. n.
http://zoobank.org/4156F64D-289A-4C0E-BA2A-18A7FBD80F10
Type series. Holotype male, allotype female and two paratypes: M. Elgon, Kenya,
20/I/1979, 1900 m, Palm T. (MZLU), one paratype same data, except 22/I/1979,
2010 m (MZLU). One paratype: Kingsburg beach, Natal, South Africa, 10/
IV/1992, O’Brien C.W., L.B. O’Brien & G. Marshall (CEAM).
Description. Male (Fig. 5a–b). Length (pronotum-elytra): 2.0–2.13 mm; width:
1.13–1.25 mm; maximum thoracic depth 1.1–1.2 mm. Color: Antennae with first
four segments and apex of last one yellowish, the rest dark or partially dark; body
dark, except fore legs, middle legs, elytra, tibiae and tarsi of posterior legs yellowish;
however, some specimens may vary from all body yellowish to dark. Vestiture: Body
with mixed black, yellowish, and white pubescence; fore coxa with a tuft of white setae;
pygidium with basal central spot of white pubescence. Head: Short and broad, densely
micropunctulate, frons with a strong median carina, distance between eyes 1.95–2.8×
as wide as eye width, eye cleft 0.60–0.71× its length by ocular sinus, posterior margin
of eye protruding from adjacent surfaces, postocular lobe rounded and setose; distance
from base of antennae to apex of labrum 0.45–0.53× as long as distance from upper
limits of eyes to apex of labrum; antennomeres I–III filiform, IV subserrate, V–XI
pectinate; antennomere II 2–2.0× as long as antennomere 11; antennomere VII 1.76–
2.0× wider that long; antenna extending to mid body. Prothorax: Subconical, without
lateral carina; densely foveolate, disc convex, indistinctly gibbous before scutellum and
without shallow median channel; prosternal process narrow, triangular, acute, half as
long as procoxae. Meso- and metathorax: Scutellum square, bidentate apically; elytra
with strial punctures wider than the stria, striae 4 and 5 abbreviated basally by tubercle, humeri slightly raised. Legs: First protarsomere 1.33–1.79× as long as second,
first mesotarsomere 2.0–2.1× as long as second, first metatarsomere 2.6–3.2× as long
as second; metacoxa densely punctate; hind femur constricted basally and apically,
expanded medially to about width of coxa; without external carina ventrally; internal
ventral carina with subapical acuminate spine about as long as width of tibial base;
hind tibia straight, enlarged, with complete set of carinae; tibial corona with one spinule, the others obsolete, mucro 0.18–0.24× as long as first tarsomere; without sinus
at base of spine; first hind tarsomere with ventrolateral glabrous longitudinal carina.
Abdomen: Pygidium vertical (Fig. 6); last sternite emarginate. Genitalia: Median lobe
moderately long, ventral valve triangular and deeply arcuate, internal sac lined with
many small spines, basal portion with a dentiform sclerite and a small spinules forming a triangle (Fig. 7a); lateral lobes elongate, expanded at apex, cleft about 0.73 their
length; basal strut with a strong perpendicular keel (Fig. 7b). Female (Fig. 8a–b).
Length (pronotum-elytra) 1.85–2.05 mm, width: 1.12–1.3 mm, Maximum thoracic
depth 0.95–1.41 mm. Similar to male except antennae serrate; pygidium subvertical;
last sternite not marginate.
Host plant. Unknown.
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Figure 5. Male habitus of Decellebruchus lunae; a dorsal view b lateral view.
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Figure 6. Male pygidium of Decellebruchus lunae.

Figure 7. Male genitalia of Decellebruchus lunae; a median lobe b lateral lobes.
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Figure 8. Female habitus of Decellebruchus lunae; a dorsal view b lateral view.

Distribution. Kenya and South Africa.
Etymology. The specific epithet honors the grandaughter of the author, Luna
Nereida Nila Romero.
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Diagnosis. This species is included in the genus Decellebruchus because it presents
all characters indicated in the diagnosis of the genus; also it can be separated from the
other two species in the genus because the typical male pygidium, less strongly male
antennae, unique armature of the internal sac of male genitalia, and lateral lobes of
which bear a basal strut with a strong perpendicular keel.
Decellebruchus walkeri (Pic, 1912)
Bruchus figuratus Walker, 1859: 261 (homonymy); Pic 1913: 57; Decelle 1975b: 184;
Vazirani 1975: 746; Decelle 1985: 75.
Bruchus walkeri Pic, 1912: 92 (replacement name), 1913: 57; Decelle 1975b: 184;
Vazirani 1975: 746; Decelle 1985: 76.
Bruchidius walkeri: Decelle 1975b: 184; Decelle 1985: 75.
Spermophagus figuratus: Motschulsky 1863: 519; Decelle 1975b: 185;
Description. Male (Fig. 9a–b). Length (pronotum-elytra): 1.77–2.1 mm; width:
1.27–1.37 mm; maximum thoracic depth 1.07–1.32 mm. Color: Antennae with
the first five segments and apex of the last one yellowish, the rest dark or partially
dark; body dark, except fore legs, middle legs, part of elytra, and ventral portion of
femora; however some specimens may vary from all body yellowish to dark. Vestiture: Body with mixed black, yellowish, and white pubescence; fore coxa with a tuft
of white setae; pygidium with three basal spots of white pubescence, the lateral ones
bigger than median. Head: Short and broad, densely micropunctulate, frons with
a strong median carina, distance between eyes 1.53–3.3× as wide as eye width, eye
cleft 0.57–0.8× its length by ocular sinus, posterior margin of eye protruding from
adjacent surfaces, postocular lobe rounded and setose; distance from base of antennae to apex of labrum 0.38–0.47× as long as distance from upper limits of eyes to
apex of labrum; antennomeres I–III filiform, IV subserrate, V–XI pectinate; antennomere II 2–2.0× as long as antennomere 11; antennomere VII 4.75–6.67× wider
that long; antenna extending to mid body. Prothorax: Subconical, without lateral
carina; densely foveolate, disc convex, lightly gibbous before scutellum and without
shallow median channel; prosternal process narrow, triangular, acute, half as long as
procoxa. Meso- and metathorax: Scutellum square, bidentate apically; elytra with
striael punctures as wide as the stria, striae 4 and 5 abbreviated basally by tubercle,
humeri slightly raised. Legs: First protarsomere 1.45–1.7× as long as second, first
mesotarsomere 1.92–2.6× as long as second, first metatarsomere 2.86–3.4× as long
as second; metacoxa densely punctate; hind femur constricted basally and apically,
expanded medially to about width of metacoxa; without external carina ventrally;
internal ventral carina with subapical acuminate spine about as long as width of tibial
base, followed by 2 smaller spines; hind tibia straight, enlarged, with complete set of
carinae; tibial corona with 4 spinules, mucro 0.11–0.16× as long as first tarsomere;
without sinus at base of spine; first hind tarsomere with ventrolateral glabrous lon-
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Figure 9. Male habitus of Decellebruchus walkeri; a dorsal view b lateral view.
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Figure 10. Male pygidium of Decellebruchus walkeri.

Figure 11. Male genitalia of Decellebruchus walkeri; a median lobe b lateral lobes.
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Figure 12. Female habitus of Decellebruchus walkeri; a dorsal view b lateral view.
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gitudinal carina. Abdomen: Pygidium vertical (Fig. 10); last sternite emarginate.
Genitalia: Median lobe moderately long, ventral valve triangular and deeply arcuate,
internal sac lined with many small spines, basal portion with a small spinules forming
a triangle (Fig. 11a); lateral lobes elongate, expanded at apex, cleft about 0.66 their
length; basal strut with small perpendicular keel (Fig. 11b). Female (Fig. 12a–b).
Length (pronotum-elytra) 1.95–2.8 mm, width: 1.25–1.8 mm, Maximum thoracic
depth 1.12 mm. Similar to male except antennae serrate; pygidium subvertical; last
sternite not marginate.
Material examined. INDIA: Maharashtra, Lonavla, 28/IV/2000, 650 m, Pacholatko P. (1 ex., CEAM). KENYA: M. Elgon, 24/I/1979, 1950 m, Palm T. (1 ex.,
MZLU). SRI LANKA: Vayiriuttu, 5 mi W Trincomalee, Estern Prov., 9/II/1962,
Lund University Ceylon Expedition, sweeping at teak plantation (1 ex., MZLU);
Kuda Oya, 15 mi S Wellawaya, Uva Prov., 22/III/1962, Brinck, Andersson & Cederholm (2 ex., MZLU); Yakkala, 18 mi NE Colombo Western Prov., 26/III/1926,
Brinck, Andersson & Cederholm, swept on vegetation at ditches in paddy fields (1
ex., MZLU).
Host plant. Unknown.
Distribution. India, Kenya, Sri Lanka, Thailand.
Discussion. There is little information about this species. At this time its host
plants are unknown and only a few specimens were available for study; three of which
were still named Bruchidius walkeri.

Cladistics
A default tree (Fig. 13) and a consensus tree (Fig. 14) were generated with Mesquite
(Maddison and Maddison 2015). The shortest and most parsimonius tree obtained
with Henning86 using ie- algorithm is shown in Fig. 15. This tree was the shortest
and the most parsimonious with a length of 33, consistency index of 87, and retention
index of 81. In total, this cladogram was formed by 26 synapomorphies, 8 parallelisms,
and 3 reversals. The tree generated with Hennig86 seems the most reliable to explain
the phylogenetic hypothesis about of bruchids with pectinate antennae where males
and females share the character; however, the consensus tree generated with Mesquite
program has similarities with the Hennig86 tree.
In the cladogram in Figure 15 can be seen that each one of the clades corresponds
to a different taxon of the family Bruchidae and one of the richest in terms of the
number of genera was the Acanthoscelidini clade. This cladogram also supports the
hypothesis of host preference, for example the species of the clade Pachymerini feed
on seeds of the Arecaceae (palms), Megacerini on seeds of the Convolvulaceae, and
Acanthoscelidini on seeds of the Fabaceae.

Systematics of the seed beetle genus Decellebruchus Borowiec, 1987...

Figure 13. Default tree generated with Mesquite program.

Figure 14. Consensus tree generated with Mesquite program.
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Figure 15. Phylogenetic tree generated with Hennig86 program.
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Abstract
In order to understand the identity of the Central American species of the genus Phaenonotum Sharp,
1882, the type specimens of the species described by Sharp (1882) deposited in the David Sharp collection
in the Natural History Museum in London have been re-examined. The following species are redescribed:
Phaenonotum apicale Sharp, 1882, P. collare Sharp, 1882, P. dubium Sharp, 1882 (confirmed as junior
synonym of P. exstriatum (Say, 1835)), P. laevicolle Sharp, 1882, P. rotundulum Sharp, 1882 and P. tarsale
Sharp, 1882. Lectotypes are designated for P. apicale, P. collare, P. rotundulum and P. tarsale. External
diagnostic characters and morphology of male genitalia are illustrated. A table summarizing diagnostic
characters allowing the identification of the species is provided.
Resumen
Para entender la identidad de las especies del género Phaenonotum Sharp, 1882 de América Central, se han
reexaminado los especímenes tipo de las especies descritas por Sharp (1882) depositadas en la colección de
David Sharp, del Museo de Historia Natural en Londres. Las especies redescritas son: Phaenonotum apicale
Sharp, 1882, P. collare Sharp, 1882, P. dubium Sharp, 1882 (confirmado como sinónimo más reciente de
P. exstriatum (Say, 1835)), P. laevicolle Sharp, 1882, P. rotundulum Sharp, 1882 y P. tarsale Sharp, 1882. Se
designan lectotipos para las especies Phaenonotum apicale, P. collare, P. rotundulum y P. tarsale. Se ilustran
los caracteres diagnósticos y la morfología de los genitales. Una tabla resumen con los caracteres diagnósticos para facilitar la identificación de las especies es ofrecida.
Copyright A. Deler-Hernández, M. Fikáček. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction
The genus Phaenonotum Sharp, 1882 was described by the British specialist on water
beetles, David Sharp, in his treatment of the Central American hydrophilid fauna in the
famous Biologia Centrali–Americana. Based on material from Mexico, Nicaragua, Guatemala, Costa Rica and Panama available to him, Sharp (1882) recognized and described
six species of that genus, and also recognized that the North American species Cyclonotum
exstriatum (Say, 1835) is congeneric. A few other species originally described in other genera were later assigned to Phaenonotum by other authors (Knisch 1924; Orchymont 1937)
and few additional species were described subsequently from Brazil (Orchymont 1937,
1943), Argentina (Bruch 1915), Venezuela (Archangelsky 1989), U.S.A (Smetana 1978)
and Cuba (Deler-Hernández et al. 2013). In addition, the monotypic genus Hydroglobus
Knisch, 1921 from Argentina was considered a part of Phaenonotum by Archangelsky
(1991), but this was not followed by subsequent authors (see e.g. Clarkson et al. 2014 for
diagnostic characters between Hydroglobus and Phaenonotum). At present, Phaenonotum
seems to occur exclusively in the Neotropical and southern Nearctic Region from where
18 species are described (Hansen 1999; Deler-Hernández et al. 2013). The identity of the
only non-American species, P. africanum Régimbart, 1907 from the island of Bioko in
Guinean Gulf, Africa, is unclear and the species needs to be re-examined.
Despite being frequently collected, Phaenonotum species were never properly revised,
and only the fauna of North America and Argentina (partly) were treated in details by
modern authors (Smetana 1978; Archangelsky 1991). Hence, no information on morphology of the species or identity of their types was published for the majority of species
after their original descriptions, which makes the identification of newly collected material
almost impossible. The only species for which types were reexamined and redescriptions
and/or illustrations published are P. argentinense Bruch, 1915, P. regimbarti Bruch, 1915,
and P. exstriatum (Say, 1835) and its synonyms (Smetana 1978; Archangelsky 1991). In
addition, the lectotype of P. laevicolle Sharp, 1882 was designated by Smetana (1976),
but without providing any information about the identity of that species. Of the recently
described species, photos of the habitus and genitalia, and some details on morphology of
P. minor Smetana, 1978 were published by Deler-Hernández et al. (2013). The assignment of P. caribense Archangelsky, 1989 to Phaenonotum was found questionable based
on preliminary molecular data (A. Deler-Hernández & V. Sýkora, unpubl. data).
In the course of the review of Phaenonotum from the Greater Antilles, it was necessary to study the identities of the Central American species of the genus described by
D. Sharp in order to confirm or exclude their occurrence in the Caribbean islands. The
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type series of all species described by Sharp and deposited in the Natural History Museum in London were therefore re-examined. To facilitate future studies, the results
of these studies are summarized in the present paper, providing the redescriptions and
illustrations of the species examined. In needed cases, the lectotypes have been designated in order to fix the identity of the species for future studies.

Material and methods
Habitus photographs were taken using Canon EOS 550D digital camera with attached
Canon MP-E65mm f/2.8 1–5× macro lens, and subsequently adapted in Adobe Photoshop CS5. Drawings of male genitalia are based on photographs taken using Canon
EOS 1100D digital camera attached to Olympus BX41 compound microscope and
subsequently combined in Helicon Focus software. Scanning electron micrographs
of lectotypes were taken using Hitachi S-3700N environmental electron microscope
at the Department of Paleontology, National Museum in Prague, using the uncoated
specimens in low vacuum regime. Morphological terminology follows Smetana (1978),
Archangelsky (1989, 1991) and Deler-Hernández et al. (2013).
Part of the specimens including the lectotypes were dissected, their genitalia were
mounted in an alcohol soluble Euparal resin on a small piece of glass attached to the
same pin as the specimen.
All lectotypes designated were labeled with the following red label: “Lectotype [or
Paralectotype] / Phaenonotum / species-name with author and year of description / des.
Deler-Hernández”.
Under each species listed as material examined label data are given verbatim between quotes (“ ”), each line of text is separated by a slash with spaces on both sides
(/) and the information of each label is separated by double slashes with space on both
sides (//). Other data are in square brackets ([ ]).
Examined specimens are deposited in the following collections:
BMNH The Natural History Museum, London, U.K. (M. Barclay);
NMPC National Museum, Prague, Czech Republic (M. Fikáček).

Taxonomy
Phaenonotum apicale Sharp, 1882
Figures 1a, 2a, 3a, 4a
Phaenonotum apicale Sharp, 1882: 98.
Type material examined. Lectotype (hereby designated): male (BMNH): “Phaenonotum / apicale Var. / D.S. / Guatemala City. / 5000 ft. Salvin. // Guatemala City.
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Champion. // B.C.A. I. 2. / Phaenonotum / apicale, Sharp. // Sharp Coll. 1905.313.” The specimen was re-mounted to a new label, with abdomen glued separately
and aedeagus embedded in Euparal slide attached below the specimen. Paralectotype:
female (BMNH): “Phaenonotum / apicale / Type / D.S. / Chontales, Nicaragua / Janson. // Chontales, / Nicaragua. / Janson. // B.C.A. Col. I. 2. / Phaenonotum / apicale,
/ Sharp. // Sharp Coll. / 1905.-313.”.
Other material examined. 1 unsexed specimen (BMNH): “Phaenonotum / apicale Var.? / David. Chiriqui / Champion // David, / Panama / Champion. // B.C.A.
Col. I. 2. / Phaenonotum / apicale, / Sharp. // Sharp Coll. / 1905.-313.”; 1 unsexed
specimen (BMNH): “Cuernavaca, / Morelos. / Hoge. // B.C.A. Col. I. 2. / Phaenonotum / apicale, / Sharp. // apicale / var, [hand written]”; 1 unsexed specimens (BMNH):
“Tejupilco, Mex. / Temescaltepec / 18.vi.1933 [hand written] // H. E. Hilton, / R. L.
Usinger / Collectors”; male (BMNH): “Tejupilco, Mex. / Temescaltepec / 18.vi.1933
[hand written] // H. E. Hilton, / R. L. Usinger / Collectors // Phaenonotum [hand
written] / apicale Sharp [hand written] / J. Balfour-Brown det.”.
Type locality (following lectotype designation). Guatemala City, 5000 feet [=
1525 m a.s.l.], Guatemala.
Redescription. Habitus as in Figs. 1a and 2a. Body length 2.9–3.2 mm (lectotype:
2.9 mm). Body form oval in dorsal view (Fig. 1a), elytra uniformly convex in lateral
view (Fig. 2a). Dorsal surface dark brown (Fig. 1a). Antennae and maxillary palpi
testaceous. Ventral surface reddish. Leg reddish, tarsomeres yellowish. Head and pronotum with fine and sparse punctures. Elytral punctation strongly impressed, coarser
than pronotal and head punctation. Pronotum wider than long and convex. Epipleura
very broad throughout. Meso- and metaventral processes fused into a common keel;
mesoventral process arrow-head shaped with a distinct hood, as wide as metaventral
process basally, metaventral process slender, parallel-sided, length of metaventrite medially (including metaventral process) ca. four times longer than mesoventral process;
metathoracic discrimen indistinct (Fig. 3a). Profemora with long sparse pubescence
in basal 0.75. Meso- and metafemora with very sparse and short pubescence only. All
tarsi with long setae on ventral surface. Aedeagus (Fig. 4a) 0.4 mm long, with median
lobe reaching apices of parameres; basal portion of median lobe angulate laterally,
apical portion strongly narrowing; shape of the gonopore oval. Parameres wide and
curved in median region. Phallobase not examined in detail.
Comments on lectotype designation. Sharp (1882) mentions specimens from
two localities: Nicaragua: Chontales and Guatemala: Guatemala City, but without
specifying the number of specimens. In the Sharp collection, there are two specimens
standing under the name of P. apicale, one from each locality mentioned, and both
corresponding with the data in the original description. We hence consider both as
syntypes. The specimen from Guatemala City is the only male, and thus is designated
here as lectotype, despite it appearing to be slightly teneral. Otherwise, there are four
specimens from localities not corresponding to those given in the original description,
which we do not consider as a part of the type series (see Other material examined).
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Phaenonotum collare Sharp, 1882
Figures 1b, 2b, 3b, 4b
Phaenonotum collare Sharp, 1882: 99.
Type material examined. Lectotype (hereby designated): male (BMNH): “Phaenonotum / collare D.S. // Chontales, / Nicaragua. / Janson. // B.C.A. I. 2. / Phaenonotum
/ collare, / Sharp. // Sharp Coll. 1905.-313.”. The specimen was dissected, its abdomen
is glued separately and the aedeagus is embedded in Euparal slide attached to the same
pin. Paralectotypes: 1 female, 1 unsexed (BMNH): “Phaen / Cyclonotum / collare
D.S. / Type / Chontales. Nicaragua. / Janson // B.C.A. I. 2. Phaenonotum / collare,
Sharp. // Sharp Coll. 1905.-313.”; “Phaenonotum / collare D.S. / Chontales. Nicaragua. / Janson / B.C.A. I. 2. Phaenonotum / collare, Sharp. / Sharp Coll. 1905.-313.”.
Other material examined. unsexed specimen (BMNH): “Phaenonotum / collare Var. / D.S. / El Zumbador / 2500 ft. Champion // El Tumbador, / Guatemala. /
Champion. // B.C.A. I. 2. / Phaenonotum / collare, / Sharp. // Phaenonotum collare
[hand written]”.
Type locality (following lectotype designation). Chontales, Nicaragua.
Redescription. Habitus as in Figs. 1b and 2b. Body length 3.5–3.9 mm (lectotype: 3.9 mm). Body form oval in dorsal view (Fig. 1b), elytra less convex anteriorly
and more convex posteriorly in lateral view (Fig. 2b). Dorsal surface brown (Fig. 1b).
Antennae and maxillary palpi testaceous. Ventral surface reddish brown. Leg reddish,
tarsomeres yellowish. Head with coarse and strongly impressed punctures. Pronotum
with fine punctures, but sparser than head punctation. Elytral punctation (Fig. 1b)
strongly impressed, punctures of the same size as on head and as coarse as head punctations. Epipleura very broad throughout. Meso- and metaventral processes slender
and fused into a common keel; mesoventral process arrow-head shaped with an distinct hood, slightly wider than apex of metaventral process basally, metaventral process
slender, nearly parallel-sided, only indistinctly narrowing anteriad, length of metaventrite medially (including metaventral process) ca. four time longer than mesoventral
process; metathoracic discrimen distinct, forming a shallow impression basally (Fig.
3b). All tarsi with long setae on ventral surface. Aedeagus (Fig. 4b) 0.4 mm long, with
median lobe reaching apices of parameres; basal portion of median lobe rounded laterally, apical portion widely rounded, median lobe narrowing towards apex; shape of
the gonopore transversely oval. Parameres wide and slightly sinuate in median region.
Phallobase as long as wide.
Comments on lectotype designation. Sharp (1882) mentions specimens from
two localities: Nicaragua: Chontales and Guatemala: El Tumbador, without specifying the numbers of specimens. Specimen(s) from Guatemala are assigned to the “var.
paulo angustior” [= a little narrower], which excludes them from the type series based
on Article 72.4.1 of the Code (ICZN 1999). In the Sharp collection, there are four
specimens under the name Phaenonotum collare, three of which correspond to the
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Figure 1. Habitus of type specimens (dorsal view) and original type labels. a Phaenonotum apicale Sharp
(lectotype) b Phaenonotum collare Sharp (lectotype) c Phaenonotum dubium Sharp (lectotype) d Phaenonotum laevicolle Sharp (lectotype) e Phaenonotum rotundulum Sharp (lectotype) f Phaenonotum tarsale
Sharp (lectotype).

Nicaraguan specimens mentioned in the original description, and one corresponding
with “var. paulo angustior”. Only the specimens from Nicaragua are considered as part
of the type series, and one of them, a dissected male, is designated as a lectotype, in
order to fix the identity of the species for future studies.
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Figure 2. Habitus (lateral view). a Phaenonotum apicale Sharp (lectotype) b Phaenonotum collare Sharp
(lectotype) c Phaenonotum laevicolle Sharp (lectotype) d Phaenonotum rotundulum Sharp (lectotype)
e Phaenonotum tarsale Sharp (lectotype).

Phaenonotum dubium Sharp, 1882 (= P. exstriatum (Say, 1835))
Figures 1c, 4c
Hydrophilus exstriatus Say 1835: 171. Trasferred to Phaenonotum by Sharp (1882: 98).
Phaenonotum dubium Sharp, 1882: 98. Synonymized with P. exstriatum by Smetana
(1978: 14).
For complete synonymy of P. exstriatum see Hansen (1999).
Type material examined. Lectotype (designated by Smetana 1978: 14): male (BMNH):
“Phaen / cyclonotum / dubium / D.S. / S. Geronimo. / Guatemala / Champion //
B.C.A. I. 2. / Phaenonotum / dubium, / Sharp. // S. Geronimo. / Guatemala / Champion. // LECTO- / TYPE [round label with purple margins]”. Paralectotype: 1 unsexed
specimen (BMNH): “Phaen / Cyclonotum / dubium / Types / D.S. / S. Geronimo. /
Guate- / mala. Champion. // B.C.A. I. 2. / Phaenonotum / dubium, / Sharp. // San
Geronimo. / Vera Paz. / Champion. // Type / H. T. [round label with red margins]”.
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Other type material. Sharp (1882) also examined specimens from Mexico: Cordova, Vera Cruz, Oaxaca and Costa Rica: Cache, all of which have to be considered as
paralectotypes. We did not examine these specimens.
Additional material examined. male (dry-mounted) (NMPC): CUBA: Granma
Prov: Cauto Cristo, Río Cauto, El Sitio, 01.v.2005, Coll. L. Chaves. male (dry-mounted) (BMNH): HAITI: Port au Prince, 1.iii.1908, Coll. Dr. M. Cameron, B. M. 1936555. male (dry-mounted) (BMNH): JAMAICA: Kinstong, 16.ii.1908, Coll. Dr. M.
Cameron. male (dry-mounted) (BMNH): USA: Delaware (ABTC000175) (NMPC).
Type locality. San Geronimo, Guatemala.
Redescription. Habitus as in Fig. 1c. Body length 3.5–3.7 mm (lectotype: 3.5
mm). Body form oval in dorsal view (Fig. 1c), elytra convex in lateral view. Dorsal surface dark brown (Fig. 1c). Antennae and maxillary palpi testaceous. Pronotum
slightly paler than elytra. Ventral surface reddish brown. Leg reddish, tarsomeres yellowish. Head with fine and sparse punctures. Pronotum with punctures of same size
as on head. Elytral punctation strongly impressed, much denser than on pronotum
and head. Epipleura very broad throughout. Meso- and metaventral processes fused
into a common keel; mesoventral process arrow-head shaped with an distinct hood, as
wide as metaventral process basally, metaventral process slender, parallel-sided, length
of metaventrite medially (including metaventral process) ca. four times longer than
mesoventral process; metathoracic discrimen indistinct (Fig. 3f). Profemora with long
sparse pubescence in basal 0.75. All tarsi with long setae on ventral surface. Aedeagus
(Fig. 4c) 0.4 mm long, with median lobe reaching apices of parameres or nearly so;
basal portion of median lobe nearly straight laterally, apical portion widely rounded,
median lobe nearly of the same width throughout; shape of the gonopore transversely
oval. Parameres strongly sinuate in median region. Phallobase as long as wide (Fig. 4d).
Comments on synonymy. Examined type specimens of P. dubium morphologically correspond with specimens of P. exstriatum listed in “Additional material examined” in all characters, including morphology of the aedeagus and meso-metaventral
process. Hence, we confirm that P. dubium is a junior synonym of P. exstriatum, as
proposed by Smetana (1978).
Phaenonotum laevicolle Sharp, 1882
Figures 1d, 2c, 3c, 4e
Cyclonotum globulosum Mulsant, 1844: 167 (ascribed to Klug). [“Amérique méridionale”] (cf., Orchymont, 1937). Transferred to Phaenonotum by Knisch (1924: 114).
Phaenonotum laevicolle Sharp, 1882: 99. Considered as synonym of P. globulosum by
Orchymont (1937: 241). Synonymy not confirmed by subsequent authors.
Type material examined. Lectotype (designated by Smetana 1976: 213): male
(BMNH): “Phaenonotum / laevicolle / Type / D.S. / Cordova Mex Sallé. // B.C.A. I.
2. / Phaenonotum / laevicolle, / Sharp. // Sharp Coll. / 1905.-313.”. Paralectotype:
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male (BMNH): “Cubilguitz / Vera Paz. / Champion. // B.C.A. I. 2. / Phaenonotum /
laevicolle, / Sharp”.
Other type material. Sharp (1882) also examined specimens from Nicaragua:
Chinandega, Managua and Chontales, all of which have to be considered as paralectotypes. We did not examine these specimens.
Type locality (following lectotype designation). Cordova, Mexico.
Redescription. Habitus as in Figs 1d and 2c. Body length 2.5–2.7 mm (lectotype:
2.7 mm). Body form oval in dorsal view (Fig. 1d), elytra evenly convex in lateral view
(Fig. 2c). Dorsal surface brown (Fig. 1d). Antennae and maxillary palpi testaceous.
Ventral surface reddish brown. Leg reddish, tarsomeres yellowish. Head with fine and
sparse punctures. Pronotum with punctures of same size as on head. Elytral punctation strongly impressed, much coarser than pronotal and head punctation. Epipleura
very broad throughout. Meso- and metaventral processes fused into a common keel;
mesoventral process arrow-head shaped with narrow hood, its base narrower than apex
of metaventrite; metaventral process stout, slightly widened subapically, length of
metaventrite medially (including metaventral process) ca. three times longer than mesoventral process (Fig. 3c). All tarsi with long setae on ventral surface. Aedeagus (Fig.
4e) 0.5 mm long, with median lobe not reaching apices of parameres; basal portion
of median lobe nearly straight laterally, apical portion widely rounded, median lobe
narrowing towards apex; shape of the gonopore transversely subtriangular. Parameres
wide and curved in median region. Phallobase not examined in detail.
Comments on synonymy. Orchymont (1937) considered P. laevicolle as a junior
synonym of P. globulosum described from Colombia, based on the study of the type
specimens of both taxa. However, he only compared external characters used for diagnosis of Phaenonotum species at that time (i.e. dorsal punctation, length of tarsi), and
did not study ventral morphology and male genitalia, which are crucial characters for
species identification. Smetana (1976) reexamined the types of P. laevicolle including
genitalia, but he did not provide any comments on the synonymy proposed by Orchymont (1937), he neither studied the types of P. globulosum. For that reason, the
synonymy of P. laevicolle with P. globulosum needs to be confirmed by future studies.
Phaenonotum rotundulum Sharp, 1882
Figures 1e, 2d, 3d, 4f
Phaenonotum rotundulum Sharp, 1882: 100.
Type material examined. Lectotype (hereby designated): male (BMNH): “Phaenonotum rotund– / ulum. / Type D.S. / S. Geronimo. Guatema– / la. Champion // San
Geronimo, / Vera Paz. / Champion. // B.C.A. I. 2. / Phaenonotum / rotundulum, /
Sharp. // Sharp Coll. / 1905.-313. // Type / H.T. [round label with red margins].” We
remounted the specimens, the abdomen is glued separately, and the aedeagus is embedded in a Euparal slide attached to the same pin. Paralectotypes: 1 unsexed specimen
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Figure 3. Meso-metaventral process. a Phaenonotum apicale Sharp (Lectotype) b Phaenonotum collare
Sharp (Lectotype) c Phaenonotum laevicolle Sharp (Lectotype) d Phaenonotum rotumdulum Sharp (Lectotype) e Phaenonotum tarsale Sharp (Lectotype) f Phaenonotum exstriatum (Say).

(BMNH): “Phaenonotum / rotundulum / D.S. / El Zumbador. / 2500 ft. Guate– /
mala. Champion. // El Tumbador, / Guatemala. / Champion. // B.C.A. I. 2. / Phaenonotum / rotundulum, / Sharp. // Sharp Coll. / 1905.-313.”. 1 unsexed specimen
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Figure 4. Aedeagus. a Phaenonotum apicale Sharp (Lectotype) b Phaenonotum collare Sharp (Lectotype) c Phaenonotum dubium Sharp (Lectotype) d Phaenonotum exstriatum (Say) (specimen from Haiti)
e Phaenonotum laevicolle Sharp (Lectotype) f Phaenonotum rotundulum Sharp (Lectotype) g Phaenonotum
tarsale Sharp (Lectotype).
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(BMNH): “Phaenonotum / rotundulum / D.S. / Chacoj. Guatema / la. Champion //
Chacoj, / R. Polochic, / Guatemala. / Champion // B.C.A. Col. I. 2. / Phaenonotum /
rotundulum, / Sharp.”. 2 females (BMNH): same label data as the lectotype.
Other type material. Sharp (1882) also examined specimens from Mexico: Cordova, Toxpam, Guatemala: San Juan, San Joaquin, Zapote, and Panama: Volcan de
Chiriqui, 4000 to 6000 feet, all of which have to be considered as paralectotypes. We
did not examine these specimens.
Type locality (following lectotype designation). San Geronimo, Guatemala.
Redescription. Habitus as in Figs 1e and 2d. Body length approximately 2.8–3.3
mm (lectotype: 3.3 mm). Body form oval in dorsal view (Fig. 1e), elytra highly and
evenly convex in lateral view (Fig. 2d). Dorsal surface reddish brown (Fig. 1e). Antennae and maxillary palpi testaceous. Ventral surface reddish brown. Leg reddish, tarsomeres yellowish. Head with fine and sparse punctures. Pronotum with punctures of
same size as on head. Elytral punctation strongly impressed, much coarser than on pronotum and head. Epipleura very broad throughout. Meso- and metaventral processes
fused into a common keel; mesoventral process arrow-head shaped with indistinct
hood, its base as wide as apex of metaventral process, metaventral process wide basally,
strongly narrowing anteriad and hence triangular in shape, length of metaventrite medially (including metaventral process) ca. three time longer than mesoventral process;
metathoracic discrimen weakly developed (Fig. 3d). Profemora with long sparse pubescence in basal 0.75. All tarsi with long setae on ventral surface. Aedeagus (Fig. 4f)
0.5 mm long, with median lobe not reaching apices of parameres; basal portion of
median lobe curved laterally, apical portion widely rounded, median lobe narrowing
towards apex; shape of the gonopore oval. Parameres slightly sinuate in median region.
Phallobase not examined in detail.
Comments on lectotype designation. Our request to borrow the Sharp specimens of P. rotundulum resulted in the receipt of the above five specimens. These specimens, however, clearly represent only a smaller part of the type series, as many other
localities were mentioned in the original description by Sharp (1882). All specimens
examined agree with the data provided in the original description, and hence are clearly part of the type series. In order to fix the identity of the species for future studies, we
are designating the dissected male labeled as “Type” as the lectotype of P. rotundulum.
Phaenonotum tarsale Sharp, 1882
Figures 1f, 2e, 3e, 4g
Phaenonotum tarsale Sharp, 1882: 98.
Type material examined. Lectotype (hereby designated): male (BMNH): “Phaenonotum / tarsale D.S. / Panama. // B.C.A. Col. I. 2. / Phaenonotum / tarsale, / Sharp.
// Panama. // Sharp Coll. / 1905.-313.” We remounted the specimen on a new label,
with abdomen glued separately and aedeagus embedded in Euparal slide attached on
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the same pin. Paralectotypes: 1 male, 2 unsexed specimens (BMNH): same label data
as the lectotype.
Type locality (following lectotype designation). Panama.
Redescription. Habitus as in Figs 1f and 2e. Body length 4.7–4.8 mm (lectotype:
4.8 mm). Body form oval in dorsal view (Fig. 1f), elytra highly and evenly convex in
lateral view (Fig. 2e). Dorsal surface dark brown (Fig. 1f). Antennae and maxillary palpi
testaceous. Pronotum slightly paler than elytra. Ventral surface reddish brown. Leg reddish, tarsomeres yellowish. Head with fine and sparse punctures. Pronotum with punctures of same size as on head, but slightly more sparsely than the head. Elytral punctation
strongly impressed, much denser than on pronotum and head. Epipleura very broad
throughout. Meso- and metaventral processes fused into a common keel; mesoventral
process arrow-head shaped, very wide basally, slightly hooded apically, its base slightly
wider than apex of metaventral process, metaventral process stout, parallel-sided, length
of metaventrite medially (including metaventral process) ca. three time longer than mesoventral process; metathoracic discrimen weakly developed (Fig. 3e). Profemora with
long sparse pubescence in basal 0.75. All tarsi with long setae on ventral surface. Aedeagus (Fig. 4g) 0.7 mm long, with median lobe slightly overlapping apices of parameres;
basal portion of median lobe nearly straight laterally, apical portion widely rounded,
median lobe nearly of the same width throughout; shape of the gonopore rounded. Parameres slightly sinuate in median region. Phallobase slightly longer than wide.
Comments on lectotype designation. Our request to borrow the Sharp specimens of P. tarsale resulted in the receipt of the above four specimens, all of them corresponding with the original description and clearly part of the type series. In order to
fix the identity of the species for future studies, we are designating the dissected male
as the lectotype of P. tarsale.

Discussion
The identification of species of Phaenonotum is a difficult task, due to the similarity of
the species and the complicated process of finding relevant morphological characters.
This may explain the absence of keys to Phaenonotum species. Studies on Phaenonotum
from Central America, together with preliminary studies on this genus in the Caribbean and South America (Deler-Hernández, unpublished data) show that reliable
identification is possible based on several external morphological characters, especially
the morphology of the meso-metaventral process. This structure exhibits some variation between species, especially in the shape of the metaventral process, the width of
the mesoventral process, and the “size” of the apical hood of the mesoventral process
(Table 1; Fig. 3; figs 10–12 in Deler-Hernández et al. 2013; figs 230–231 in Smetana
1978). Male genitalia, though very similar at first view, provide the most important
characters for species identification, such as the shape of the apex and the base of the
median lobe, the shape and position of the gonopore, and the shape of the external
margin of the parameres (Fig. 4). Body size is also helpful in some cases, allowing the

strongly sinuate in
median region
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sinuate in median
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transversely oval
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widely rounded
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rounded

angulate

transversely
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0.5 mm

rounded
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apices of parameres

0.7 mm

P. exstriatum
P. laevicolle
P. rotundulum
P. tarsale
(= P. dubium)
2.9–3.2 mm
3.5–3.9 mm
3.5–3.7 mm
2.5–2.7 mm
2.8–3.3 mm
4.7–4.8 mm
arrow-head shaped arrow-head shaped arrow-head shaped arrow-head shaped
arrow-head shaped
arrow-head shaped,
with a distinct wide with a distinct wide with a distinct wide with distinct narrow
with indistinct hood slightly hooded apically
hood
hood
hood
hood
slightly wider than
narrower than apex
as wide as apex of
as wide as apex of
as wide as apex of the slightly wider than apex
apex of metaventral
of metaventral
metaventral process
metaventral process
metaventral process
of metaventral process
process
process
slender, subparallel- slender, subparallel- slender, subparallelstout, slightly
stout, wide basally,
stout, parallel-sided
sided
sided
sided
widened subapically
narrowing apically

Table 1. Diagnostic characters of the Phaenonotum species described by D. Sharp.
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separation of species with rather similar male genitalia. Traditional characters used by
previous authors (e.g. Sharp 1882; Smetana 1978), i.e. the dorsal coloration and punctation of pronotum and elytra, are insufficient for a reliable identification, although
may be helpful when used in combination with those of the meso-metaventral elevation and the aedeagus.
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Abstract
During a DNA barcoding campaign of leaf-mining insects from Siberia, a genetically divergent lineage of
a gracillariid belonging to the genus Micrurapteryx was discovered, whose larvae developed on Caragana
Fabr. and Medicago L. (Fabaceae). Specimens from Siberia showed similar external morphology to the
Palearctic Micrurapteryx gradatella and the Nearctic Parectopa occulta but differed in male genitalia, DNA
barcodes, and nuclear genes histone H3 and 28S. Members of this lineage are re-described here as Micrurapteryx caraganella (Hering, 1957), comb. n., an available name published with only a brief description
of its larva and leaf mine.
Micrurapteryx caraganella is widely distributed throughout Siberia, from Tyumen oblast in the West
to Transbaikalia in the East. Occasionally it may severely affect its main host, Caragana arborescens Lam.
This species has been confused in the past with Micrurapreryx gradatella in Siberia, but field observations
confirm that M. gradatella exists in Siberia and is sympatric with M. caraganella, at least in the Krasnoyarsk
region, where it feeds on different host plants (Vicia amoena Fisch. and Vicia sp.).
Copyright Natalia Kirichenko et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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In addition, based on both morphological and molecular evidence as well as examination of type
specimens, the North American Parectopa occulta Braun, 1922 and Parectopa albicostella Braun, 1925 are
transferred to Micrurapteryx as M. occulta (Braun, 1922), comb. n. with albicostella as its junior synonym
(syn. n.). Characters used to distinguish Micrurapteryx from Parectopa are presented and illustrated. These
findings provide another example of the potential of DNA barcoding to reveal overlooked species and
illuminate nomenclatural problems.
Keywords
Leaf-mining moth, Micrurapteryx caraganella, M. gradatella, M. occulta, Parectopa albicostella, Siberian
peashrub, COI, histone H3, 28S, Canada, USA

Introduction
With more than 2000 described species, the family Gracillariidae represents one of
the most diverse groups of small moths (De Prins and De Prins 2015). Many species
of gracillariids remain to be discovered, especially in the tropical regions (Lees et al.
2013; Brito et al. 2013) but also in the Palearctic (Laštůvka et al. 2013; Kobayashi et
al. 2013; Kirichenko et al. 2015) and Nearctic regions (Davis and Deschka 2001).
The genus Micrurapteryx Spuler, 1910, contains 11 species all distributed in the Holarctic Region (De Prins and De Prins 2015). Ten species occur in the Palearctic Region:
M. bidentata Noreika, 1992, M. fumosella Kuznetzov & Tristan, 1985, M. gerasimovi
Ermolaev, 1982, M. gradatella (Herrich-Schäffer, 1855), M. kollariella (Zeller, 1839),
M. parvula Amsel, 1935, M. sophorella Kuznetzov, 1979, M. sophorivora Kuznetzov &
Tristan, 1985, M. tibetiensis Bai & Li, 2013, and M. tortuosella Kuznetzov & Tristan,
1985. Larvae of six species mine the leaves of legumes (Fabaceae). Five species feed on
up to four different legume genera (Astragalus L., Lathyrus L., Medicago L., Melilotus L.,
Sophora L., Robinia L., Trifolium L. and Vicia L.) (Dovnar-Zapol’skiy 1969; Kuznetzov
and Tristan 1985; Barakanova 1986; Ermolaev 1982; Gencer and Seven 2005; De Prins
and De Prins 2015) (see Suppl. material 1: Table S1). As an exception, M. kollariella has
been recorded mining leaves of eleven legume genera (Suppl. material 1: Table S1). For
four species M. bidentata, M. parvula, M. sophorella and M. tibetiensis hosts remain unknown (Kuznetzov and Tristan 1985; Noreika and Puplesis 1992; Bai 2013). Only one
species has been recorded from the Nearctic Region, M. salicifoliella (Chambers, 1872),
whose larvae mine leaves of Salix (De Prins and De Prins 2015).
During a DNA barcoding campaign of leaf-mining insects from Siberia carried
out in 2011, we discovered a genetically divergent lineage of Micrurapteryx feeding on
the Siberian peashrub Caragana arborescens (Fabaceae). Preliminary barcoding data
showed pronounced divergence in the COI barcoding fragment from European specimens of M. gradatella. Examination of the genitalia revealed that it was clearly different
from European M. gradatella.
In their taxonomic review of the Palearctic Micrurapteryx, Kuznetzov and Tristan
(1985) called M. gradatella the species found in Siberia mining “yellow acacia” (=
Caragana arborescens). They also stated that despite the confusion in the Russian lit-
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erature about various names applied to specimens mining Caragana in Siberia, in their
estimation there was only one species present, which they deemed to be M. gradatella.
Subsequent works (Noreika 1997; Kuznetzov and Baryshnikova 1998; Kuznetzov
1999) followed Kuznetzov and Tristan (1985).
Contrary to these authors, our findings indicated unequivocally that at least two
species were present. This raised the question of whether the Caragana-feeding lineage from Siberia represented an undescribed Micrurapteryx species. Two unavailable
names have been used in the literature to refer to a species feeding on C. arborescens in
Siberia: Parectopa caraganella Danilevsky and P. caraginella Danilevsky (Hering 1957;
Dovnar-Zapol’skiy 1969; Kuznetzov and Tristan 1985; De Prins and De Prins 2015).
The lingering confusion about the identity of Caragana-feeding Micrurapteryx in Siberia is partly due to the lack of a detailed description of M. gradatella in Europe and
an over-reliance on wing pattern characters without examination of genitalia. Only
recently both female and male genitalia of M. gradatella have been illustrated (Bengtsson and Johansson 2011), but that description was very brief.
Based on differences in morphology and DNA sequence data (mitochondrial and
nuclear), we assess that there are two species of Micrurapteryx in Siberia, M. caraganella
and M. gradatella. We present elaborated morphological re-descriptions of the adults
of both species. In addition, we compare the morphology and DNA barcodes with
other European and North American Micrurapteryx, as well as some related species of
Parectopa developing on Fabaceae whose barcodes clustered near Micrurapteryx.
The availability of the binomen M. caraganella with authorship attributed to Hering (1957) is discussed. We show that the Nearctic Parectopa occulta Braun, 1922 in
fact belongs to Micrurapteryx (comb. n.) and is closely related to the Palearctic M. gradatella, and is re-described. In addition, based on examination of type specimens the
North American Parectopa albicostella Braun, 1925 is shown to be a junior synonym
(syn. n.) of M. occulta. Finally an assessment of morphological characters are presented
that distinguish Micrurapteryx from Parectopa.

Material and methods
Sampling
Leaf mines of Micrurapteryx caraganella were collected on Caragana arborescens at eight
administrative regions in Siberia: in Novosibirsk oblast (Novosibirsk: Central Siberian
botanical garden SB RAS, June-July 2011–2013, July 2015), Krasnoyarsk krai (Krasnoyarsk: Akademgorodok, the left bank of the river Yenisei, June-August 2013–2014,
July 2015), Omsk oblast (Omsk: Victory park, city plantations, June 2013, July 2015),
Tyumen oblast (Tyumen: Zatyumenskiy park; Tobolsk: Ermak garden, July 2015),
Altai krai (Barnaul: Izymrudniy park, July 2015), Irkutsk oblast (Irkutsk: dendropark
of the ethnographic museum “Talcy”, August 2015), Republic of Buryatia (Ulan-Ude:
Smolina street, August 2015) and Transbaikal krai (Chita: Victory Park, August 2015).
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Thus, in all cases sampling was done in urban ecosystems, on planted bushes of Caragana spp., on C. arborescens in all localities, additionally on C. frutex (L.) K. Koch and
Medicago sativa L. in Omsk and C. boisii C. K. Schneid. in Novosibirsk. In all localities, except two, both the damaged leaves (carrying mines) and live insects (larvae in
mines or pupae in cocoons on leaves) were collected; in Ulan-Ude and Chita, only
empty mines were found which were preserved as herbarium vouchers. For comparative purposes, in early July 2015 we also collected mines with live larvae of M. gradatella on Vicia amoena in suburb of Krasnoyarsk (Yenisei river bank, near Karaulnaya
biostation) and Parectopa ononidis (Zeller, 1839) on Trifolium pratense L. in suburb of
Krasnoyarsk (Yenisei river bank, Skala Berkut).
Mined leaflets as well as larvae feeding in mines and pupating on leaves were photographed in nature and in the laboratory with a digital camera Sony Nex3 (in laboratory, the photographs were taken through a Zeiss STEMI DV4 binocular microscope).
Adults of M. caraganella examined in this study were obtained by rearing larvae
and pupae collected on C. arborescens in July-August 2013–2015 and on C. frutex in
July 2015. Six larvae and seven pupae were preserved in 96% ethanol, including a
specimen on Caragana boisii, for genetic and morphological analyses. In addition, 70
larvae were left to complete their development in glass jars (200 ml) lined with filter
paper on the bottom, in laboratory conditions (22 °C, 55% RH, LD 18:6 h photoperiod). As leaflets of the host plant dry quickly, mined leaflets were collected with a
short section of twig; the latter was tightly wrapped in paper tissue and moisturized
every second day, following guidelines of Ohshima (2005). Twelve pupated larvae,
collected in nature as well as those that pupated in the laboratory, were transferred to
Petri dishes (90 mm in diameter) on filter paper and kept until the adults emerged. In
the Petri dishes, the humidity was regulated by adding few drops of water to a small
cotton ball attached inside the lid. In total 32 larvae out of 70 larvae pupated and 30
adults emerged. Larvae of M. gradatella (5 specimens) and P. ononidis (4), collected
near Krasnoyarsk, were grown in the same conditions as above and 2 adults of each
species emerged.
Samples of Micrurapteryx salicifoliella, M. occulta, Parectopa lespedezaefoliella Clemens, 1860 and P. robiniella Clemens, 1863 from North America, as well as M. gradatella and M. kollariella from Europe were also examined. All specimens used in this
study for both genetic and morphological analyses are listed in Tables 1 and Suppl.
material 1: Table S2.

DNA sequence analysis
Sequence data for the barcode fragment (Hebert et al. 2003) were collected to estimate the barcode gap between M. caraganella and the related species. In addition, we
sequenced two nuclear genes: histone H3 and 28S rDNA (28S) for M. caraganella
and M. gradatella as an independent source of data to confirm the large divergence
observed in the barcode fragment between these two species.
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The primers used in both amplification and sequencing were LCO (5’ GGT CAA
CAA ATC ATA AAG ATA TTG G 3’) and HCO (5’ TAA ACT TCA GGG TGA
CCA AAA AAT CA 3’) for the COI gene (Folmer et al. 1994); H3 F (5’ ATG GCT
CGT ACC AAG CAG ACG GC) and H3 R (5’ ATA TCC TTG GGC ATG ATG
GTG AC) for the H3 gene (Colgan et al. 1998); and D1F (5’ ACC CGC TGA ATT
TAA GCA TAT) and D3R (5’ TAG TTC ACC ATCTTT CGG GTC) for the 28S
gene (Lopez-Vaamonde et al. 2001).
DNA from 22 specimens of M. caraganella, seven specimens of M. gradatella and
one Parectopa ononidis was extracted, PCR amplified and sequenced at INRA (Orléans, France). DNA was extracted using NucleoSpin® tissue XS kit, Macherey-Nagel,
Germany, according to the manufacturer’s protocol. The COI barcoding fragment,
658 bp, was amplified via PCR at the standard conditions for the reaction. PCR products were purified using the NucleoSpin® Gel and PCR Clean-up kit Macherey-Nagel,
Germany and sequenced by the Sanger method with Abi Prism® Big Dye®Terminator
3.1cycle sequencing kit (25 cycles of 10 s at 96 °C, 5 s at 50 °C, 4 min at 60 °C).
Sequencing was carried out using a 3500 ABI genetic analyzer. All sequences were
aligned using CodonCode Aligner 3.7.1. (CodonCode Corporation).
DNA for the remaining samples was extracted and barcoded at the Canadian
Centre for DNA Barcoding (CCDB, Biodiversity Institute of Ontario, University of
Guelph) using the standard high-throughput protocol described in deWaard et al.
(2008). In addition, 109 samples of North American species Micrurapteryx salicifoliella, M. occulta, and Parectopa robiniella, earlier barcoded by other colleagues, were also
included in the analysis (Table 1).
The resultant sequences, along with the voucher data, images, and trace files, are
deposited in the Barcode of Life Data Systems (BOLD) (Ratnasingham and Hebert
2007; www.barcodinglife.org) and the sequences were deposited in GenBank. All data
are available through the following dataset (http://dx.doi.org/10.5883/DS-MICRURA)
Intra- and interspecific genetic distances were estimated using the Kimura 2-parameter model implemented within the analytical tools available in BOLD. We also used
BOLD to obtain Barcode Index Numbers (BINs) (Ratnasingham and Hebert 2013).
A neighbor-joining (NJ) tree was constructed using MEGA 5.05 (Tamura et al. 2011).

Morphology
The external morphology of M. caraganella and the related species of Micrurapteryx
and Parectopa was studied (Table 1, Suppl. material 1: Table S2). A total of 87 genitalia slides were examined (Table 1, Suppl. material 1: Table S2). Genitalia dissections
and slide mounts prepared by PT (TRB slide numbers) and NK (NK slide numbers)
followed Robinson (1976); those prepared by JFL (MIC, JFL, and USNM slide numbers) followed Landry (2007).
Genitalia imaged by PT were photographed with a Leica DFC 450 digital camera
through Leitz Diaplan GMBH microscope. Those imaged by JFL were photographed
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with a Nikon DS-Fi1 digital camera mounted on a Nikon Eclipse 800 microscope at
magnifications of 40× or 100× and Nikon’s NIS 2.3 Elements was used to assemble multiple images from successive focal planes into single deep-focus images. All photos and
illustrations were processed, adjusted, and assembled into plates with Adobe Photoshop.
Terminology of the genitalia follows Klots (1970) and Kristensen (2003); body larval
chaetotaxy Kumata (1988), and that of the head Davis and Wagner (2005). Scanning
electron microscope (ESEM) digital images of pupae were taken with a Hitachi TM1000.
Pinned specimens were photographed with a Canon EOS 60D with a MP-E 65
mm macro lens. They were placed on the tip of a thin plastazote wedge mounted on
an insect pin, with the head facing toward the pin and the fringed parts of the wings
facing outward. This ensured that there was nothing between the fringes and the background. Lighting was provided by a ring of 144 LEDs covered with a white diffuser
dome (Fisher 2012 and references therein). The camera was attached to a re-purposed
stereoscope fine-focusing rail. Sets of 30–65 images in thin focal planes were taken
for each specimen and assembled into deep-focused images using Zerene Stacker, and
edited in Adobe Photoshop.

Specimen depositories
Academy of Natural Sciences of Philadelphia, Philadelphia, Pennsylvania, U.S.A.
Biodiversity Institute of Ontario, University of Guelph, Guelph, Ontario,
Canada
CNC
Canadian National Collection of Insects, Arachnids, and Nematodes, Agriculture and Agri-Food Canada, Ottawa, Ontario, Canada
SIF
Sukachev Institute of Forest, Siberian Branch of the Russian Academy of
Sciences, Krasnoyarsk, Russia
MSNV Museo Civico di Storia Naturale, Verona, Italy
USNM National Museum of Natural History, Smithsonian Institution, Washington, D.C., U.S.A.
WSDA Washington State Department of Agriculture, Olympia, Washington, U.S.A.
ANSP
BIO

Results
Molecular Analysis
DNA barcodes
In total, 157 DNA barcodes of specimens of the genera Micrurapteryx and Parectopa were
analysed in this study: 22 – M. caraganella, 11 – M. gradatella, 73 – M. occulta, 6 – M.
kollariella, 27 – M. salicifoliella, 9 – Parectopa ononidis, 9 – P. robiniella (Table 1, Fig. 1).
Barcoding of the two samples (M. caraganella, sample ID – NK439 and M. gradatella,
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BIOUG05528-B12 | Canada | Ontario
AC006119 | Canada | Quebec
BIOUG05658-H06 | Canada | Ontario
BIOUG05658-H07 | Canada | Ontario
BIOUG05658-H08 | Canada | Ontario
BIOUG05675-G12 | Canada | Ontario
BIOUG08285-A11 | Canada | Saskatchewan
BIOUG09363-F01 | Canada | Ontario
BIOUG09474-A06 | Canada | Newfoundland
BIOUG10643-A09 | Canada | Ontario
BIOUG16013-G08 | Canada | London
BIOUG16087-B07 | Canada | Ontario
BIOUG20492-F11 | Canada | Ontario
BIOUG20492-G06 | Canada | Ontario
BIOUG21903-F08 | Canada | Ontario
CNCLEP00035785 | Canada | Ontario
CNCLEP00035771 | Canada | Ontario
CNCLEP00038523 | Canada | Ontario
BIOUG21939-G09 | Canada | Ontario
jflandry1801 | Canada | Quebec
BIOUG03017-H02 | Canada | Manitoba
BIOUG16843-E11 | Canada | Yukon
BIOUG16843-E04 | Canada | Yukon
BIOUG16843-E02 | Canada | Yukon
BIOUG16843-E05 | Canada | Yukon
BIOUG16843-E08 | Canada | Yukon
BIOUG16944-A01 | Canada | Yukon
BIOUG16989-D12 | Canada | Yukon
AC006629 | Canada | Quebec
jflandry1804 | Canada | Quebec
jflandry1800 | Canada | Quebec
BIOUG16148-A09 | Canada | Ontario
BIOUG16138-A01 | Canada | New Brunswick
BIOUG08285-E05 | Canada | Saskatchewan
BIOUG03957-A01 | Canada | Manitoba
BIOUG03754-B12 | Canada | Manitoba
AC006130 | Canada | Quebec
BIOUG17786-F06 | Canada | British Columbia
BIOUG07512-G07 | Canada | British Columbia
CNCLEP00008459 | US | Nevada
BIOUG16790-A06 | Canada | Yukon
BIOUG06714-A06 | US | California
BIOUG07133-F02 | Canada | British Columbia
CNCLEP00108894 | Canada | British Columbia
CNCLEP00121159 | Canada | British Columbia | Lupinus sp.
CNCLEP00121158 | Canada | British Columbia | Lupinus sp.
ED L YAKIMALUPINEA1Jun2011 | US
USNMENT00657165 | US | California | Lathyrus sp.
USNMENT00657163 | US | California | Lathyrus sp.
USNMENT00657162 | US | California | Lathyrus sp.
CNCLEP00082615 | US | Washington
CNCLEP00082616 | US | Washington
CNCLEP00082676 | US | Washington
CNCLEP00082614 | US | Washington
BIOUG18949-E06 | Canada | British Columbia
BIOUG18164-F07 | Canada | British Columbia
BIOUG17972-E10 | Canada | British Columbia
BIOUG17786-F09 | Canada | British Columbia
BIOUG17786-F07 | Canada | British Columbia
BIOUG17786-F05 | Canada | British Columbia
BIOUG17245-D09 | Canada | Yukon
BIOUG08486-H06 | Canada | Alberta
BIOUG07668-H10 | Canada | British Columbia
BIOUG07391-H10 | Canada | British Columbia
BIOUG07213-F11 | Canada | British Columbia
BIOUG07213-E07 | Canada | British Columbia
BIOUG07133-D08 | Canada | British Columbia
BIOUG07133-D05 | Canada | British Columbia
BIOUG07047-G04 | Canada | British Columbia
BIOUG06814-D03 | Canada | Alberta
BIOUG03484-B11 | Canada | Alberta
BIOUG02884-D02 | Canada | Alberta
CNCLEP00076976 | US | Washington
MM08526 | Finland | Turku | Lathyrus linifolius
NK435 | Finland | Turku | Lathyrus linifolius
NK437 | Finland | Turku | Lathyrus linifolius
NK438 | Finland | Turku | Lathyrus linifolius
MM15541 | Finland | Turku
MM18085 | Finland | Turku | Lathyrus linifolius
NK436 | Finland | Turku | Lathyrus linifolius
NK459 | RU | Krasnoyarsk | Vicia amoena
NK462 | RU | Krasnoyarsk | Vicia amoena
NK471 | RU | Krasnoyarsk | Vicia amoena
NK477 | RU | Barnaul | Caragana arborescens
NK478 | RU | Irkutsk | Caragana arborescens
NK418 | RU | Krasnoyarsk | Caragana arborescens
NK416 | RU | Krasnoyarsk | Caragana arborescens
NK414 | RU | Krasnoyarsk | Caragana arborescens
NK417 | RU | Krasnoyarsk | Caragana arborescens
NK415 | RU | Krasnoyarsk | Caragana arborescens
NK473 | RU | Omsk | Caragana arborescens
NK476 | RU | Tobolsk | Caragana arborescens
NK470 | RU | Omsk | Caragana frutex
NK434 | RU | Novosibirsk | Caragana arborescens
NK429 | RU | Novosibirsk | Caragana arborescens
NK58 | RU | Novosibirsk | Caragana boisii
NK189 | RU | Krasnoyarsk | Caragana arborescens
NK433 | RU | Novosibirsk | Caragana arborescens
NK431 | RU | Krasnoyarsk | Caragana arborescens
NK430 | RU | Krasnoyarsk | Caragana arborescens
NK432 | RU | Krasnoyarsk | Caragana arborescens
NK472 | RU | Omsk | Medicago sativa
NK474 | RU | Omsk | Caragana arborescens
NK475 | RU | Tyumen | Caragana arborescens
BIOUG04663-C03 | Canada | Alberta
10PROBE-19681 | Canada | Manitoba
10PROBE-25766 | Canada | Manitoba
BIOUG04663-C02 | Canada | Alberta
10BBCLP-2122 | Canada | Saskatchewan
10BBCLP-2130 | Canada | Saskatchewan
10BBCLP-2132 | Canada | Saskatchewan
10BBCLP-2133 | Canada | Saskatchewan
10PROBE-19679 | Canada | Manitoba
10BBCLP-2131 | Canada | Saskatchewan
10BBCLP-2129 | Canada | Saskatchewan
10BBCLP-2126 | Canada | Saskatchewan
BIOUG04663-D07 | Canada | Alberta
BIOUG05528-B11 | Canada | Ontario
BIOUG04722-F07 | Canada | Alberta
BIOUG06046-B12 | Canada | Alberta
BIOUG03504-A05 | Canada | Alberta
CNCLEP00026530 | Canada | Yukon
AC005056 | Canada | Quebec
10PROBE-18724 | Canada | Manitoba
10PROBE-18785 | Canada | Manitoba
10PROBE-21923 | Canada | Manitoba
10BBCLP-2121 | Canada | Saskatchewan
10BBCLP-2123 | Canada | Saskatchewan
HLC-10432 | Canada | Ontario
10BBCLP-2125 | Canada | Saskatchewan
KENWR 7198 | US | Alaska
CLV1832 | Italy | Maritime Alps
CLV2281 | France | Alpes-Cote d'Azur
TLMF Lep 03534 | Italy | Piedmont
CLV1781 | Austria | Kaernten
CLV5200 | Romania
TLMF Lep 03523 | France | Alpes-Cote d'Azur
F11onon | Hungary | Orkeny | Ononis sp.
CLV2283 | France | Centre
F12onon | Spain | Teruel | Ononis sp.
NK461 | RU | Krasnoyarsk | Trifolium pratense
CLV1797 | Austria | Kaernten
CLV2272 | France | Indre et Loire
CLV2269 | France | Indre et Loire
CLV2284 | France | Centre
CLV1785 | Austria | Kaernten
CLV2282 | Slovakia | Prievidza | Robinia sp.
CLV2542 | France | Alpes Maritimes
CNCLEP00083022 | US | Maryland | Robinia pseudoacacia
CLV1860 | Italy | Friuli-Venezia Giulia
CNCLEP00083025 | US | Maryland | Robinia pseudoacacia
CNCLEP00083024 | US | Maryland | Robinia pseudoacacia
CNCLEP00083021 | US | Maryland | Robinia pseudoacacia
FG58 | France | Orleans | Robinia pseudoacacia
CNCLEP00083023 | US | Maryland | Robinia pseudoacacia

Micrurapteryx occulta
(BOLD:AAD5802)

Micrurapteryx gradatella
(BOLD:AAG3706)

Micrurapteryx caraganella
(BOLD:ACC5842)

Micrurapteryx salicifoliella
(BOLD:AAD5801)

Micrurapteryx kollariella
(BOLD:AAK6167)
Parectopa ononidis
(BOLD:AAE3311)

0.01

Parectopa robiniella
(BOLD:AAI6037)

Figure 1. A Neighbor-Joining tree, based on COI barcode fragment, generated under the K2P nucleotide substitution model, of the studied taxa. Each specimen is identified by its Sample ID code (see Table
1). Branch lengths represent the number of substitutions per site. BIN numbers from BOLD system are
given in parentheses for all clusters. There are 56 mutations and 9.2% interspecific distance between Micrurapteryx caraganella and M. gradatella.
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sample ID – NK440) was not successful but their sequences with the genes 28S and
histone H3 were obtained. There was a perfect correspondence between Barcode Index
Numbers (BINs) membership and the known species (Fig. 1). The sequences of M. caraganella formed a distinct cluster (Fig. 1). We found 56 diagnostic substitutions in the
barcode fragment between M. caraganella and M. gradatella (Suppl. material 1: Table
S3). There is a clear barcode gap in the genus Micrurapteryx with a mean intraspecific divergence of 0.24% versus a nearest-neighbour (NN) distance averaging 5.84%. The lowest interspecific distance (2.0%) was observed between M. gradatella and specimens from
North American M. occulta reared from Lupinus (Table 2). With DNA-barcoding, we
identified Parectopa ononidis on Trifolium pratense in Siberia (Krasnoyarsk, Yenisei, Skala
Berkut, 5.VII.2015, sample ID NK463) (Fig. 1), which is a new insect record for Siberia.
Within studied species, M. gradatella showed low intraspecific variability (0.02%)
with ten specimens originating from one locality in Finland and one locality in Siberia
(Table 2). All specimens from Finland, collected on Lathyrus linifolius shared the same
haplotype. One mutation was observed in a Siberian specimen of M. gradatella (sample
ID – NK459) sampled from a second host, i.e. Vicia amoena.
Intraspecific variability of M. caraganella reached 0.62% with 21 specimens collected from seven geographic locations throughout Siberia (Table 2). With DNA barcoding, M. caraganella was identified on the arborescent Caragana (C. arborescens, C.
frutex, C. boisii) and on the herbaceous Medicago sativa (Fig. 1).
North American specimens of M. occulta formed a single large cluster belonging
to one BIN (BOLD:AAD5802) which was nested close to M. gradatella within Micrurapteryx. Intraspecific variability at 1.66% was higher than for other species studied
here but the geographic sampling was correspondingly much greater, covering 38 localities spanning the continent from East to West.

Nuclear genes
We obtained sequences of the nuclear gene histone H3 and 28S rRNA D1-D3 for 23
specimens (17 specimens of M. caraganella and 6 specimens of M. gradatella, Table 1).
Both H3 and 28S unequivocally delimit two distinct species with 3 and 2 diagnostic
nucleotide substitutions respectively (Fig. 2; Suppl. material 1: Table S4). Sequencing
these two genes confirm the presence of M. caraganella on both Caragana and Medicago in Siberia. No evidence of mitochondrial introgression between M. caraganella
and M. gradatella was recorded.

Morphology, biology, and distribution
Here the detailed morphological descriptions for three species are provided: M. gradatella (which has been confused with M. caraganella in the literature), M. caraganella
and the closely related North American M. occulta.

Micrurapteryx from the Holarctic Region
Histone H3

0.001

NK435 | Fin: Turku | Lathyrus linifolius
NK436 | Fin: Turku | L. linifolius
NK437 | Fin: Turku | L. linifolius
NK438 | Fin: Turku | L. linifolius
NK440 | Fin: Turku | L. linifolius
NK459 | RU: Krasnoyarsk | Vicia amoena
NK58 | RU: Novosibirsk | Caragana boisii
NK189 | RU: Krasnoyarsk | C. arborescens
NK414 | RU: Krasnoyarsk | C. arborescens
NK415 | RU: Krasnoyarsk | C. arborescens
NK416 | RU: Krasnoyarsk | C. arborescens
NK417 | RU: Krasnoyarsk | C. arborescens
NK418 | RU: Krasnoyarsk | C. arborescens
NK429 | RU: Novosibirsk | C. arborescens
NK430 | RU: Krasnoyarsk | C. arborescens
NK431 | RU: Krasnoyarsk | C. arborescens
NK432 | RU: Krasnoyarsk | C. arborescens
NK433 | RU: Novosibirsk | C. arborescens
NK434 | RU: Novosibirsk | C. arborescens
NK439 | RU: Novosibirsk | C. arborescens
NK470 | RU: Omsk | C. frutex
NK473 | RU: Omsk | C. arborescens
NK472 | RU: Omsk | Medicago sativa

28S

0.0002

NK435 | Fin: Turku | Lathyrus linifolius
NK436 | Fin: Turku | L. linifolius
NK437 | Fin: Turku | L. linifolius
NK438 | Fin: Turku | L. linifolius
NK440 | Fin: Turku | L. linifolius
NK459 | RU: Krasnoyarsk | Vicia amoena
NK189 | RU: Krasnoyarsk | Caragana arborescens
NK58 | RU: Novosibirsk | C. boisii
NK414 | RU: Krasnoyarsk | C. arborescens
NK415 | RU: Krasnoyarsk | C. arborescens
NK416 | RU: Krasnoyarsk | C. arborescens
NK417 | RU: Krasnoyarsk | C. arborescens
NK418 | RU: Krasnoyarsk | C. arborescens
NK429 | RU: Novosibirsk | C. arborescens
NK430 | RU: Krasnoyarsk | C. arborescens
NK431 | RU: Krasnoyarsk | C. arborescens
NK432 | RU: Krasnoyarsk | C. arborescens
NK433 | RU: Novosibirsk | C. arborescens
NK434 | RU: Novosibirsk | C. arborescens
NK439 | RU: Novosibirsk | C. arborescens
NK473 | RU: Omsk | C. arborescens
NK472 | RU: Omsk | Medicago sativa
NK470 | RU: Omsk | C. frutex
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Figure 2. The Neighbor-joining trees, based on fragment of nuclear genes histone H3 and 28S, generated under the K2P nucleotide substitution model, of the studied taxa. Branch lengths represent genetic
K2P divergences between the taxa according to the scale. Host plants are indicated for those specimens,
which were bred from mines. Genetic divergence between M. caraganella and M. gradatella is due to three
mutations in the histoneH3 gene (0.92% interspecific distance) and two mutations in the 28S gene (0.20
% interspecific distance).

Micrurapteryx gradatella (Herrich-Schäffer, 1855)
Figs 3, 13, 18, 24, 25, 40, 41, 59–64
Citations. [No genus Gradatella Herrich-Schäffer, [1854]: plate 21: fig. 992 [unavailable]]
[Euspilapteryx Gradatella Herrich-Schäffer, [1855]: 293. Type locality: near Regensburg, Germany]
[Gracilaria gradatella; Staudinger and Rebel 1901: 208]
[Parectopa gradatella; Meyrick 1912: 21; Benander 1944: 122; Hering 1957: 600, 1110]
[Micrurapteryx gradatella; Spuler 1910: 409; Bengtsson and Johansson 2011: 103]
Original description. Alis anter. Margine interiore albo, triinciso. Etwas kleiner
als vorige [kollariella], mit schmaleren Vorderflügeln, deren Vorderrandsstriche desshalb
schräger stehen, aber feiner und länger sind, der erste geschlängelt, dem zweiten genähert,
deren weisser Innenrund einwärts drei Zachen bildet, zwischen welchen die weisse Farbe
tief schwarz ausgefüllt ist. Ich fand 3 Exemplare an verschiedenen Stellen bei Regensburg,
im Mai.
[English translation] “Somewhat smaller than previous, with narrower forewings,
and front-marginal-dashes therefore more angled but finer and longer, the first sinuate [translates as ‘tortuous’], adjacent to the second, in which three inward teeth are
formed by the white inner border, with deep black filling between the white colouration. I found 3 specimens in various places near Regensburg in May.”
Material examined. Adult (9): 1♀, Norway, HEs, Elverum, Hernes, 1a,
28.VI.1981, Lathyrus montanus, O. Karsholt, slide TRB4060; 2♀, Norway,
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Figures 3–5. Adults of Micrurapteryx spp. 3 M. gradatella, specimen CNCLEP00122240 ♀ (Norway,
Elverum) 4 M. caraganella, specimen CNCLEP00122241 ♀ (Russia, Krasnoyarsk) 5 M. caraganella,
specimen CNCLEP00122242 ♀ (Russia, Krasnoyarsk). Scale bars: 2 mm.
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Figures 6–8. Adults of Micrurapteryx. 6 M. occulta, specimen CNCLEP00038523 ♂ (Canada, Ontario,
Dunrobi) 7 M. occulta (“Parectopa occulta” holotype), specimen CNCLEP00123636 ♀ (USA, Kentucky,
Powell County) 8 M. albicostella (“Parectopa albicostella” holotype), specimen CNCLEP00123635 ♂
(USA, Utah, Cache County, Spring Hollow). Scale bars: 2 mm.
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HEs, 20.VI.1961, Norway, L. montanus, K. Larsen, slide MIC6942; 1♂, Predota, Mezösig [Mezöseg, Cluj County, Romania], 24.6, slide TRB755; 2♂, FIN V
[Finland], Turku, 670:23, e.l. 6.2000, T. Mutanen leg., Lathyrus linifolius, slide
TRB4091, TRB4095; 1♂, FIN V [Finland], Turku, 670:23, e.l. 6.1998, L. linifolius, slide TRB4081; 2 ♂, Russia, Siberia, Krasnoyarsk (Yenisei river bank, near),
Vicia amoena, 3.VII.2015, reared from mines, N. Kirichenko, slides NK-82-15-1,
NK-82-15-2.
Pupa (7): Finland V: Turku, 6611:3230 mine, 12.6.2008 on L. linifolius, J. Itämies
leg.; Finland V: Turku, 6714:234 mine, 19.06.2000 on L. linifolius, J. Itämies leg.; Finland, Ab Turku, collected June 2005 on L. linifolius, Markus J. Rantala leg. Larva (1):
Finland, Ab Turku, collected June 2005 on L. linifolius, Markus J. Rantala leg.
Diagnosis. Superficially, this species can be confused with M. kollariella (Figs 17,
20, 30-31, 47), widespread in Europe east to Kazakhstan. However, the latter can
be distinguished by its forewing pattern with wider costal strigulae and white dorsal
margin not denticulate. In male M. kollariella, the coremata are very long; the valvar
apex is more protruded than in M. gradatella; the saccular apex has a strong, incurved
bifurcate tooth; and the phallus is anteriorly widened and deeply invaginated and with
fine lateral serrations (Figs 30, 31); in female M. kollariella, S6 is weakly sclerotized
and less developed, the antrum is widest near the ostium, and the signa are a pair of
finely denticulate plates (Fig. 47); in M. gradatella the antrum is elongate, cylindrical
and widest more anteriorly. For differences with M. caraganella, see under that species.
Description of adult (Fig. 3). Wingspan 9.5–11.5 mm.
Head. Frons and vertex white, sometimes with intermixture of brown scales on
vertex, around eyes and at base of antenna. Labial palpus white, rather long and slender,
upturned, spotted with dark brown in medial and apical segment; maxillary palpus
about half of apical segment of labial palpus, outer side fuscous. Antenna fuscous, scape
and pedicel white ventrally, remaining articles ringed with paler colour; pecten absent.
Thorax. Dorsum and venter white, tegulae dark brown. Legs white, tibiae and tarsi
annulated with dark brown; fore coxa and femur grey outwardly. Forewing dark brown
in ground colour with white markings; costal margin with 5 white strigulae; first three
almost parallel, oblique and bent outwards; first costal strigula with basal half parallel
to costa, then oblique and fragmented; second often obsolescent; fourth and fifth semicircular, often both touching opposite margin; dorsal margin white in basal two-thirds,
with two or three white projections, the more distal one almost touching the first costal
strigula; apical spot black, not quite touching 5th strigula; cilia white around apex to
tornus, with dark brown tips forming a line which projects a little at apex; hindwing
grey ochreous, cilia pale grey.
Abdomen. Brown dorsally and white latero-ventrally. Segment 7 in the male with
pair of coremata of thin scales about half width of sternum (Fig. 13). In the female
sternum 6 more strongly sclerotized with a slight convexity on the proximal margin
(Fig. 18).
Male genitalia (Figs 24, 25). Tegumen short, subtriangular, with no setae; tuba
analis membraneous, braced by pair of sclerotized lateral bars, produced beyond tegu-
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Figures 9–10. Adults of Micrurapteryx. 9 M. occulta, specimen CNCLEP00117698 ♀, ex Caragana
(Canada, British Columbia, Lumby) 10 M. occulta, specimen CNCLEP00121159 ♂ ex Lupinus (Canada, British Columbia, Mt Kobau). Scale bars: 2 mm.

men, a small microspinose area ventroapically. Valva longitudinally cleft, costal margin slightly concave, cucullus lobe rounded; sacculus markedly developed, rectangular,
lower margin with large, sharp, downward-oriented tooth, distal half lined with row
of denticles. Phallus tubular, nearly as long as valva, straight, base bifurcate, dorsomedially with small spine, median ridge more or less serrated; vesica with two cornuti,
first elongate, spear-like, one-third length of phallus, and second smaller, spiniform.
Female genitalia (Figs 40, 41). Anal papillae rather short, posterior apophyses
shorter than anterior ones. Segment 8 short, about same length as anal papillae, weakly
sclerotized. Sternum 7 markedly sclerotized, elongate-subtriangular. Ostium bursae
rather narrow, rounded, at apex of S7. Antrum sclerotized, subcylindrical with anterior
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Figures 11–12. Adults of Micrurapteryx and Parectopa spp. 11 M. salicifoliella, specimen CNCLEP00117661 ♀ ex Salix (Canada, Ontario, Jellicoe) 12 P. robiniella, specimen CNCLEP00083021 ♂
ex Robinia (USA, Maryland, Scientists Cliffs). Scale bars: 2 mm.

portion swollen; distal two-thirds of ductus bursae irregularly sclerotized with dense
papillate microsculpture and one half-twist, proximal third membranous, inception of
ductus seminalis ventrally on twisted portion. Bursa copulatrix slender, with pair of
opposite signa each as cluster of 2–3 spines. Ductus spermathecae with efferent canal
forming 3 or 4 coils before vesicle (not shown). Segment 6 shorter than or equal to
preceding ones, sternum strongly sclerotized, transversely trapezoid, anterior margin
with slight medial convexity.
Pupa. Maximum length 5.5 mm; width 1.3 mm; vertex just shorter than frons.
Frontal process (cocoon cutter) a transverse ridge strongly and irregularly dentate;
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frontal setae not visible, clypeal setae paired, very reduced and nearly contiguous. Antenna extended to abdominal segments A9; forewing to A5 or A6; hind leg to A10 or
slightly longer than abdomen. Setae D1, L1 and SD1 present on abdominal segment
A1-A7. Patočka and Turčáni (2005) report seta D1 on segment 7 but this was not
found in the specimens examined. Cremaster consisting of a ring of five pairs of small
spines, dorsal pair slightly enlarged and more closely set, two ventral pairs very small.
Larva. Very similar to M. kollariella and M. caraganella. Last larval instars of this
species were studied in detail by Grandi (1933) and no structural differences were discovered. For description, see M. caraganella below.
Biology. Lathyrus linifolius (Reichard) Bässler [Syn. Lathyrus montanus Bernh., L.
linifolius subsp. montanus (Bernhardi) Bässler, Orobus tuberosus L.], L. tuberosus L. and
Vicia sepium L. (Hering 1957, Noreika 1997, De Prins and De Prins 2015, Bengtsson
and Johansson 2011, Ellis 2015), L. linifolius in Finland (present study), V. amoena in
Siberia (Figs 1, 59–61). Found in meadows and along forest edges. Flight period from
mid-June to mid-July (Bengtsson and Johansson 2011). Larvae mine on the upper leaf
surface, forming a blotch, initially whitish green then turning brown (Figs 59–62).
Most frass is ejected from the mine (Hering 1957). Pupation takes place outside the
mine (Figs 63–64).
Distribution. Micrurapteryx gradatella is known from Finland, Norway, Sweden, Germany, Poland, Romania, Spain (Karsholt and Nieukerken 2015), Ukraine
(Noreika 1997), Tajikistan (Puplesis et al. 1996), the central part of European Russia,
the Urals, Siberia, and the Russian Far East (Amur oblast exclusively) (Sinev 2008).
Reports from Tajikistan and the Urals need to be verified and, probably, those of the
Russian Far East refer to M. caraganella.
Micrurapteryx caraganella (Hering, 1957), comb. n.
Figs 4, 5, 14, 19, 26, 27, 42, 43, 49–58, 65–76, Suppl. material 4: S35, S36
Citations. [Parectopa sp.; Hering 1957: 230]
[Parectopa caraganella Hering 1957: 1122. Type locality: Central Siberia]
[Parectopa caraginella; Dovnar-Zapol’skiy 1969: 36, subsequent incorrect spelling;
Tomilova 1973: 8]
[Gracilaria caraganella; Dovnar-Zapol’skiy, Tomilova 1978: 34]
[Micrurapteryx gradatella; Kuznetzov 1981: 177, figs 173, 3–4; Kuznetzov and Tristan
1985: 189, figs 15–17; Noreika 1997: 380, figs 257–258; Kuznetzov and Baryshnikova 1998: 5–6; Kuznetzov 1999: 21, figs 3–4; misidentifications]
Material examined. Adult (18): 1 ♂ Caragana arborescens, Krasnoyarsk,
Akademgorodok, Yenisei bank 12.07.2013, N. Kirichenko, Kr-19-13-1, slide
TRB3995♂; 1♀, 1 ex abdomen missing, Caragana arborescens, Krasnoyarsk,
Akademgorodok, Yenisei bank 12.07.2013, N. Kirichenko, Kr-19-13-/2/4,
TRB3986♀; 4 ♀, 1 ex abdomen missing, C. arborescens, Krasnoyarsk, Akademgorodok, Yenisei river bank, 18.08.2014, N. Kirichenko, slide TRB4061; 2 ♂, C. ar-
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Figures 13–23. Male and female abdomens of Micrurapteryx and Parectopa spp. For males, segments
6–8 is shown; for females, sternum 6 is shown; posterior end oriented upward. 13 M. gradatella ♂ (slide
TRB4095) (Finland, Turku) 14 M. caraganella ♂ (slide MIC6940, specimen CNCLEP00122241) (Russia, Krasnoyarsk) 15 M. occulta ♂ (slide MIC6947, specimen CNCLEP00076976) (USA, Washington) 16 M. salicifoliella ♂ (slide MIC6952, specimen CNCLEP00123690) (Canada, Ontario, Manitoulin Island) 17 M. kollariella ♂ (slide MIC6959, specimen CNCLEP00123697) (Germany, Berlin)
18 M. gradatella ♀ (slide MIC6942, specimen CNCLEP00122240) (Norway, Norvegica) 19 M. caraganella ♀ (slide MIC6997, specimen CNCLEP00132306) (Russia, Omsk) 20 M. kollariella ♀ (slide
MIC6960, specimen CNCLEP00123698) (Germany, Berlin) 21 M. occulta ♀ holotype (slide JFL1748,
specimen CNCLEP00123636) (USA, Kentucky) 22 M. salicifoliella ♀ (slide MIC6902, specimen CNCLEP00026530) (Canada, Yukon) 23 P. robiniella ♀ (slide MIC6972, specimen CNCLEP00132251)
(Canada, Nova Scotia, Smiths Cove). Scale bars: 500 µm.

borescens, Krasnoyarsk, Akademgorodok, Yenisei river bank, 18.08.2014, N. Kirichenko, slides MIC6940, MIC6941 (CNC); 1♂, 2♀, C. arborescens, Novosibirsk:
SCBG SB RAS, 02.07.2013, N. Kirichenko, Nov-19-13-1/2/3, slide TRB3994♂,
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Figures 24–31. Male genitalia and phallus of Micrurapteryx.24–25 M. gradatella (slide TRB4095)
(Finland, Turku) 26–27 M. caraganella (slide TRB3995) (Russia, Krasnoyarsk) 28–29 M. salicifoliella
(slide MIC6840, specimen AC005056) (Canada, Quebec) 30–31 M. kollariella (slide MIC6959, specimen CNCLEP00123697) (Germany, Berlin). Scale bars: 200 µm (24, 26), 250 µm (25, 27), 500 µm
(28–31).

TRB4052♀; 2♀, C. arborescens, Krasnoyarsk, Akademgorodok, Yenisei bank,
15.07.2014, E. Akulov; 2 ♂, Russia, Siberia, Omsk (Victory park), C. abrorescens,
23.VII.2015, reared from mines, N. Kirichenko, slides NK-186-15-1, NK-186-152; 2 ♂, Russia, Siberia, Omsk (Victory park), Caragana frutex, 23.VII.2015, reared
from mines, N. Kirichenko, slides NK-184-15-1, NK-184-15-2; 1 ♀, Russia, Siberia, Omsk (Victory park), C. frutex, 23.VII.2015, reared from mines, N. Kirichenko,
slide NK-184-15.
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Pupa (6): C. arborescens, Micrurapteryx sp., Russia, Krasnoyarsk, Akademgorodok, Yenisei river bank, 11.07.2013, N. Kirichenko, Kr-26-13. Larva (12): 5 larvae of the tissue-feeding instars, labelled as above, 12.07.2013, N. Kirichenko, Kr19-13, 1 larva, Caragana boisii, Russia, Novosibirsk: SCBG SB RAS, 06.06.2012,
N. Kirichenko, 22-12; 1 larva, C. arborescens, Russia, Novosibirsk: SCBG SB RAS,
03.08.2011, N. Kirichenko, Kr-30-11; 1 larva, C. arborescens, Russia, Omsk: Victory
park, 23.VII.2015, N. Kirichenko, NK-186-15; 1 larva, C. frutex, Russia, Omsk: Victory park, 23.VII.2015, N. Kirichenko, NK-184-15; 1 larva, C. arborescens, Russia,
Tyumen: Zatyumenskiy park, 24.VII.2015, N. Kirichenko, NK-209-15; 1 larva, C.
arborescens, Russia, Tobolsk: Ermak garden, 25.VII.2015, N. Kirichenko, NK-21215; 1 larva, C. arborescens, Russia, Barnaul: Izymrudniy park, 27.VII.2015, N. Kiri
chenko, NK-223-15.
Nomenclatural availability of Parectopa caraganella Hering, 1957. The
binomen Parectopa caraganella was first used by Hering (1957: 1122) who attributed
it to Danilevsky without further indication. In his three-volume work, Hering (1957)
distinguished the larva of a species of Parectopa from that of Phytagromyza caraganae
E. Rodendorf (now Aulagromyza caraganae (Hering, 1957), see Ellis 2015) (Diptera,
Agromyzidae), both being leaf miners on Caragana in Siberia. In his key on p 230 of
volume 1, Hering wrote “Parectopa sp.” for species #1100a with the following “Anfangsgang us. lang, epidermal. Kot im Platz teilweise ausgeworfen. Larva mit Kopfkapsel
und Beinen … 1100a. Parectopa sp. (Lept.) Unterseite Gang seicht, weisslich. Oberseite
Platz beginnt auf der Mittelrippe, kann das ganze Blättchen einnehmen, dieses und Mine
gewechselt (Europa). 7,8 Central-Siberien (Buhr)” ( = “Beginning of mine on underside,
long, epidermal. Frass partially ejected from mine. Larva with head capsule and legs
… 1100a. Parectopa sp. (Lept.) Underside tunnel/gallery shallow, whitish. Upperside
blotch begins on the midrib, can take the whole leaflet, this (e.g. the leaflet), and mine
can be changed (Europe) 7,8. Central Siberia (Buhr).”). Thus Hering “described” the
larva and its mine, albeit in an extremely minimalist way but sufficiently to distinguish
it from the next taxon. The fact that the latter is a fly is irrelevant. Hering did not use
the name caraganella on page 230. However, in volume 2 of the same publication
(published simultaneously) on p 1122, in reference to volume 1, he listed a number of
corrections. Thus page 1122 contains the following entry: “p. 230, Nr. 1100a: Parectopa caraganella Danilevsky (statt Parectopa sp.)” [“instead of Parectopa sp.”]. Again in
the index on p 1164 Hering listed “Parectopa caraganella Danilevsky Suppl. 1100a”:
the reference to entry #1100a undisputably links the taxon name to the description in
the key of p 230.
Hering’s distinction in a key constitutes, however unintentionally, a valid description and thus makes the name Parectopa caraganella nomenclaturally available with
Hering as the author. Despite being woefully inadequate, the “description” provided
in Hering’s key minimally meets the criteria expressed in Article 13.1.1 of the Code,
namely that a name published after 1930 (but before 1960) “be accompanied by a description of definition that states in words characters that are purported to differentiate
the taxon” (International Commission on Zoological Nomenclature 1999).
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Figures 32–39. Male genitalia and phallus of Micrurapteryx. 32–33 M. occulta (slide MIC6839,
specimen CNCLEP00038523) (Canada, Ontario) 34–35 M. occulta (slide USNM130246, specimen
USNMENT00657162) (USA, California) 36 M. occulta genitalia (slide MIC6945, specimen CNCLEP00038523) (Canada, Ontario) 37 M. occulta phallus (slide MIC7457, specimen BIOUG16138-A01)
(Canada, New Brunswick); note triple medial tooth 38–39 M. albicostella (“Parectopa albicostella”) holotype (slide DRD3764, specimen CNCLEP00123635) (USA, Utah). Scale bars: 500 µm.

It is worth noting that the description of the mine in association with the host
plant provides a more useful diagnosis in the present case. Because the mine constitutes
the work of an animal it could be construed as a condition for availability (Code article
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12.2.8). However, such evidence is not admissible to assess the availability of names
published after 1930.
Given its year of publication, a type specimen is not even required. Did Hering
have voucher material of that species from Siberia when he wrote his 1957 work? He
only mentioned the name “Buhr” at the end of the key couplet, who is presumably
the person who communicated the information to him. He did not indicate how he
obtained the name he attributed to Danilevsky. Even if so, the existence of voucher
specimens would not affect the attribution of the name to Hering.
In a catalogue of leaf-mining insects, Dovnar-Zapol’skiy (1969) cited “Parectopa
caraginella Dan.” (this seems to be a misspelling of caraganella) as a species feeding on
Caragana described by Danilevsky from Western Siberia without any further reference
or indication. As such, that citation has no nomenclatural value.
Kuznetzov and Tristan (1985) correctly discounted the names Parectopa caraganella Danilevsky and Parectopa caraginella Danilevsky as nomenclaturally unavailable.
Indeed, despite being cited by several authors, no original publication by Danilevsky
where either spelling of the name is mentioned seems to exist. It is intriguing that no
authors who cited or attributed the names to Danilevsky gave any indication or reference where those names were seen in the first place.
Diagnosis. The forewing pattern of M. caraganella is very similar to that of M.
gradatella and the two species are separable with certainty only by examination of the
genitalia. In male genitalia, M. caraganella differs mainly by the presence of a sharp,
prominent tooth on the middle of the ventral margin of the valva. This character allows distinguishing easily this species from all other congeners. In female genitalia, the
antrum is ampulla-shaped with lateral broadenings, whereas it is almost cylindrical in
M. gradatella. The cremaster differs in pupae of the two species: there are three pairs of
little spines in M. gradatella (Patočka and Turčáni 2005) versus five pairs in the new
M. caraganella. The larva of M. caraganella differs modestly from those of M. gradatella
and M. kollariella by the enlargements of the internal margins of the dorsal apodemes,
along the epicranial notch.
Description of adult (Figs 4, 5). Wing span 8.7–10.2 mm.
Head. Frons and vertex white, sometimes sprinkled with brownish grey. Palpi
white; labial palpus rather long and slender, upturned, with apically forked dark brown
band on median segment and sometimes apical one ringed with grey; maxillary palpus
slightly more than half length of apical segment of labial palpus, spotted with fuscous
outside. Antenna as in M. gradatella.
Thorax. Legs and thorax as in M. gradatella. Forewing dark brown in ground colour with white markings; costal margin with 5 white strigulae, the first four curving
outwards, the fifth inwards, the first long and strongly oblique, the fourth often indistinct; dorsal margin with basal ⅔ white, this fascia denticulate inwards, often linked
irregularly with costal strigulae; apical spot black with some mixture of paler scales,
surrounded by circular white line including 5th costal strigula; cilia and hindwing as in
M. gradatella.
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Figures 40–43. Female genitalia of Micrurapteryx. 40 M. gradatella (slide TRB4060) (Norway, Elverum)
41 M. gradatella (slide MIC6942, specimen CNCLEP00122240) (Norway, Norvegica) 42 M. caraganella
(slide TRB4061, specimen NK415) (Russia, Krasnoyarsk) 43 M. caraganella (slide MIC6997, specimen
CNCLEP00132306) (Russia, Omsk). Scale bars: 500 µm (40, 41, 43), 200 µm (42).
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Abdomen. Brownish grey dorsally and white ventrally, apical segment with lateral
dark grey spot in the female. Segment 7 of male similar to M. gradatella. Sternum 6 of
female as in gradatella but posterior margin more rounded.
Male genitalia (Figs 26, 27). Tegumen short, triangular at apex, with no setae; tuba
analis membraneous, without subscaphium, produced beyond tegumen, very similar
to M. gradatella. Valva longitudinally cleft, costal region with sinuous margin, cucullus
lobe rounded; sacculus with large, sharp tooth in middle of ventral margin and apex
ventrally produced into strongly sclerotized toothed process with two pointed ends.
Phallus tubular, about 0.9x length of valva, slightly bent in apical third, with small
broadenings at base, a few small teeth on medio-ventral and dorsoapical walls and 2-3
larger denticles before apex; vesica with rather large patch of microspines and a thin,
long cornutus apically pointed. Segment 7 with a pair of coremata of thin scales almost
as long as width of sternum.
Female genitalia (Figs 42, 43). Anal papillae rather short, posterior apophyses
shorter than anterior ones. Segment 8 about same length as anal papillae, weakly sclerotized. Sternum 7 markedly sclerotized, elongate-conical. Ostium bursae wide and
rounded. Antrum sclerotized, ampulla-shaped, with lateral broadenings; inception of
ductus seminalis near its anterior end; distal third of ductus bursae broadened, strongly
and irregularly sclerotized with elongate-papillate microsculpture, medial third with
thin lateral sclerotized band and proximal one completely membraneous. Bursa copulatrix slender, with pair of opposite signa each as cluster of 3–5 long spines. Ductus
spermathecae with efferent canal forming 4 or 5 wide coils before vesicle (not shown).
Segment 6 equal to preceding ones, sternum strongly sclerotized, posterior margin
convexely rounded.
Pupa (Figs 49–54). Maximum length 4.2 mm; width 0.9 mm. Head setae as in M.
gradatella. Frontal process (cocoon cutter) a transverse ridge strongly and irregularly
dentate. Antenna extended to abdominal segment A7, A8 or A10; forewing to A5, A6
or A7; hindleg from posterior margin of A7 to just beyond apex of abdomen. Setae
D1, SD1 and L1 present on abdominal segment A1-7. Cremaster consisting of ring of
five pairs of small recurved spines, two dorsal pairs slightly enlarged and more closely
set, ventral pair very small.
Larva (Figs 55–58). Tissue-feeding form examined of presumed last instar.
Head. Frons elongate, extended to epicranial notch, dorsal apodemes well developed,
margins of epicranial notch with slight enlargement, on each side of caudal half while in
M. gradatella these margins are regular; chaetotaxy with all three MD setae present, P2
very reduced; six stemmata on each side, arranged in 2 groups: first with 1 ventrad to A3,
2 between S2 and A3, 3, ventrad, near S2; second group in oblique line close to antenna.
Mandible with 4 dorsal teeth and two ventral; both lateral setae present.
Body. Cuticle densely covered with very minute hairs, except on pronotal plate
and small, symmetrical areas; chaetotaxy rather similar to that of Acrocercops-group
(Kumata 1988): L setae bisetose on all segments except A9, SV bisetose on T1 and
unisetose on T2-3, proprioceptor MD1 and MV3 present on T2-3 and A1-9; prolegs
on A3-5 and A10. Most setae are inconspicuous, particularly the D and SV groups.
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Figures 44–48. Female genitalia of Micrurapteryx. 44 M. occulta holotype (slide JFL1748, specimen
CNCLEP00123636) (USA, Kentucky) 45 M. occulta (slide MIC6957, specimen CNCLEP00007544)
(Canada, Quebec) 46 M. occulta (slide MIC6903, specimen CNCLEP00117698) (ex Caragana, Canada,
British Columbia) 47 M. kollariella (slide MIC6960, specimen CNCLEP00123698) (Germany, Berlin)
48 M. salicifoliella (slide MIC6902, specimen CNCLEP00026530) (Canada, Yukon). Scale bars: 500 µm.
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Figures 49–54. Pupa of Micrurapteryx caraganella sp. n. 49 ventral view 50 lateral view (scale 0.8 mm)
51 frontal process (cocoon cutter), lateral view 52 dorsal view of Fig. 51 53 ventral view of Fig. 51 54 cremaster spines of X abdominal segment.
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Biology (Figs 65–76). The species usually mines the leaves of Caragana arborescens (Figs 65–69) but some individuals (i.e. larvae in mines) were also found on C.
frutex (Figs 70–71), C. boisii (Fabaceae) (Figs 73, 74) and on the herbaceous Medicago sativa (Fabaceae) (Fig. 72). The mine is a roundish or slightly branched blotch
(branches are short, 2-5 mm long) above the midrib (Figs 68–69). Often a long,
narrow tunnel is visible on the lower surface of the leaf (Fig. 71). The mine quickly
develops into an upper-surface flat blotch with digitate channels, occupying half or
an entire leaflet (Figs 68, 69, 72, 73), similar to M. gradatella (Figs 59–62). Fresh
mines are white (Figs 66–72) with larvae visible when examining the mines with
backlighting (Figs 73). The larva consumes all layers of palisade parenchyma and
partly damages the layers of spongy parenchyma. Since not all spongy parenchyma is
eaten, the colour of the mine can be slightly greenish yellow. Larvae eject frass out of
the mine by protruding the rear end of their body through a slit (up to 7 mm long)
on the underside of leaves. Larvae can leave their mines (Fig. 74) and begin a new
one, either on the same or a neighboring leaflet.
Pupation (Figs 75–76). Pupation takes place outside the mine, usually on the lower
surface of a leaflet where the larva spins a transparent, glossy cocoon, locating it usually
perpendicular to the midrib, as in case of M. gradatella (Figs 63–64). Silk deposition
by the prepupa induces a slight buckle in the leaf so that presence of the cocoon can
be detected from above by the curved appearance of the leaflet. Occasionally pupation
may also occur on the upper side of a leaflet, at the base along the midrib (Fig. 75).
Phenology. In Siberia, M. caraganella has two generations. The overwintering
stage is not known (but is likely to be as a pupa or adult); neonate larvae of the first
generation usually occur in early June. Adults fly in early July. The second generation
develops from mid-July until the end of August.
Ecology and host plant range. Leaf mines of the new species were most commonly found in Siberia on Siberian peashrub, Caragana arborescens (Fabaceae), a plant
widely used for different purposes: as an ornamental, for erosion control, as a source
of nectar for bees, and for nitrogen fixation (Shortt and Vamosi 2012). C. arborescens
is native to Siberia, China, Mongolia, and Kazakhstan (Yingxin et al. 2010). In North
America, where the shrub was introduced in 1752, it is naturalized and widespread
(Shortt and Vamosi 2012).
Dovnar-Zapol’skiy and Tomilova (1978) mentioned Vicia sp. as a host plant for
Parectopa caraginella / Gracilaria caraganella. Their record likely refers another Micrurapteryx species, particularly M. gradatella which is known to develop on Vicia sepium in
Europe (Ellis 2015) and, according to our observations, on V. amoena in Siberia.
NK looked for mines of Micrurapteryx on Vicia spp. plants growing in the same locality as C. arborescens with mines of M. caraganella. No mines of M. caraganella were
found on this herbaceous vetch, whereas leaf mines were common on C. arborescens.
In Krasnoyarsk, on Vicia, particularly V. amoena NK recorded mines of M. gradatella.
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Figures 55–58. Chaetotaxy of last instars larva of Micrurapteryx caraganella sp. n. 55 lateral schematic
of prothorax, mesothorax, and abdominal segments 56 dorsal view of head 57 ventral view of head (scale
bar = 0.1 mm) 58 mandible (scale bar = 0.03 mm).

These findings suggest that M. caraganella is an oligophagous insect with a preference for C. arborescens. In the Central Siberian garden SB RAS (Novosibirsk) in July
2012, NK also found a few mines of M. caraganella on C. boisii, an allied plant originating from China. In July 2015 in Omsk (Victory park), NK recorded mines of M.
caraganella on C. frutex (native in Siberia). In the same location and at the same time
bushes of C. arborescens were observed to be heavily attacked by M. caraganella (Figs
66, 67), whereas bushes of C. frutex growing in vicinity (20 m from the damaged C.
arborescens) were hardly colonized by the insect. In Omsk, on the same plot, NK also
found the occasional mines of M. caraganella on the herbaceous legume Medicago sativa growing near heavily infested Siberia peashrub C. arborescens.
Distribution. Siberian regions previously considered part of the range of M. gradatella, namely Tyumen, Omsk, Kemerovo, Novosibirsk, Irkutsk oblats, Altai krai (Sinev
2008), the Republics of Buryatia and Yakutia (Sakha) (Dovnar-Zapol’skiy, Tomilova
1978), where it was recorded feeding on Caragana, most likely refer to caraganella. In
July-August 2015, NK recorded M. caraganella at these locations, except in Kemerovo
and Yakutia. Additionally, NK found it in the south of Krasnoyarsk krai and in the easternmost corner of Siberia, Transbaikal krai, in Chita (Victory Park). Also the reports of
M. gradatella from Tajikistan and the Russian Far East (see above) probably belong to
M. caraganella. There are no records of M. caraganella for North America where its host
plant Caragana arborescens has been introduced as an ornamental.
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Micrurapteryx occulta (Braun, 1922), comb. n.
Figs 6–10, 15, 21, 32–39, 44–46
Citations. [Parectopa occulta Braun, 1922: 91; McDunnough 1939: 98; Davis 1983: 9.
Type locality: Powell County, Kentucky, U.S.A.]
[Parectopa albicostella Braun, 1925: 213; McDunnough 1939: 98; Davis 1983: 9;
syn. n. Type locality: Spring Hollow, Cache County, Utah, U.S.A.]
Type material examined. Parectopa occulta: Holotype female, in ANSP, labelled:
“B. 1071, | Powell Co., | Ky. i. VII. 12. 21 [handwritten]; “TYPE | Collection of |
Annette F. Braun” [red, printed]; “Parectopa | occulta | Type Braun” [handwritten
with top and bottom black border]; “Specimen ID | CNCLEP | 00123636” [printed];
“genitalia slide | JFL 1748 ♀” [pale green, printed except sex symbol handwritten].
The “B. 1971” refers to a Braun rearing lot number and corresponding sheet of rearing
notes preserved with her collection in ANSP. In the original description (Braun 1922)
she provided the host information (Vicia caroliniana Walter) and observations on the
larval mine and cocoon.
Parectopa albicostella: Holotype male, in ANSP, labelled: “B. 1199” [handwritten];
“Cache Co. Utah | i. VIII.5.24 | Annette F. Braun” [printed, second line handwritten];
“TYPE | Collection of | Annette F. Braun” [red, printed]; “Parectopa | albicostella |
Type Braun” [handwritten with top and bottom black border]; “♂ genitalia on | slide
3764 | D.R. Davis” [printed with black border, number handwritten]; “Photograph |
on file | USNM” [printed with blue border]; “Specimen ID | CNCLEP | 00123635”
[printed]. Regarding the type locality, the holotype labels indicated only “Cache Co.”
and no host but in her paper with the original description, Braun (1925) provided
more precise information about the collecting site and indicated that it was reared
from an undetermined “vetch” (presumably a herbaceous Fabaceae with Vicia-like
foliage). The “B. 1199” refers to a Braun’s rearing lot number and corresponding sheet
of rearing notes preserved with her collection in ANSP.
Other specimens examined. See Tables 1, Suppl. material 1: Table S2.
Diagnosis. Superficially, M. occulta is virtually indistinguishable from the other
species treated here, especially when the substantial amount of individual variation in
coloration is taken into account. Most specimens have the head, thorax, costal and
dorsal margins and strigulae of the forewing white, contrasting sharply with the dark
brown disk and ground color. However, in several specimens, the white areas are obscured by a suffusion of dark-tipped scales which gives them an overall dark, peppery
appearance. The genitalia of both sexes are amply different from M. salicifoliella, the
only other North American species (Figs 16, 22, 28, 29, 48). When compared to
Palearctic Micrurapteryx, its genitalia are most similar to those of M. gradatella, from
which it differs in having a single elongate cornutus and the latero-medial tooth projecting, whereas M. gradatella has a second cornutus consisting in a small, separate
spine and its latero-medial tooth is elongate and flat. In the female genitalia of M. occulta, the posterior sclerotized papillate section of the ductus bursae is slightly shorter
relative to the anterior membranous section, or less than half the length from the
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Figures 59–64. Life history of Micrurapteryx gradatella in Eurasia. 59–60 mines on Vicia amoena
61 abandoned mines on Vicia amoena 62 blotch mines on upperside of the leaves 63–64 pupation on
the upperside of the leaf and the cocoon on Lathyrus linifolius. Collection sites: 59–60 Russia, Krasnoyarsk,
Yenisei river bank, near village Borovoe, 5.VII.2015 61 Russia, Krasnoyarsk, Yenisei river bank, near Karaulnaya, 26.VI.2015 63–64 Finland, Turku, 18.VI.2014.

antrum to the corpus bursae; in M. gradatella, the papillate section extends to about
two-thirds of the ductus length. The two species are closely related morphologically,
genetically, and biologically.
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Description of adult (Figs 6–10). Wingspan 8.7–11.7 mm (average 10.1 mm; 44
specimens).
Head. Frons and vertex white in most specimens, or dark from admixture of dark
brown scales in dark specimens. Labial palpus shape as in M. gradatella, outer surface
of article 2 dark brown, inner surface from all white to nearly all dark brown; article
3 variously ringed with dark brown in distal half in many. Antenna dorsally fuscous
throughout, ventrally with scale, pedicel, and in many ¼ to ⅓ of flagellum white;
pecten absent.
Thorax. Dorsum white in pale (most) specimens, predominantly dark brown peppered with white in dark specimens. Tegulae dark brown. Legs as in M. gradatella.
Forewing. Pattern very similar to that of M. gradatella, but rather variable: in several specimens, dark portion of disk with pale-based, dark-tipped scales giving the
appearance of pale suffusion; white dorsal margin in some specimens obscured by suffusion of dark-tipped scales; terminal portion between strigulae 4 and 5 and around
apical spot rufous in specimens with white costa and margin. Forewing of darker specimens with overall peppery appearance.
Abdomen. (Figs 15, 21). Pale grey dorsally, white ventrally. In male coremata of
intersegmental membrane 6–7 about 0.5× width of S7.
Male genitalia (Figs 32–39, Suppl. material 2–4: Figs S01–S34). 32 preparations
examined. Very similar to M. gradatella. Tegumen about 0.2× length of valva, with
long and thin peduncular arms, apex subtriangular or subconical, with jagged edge,
sometimes slightly indented. A pair of elongate lamellae about as long as tegumenpeduncular arms bracing the sides of anal tube, their distal portion with oblique wrinkles. Anal tube with 1 or 2 setae in few specimens, without seta in most. Latero-medial
spine of phallus simple in most specimens, bitoothed in some specimens (including the
holotype of P. albicostella), tri-toothed observed in one specimen (Table 3), the spine
projecting dorso-laterally from the phallus surface.
Female genitalia (Figs 44–46, Suppl. material 5–6: Figs S37–S52). 17 preparations
examined. Very similar to M. gradatella. Sclerotized papillate section of ductus bursae
about two-thirds length of ductus from antrum to corpus bursae. Number of spines of
signa variable, 2–8 (average 5).
Notes about synonymy and variation. The synonymy of Parectopa albicostella
with Micrurapteryx occulta is here established based on examination of the type specimens of both nominal species. Braun described each species on the basis of a single
specimen, which she reared. The holotype of M. occulta is a female reared from Vicia
caroliniana, and that of P. albicostella a male reared from an unspecified “vetch” (Fabaceae). We were not able to barcode the types. However, barcoded specimens of both
sexes with genitalia corresponding to each of these nominal species cluster within a single, cohesive BIN (BOLD:AAD5802) comprised of specimens spanning a transcontinental geographic range. This cluster also includes specimens reared from different
Fabaceae hosts that match the respective types in genital morphology and external appearance. Despite some morphological and genetic variation among examined specimens, we cannot find any consistent character to keep these two nominal taxa separate.
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Braun (1925) indicated that M. albicostella was closely allied to M. salicifoliella
Chambers (Fig. 11), P. thermopsella Chambers, and M. occulta Braun, “but separated
from all of them by the dark head and thorax and the white costal edge.” We observed
that these colour characteristics vary individually among all specimens examined, including among M. salicifoliella. For example, a pair of M. occulta with identical barcodes
reared from leafmines on the same lupine plant from British Columbia (specimens CNCLEP00121158 and CNCLEP00121159) shows the male with a dark head and thorax
as well as a darkened dorsal edge as exhibited by the male holotype of P. albicostella,
whereas the female has a white head, thorax, and costal edge as in the female holotype
of M. occulta. In fact, the holotype of P. albicostella has the thorax predominantly dark
peppered with white scales (Fig. 8, not really “streaked” as Braun described). Although
this might suggest sexual dimorphism in colouration, both colour patterns (and others)
were observed in each sex among the other specimens that we examined.
The genitalia of both Braun holotypes are not distinguishable from those of other
barcoded specimens in BIN BOLD:AAD5802, as well as from several additional nonbarcoded specimens examined. Although minor variations in several features were observed, these do not exhibit a clear geographic pattern (Table 3).
In male genitalia (32 preparations examined, Figs 32–39, Suppl. material 2–4:
Figs S01–S34), for example, the lateromedial tooth of the phallus is simple in most
specimens (Fig. 33) but double in a few western specimens (Figs 35, 39, including the
M. albicostella holotype from Utah), with one from British Columbia showing a suggestion of blunt doubling, and even one eastern specimen from New Brunswick with a
triple tooth (Fig. 37); the apical lobe of the sacculus is variously pointed or somewhat
rounded (rounded in M. albicostella holotype from Kentucky); the curvature of the
apex of cucullus varies from well rounded to nearly straight; and a single or a pair of
fine setae are present on the membranous part of the anal tube in some specimens
(Fig. 32). The anal seta character is uncommon in Gracillariinae – it may have been
overlooked – and seems inconstant at the specific level. One seta is present in one male
M. kollariella examined (Fig. 30).
In female genitalia (17 preparations examined), the number of signa varies from
2 to 8 (average 5), and the relative length and thickness of the antrum, sclerotized
portion of the ductus bursae, and ostium notch vary slightly in proportions with no
significant gap (Figs 44–46, Suppl. material 5–6: Figs S37–S52).
On “Parectopa” thermopsella (Chambers, 1875). Braun (1922, 1925) also alluded to the relatedness of P. thermopsella to M. albicostella, M. occulta, and M. salicifoliella, highlighting slight differences in forewing streaks, and this suggests superficially
a similar external appearance and forewing pattern. It is not known whether Braun had
seen authentic Chambers specimens of P. thermopsella. Chambers (1875) mentioned
his P. thermopsella as “closely allied” to P. lespedezaefoliella (type species of Parectopa),
P. robiniella, and M. salicifoliella, but his description of the larval mine immediately
after that statement makes it unclear whether he was referring to the larval habits, the
external appearance of the adult, or both. Both P. lespedezaefoliella and P. robiniella
(Fig. 12) have forewing patterns unlike Micrurapteryx species but the larval mines are
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Figures 65–76. Life history of Micrurapteryx caraganella sp. n. in Siberia, Russia. 65 the species’ habitat
66–67 heavily defoliated bushes of Caragana arborescens 68–69 blotch mines on the upperside of the leaf,
at transmitted light, with visible larva in one of the mines 70–71 mines on Caragana frutex, with long
initial tunnels on the low side of the leaf (71) 72 mine on the leaf of Medicago sativa 73 larvae ejecting
fecal pellets out of the leaf mine by protruding rear part of the body through a slit on low side of the leaf
on Caragana boisii 74 larva vacating the mine on the low side of the leaf 75 larva spinning the cocoon on
upper side of the leaf along the midrib 76 pupa in the transparent cocoon on lower side, perpendicular to
the midrib. Collection sites: 65, 68, 69 Novosibirsk, Central Siberian botanical garden SB RAS, C. arborescens, 08.VIII.2012 73, 74 same place, C. boisii, 14.VI.2012 66, 67 Omsk, Victory Park, C. arborescens,
23.VII.2015 70, 71 same place and date, C. frutex; 72 same place and date, M. sativa 75, 76 Krasnoyarsk,
Akademgorodok, the left bank of the river Yenisei, C. arborescens, 15.VII.2013.
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similar in appearance. The identity of Gracilaria [sic] thermopsella Chambers, 1875
remains unknown. The type locality is Spanish Bar, Colorado, and the host plant is a
species of Thermopsis (Fabaceae). It has been included in Parectopa by subsequent authors (Braun 1925, McDunnough 1939, Davis 1983) but no type or other Chambers
specimens seem to exist (Don Davis, pers. comm. to JFL, 2015).
Note on transferring occulta from Parectopa to Micrurapteryx. Despite the
long-standing combination of occulta/albicostella with Parectopa, DNA, the forewing
pattern, and genitalia clearly indicate greater relatedness to members of Micrurapteryx.
Biology. Recorded host plants include several Fabaceae, namely Lathyrus japonicus
Willd. [Syn. Lathyrus maritimus (L.) Fr.] (Quebec), Lathyrus sp. (California), Melilotus albus Medik. (British Columbia, Manitoba, Ontario, Connecticut), Vicia caroliniana Walter
(Kentucky, type of occulta), “vetch” (Utah, type of albicostella), Lupinus sp. (British Columbia), Caragana sp. (British Columbia). It was collected in meadows, at the edge of forests, in open ponderosa pine forests (Washington), in alpine meadows (British Columbia),
along the sea shore (Quebec), and probably other habitats, from sea level to high elevations
in the mountains (Nevada), where suitable hosts occur. Records indicate two generations,
at least over parts of its range, with most adult records in mid-summer. Early seasonal records in March – April as well as late-flying adults in October – December found indoors
in southern Canada (Quebec, Ontario) suggest overwintering in the adult stage.
Distribution. Micrurapteryx occulta is here recorded from across North America
in the northern half of the continent, in Canada from the Maritime Provinces (Newfoundland, New Brunswick, Nova Scotia) to British Columbia, north to northernmost Yukon; in the United States it has been found in Connecticut (D.L. Wagner,
pers. comm.), Kentucky, Illinois (T. Harrison, pers. comm.), Colorado (E. van Nieukerken, pers. comm.), Utah, Nevada, and California.

Discussion
DNA barcoding and the status of Micrurapteryx species. Siberia has a rich fauna of
Lepidoptera which is still very poorly documented (Sinev 2013). So far, about 50 species
of Gracillariidae are known to occur in Siberia on woody plants (Tomilova 1973; DovnarZapol’skiy and Tomilova 1978; Kuznetzov and Baryshnikova 1998; Sinev 2008) but most
of the region remains unexplored. Here, we confirm the existence of a distinct species of
Micrurapteryx, namely M. caraganella feeding on plants from the genus Caragana (mainly
on Siberian peashrub C. arborescens) and occasionally on Medicago sativa (Fabaceae) in
Siberia based initially on differences in DNA barcodes. The status of M. caraganella is also
supported by nuclear data, male and female genital morphology and biology.
In a review of Palearctic Micrurapteryx by Kuznetzov and Tristan (1985) considered
that the Caragana-feeding Micrurapteryx present in Siberia were all referable to M. gradatella. However, it is clear from their description and illustrations of that species that it
is markedly different in male and female genitalia from what is regarded as M. gradatella
in Europe. Instead, their M. gradatella corresponds to our concept of M. caraganella.
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In North America DNA barcodes revealed that a single species with a wide continental distribution is present, but that a significant amount of morphological variation
was found among numerous specimens, supporting the synonymy of two long-standing nominal species, Parectopa albicostella and P. occulta. Barcodes and morphology
also supported the transfer of Parectopa occulta to Micrurapteryx.
The average interspecific divergence for the DNA barcode fragment found within
Micrurapteryx (11.5%) is similar to other Gracillariidae such as Cameraria and Phyllonorycter (Langmaid et al. 2011). The relatively high level of DNA barcode divergence
found between M. caraganella and M. gradatella contrasts with the limited differentiation in the two nuclear genes sequenced (i.e. H3 and 28S) (Table 2). The striking
difference in the level of divergence between mitochondrial and nuclear genes could be
caused by maternally inherited symbionts such as Wolbachia (Kodandaramaiah et al.
2013). A study on Wolbachia infection of both species is needed to confirm the role of
this endosymbiont on the levels of mitochondrial and nucleotide diversity observed.
Host range in Micrurapteryx. The genus Micrurapteryx comprises species feeding
on more than twenty different genera of legumes, and a host shift from Fabaceae to
Salicaceae (Suppl. material 1: Table S1). In North America M. occulta has been recorded
on several different genera of Fabaceae hosts (Caragana, Lathyrus, Lupinus, Melilotus,
Vicia) (see specimens examined in DS-MICRURA dataset and Suppl. material 1: Tables S1, S2). Historic records of P. thermopsella (reared from Thermopsis in Colorado)
may also be referable to this species (although no authentic specimens of this nominal
species are known). However, most individual Micrurapteryx species are specialized on
one or two host plant genera. Our findings add more evidence to the prevalence of
relatively high levels of host plant specialization. Micrurapteryx sophorivora Kuznetzov
& Tristan, 1985 is restricted to Sophora sp. M. gradatella is known to feed only on
Lathyrus and Vicia and is found in North Europe exclusively on Lathyrus linifolius. In
Siberia, Micrurapteryx caraganella can occasionally colonize other Caragana species,
besides C. arborescens, for example C. frutex and C. boisii. The species is also able to develop on the herbaceous legume Medicago sativa. Such a host shift from a woody shrub
to a herbaceous plant is uncommon in Gracillariidae, which typically have strict diets
and where occasional host shift usually do not take place between structurally different
plant species. We recorded a new host genus (Medicago) only in one location in Siberia
(Omsk) where M. caraganella was highly abundant and was severely defoliating C.
arborescens, and thus could disperse to a nearby herb. It is possible that Medicago does
not represent a normal food plant for M. caraganella, but that its occurrence on that
host resulted from a local mass-occurrence and a consequent “spill-over effect”. Such
a phenomenon is reported in other leaf miner species, including the horse-chestnut
leafminer Cameraria ohridella Deschka & Dimić, 1986, a recent invasive pest of horse
chestnuts (Aesculus hippocastanum L.) in Europe (Šefrova and Laštuvka 2001). Along
with outbreaks and co-presence of the related maples (Acer spp.), mines of the horsechestnut leafminer can be found on maples, although in lower abundance (Gregor et
al. 1998; Péré et al. 2010). Similarly, Ectoedemia occultella (Linnaeus, 1767) (Nepticulidae), an abundant leaf miner of birch trees (Betula spp.), has been once reported
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to feed on an unrelated willow Salix pentandra L. (Johansson et al. 1990). In other
gracillarid species, we have occasionally observed atypical host shifts, and these events
often are associated with elevated population numbers, e.g. in Phyllonorycter hilarella
(Zetterstedt, 1839) (from Salix spp. to Populus tremula L., observations by MM, see
also Bengtsson and Johansson 2011); P. sorbi (Frey, 1855) (observations verified by
barcoding by MM from Sorbus spp. to Prunus padus L., P. domestica L., P. avium L.,
Malus spp. and Crataegus spp.; also a record verified by barcoding on Chaenomeles sp.
(C. Doorenweerd, in litt.)); and Phyllocnistis labyrinthella (Bjerkander, 1790) (from
Populus spp. to Salix pentandra, observations by MM). We observed significantly lower
abundance of Micrurapteryx caraganella mines on Medicago, which we consider supporting the spill-over hypothesis, but on the other hand, we have not monitored the
presence of mines on Medicago over several years, and therefore cannot exclude the
possibility that it is part of the normal diet of M. caraganella.
Differential diagnoses of Micrurapteryx and Parectopa. The original descriptions of these two genera (for Parectopa: Clemens 1860: 209; for Micrurapteryx: Spuler
1910: 409) focused exclusively on external features of the head, antennae, palpi, wing
shape, and venation, as was customary at that time.
Spuler (1910: 409) defined Micrurapteryx on account of the apex of the forewing
being tail-like (hence the name): this appearance results from a thin “pencil” or line of
dark fringe scales at the apex of the forewing which stand out from the surrounding
white fringe scales, and thus make the wing appear “tailed”. This appearance is further
accentuated by a rim of white scales between the apical dark spot and the base of the
“tail”. In Parectopa, there is also a thin line of dark fringe scales at the apex of forewing
but the dark outer edge of the fringe surrounds it so that it does not look “tailed”.
In describing Parectopa, Clemens (1860: 209) presented the description of the
forewing venation first, emphasizing (italics in his text) the lack of “costal nervure”
(Sc?) and the “three-branched” median vein (instead of four, as when CuA1 and CuA2
are both present, meaning these two veins are coincident or fused).
Vári (1961) cited verbatim the original descriptions of both genera and added
genitalia characters as well as venational and leg details, but his re-descriptions do not
provide clear distinctions between the genera other than for venation. In his treatment of Micrurapteryx he stated “Probably allied to Parectopa, but differing from it
by [forewing] veins 2 (CuA2) and 3 (CuA1) being stalked and the male genitalia”
(Vári 1961: 55), as opposed to being coincident in Parectopa. This venational feature
is indicated by Spuler (1910: 409, legend of fig. 160) to be variable in Micrurapteryx.
The value of these minor venational differences has not been assessed. The genitalia
characters as provided by Vári are not easily comparable between the two genera (see
Suppl. material 1: Table S5). Despite indicating that he “greatly restricted” Parectopa
and reinstated Micrurapteryx as valid, Vári did not list which species he examined for
both genera, although it can be assumed from his discussion that these included at least
the type species.
In addition to DNA barcodes that cluster species into different sets of BINs and
segregated Micrurapteryx from Parectopa, we noted several morphological characters
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not formulated by previous authors that distinguish the two genera from each other
(Figs 77–86). These character states are likely mixtures of apomorphies and plesiomorphies. Without a phylogenetic framework for the genera of Gracillariinae and a more
comprehensive mapping of characters across genera, it remains premature to assign
character polarities and apomorphies that would support either the monophyly of each
genus, or whether Micrurapteryx and Parectopa form a single monophyletic clade and
should be combined. However, the differences are compelling enough to support the
proposed new combinations. Provisional diagnoses for each genus follow. The characters presented are not meant to be exhaustive. We focused on abdominal and genital
characters, and did not examine wing venation nor other skeletal features. We did not
conduct a comprehensive survey of all the species currently attributed to each genus.
However, the character states given here were present in all those examined (listed in
Table 1 and Suppl. material 1: Table S2).
Character states shared by the examined species of Micrurapteryx:
Forewing with pattern of long, oblique costal streaks, broad, white dorsal margin, distinct dark apical spot between last costal strigula and fringe; apical fringe with
thin line of dark scales extended from the apical spot and making the wing appear
“tailed” (Figs 3–11).
Male abdomen with S1–2 venulae regularly incurved and apically without apodemes
projected beyond anterior margin of sternum (Fig. 77). T7 with small, elongateconical sclerotized area and indistinctly thickened anterior margin. S7 weakly sclerotized, unmargined. Intersegmental membrane 6–7 with pair of densely packed
coremata of relatively short (less than width of abdominal segment) scales. T8
reduced to thin, narrow transverse band, without specialized scales. S8 reduced,
weakly sclerotized. Pleura 8 without coremata. (Fig. 79).
Female abdomen with S1–2 similar to male. S6 sclerotized, transverse, markedly distinct from other sterna (Figs 18–22).
Male genitalia (Fig. 81) with vinculum broad, saccus area proportionally large. Pedunculi of tegumen as thin, simple arms, distal portion of tegumen distinctly delineated, subtriangular or conical. Phallus base with pair of posteriorly oriented
“winglets”, outer wall of shaft ornate with spines, dorsally or ventrally, singly or in
rows, and an elongate, spear-shaped cornutus (a second, small separate cornutus
in some).
Female genitalia (Figs 83, 85): ductus bursae sclerotized over ½ of its length, sclerotized
portion with papillate microsculpture. Signa present, either as pair of clusters of
thorn-like spines (varying number) or scobinate patches.
Contrastingly, character states shared by the examined species of Parectopa:
Forewing with pattern of short costal and dorsal streaks, dorsal margin concolorous
with disk, apical spot absent (Fig. 12).
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Figures 77–78. Comparison of male abdominal segments 1–2 of Micrurapteryx vs Parectopa. 77 M.
occulta (slide USNM130248, specimen USNMENT00657165) (USA, California) 78 P. robiniella (slide
MIC6973, specimen CNCLEP00083022) (USA, Maryland). Scale bars: 200 µm.

Male abdomen with S1–2 venulae sinuate and anteriorly extended into free apodemes
projected beyond anterior margin of sternum (Figs 23, 78). T7 well sclerotized,
transverse, anteriorly margined with antero-lateral corners prolonged into tapered
strut which abuts similar structure of S7. S7 sclerotized with thickened anterior
margin. Intersegmental membrane 6–7 with pair of very long coremata (longer
than width of abdominal segment). T8 elongate-conical with posterior margin
lined with dense row of flatly broadened scales. S8 completely membranous, reduced, indistinct. Pleura 8 with pair of elongate coremata with scales in transverse,
fan-like arrangement (Fig. 80).
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Figures 79–80. Comparison of male abdominal segments 6–8 of Micrurapteryx vs Parectopa. 79 M.
occulta (slide USNM130248, specimen USNMENT00657165) (USA, California) 80 P. robiniella (slide
MIC6973, specimen CNCLEP00083022) (USA, Maryland). Scale bars: 200 µm.

Female abdomen with S1–2 similar to male but venulae straight. S6 weakly sclerotized,
not markedly distinct from other sterna.
Male genitalia (Fig. 82) with vinculum elongate-narrow, saccus area proportionally
very small. Pedunculi of tegumen with transparent “window” between base of
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Figures 81–82. Comparison of male genitalia and phallus of Micrurapteryx vs Parectopa; red arrows
point at distinctive features; phallus with dorsal side oriented to the right. 81 M. occulta (slide MIC6948,
specimen AC006119) (Canada, Quebec) 82 P. robiniella (slide MIC6906, specimen CNCLEP00083021)
(USA, Maryland). Scale bars: 500 µm.

valval costa and tuba analis, distal portion of tegumen indistinctly delineated.
Phallus without spines nor cornuti, with apex attenuated into thin dorsally-oriented, acuminate point.
Female genitalia (Figs 84, 86): antrum short, less than ⅓ length of S7. Ductus bursae
sclerotized over 3/4 to 4/5 of its length, sclerotized section mostly smooth except
one area covered with very fine, slender spinules. Signa absent.
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Figures 83–86. Comparison of female genitalia and phallus of Micrurapteryx vs Parectopa; lateral aspect with ventral side oriented downward. 83 M. occulta, lateral aspect (slide MIC7562, specimen BIOUG16843-E04) (Canada, Yukon, Ivvavik National Park) 84 P. robiniella, lateral aspect (slide MIC6973,
specimen CNCLEP00083022) (USA, Maryland) 85 M. occulta, ventral aspect (slide MIC6903, specimen CNCLEP00117698) (Canada, British Columbia) 86 P. robiniella, ventral aspect (slide MIC6907,
specimen CNCLEP00121057) (Canada, Nova Scotia, Smiths Cove). Scale bars: 500 µm.

In conclusion, our study documents another example of how DNA barcoding can
help to reveal overlooked species and clarify taxonomic issues (Jin et al. 2013; Landry
et al. 2013; Lees et al. 2013; Mutanen et al. 2013; Huemer et al. 2014). Moreover, our
analysis highlights the need for a careful revision of Parectopa and Micrurapteryx in the
Nearctic and Palearctic Regions, particularly in the context of a broader phylogenetic
analysis of the Gracillariidae.

Sample ID and genitalia preparation in []

Micrurapteryx caraganella
NK58

NK189, [TRB3986♀]

NK414
NK415, [TRB4061♀]
NK416
NK417
NK418
NK429
NK430
NK431
NK432
NK433, [TRB3994♂]
NK434, [TRB4052♀]
NK439
NK470
NK472
NK473
NK474
NK475
NK476
NK477

№

1

2

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

ISSIK363-14
ISSIK364-14
ISSIK365-14
ISSIK366-14
ISSIK367-14
MICRU001-15
MICRU002-15
MICRU003-15
MICRU004-15
MICRU005-15
MICRU006-15
MICRU011-15
MICRU025-15
MICRU027-15
MICRU028-15
MICRU029-15
MICRU030-15
MICRU031-15
MICRU032-15

ISSIK234-14

GRPAL1102-13

Process ID
Caragana boisii
Caragana
arborescens
C. arborescens
C. arborescens
C. arborescens
C. arborescens
C. arborescens
C. arborescens
C. arborescens
C. arborescens
C. arborescens
C. arborescens
C. arborescens
C. arborescens
Medicago sp.
C. arborescens
C. arborescens
C. arborescens
C. arborescens
C. arborescens
C. arborescens

Host plant

Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia
Russia

Russia

Russia

Country

KP845397
KP845405
KP845402
KP845424
KP845391
KP845418
KP845400
KP845415
KP845389
KP845387
KP845425
–
KU380252
KU380260
KU380247
KU380268
KU380254
KU380246
KU380257

KP845393

KP845396

KP856946
KP856950
KP856948
KP856959
KP856943
KP856957
KP856947
KP856955
KP856942
KP856941
KP856960
KP856951
KU380277
KU380278
KU380275
–
–
–
–

KP856944

KP856945

KP845433
KP845437
KP845435
KP845445
KP845430
KP845443
KP845434
KP845442
KP845429
KP845428
KP845446
KP845438
KU380273
KU380274
KU380271
–
–
–
–

KP845431

KP845432

GenBank
GenBank
GenBank
accession COI accession H3 accession 28S

Table 1. Specimens used for molecular analyses. Both the Process ID and Sample ID codes are unique identifiers linking the record in the BOLD database and
the voucher specimen from which the sequence is derived. Additional collecting and specimen data are accessible in the BOLD dataset dx.doi.org/10.5883/DSMICRURA as well as GenBank (http://www.ncbi.nlm.nih.gov/genbank/). Where pertinent, genitalia preparation number and sex are given in square brackets in
the Sample ID column.
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40
41
42
43
44
45
46

34
35
36
37
38
39

23
24
25
26
27
28
29
30
31
32
33

22

№

NK478
Micrurapteryx gradatella
MM08526
MM15541
MM18085
NK435
NK436
NK437
NK438
NK440
NK459
NK462
NK471
Micrurapteryx kollariella
CLV1781
CLV1832
CLV2281
CLV5200
TLMF Lep 03523
TLMF Lep 03534
Micrurapteryx occulta
CNCLEP00008459, [MIC6944♂]
CNCLEP00035771, [MIC6945♂]
CNCLEP00035785, [MIC6938♂]
CNCLEP00038523, [MIC6839♂]
CNCLEP00082614, [MIC6943♂]
CNCLEP00082615, [MIC6953♂]
CNCLEP00082616, [MIC6954♂]
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MNAL461-10
MNAL496-10
MNAL498-10
MNAI744-09
MNAN395-11
MNAN396-11
MNAN397-11

GRSLO261-10
GRSLO312-10
GRPAL123-11
LNOUD2104-12
PHLAD348-11
PHLAD359-11

LEFIE211-10
LEFIG677-10
LEFIK510-10
MICRU007-15
MICRU008-15
MICRU009-15
MICRU010-15
MICRU012-15
MICRU014-15
MICRU017-5
MICRU026-15

MICRU033-15

Process ID

–
–
–
–
–
–
–

–
–
–
–
–
–

Lathyrus linifolius
–
–
L. linifolius
L. linifolius
L. linifolius
L. linifolius
L. linifolius
Vicia amoena
V. amoena
V. amoena

C. arborescens

Host plant

USA
Canada
Canada
Canada
USA
USA
USA

Austria
Italy
France
Romania
France
Italy

Finland
Finland
Finland
Finland
Finland
Finland
Finland
Finland
Russia
Russia
Russia

Russia

Country

HQ965133
HQ965158
HQ965160
GU692590
JN272038
JN272039
JN272040

JF848362
JF848397
KP845406
KP845417
KP845404
JN272048

HM873950
HM876337
JF854112
KP845413
KP845411
KP845403
KP845414
–
KU380248
KU380266
KU380245

–
–
–
–
–
–
–

–
–
–
–
–
–

–
–
–
KP856953
KP856952
KP856949
KP856954
KP856958
KU380276

–
–
–
–
–
–
–

–
–
–
–
–
–

–
–
–
KP845440
KP845439
KP845436
KP845441
KP845444
KU380272

GenBank
GenBank
GenBank
accession COI accession H3 accession 28S
KU380267
–
–
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CNCLEP00082676, [MIC6937♂]
EDL YAKIMALUPINEA 1Jun2011
USNMENT00657162, [USNM130246♂]
USNMENT00657163, [USNM130247♂]
USNMENT00657165, [USNM130248♂]
jflandry1800 =CNCLEP00016559, [MIC6901♀]
jflandry1801 =CNCLEP00016560, [MIC6955♀]
jflandry1804 =CNCLEP00016563, [MIC6956♀]
CNCLEP00121158, [MIC 6904♀]
CNCLEP00121159, [MIC6905♂]
AC006119, [MIC6948♂]
AC006629, [MIC 6946♂]
CNCLEP00108894, [MIC6949 ♂]
CNCLEP00076976, [MIC 6947 ♂]
AC006130, [MIC6939♂]
BIOUG16843-E11
BIOUG16843-E08, [MIC7558♂]
BIOUG16843-E05, [MIC7459♀]
BIOUG16843-E04 [MIC7562♀]
BIOUG16843-E02, [MIC7456♂]
BIOUG16790-A06
BIOUG16148-A09
BIOUG16138-A01, [MIC7457♂]
BIOUG16087-B07
BIOUG16013-G08
BIOUG10643-A09
BIOUG09474-A06, [MIC7554♂)]

№

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

MNAN400-11
EHL942-12
MNAM941-10
MNAM942-10
MNAM944-10
MECB818-05
MECB819-05
MECB822-05
MNAQ068-15
MNAQ069-15
MNAQ382-15
MNAQ385-15
MNAQ402-15
MNAQ392-15
MNAQ384-15
CNIVB1119-14
CNIVB1116-14
CNIVB1113-14
CNIVB1112-14
CNIVB1110-14
CNIVA638-14
SMTPJ2503-14
SMTPJ1378-14
SMTPI8811-14
SMTPI2530-14
CNGBJ1629-14
CNGMA1885-13

Process ID
–
–
Lathyrus sp.
Lathyrus sp.
Lathyrus sp.
–
–
–
Lupinus sp.
Lupinus sp.
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

Host plant
USA
USA
USA
USA
USA
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
USA
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada

Country

GenBank
GenBank
GenBank
accession COI accession H3 accession 28S
JN272042
–
–
KP845419
–
–
JN272015
–
–
JN272016
–
–
JN272017
–
–
KP845423
–
–
KP845422
–
–
KP845408
–
–
KU380256
–
–
KU380261
–
–
KU380255
–
–
KU380244
–
–
KU380265
–
–
KU380263
–
–
KU380262
–
–
KT131992
–
–
KT147247
–
–
KT133090
–
–
KT142702
–
–
KT141504
–
–
KT145371
–
–
KT138035
–
–
KT126913
–
–
KT131533
–
–
KT147946
–
–
KR454708
–
–
KR451687
–
–
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BIOUG09363-F01
BIOUG08486-H06, [MIC7561♂]
BIOUG08285-E05, [MIC7460♀]
BIOUG08285-A11, [MIC7555♀]
BIOUG07668-H10
BIOUG07512-G07
BIOUG07391-H10
BIOUG07213-F11
BIOUG07213-E07
BIOUG07133-F02
BIOUG21939-G09
BIOUG07133-D05
BIOUG07047-G04
BIOUG06814-D03, [MIC7559♀]
BIOUG06714-A06, [MIC7455♂]
BIOUG05675-G12
BIOUG05658-H08
BIOUG05658-H07
BIOUG05658-H06
BIOUG05528-B12
BIOUG03957-A01, [MIC7557♀]
BIOUG03754-B12, [MIC7556♀]
BIOUG03484-B11, MIC7458♂]
BIOUG03017-H02, [MIC7553♂]
BIOUG02884-D02, [MIC7560♂]
BIOUG07133-D08
BIOUG21903-F08
BIOUG20492-G06

№

74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

CNGBB550-13
SSWLE3847-13
SSPAC6698-13
SSPAC6656-13
NGNAG247-13
NGNAD1517-13
NGNAC3018-13
NGNAB1279-13
NGNAB1263-13
NGNAA1737-13
SMTPL3504-15
NGNAA1716-13
NGNAA361-13
CNWLM079-13
JMMMB449-13
SMTPB16614-13
SMTPB15007-13
SMTPB15006-13
SMTPB15005-13
SMTPB2589-13
CNRMF4146-12
CNRMF2498-12
CNWLF184-12
CNRMA371-12
CNJAA025-12
NGNAA1719-13
SMTPL296-15
CNTIA1902-15

Process ID
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

Host plant
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
United States
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada

Country

GenBank
GenBank
GenBank
accession COI accession H3 accession 28S
KR450358
–
–
KM541048
–
–
KM542253
–
–
KM553942
–
–
KT137773
–
–
KT139585
–
–
KT128577
–
–
KT134205
–
–
KT142705
–
–
KT142617
–
–
KU380264
–
–
KT139942
–
–
KT144572
–
–
KM544224
–
–
KU380251
–
–
KT141098
–
–
KR936951
–
–
KT140585
–
–
KT136403
–
–
KT143475
–
–
KM547661
–
–
KM547518
–
–
KM542391
–
–
KM548929
–
–
KM540469
–
–
KT125110
–
–
KU380250
–
–
KU380249
–
–
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113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128

102
103
104
105
106
107
108
109
110
111
112

№

BIOUG20492-F11
BIOUG18949-E06
BIOUG18164-F07
BIOUG17972-E10
BIOUG17786-F09
BIOUG17786-F07
BIOUG17786-F06
BIOUG17786-F05
BIOUG17245-D09
BIOUG16989-D12
BIOUG16944-A01
Micrurapteryx salicifoliella
10BBCLP-2121
10BBCLP-2122
10BBCLP-2123
10BBCLP-2125
10BBCLP-2126
10BBCLP-2129
10BBCLP-2130
10BBCLP-2131 [MIC7454♂]
10BBCLP-2132
10BBCLP-2133
10PROBE-18724
10PROBE-18785
10PROBE-19679
10PROBE-19681
10PROBE-21923
10PROBE-25766
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BBLPD123-10
BBLPD124-10
BBLPD125-10
BBLPD127-10
BBLPD128-10
BBLPD131-10
BBLPD132-10
BBLPD133-10
BBLPD134-10
BBLPD135-10
EMHLC005-10
EMHLC046-10
EMHLC162-10
EMHLC164-10
PHLCH266-10
PHLCH349-10

CNTIA1895-15
CNYOA518-15
CNKTC1685-15
CNKTB2181-14
CNKTA1035-14
CNKTA1033-14
CNKTA1032-14
CNKTA1031-14
CNKLA840-14
CNIVF402-14
CNIVE102-14

Process ID

–
–
–
–
–
–
–
–
–
–
–
Salix sp.
Salix sp.
Salix sp.
–
Myrica gale

–
–
–
–
–
–
–
–
–
–
–

Host plant

Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada

Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada

Country

KM546499
KM551613
KM544406
KM542568
KM539529
KM550976
KM553079
KM542107
KM549534
KM547436
HQ946212
HQ946239
HQ946317
HQ946318
JF860432
JF860441

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

GenBank
GenBank
GenBank
accession COI accession H3 accession 28S
KU380253
–
–
KR936641
–
–
KT131089
–
–
KT147497
–
–
KT147730
–
–
KT132114
–
–
KT141434
–
–
KT132493
–
–
KT143953
–
–
KT131234
–
–
KT126687
–
–
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CNCLEP00083021, [MIC6906♂]

CNCLEP00083022, [MIC6973♂]

152

153

149
150
151

140
141
142
143
144
145
146
147
148

AC005056, [MIC6840♂]
BIOUG03504-A05
BIOUG04663-C02
BIOUG04663-C03
BIOUG04663-D07
BIOUG04722-F07
BIOUG05528-B11
BIOUG06046-B12
HLC-10432
KENWR 7198
CNCLEP00026530, [MIC6902♀]
Parectopa ononidis
CLV1785
CLV1797
CLV2269
CLV2272
CLV2283
CLV2284
F11onon
F12onon
NK461
Parectopa robiniella
CLV1860
CLV2282
CLV2542

Sample ID and genitalia preparation in []

129
130
131
132
133
134
135
136
137
138
139

№

MNAO1074-11

MNAO1073-11

GRSLO340-10
GRPAL124-11
GRPAL479-11

GRSLO265-10
GRSLO277-10
GRSLO654-11
GRSLO657-11
GRPAL125-11
GRPAL126-11
GRACI439-09
GRACI440-09
MICRU016-15

LQAC045-06
SSBAA5768-12
SSJAB037-13
SSJAB038-13
SSJAB054-13
SSJAA015-13
SMTPB2588-13
SSJAC213-13
XAF391-05
ABKWR138-07
MNAA372-07

Process ID

–
Robinia sp.
–
Robinia
pseudoacacia
R. pseudoacacia

–
–
–
–
–
–
Ononis sp.
Ononis sp.
Trifolium pratense

–
–
–
–
–
–
–
–
–
–
–

Host plant

USA

USA

Italy
Slovakia
France

Austria
Austria
France
France
France
France
Hungary
Spain
Russia

Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
Canada
USA
Canada

Country

KP845392

KP845410

JF848420
JN271900
KP845390

JN271915
JF848374
KP845416
KP845388
JN271901
JN271902
KP845394
KP845399
KU380258

–

–

–
–
–

–
–
–
–
–
–
–
–
–

–

–

–
–
–

–
–
–
–
–
–
–
–
–

GenBank
GenBank
GenBank
accession COI accession H3 accession 28S
KP845395
–
–
KM548123
–
–
KM550643
–
–
KM551664
–
–
KM541113
–
–
KM550409
–
–
KP845407
–
–
KM543829
–
–
KP845420
–
–
KP845421
–
–
KP845412
–
–
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CNCLEP00083023
CNCLEP00083024
CNCLEP00083025
FG58

154
155
156
157

– no data.

Sample ID and genitalia preparation in []

№
MNAO1075-11
MNAO1076-11
MNAO1077-11
GRPAL917-12

Process ID
R. pseudoacacia
R. pseudoacacia
R. pseudoacacia
R. pseudoacacia

Host plant
USA
USA
USA
France

Country

GenBank
GenBank
GenBank
accession COI accession H3 accession 28S
KP845401
–
–
KP845409
–
–
KP845398
–
KP856956
–

144
Natalia Kirichenko et al. / ZooKeys 579: 99–156 (2016)

M. gradatella
[0.02]
9.2
11.0
9.1
1.9
15.4
16.2

M. kollariella

[0.62]
11.3
10.3
16.5
16.2

M. caraganella
[0.62]
11.8
10.7
7.7
15.6
16.2
[0.62]
8.0
14.0
14.6

M. salicifoliella

[1.66]
14.4
14.3

M. occulta

[1.55]
14.1

P. ononidis

[1.1]

P. robiniella

Kimura 2-parameter (K2P) distances (%) for barcode DNA sequences of the eight analyzed species in the genera Micrurapteryx and Parectopa; minimal pairwise
distances between species are given for each species pair; values in square brackets represent maximal intraspecific distances.

Species
Micrurapteryx gradatella
M. caraganella
M. kollariella
M. salicifoliella
M. occulta
Parectopa ononidis
P. robiniella

Table 2. Intra- and interspecific genetic divergences in DNA barcode sequences among studied species.
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AC006119, [MIC 6948♂]
AC006130, [MIC 6939♂]
AC006629, [MIC 6946♂]
BIOUG02884-D02*, [MIC 7560♂]
BIOUG03017-H02*, [MIC 7553♂]

BIOUG03484-B11*, [MIC 7458♂]

BIOUG03754-B12*, [MIC 7556♀]
BIOUG03957-A01*, [MIC 7557♀]

BIOUG06714-A06*, [MIC 7455♂]

BIOUG06814-D03*, [MIC 7559♀]
BIOUG08285-A11*, [MIC 7555♀]
BIOUG08285-E05*, [MIC 7460♀]
BIOUG08486-H06*, [MIC 7561♂]
BIOUG09474-A06*, [MIC 7554♂]

BIOUG16138-A01*, [MIC 7457♂]

BIOUG16843-E02*, [MIC 7456♂]
BIOUG16843-E05*, [MIC 7459♀]
BIOUG16843-E08*, [MIC 7558♂]
CNCLEP00007544, [MIC 6957♀]
CNCLEP00008459, [MIC 6944♂]
CNCLEP00016559, [MIC 6901♀]
CNCLEP00016560, [MIC 6955♀]
CNCLEP00016563, [MIC 6956♀]

1
2
3
4
5

6

7
8

9

10
11
12
13
14

15

16
17
18
19
20
21
22
23

№ Specimen ID and genitalia preparation in []

BOLD:AAD5802
BOLD:AAD5802
BOLD:AAD5802
barcode failed
BOLD:AAD5802
BOLD:AAD5802
BOLD:AAD5802
BOLD:AAD5802

BOLD:AAD5802

BOLD:AAD5802
BOLD:AAD5802
BOLD:AAD5802
BOLD:AAD5802
BOLD:AAD5802

BOLD:AAD5802

BOLD:AAD5802
BOLD:AAD5802

BOLD:AAD5802

BOLD:AAD5802
BOLD:AAD5802
BOLD:AAD5802
BOLD:AAD5802
BOLD:AAD5802

BIN

Yukon
Yukon
Yukon
Quebec
Nevada
Quebec
Quebec
Quebec

New Brunswick

Alberta
Saskatchewan
Saskatchewan
Alberta
Newfoundland

California

Manitoba
Manitoba

Alberta

Québec
Québec
Québec
Alberta
Manitoba

Province / State

Table 3. Morphological variation in Micrurapteryx occulta from North America.

–
–
–
white
white
white
white
white

–

–
–
–
–
–

–

–
–

–

white
white
white
–
–

Head
color

–
–
–
white
white
white
white
white

–

–
–
–
–
–

–

–
–

–

white
white
white
–
–

Thorax
color

–
–
–
white
white
white
white
white

–

–
–
–
–
–

–

–
–

–

white
white
white
–
–

Forewing
costa

Phallus
Color of
Anal
forewing median apical tube Signa
apical area tooth tooth setae
rufous
single sharp 0
–
rufous
single sharp 2
–
rufous
single sharp 1
–
–
single blunt 0
–
–
single sharp 0
–
double
–
sharp 0
–
sharp
–
–
–
–
7
–
–
–
–
4
double
–
sharp 0
–
sharp
–
–
–
–
4
–
–
–
–
8
–
–
–
–
5
–
single blunt 0
–
–
single sharp 0
–
triple sharp
–
0
–
sharp double
–
single sharp 0
–
–
–
–
–
4
–
single sharp 0
–
rufous
–
–
–
7
pale brown single sharp 0
–
rufous
–
–
–
2
rufous
–
–
–
6
rufous
–
–
–
4
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CNCLEP00108894, [MIC 6949♂]

CNCLEP00117698, [MIC 6903♀]

CNCLEP00117700, [MIC 6966♀]

CNCLEP00121158, [MIC 6904♀]

CNCLEP00121159, [MIC 6905♂]

32

33

34

35

36

41

39
40

38

CNCLEP00123694, [MIC 6958♀]

CNCLEP00123635, [DRD 3764♂]
HOLOTYPE albicostella
CNCLEP00123636, [JFL 1748♀]
HOLOTYPE occulta
CNCLEP00123677, [MIC 6950♂]
CNCLEP00123684, [MIC 6951♂]

CNCLEP00082676, [MIC 6937♂]

31

37

BOLD:AAD5802
BOLD:AAD5802
BOLD:AAD5802

CNCLEP00082614, [MIC 6943] ♂
CNCLEP00082615, [MIC 6953♂]
CNCLEP00082616, [MIC 6954♂]

28
29
30

not barcoded

not barcoded
not barcoded

not barcoded

not barcoded

BOLD:AAD5802

BOLD:AAD5802

not barcoded

not barcoded

BOLD:AAD5802

BOLD:AAD5802

BOLD:AAD5802

CNCLEP00076976, [MIC 6947♂]

27

BOLD:AAD5802
BOLD:AAD5802
BOLD:AAD5802

CNCLEP00035771, [MIC 6945♂]
CNCLEP00035785, [MIC 6938♂]
CNCLEP00038523, [MIC 6839♂]

BIN

24
25
26

№ Specimen ID and genitalia preparation in []

British Columbia

Quebec
Quebec

Kentucky

Utah

British Columbia

British Columbia

British Columbia

British Columbia

British Columbia

Washington

Washington
Washington
Washington

Washington

Ontario
Ontario
Quebec

Province / State

dark

white
white

white

dark

white
white

white

Thorax
color

dark

white
white

white

Forewing
costa

rufous
rufous
dark
peppered

rufous

–

single
single

–

–

sharp
sharp

–

–

0
0

–

3

–
–

5

Phallus
Color of
Anal
forewing median apical tube Signa
apical area tooth tooth setae
white
white
white
rufous
single sharp 0
–
white
white
white
rufous
single sharp 0
–
white
white
white
rufous
single sharp 2
–
dark
double
white
white
white
sharp 0
–
peppered
sharp
white
white
white
brown
single sharp 0
–
white
white
white
brown
single sharp 0
–
white
white
white
brown
single sharp 0
–
sharp
white
white dark peppered dark brown single
0
–
small
dark
white
white
white
single sharp 0
–
peppered
brown
dark
white
white
–
–
–
5
peppered
dark
dark
dark
dark
–
–
–
6
peppered
dark
white
white
white
–
–
–
6
peppered
dark
dark
dark
double
dark peppered
blunt 0
–
peppered peppered
peppered
blunt
brown
double sharp
dark
dark
white
0
–
peppered
sharp small
Head
color
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CNCLEP00123996, [MIC 2151♂]

CNCLEP00123997, [MIC 6962♂]
CNCLEP00124000, [MIC 6978♂]
USNMENT00657161, [USNM 130245♀]

USNMENT00657162, [USNM 130246♂]

USNMENT00657163 [USNM 130247♂]

USNMENT00657165, [USNM 130248♂]

43

44
45
46

47

48

49

* malaise-trapped, ethanol-preserved.
– no data.

CNCLEP00123994, [MIC 6963♀]

42

№ Specimen ID and genitalia preparation in []

BOLD:AAD5802

BOLD:AAD5802

BOLD:AAD5802

not barcoded
not barcoded
barcode failed

not barcoded

not barcoded

BIN

California

California

California

Manitoba
British Columbia
California

Manitoba

Manitoba

Province / State

Thorax
color

white

dark

white
dark
white

white

brown

dark peppered

dark peppered

white

brown

rufous

single

single
Single
–
double
sharp
double
small

single

–

sharp

sharp

sharp

sharp
Sharp
–

sharp

–

0

0

0

0
0
–

0

–

–

–

–

–
–
4

–

4

Phallus
Color of
Anal
forewing median apical tube Signa
apical area tooth tooth setae

brown
peppered
white
rufous
dark peppered brown
white
pale brown

white

Forewing
costa

dark
dark
dark peppered pale brown
peppered peppered

white

dark

white
dark
white

dark

dark
dark
peppered peppered

Head
color
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Abstract
The molecular status of nine species of the genus Alburnoides from different river drainages in Iran and
additionally by seven species from Europe was assessed. mtDNA COI gene sequences from freshly collected specimens and available NCBI data revealed four major phylogenetic lineages. Based on the results,
a distinct taxon from the Cheshmeh Ali (Ali Spring), a Damghan River tributary in the endorheic Dasht-e
Kavir basin, northern Iran, which is the closest sister to Alburnoides namaki (Namak Lake basin) + A. coadi
(Nam River in the endorheic Dasht-e Kavir basin) is considered as a new species, Alburnoides damghani
sp. n. It is distinguished from other Alburnoides species in Iran by a combination of character states including: a weakly-developed, variably-scaled, ventral keel from completely scaleless to completely scaled,
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a short snout with the tip of the mouth cleft on a level with the lower margin of the pupil or slightly lower,
a small eye (eye horizontal diameter slightly to markedly less than interorbital width), commonly 8½
branched dorsal-fin rays, commonly 11−12½ branched anal-fin rays, 40−46(47) total lateral-line scales,
2.5–4.2 or 2.5–4.1 pharyngeal teeth, gill rakers short and widely spaced, 6−8 in total, 39−41 (commonly
40), total vertebrae, (19)20(21) abdominal vertebrae, 19−21 (most commonly 20) caudal vertebrae, abdominal vertebral region most commonly equal to or longer than caudal region, and most common
vertebral formulae 20+20 and 21+19.
Keywords
Freshwater fishes, phylogenetic relationship, mitochondrial DNA, DNA barcoding, morphology

Introduction
The genus Alburnoides, a member of the family Cyprinidae, is found in Europe, Asia
Minor and Central Asia with 28 species so far considered valid (Bogutskaya and Coad
2009, Coad and Bogutskaya 2009, 2012, Turan et al. 2014, Mousavi-Sabet et al.
2015a, b, Coad 2015). Alburnoides bipunctatus (Bloch, 1782) was the name applied
to most populations throughout Europe and the Middle East from north of the Alps
(France) eastwards to the Black, Caspian and Aral Sea basins but ongoing research has
revealed a much greater diversity (Bogutskaya and Coad 2009, Coad and Bogutskaya
2009, Seifali et al. 2012, Turan et al. 2014, Mousavi-Sabet et al. 2015a, b).
Based on recent research, eleven species were considered to occur in Iranian inland
waters. First, A. eichwaldii (De Filippi, 1863) from the Kura River drainage was resurrected (Bogutskaya and Coad 2009) and six species described: A. namaki Bogutskaya
& Coad, 2009 from a qanat at Taveh, Namak Lake basin, A. nicolausi Bogutskaya &
Coad, 2009 from the Tigris River drainage, A. qanati Coad & Bogutskaya, 2009 from
the Pulvar River drainage, Kor River basin, A. idignensis Bogutskaya & Coad, 2009
from the Bid Sorkh River, Gav Masiab River system, Tigris River drainage, A. petrubanarescui Coad & Bogutskaya, 2009 from the Qasemlou Chay, Orumiyeh (Urmia)
Lake basin, and A. holciki Coad & Bogutskaya, 2012 from the Hari River. It was also
shown (Coad and Bogutskaya 2009, 2012) that south-Caspian Alburnoides from 1)
rivers west of the Safid River [Sefid Rud]; 2) the Safid River drainage; 3) rivers east of
the Safid River excluding the Atrek [Atrak] drainage; 4) the Atrek River drainage; and
5) the Amu Darya River drainage represent undescribed species. It was expected that
even more species are to be recognized (see Coad and Bogutskaya 2012, Seifali et al.
2012). Alburnoides sp. from the Tajan River (Alburnoides sp. from rivers east of the
Safid River sensu Coad and Bogutskaya (2009)) was later described as A. tabarestanensis Mousavi-Sabet, Anvarifar & Azizi, 2015; Alburnoides sp. from the Safid River was
described as A. samiii Mousavi-Sabet, Vatandoust & Doadrio, 2015, and the Atrek
River Alburnoides sp. as A. parhami Mousavi-Sabet, Vatandoust & Doadrio, 2015.
Distribution of the species is given in Fig. 1.
A comparison of populations of different Alburnoides species and unidentified populations based on molecular characteristics, body, head and mouth shape, the ventral
keel development, and meristic characters showed that a population from Cheshmeh
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Figure 1. Distribution and sampling sites of Alburnoides species in Iran and adjacent areas. 1 A. eichwaldii: Aras River, Kura River drainage 2 A. cf. eichwaldii: west of Safid River 3 A. samiii: Safid River 4 A.
tabarestanensis: Tajan River 5 A. parhami: Atrek River 6 A. parhami: type locality Baba-Aman stream
7 A. holciki: Hari River 8 A. varentsovi: Ashkhabadka River, northern slope of Kopetdag Mountains 9 Alburnoides sp. Amu Darya River 10 A. damghani sp. n.: Cheshmeh Ali, Damghan River system, Dasht-e
Kavir basin 11 A. namaki: Qarah River, Namak Lake basin 12 A. coadi: Nam River, Dasht-e Kavir basin
13 A. petrubanarescui: Orumiyeh Lake basin 14 A. nicolausi: Nor Abad River, Tigris River system 15 A.
idignensis: Bid Sorkh River, Tigris River system 16 A. qanati: Pulvar River, Kor River system 17 A. qanati:
Masih Spring, Sirjan basin.

Ali, a Damghan River tributary in the Dasht-e Kavir drainage, could not be identified
with any of the named species and represents a new species. Hence, the aim of this
study was to describe this new species based on a wide comparison with known Iranian species of the genus and investigate phylogenetic relationships among the major
Alburnoides lineages by analyzing sequence variation of the mitochondrial COI gene.

Materials and methods
Morphological examinations
After anesthesia, fishes were fixed in 5% formaldehyde and later stored in 70% ethanol. Counts and measurements follow Hubbs and Lagler (1958). Measurements were
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performed using digital calipers to the nearest 0.01 mm. Standard length (SL) was
measured from the tip of the upper jaw to the end of the hypural complex, total length
(TL) was measured from the tip of the upper jaw to the end of the longest caudal-fin
lobe. Head length and interorbital width were measured to their bony margins. Fin ray
counts separate unbranched and branched rays. The last two branched rays articulated
on a last compound pterygiophore in the dorsal and anal fins and are noted as “1½”.
Mean and standard deviation were calculated without the “½”. Lateral-line scale count
includes pierced scales, from the first one just behind the supracleithrum to the posteriormost one at the base of the caudal-fin rays (i.e., posterior margin of the hypurals)
excluding 1 or 2 scales located on the bases of the caudal-fin rays, total number of
lateral-line scales is also provided. Counts of unpaired fin rays and vertebrae were done
from radiographs. The character states of the ventral keel scale cover were estimated by
direct measurements as shown in Bogutskaya et al. (2010). Statistical calculations and
the multidimensional scaling (MDS) analysis were performed using software packages
Statistica 6.0 and Primer v6.1.9.

DNA extraction and PCR
DNA was extracted from muscle tissue at the base of the dorsal fin using a Genomic DNA
Purification Kit (#K0512, Thermo Scientific Corporation, Lithuania) following the manufacturer’s protocol. The COI gene was amplified using primers FishF1-(5'-TCAACCAACCACAAAGACATTGGCAC-3') and FishR1-(5'-TAGACTTCTGGGTGGCCAAAGAATCA-3'), designed by Ward et al. (2005). Polymerase chain reaction (PCR)
conditions were as follows: a 50 μl final reaction volume containing 5 μl of 10X Taq
polymerase buffer, 1 μl of (50 mM) MgCl2,1 μl of (10 mM) deoxynucleotide triphosphate (dNTP), 1 μl (10 μm) of each primer, 1 μl of Taq polymerase (5 Uμl-1), 7 μl of
total DNA and 33 μl of H2O. Amplification cycles were as follows: denaturation for 10
min at 94 °C, 30 cycles at 94 °C for 1 min, 58.5 °C for 1 min, 72 °C for 1 min and a
final extension for 5 min at 72 °C. PCR products were purified using a purification kit
(Expin Combo GP – mini, Macrogen Inc., Korea). The PCR products were sequenced
using the Sanger method by a robotic ABI-3130xl sequencer using manufacturer’s protocol. The forward primer FishF1 was used for single strand sequencing.

Molecular data analysis
The haplotypes were compared to published Alburnoides sequences using (BLASTn)
basic local alignment search tool (Altschul et al. 1990). All sequence data were aligned
using MEGA6 software (Tamura et al. 2013). To unify the length of the sequences,
the common 620 bp length segments were selected and used for phylogenetic analysis. Modeltest (Posada and Crandall 1998), implemented in the MEGA 6 software
(Tamura et al. 2013), was used to determine the most appropriate sequence evolution
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model for the given data, treating gaps and missing data with the partial deletion option under 95% site coverage cut-off. We generated maximum likelihood phylogenetic
trees with 10,000 bootstrap replicates in RaxML software 7.2.5 Stamatakis (2006) under the GTR+G+I model of nucleotide substitution, with CAT approximation of rate
heterogeneity and fast bootstrap to explore species phylogenetic affinities. Bayesian
analyses of nucleotide sequences were run with the parallel version of MrBayes 3.1.2
(Ronquist and Huelsenbeck 2003) on a Linux cluster with one processor assigned
to each Markov chain under the most generalizing model (GTR+G+I) because overparametrization apparently does not negatively affect Bayesian analyses (Huelsenbeck
and Ranala 2004). Each Bayesian analysis comprised two simultaneous runs of four
Metropolis-coupled Markov-chains at the default temperature (0.2). Analyses were terminated after the chains converged significantly, as indicated by the average standard
deviation of split frequencies <0.01.
Sequenced were Iranian populations of A. coadi, A. damghani sp. n., A. eichwaldii,
A. holciki, A. idignensis A. namaki, A. nicolausi, A. qanati, A. samiii and A. tabarestanensis
(Fig. 1, Table 1). No tissue material was available for A. petrubanarescui. In order to better understand the phylogenetic position of the studied species, we included records from
the NCBI GenBank for A. bipunctatus (accession numbers: KJ552394, KM286434,
KM286435, KJ552440, 286433), A. devolli Bogutskaya, Zupančič & Naseka, 2010
(accession numbers: KJ552420, KJ552652, KJ552693, KJ552370), A. fangfangae Bogutskaya, Zupančič & Naseka 2010 (accession numbers: KJ552562, KJ552720, A.
KJ552616, KJ552506,) A. ohridanus Karaman, 1928 (accession numbers: KJ552755,
KJ552448, KJ552646, KJ552730), A. prespensis Karaman, 1924 (accession numbers:
KJ552408, HQ600666A, HQ600665, KJ552526, KJ552408, A. HQ600667), A.
strymonicus Chichkoff, 1940 (accession numbers: KJ552519, KJ552521), A. thessalicus
Stephanidis, 1950 (accession numbers: KJ552656, KJ552369, KJ552723, KJ552685)
and Alburnoides sp. (accession number: KJ552427, Greece: Sperchios drainage).
Screening for diagnostic nucleotide substitutions relative to Oryzias latipes was
performed manually from the resulting sequence alignment. Estimates of evolutionary
divergence over sequence pairs between species were conducted in Mega6 (Tamura
et al. 2013). Analyses were conducted using the Kimura 2-parameter model (Kimura
1980). The rate variation among sites was modelled with a gamma distribution (shape
parameter = 1). Codon positions included were 1st+2nd+3rd. All positions containing
gaps and missing data were eliminated.
As appropriate outgroup to root the constructed phylogenetic hypothesis, Alburnus alburnus (accession number: KM373683), was included.

Abbreviations used
SL, standard length, HL, lateral head length, K2P, Kimura 2-parameter.
Collection codes: CMNFI – Canadian Museum of Nature, Ottawa, ZM-CBSU –
Zoological Museum of Shiraz University, Collection of Biology Department, Shiraz.
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Table 1. Details of the specimens used for molecular analysis.
Species
A. damghani 1
A. damghani 2
A. damghani 3
A. eichwaldii 7
A. eichwaldii 8
A. eichwaldii 9
A. eichwaldii 38
A. holciki 22
A. holciki 23
A. holciki 24
A. idignensis 4
A. idignensis 5
A. idignensis 6
A. idignensis 34
A. namaki 16
A. namaki 17
A. namaki 18
A. namaki 31
A. namaki 32
A. coadi 1
A. coadi 2
A. coadi 3
A. nicolausi 10
A. nicolausi 11
A. nicolausi 12
A. qanati 13
A. qanati 14
A. qanati 15

Accession No.
KU705237
KU705238
KU705239
KU705240
KU705241
KU705242
KU705243
KU705244
KU705245
KU705246
KU705247
KU705248
KU705249
KU705250
KU705251
KU705252
KU705253
KU705254
KU705255
KU705256
KU705257
KU705258
KU705259
KU705260
KU705261
KU705262
KU705263
KU705264

A. qanati 39

KU705265

A. qanati 40

KU705266

A. tabarestanensis 19
A. tabarestanensis 20
A. tabarestanensis 21
A. tabarestanensis 25

KU705267
KU705268
KU705269
KU705270

A. samiii 26

KU705271

A. samiii 27

KU705272

Sampling site
Latitude
Longitude Basin/drainage
Damghan Spring 36°16'45.6" 54°05'01.6" Dasht-e Kavir
Damghan Spring 36°16'45.6" 54°05'01.6" Dasht-e Kavir
Damghan Spring 36°16'45.6" 54°05'01.6" Dasht-e Kavir
Aras River
39°21'07"
45°05'08"
Caspian Sea
Aras River
39°21'07"
45°05'08"
Caspian Sea
Aras River
39°21'07"
45°05'08"
Caspian Sea
Aras River
39°35'02"
47°42'35"
Caspian Sea
Hari River
35°05'
61°08'
Hari River
Hari River
35°05'
61°08'
Hari River
Hari River
35°05'
61°08'
Hari River
Bid Sorkh River
34°23'
47°52'
Tigris River
Bid Sorkh River
34°23'
47°52'
Tigris River
Bid Sorkh River
34°23'
47°52'
Tigris River
Chardavol River 33°41'38"
46°52'57"
Tigris River
Qareh Chai River
34°53'
50°02'
Namak Lake
Qareh Chai River
34°53'
50°02'
Namak Lake
Qareh Chai River
34°53'
50°02'
Namak Lake
Doab River
34°04'20"
49°20'46"
Namak Lake
Doab River
34°04'20"
49°20'46"
Namak Lake
Nam River
35°43'21"
52°39'20" Dasht-e Kavir
Nam River
35°43'21"
52°39'20" Dasht-e Kavir
Nam River
35°43'21"
52°39'20" Dasht-e Kavir
Nor Abad River
34°03'
47°58'
Tigris River
Nor Abad River
34°03'
47°58'
Tigris River
Nor Abad River
34°03'
47°58'
Tigris River
Pulvar River
29°59'
52°54'
Kor River
Pulvar River
29°59'
52°54'
Kor River
Pulvar River
29°59'
52°54'
Kor River
Ghadamgah
30°14'20"
52°22'23"
Kor River
Spring
Herat (Masih
30°01'57"
54°19'55"
Sirjan
Spring)
Tajan River
36°11'
53°19'
Caspian Sea
Tajan River
36°11'
53°19'
Caspian Sea
Tajan River
36°11'
53°19'
Caspian Sea
Tajan River
36°16'37"
53°12'22"
Caspian Sea
Emamzadeh
Hashem
37°01'11"
49°38'
Caspian Sea
(Safid River)
Chalavand River 38°17'39"
48°52'28"
Caspian Sea
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Table 2. Diagnostic nucleotide substitutions found in the mtDNA COI barcode region of Alburnoides
species of Iran.

5519
5529
5532
5535
5538
5598
5601
5631
5649
5667
5673
5679
5682
5691
5694
5700
5701
5707
5713
5722
5731
5734
5765

A. eichwaldii
A. damghani
A. holciki
A. idignensis
A. namaki
A. nicolausi
A. qanati
A. samiii
A. tabarestanensis

N
4
3
3
4
8
3
5
2
4

T
T
A
T
T
T
T
T
T

N

5776
5786
5789
5800
5815
5818
5821
5836
5854
5857
5885
5902
5911
5914
5920
5959
5965
5992
6001
6004
6019
6050
6092

Nucleotide position relative to Oryzias latipes complete mitochondrial genome (AP004421)

G
G
G
G
G
G
A
G
G

C
C
T
C
C
C
C
C
C

A
A
A
A
A
A
A
A
G

A
A
A
A
G
A
A
A
A

A
A
A
A
A
A
A
A
G

C
A
A
A
A
A
A
A
A

T
T
T
T
T
T
C
T
T

A. eichwaldii
4 G C C T T A C A
A. damghani
3 G C C T T G C A
A. holciki
3 G T T T T C T A
A. idignensis
4 G C C T T A C A
A. namaki
8 G C C T T A C A
A. nicolausi
3 G C C T T A C A
A. qanati
5 G C C T T G C G
A. samiii
2 G C C T C A C A
A. tabarestanensis 4 A C C C T A C A

A
A
A
G
A
A
A
A
A

G
A
A
A
A
A
A
A
A

G
G
G
G
G
G
G
G
A

A
A
T
A
A
A
A
A
A

T
T
T
T
T
T
T
T
C

G
G
G
G
G
A
G
G
G

T
T
T
T
T
T
T
T
C

A
A
A
A
A
G
A
A
A

T
A
A
A
A
A
C
A
G

A
A
G
A
A
A
A
A
A

A
A
A
A
A
A
A
G
A

A
A
G
A
A
A
A
A
A

C
C
C
C
C
C
T
C
C

G
A
A
A
A
A
A
A
A

C
C
C
C
C
C
C
C
T

T
T
T
T
C
T
T
T
T

G
G
A
G
G
G
G
G
G

T
T
C
T
T
T
T
T
T

G
A
A
A
A
A
A
A
A

T
T
C
T
T
T
T
T
T

G
G
G
G
G
G
A
G
G

C
T
G
C
T
T
C
T
T

A
A
C
A
A
A
A
G
A

C
C
A
C
C
C
C
C
C

A
A
G
A
A
A
A
A
A

G
G
A
G
G
G
G
G
G

A
A
A
A
A
A
G
A
A

T
T
C
T
T
T
T
T
T

C
C
T
C
C
C
C
C
C

C
C
C
C
C
C
T
C
C

Table 3. Estimates of the average evolutionary divergence between Iranian Alburnoides species, expressed
as number of base substitutions per site. All positions with less than 95% site coverage were eliminated
before analysis, leading to a total of 620 nucleotide positions.
No.
1
2
3
4
5
6
7
8
9

Species
A. eichwaldii
A. damghani
A. holciki
A. idignensis
A. namaki
A. nicolausi
A. qanati
A. samiii
A. tabarestanensis

N
4
3
3
4
8
3
5
2
4

1

2

3

4

5

6

7

8

3.08
6.78
2.76
3.74
3.08
2.90
4.21
5.09

5.75
1.08
0.97
1.04
3.57
2.54
3.17

5.70
6.18
5.94
7.12
6.41
7.76

1.72
0.73
3.62
2.58
3.21

1.68
4.61
3.19
3.83

3.94
2.54
3.17

5.52
5.99

3.64
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Figure 2. Bayesian analysis (based on COI gene sequences) of phylogenetic relationships of Alburnoides
damghani and related taxa.

Results
COI barcodes were generated for a total of 36 Alburnoides specimens. Two phylogenetic approaches Bayesian Inference (BI) and Maximum Likelihood (ML), gave the
same tree topologies and thus one is presented (Fig. 2). Tables 2–3 list the diagnostic
nucleotide substitutions and estimates of the average evolutionary divergence found
in the mtDNA COI barcode region. The two different phylogenetic approaches produced almost identical tree topologies although Bayesian analysis (Rannala and Yang
1986, Yang and Rannala 1997) has been empirically demonstrated to be the most efficient character-based method for accurately reconstructing a phylogeny (Simmons and
Miya 2004). Two methods produced trees with 4 major lineages supported by high
posterior probability and bootstrap values and seven groups (Fig. 2): I) A. strymonicus
− A. thessalicus lineage, II) A. bipunctatus − A. ohridanus − A. prespensis group lineage,
III) Alburnoides sp. lineage (Greece: Sperchios drainage) and IV) Iranian Alburnoides
lineage (Alburnoides eichwaldii lineage). Within the IV line, A. damghani sp. n. is a
sister to A. namaki + A. coadi and the clade containing the three species is a sister to A.
tabarestanensis + A. samiii (Fig. 2).
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Alburnoides damghani sp. n.
http://zoobank.org/BD1CFF35-5F9F-4823-ABC9-E4A9FA5D990E
Figs 3−6
Type locality. Cheshmeh Ali (Ali Spring), Damghan River tributary, Iran.
Holotype. CMNFI 2015-0091, female, 67.0 mm SL, Iran, Semnan Prov.,
Cheshmeh Ali, Damghan River tributary, near Damghan city, Dasht-e Kavir Basin,
36°16'45.6"N, 54°05'01.6"E, altitude 1569 m, 22 August 2011, coll. H.R. Esmaeili,
A. Gholamifard, G. Sayyadzadeh, R. Zamaniannejad.
Paratypes. ZM-CBSU 2011-1, 15 specimens, 57.1−79 mm SL, same data as holotype; CMNFI 2015-0091A, 24 specimens, 54.6−84.4 mm SL, same data as holotype;
ZM-CBSU 2012-1, 3 specimens, 83.9−89.7 mm SL, same data as holotype, 06 July
2012, coll. S. Eagderi.
Diagnosis. Alburnoides damghani sp. n. is distinguished by having a combination of character states which includes a weakly-developed, variably-scaled, ventral
keel from completely scaleless to completely scaled; a stout short snout with tip of
the mouth cleft on a level with the lower margin of the pupil or lower; a small eye
(eye horizontal diameter slightly to markedly less than interorbital width); commonly
8½ branched dorsal-fin rays; commonly 11−12½, branched anal-fin rays; 40−46(47)
total lateral-line scales (40-46 scales to posterior margin of the hypurals); 2.5–4.2 and
2.5-4.1 pharyngeal teeth; 6−8 total gill rakers in outer row on first left arch; 39−41,
commonly 40, total vertebrae; 12−14, commonly 13, predorsal vertebrae; abdominal
vertebral region most commonly equal to or longer than caudal region (vertebral formulae 20+20 and 21+19).
Description. Description of holotype (Fig. 3). The caudal-fin lobes are rounded and
the fin is shallowly forked. A ventral keel between the pelvics and the anal fin is scaleless for 1/3 of the length in front of the anus. There is a pelvic axillary scale and scales
extend over the proximal bases of the anal fin forming a sheath. The upper body profile
is convex, similar to the lower profile. The body is relatively thick and the caudal peduncle short and deep (its depth enters the length 1.7 times).
The eye is small, its horizontal diameter enters interorbital width 1.2 times. The
snout is short and stout, its length only slightly exceeds the eye diameter. The upper
jaw slightly projects over the lower jaw. The mouth is small, terminal, the mouth cleft
is slightly curved, and the tip of the mouth cleft is on a level with the lower margin of
the pupil. The posterior end of the lower jaw is on a vertical with the anterior margin
of the pupil. The body depth enters SL 3.2 times, HL enters 3.7, predorsal length 1.8,
caudal peduncle depth 7.7, caudal peduncle length 4.7, length of longest dorsal fin
ray 4.4, and length of longest anal-fin ray to scale sheath 6.6. Eye horizontal diameter
enters HL 3.9 times, snout length enters 3.4, and interorbital width 3.2. Pectoral-fin
length enters pectoral-fin origin to pelvic-fin origin distance 1.2 times and pelvic-fin
length enters pelvic-fin origin to anal-fin origin distance 1.1 times.
Dorsal-fin rays are 4 unbranched and 8½ branched, anal fin rays are 3 unbranched
and 12½ branched, pectoral-fin branched rays are 13, and pelvic-fin branched rays
are 7. The anal-fin origin is on a vertical from the posterior end of the dorsal-fin base.
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Figure 3. Alburnoides damghani sp. n., CMNFI 2015-0091, holotype, female, 67.0 mm SL; Iran, Semnan
Prov., Cheshmeh Ali, Damghan River tributary.

Figure 4. Alburnoides damghani sp. n., paratypes CMNFI 2015-0091A, a, 67.6 mm SL, b, 60.5 mm SL,
Iran, Semnan Prov., Cheshmeh Ali, Damghan River tributary.

Total lateral-line scales number 46 and those to posterior margin of hypurals 44, scales
around caudal peduncle 17, scales above lateral line to dorsal fin origin are 9, scales
below lateral line to anal-fin origin are 4, scales below lateral line to pelvic-fin origin
are 4, and midline predorsal scales are 27. Pharyngeal teeth 2.5-4.2. Gill rakers number

A molecular approach to the genus Alburnoides using COI sequences data set...

167

6, they are short and stubby, the longest touching the adjacent one when appressed.
Total vertebrae number 40 (abdominal vertebrae 20, caudal vertebrae 20). Predorsal
vertebrae number 13.
The peritoneum is silvery with fine melanophores. The lateral line is clearly delineated by darker pigment above and below, but this is obscured on the caudal peduncle
by the flank stripe. Some pigment on flank scales above the lateral line give the impression of stripes. A mid-flank stripe is evident, darkest on the caudal peduncle. The
back and top of the head are dark, the belly is light with almost no melanophores.
Melanophores are dense dorsally on the flank becoming progressively less ventrally.
All fins have melanophores lining the rays, and the dorsal, anal and caudal fins have
melanophores on the membranes, with very few melanophores on the pectoral- and
pelvic-fin membranes. The unbranched pectoral-fin ray is lined with melanophores on
its inner margin.
Description of paratypes. General appearance of body is shown in Figures 2−4 and
morphometric data are given in Table 3. Body compressed but thick, upper body profile clearly convex, similar to the lower profile. The eye is small, always less than interorbital width (eye horizontal diameter enters interorbital width 1.1−1.4 times). Snout
short and stout, only slightly pointed, snout length about equal to eye horizontal diameter. Mouth short, posterior end of upper jaw commonly in front of vertical with anterior margin of eye, posterior end of lower jaw on about vertical with anterior margin of
pupil. Mouth terminal, but mouth cleft more or less markedly curved and tip of mouth
cleft is on or below a level from lower margin of the pupil. Upper jaw slightly produced
over lower jaw in most specimens, especially larger-sized. Ventral keel between pelvic
and anal fin not sharp and weakly pronounced, variably scaled (examined in 24 paratypes): completely scaleless (in 7 specimens), scaleless along 3/4 (4 specimens), 2/3 (4
specimens), 1/2 (5 specimens), 1/4 (2 specimens), 1/5 (1 specimen) of keel length in
front of the anus or completely scaled (1 specimen). Pelvic axillary scale present extending over the proximal base of the anal fin. Caudal fin shallowly forked with rounded
lobes. Anal-fin origin at the vertical of the posterior end of the dorsal fin base (Fig. 5)
or in front of it (Fig. 4). The dorsal-fin outer margin is truncate to slightly convex and
the anal-fin outer margin is slightly concave. For measurement and ratios see Table 4.
In 24 paratypes (CMNFI 2015-0091): the lateral line is complete with 1 or 2 unpored scales at the posterior end of the lateral series, total lateral-line scales 40 (1), 41
(1), 42 (4), 43 (3), 44 (7), 45 (3), 46 (2) or 47 (1), lateral-line scales to the margin of
hypurals 40 (2), 41 (3), 42 (7), 43 (5), 44 (1), 45 (3) or 46 (1), total gill rakers in the
outer row on first left arch number 6 (5), 7 (16) or 8 (3), gill rakers are rather thick,
short and widely spaced, not touching the adjacent raker base when appressed, pharyngeal tooth counts are 2.5-4.2 in 19 specimens from 25 examined and 2.5-4.1 in 5
specimens. The general topography of cephalic sensory canals and numbers of pores is
typical of most Alburnoides (e.g., Coad and Bogutskaya 2009). The supraorbital canal
is not lengthened in its posterior section and has 8-10, commonly 9 pores with 2−4,
commonly 3, and 5−7, commonly 6, canal openings on the nasal and frontal bones,
respectively. The infraorbital canal has 13−17, commonly 14−15, pores with 4 (rarely
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Table 4. Morphometric data for the holotype of Alburnoides damghani (CMNFI 2015-0091) and paratypes (CMNFI 2015-0091A, n=24). Holotype data is included in the range and mean values.
Character
Holotype Min Max Mean
SL, mm
67.0
54.6 84.4
Body depth at dorsal-fin origin (% SL)
30.9
28.9 33.3 31.14
Depth of caudal peduncle (% SL)
12.9
12.0 14.1 13.01
Depth of caudal peduncle (% length of caudal peduncle)
60.6
57.3 68.1 63.10
Body width at dorsal-fin origin (% SL)
12.5
12.3 15.9 14.32
Caudal peduncle width (% SL)
4.6
3.9
5.6
4.66
Predorsal length (% SL)
54.9
53.0 57.1 55.12
Postdorsal length (% SL)
35.4
33.2 40.2 35.34
Prepelvic length (% SL)
49.1
45.9 53.2 49.15
Preanal length (% SL)
66.3
62.9 69.7 66.38
Pectoral – pelvic-fin origin length (% SL)
23.6
21.4 27.2 23.85
Pelvic – anal-fin origin length (% SL)
19.6
16.6 20.6 18.37
Length of caudal peduncle (% SL)
21.4
19.0 22.4 20.64
Dorsal-fin base length (% SL)
14.0
11.6 19.7 13.71
Dorsal fin depth (% SL)
22.5
18.3 23.9 20.93
Anal-fin base length (% SL)
17.1
14.7 19.5 17.45
Anal fin depth (% SL)
15.0
12.3 15.2 13.74
Pectoral-fin length (% SL)
19.9
17.7 21.5 19.66
Pelvic-fin length (% SL)
17.1
13.3 18.7 16.39
Head length (% SL)
27.2
24.5 28.1 26.74
Head length (% body depth)
87.9
77.6 92.4 85.96
Head depth at nape (% SL)
21.1
19.0 22.5 21.07
Head depth at nape (% HL)
77.8
73.6 83.7 78.83
Head depth through eye (% HL)
54.9
52.5 66.4 57.71
Maximum head width (% SL)
13.3
12.2 14.9 13.68
Maximum head width (% HL)
49.0
48.4 56.5 51.21
Snout length (% SL)
7.8
6.5
7.9
7.33
Snout length (% HL)
28.9
24.4 29.3 27.42
Eye horizontal diameter (% SL)
6.9
6.5
7.9
7.04
Eye horizontal diameter (% HL)
25.5
23.5 28.2 26.35
Eye horizontal diameter (% interorbital width)
81.6
71.3 87.8 78.22
Postorbital distance (% HL)
47.8
47.8 53.6 50.81
Interorbital width (% SL)
8.5
7.8
9.7
9.02
Interorbital width (% HL)
31.3
31.3 36.2 33.72
Length of upper jaw (% HL)
28.1
28.1 35.3 31.81
Length of upper jaw (% SL)
7.6
7.5
9.8
8.51
Length of lower jaw (% SL)
11.2
9.7
12.4 10.99
Length of lower jaw (% HL)
41.2
37.4 44.6 41.10
Length of lower jaw (% interorbital width)
131.6
109.8 142.8 122.09
Length of lower jaw (% depth of operculum)
94.3
90.7 104.3 96.87
Depth of operculum (% HL)
43.7
38.5 46.3 42.47
Ratios
Interorbital width/eye horizontal diameter
1.2
1.1
1.4
1.28

SD
1.16
0.51
2.91
1.01
0.42
1.23
1.64
1.44
1.52
1.49
1.11
0.85
1.57
1.29
1.42
0.90
1.00
1.17
0.88
3.54
0.96
2.79
3.16
0.61
2.27
0.35
1.11
0.38
1.36
4.40
1.68
0.49
1.44
1.65
0.54
0.64
1.70
7.29
4.31
1.82
0.07

A molecular approach to the genus Alburnoides using COI sequences data set...
Character
Snout length/eye horizontal diameter
Head depth at nape/eye horizontal diameter
Head length/caudal peduncle depth
Length of caudal peduncle/caudal peduncle depth
Length of lower jaw/caudal peduncle depth
Pectoral-fin length/pectoral – pelvic-fin origin distance
Predorsal length/head length

Holotype Min
1.1
1.0
3.0
2.8
2.1
1.9
1.6
1.5
0.9
0.8
0.8
0.7
2.0
1.9

Max
1.1
3.2
2.3
1.7
1.0
1.0
2.2

Mean
1.04
3.00
2.06
1.59
0.85
0.83
2.06
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SD
0.05
0.13
0.08
0.07
0.05
0.08
0.07

Figure 5. Live specimen of Alburnoides damghani sp. n., Iran, Semnan Prov., Cheshmeh Ali, Damghan
River tributary.

3 or 5) canal openings on the first infraorbital. The preopercular-mandibular canal is
complete, with 13-17, modally 14-16, pores and commonly 5 or 6 and 8 or 9 canal
openings on the dentary and preoperculum, respectively. The supratemporal canal is
complete, with 5 (rarely 6 or 7) pores.
In 39 paratypes (CMNFI 2015-0091 and ZM-CBSU 2011-1): dorsal-fin unbranched rays 3 or 4 (in 4 specimens only), branched dorsal-fin rays 7½ (5), 8½ (33)
or 9½ (1) (mean 7.9 [without ½], sd 0.5). Anal-fin unbranched rays 3, branched analfin rays 10½ (2), 11½ (11), 12½ (20) or 13½ (6) (11.8 [without ½], sd 0.8). Total
vertebrae number 39 (4), 40 (28) or 41 (7) (40.1, 0.5). Predorsal vertebrae number
12 (5), 13 (26) or 14 (8) (13.1, 0.6). Abdominal vertebrae number 20 (31) or 21 (8)
(20.2, 0.4). Caudal vertebrae number 19 (8), 20 (28) or 21 (4) (19.9, 0.5). The vertebral formulae are 20+20 (in 24 specimens, Fig. 6), 21+19 (5), 20+21 (4), 20+19 (3),
21+20 (3), 20+19 (1) or 19+20 (1). Thus, the caudal vertebral region most commonly
is equal to the abdominal region (in 23 paratypes) or longer than the latter (in 11), the
difference between abdominal and caudal counts being +2 (5), +1 (6), 0 (23) or –1 (5).
Mature males bear tubercles on the unbranched and branched fin rays, in a single
row branching into two distally on the branched rays. These are most prominent on the
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Figure 6. Alburnoides damghani sp. n., radiograph of a paratype (ZM-CBSU 2011-1) showing 20+20
vertebral formula.

pectoral, pelvic and anal fins. Tubercles line scale margins in a single row of up to six
tubercles, in particular over the anal fin and on the lower caudal peduncle. Scales below
the dorsal fin are also lined with tubercles but to a much lesser extent than those above
the anal fin. Flank scales generally may bear tubercles but many do not and anterior
flank scales may have only a single tubercle. Minute tubercles are present on the dorsal
and upper head surface.
Coloration of live specimen. Pigmentation consists of a darker back fading to a
silvery white belly, three to four rows of large dark spots above lateral line starting from
posterior part of operculum to posterior level of anal fin, continuing with two rows
behind anal fin to base of caudal fin, small black spots on the operculum, behind and
below the eye, smaller and less dark spots between the eye and upper jaw, a lateral line
demarcated by pigment above and below it (the typical “stitched” pattern in many Alburnoides species), base of anal, pelvic, pectoral and dorsal fins almost reddish-orange,
caudal-fin base pale or faint yellow. Posterior free margin of dorsal, anal, caudal and
pelvic fins whitish hyaline, faint pigmentation on the caudal-fin centre branching distally to follow the inner margins of the fin fork, and fine pigmentation on the proximal
part of dorsal- and anal-fin rays, darker in dorsal-fin rays (Figs 3, 4).
Etymology. The species name links to the type locality, Damghan (Cheshmeh Ali,
Damghan River tributary). Proposed common name: Damghan riffle minnow, Mahie-Khayateh-e-Damghan (Farsi).
Distribution and conservation. Alburnoides damghani sp. n. has only been collected from its type locality, Cheshmeh Ali in the Damghan River system, north
Dasht-e Kavir Basin (N-Iran) (Fig. 1). Aphanius kavirensis Esmaeili, Teimori, Gholami
& Reichenbacher, 2014 which is restricted to this spring, co-exists with A. damghani
sp. n. (Esmaeili et al. 2010, 2014a,b). Its restricted range, drought in recent years and
introduction of the exotic carnivorous fish, Oncorhynchus mykiss (Walbaum, 1792)
(personal observation of HRE) may threaten this endemic species.
Habitat (Fig. 7). At the Cheshmeh Ali sampling site, the spring was about 5−10 m
wide, with substrate consisting of coarse gravel and boulders, good riparian vegetation
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Figure 7. Two views of Cheshmeh Ali, Damghan, type locality of A. damghani sp. n.
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13

12

10
11

9

7
8

6

3
4
5

2

1

A. eichwaldii (n=160)
A. cf. eichwaldii: west of
Safid River (n=44)
A. samiii (n=113)
A. tabarestanensis (n=21)
A. parhami (n=35)
A. parhami (n=50; from
Mousavi-Sabet et al. 2015b)
A. holciki (n=18)
A. varentsovi (n=55)
Alburnoides sp. Amu Darya
River (n=30)
A. damghani (n=40)
A. namaki (n=48)
A. coadi (n=50; from
Mousavi-Sabet et al. 2015b)
A. petrubanarescui (n=30)

Species

8.00
8.00
7.95
7.86
7.89
8.23
7.90
8.00
7.88
8.11
7.92
7.30

13.16

12.87
12.82
13.11

12.38

14.72
12.53

13.43

11.77
11.83

12.38

9.30

7.22

8.54

6.88
7.00

6.50

7.22
6.70

7.62

8.62
8.58
8.14

7.95

45.62

48.88

42.65
46.12

45.40

48.81
45.10

48.64

48.96
49.02
49.12

48.50

40.53

39.88

40.08
39.72

40.90

41.05
39.93

40.24

40.26
40.27
40.29

40.57

13.44

13.26

13.08
12.22

12.93

13.21
12.24

12.30

12.63
12.18
12.66

13.18

21.00

19.76

20.18
19.80

19.77

19.89
19.78

20.08

19.89
19.73
20.09

20.13

19.54

19.94

19.90
19.90

21.17

21.16
20.15

20.22

20.37
20.55
20.26

20.41

1.44

-0.18

0.28
-0.10

-1.40

-1.21
-0.36

-0.14

-0.48
-0.82
-0.14

-0.25

Branched
Branched
Lateral-line
Difference between
Total
Predorsal Abdominal Caudal
anal-fin rays dorsal-fin rays Gill rakers scales to margin
abdominal and caudal
vertebrae vertebrae vertebrae vertebrae
(without «½») (without «½»)
of hypurals
vertebral counts
12.16
7.95
7.37
48.87
41.25
13.65
20.72
20.53
0.19

Table 5. Mean values of some meristic characters of Alburnoides species from the Caspian Sea basin and adjacent endorheic basins, used for the DMS analysis.
Numbers of samples as in Figs 1 and 8 (own data except for two indicated samples).
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and almost fast-flowing and transparent waters. The physicochemical parameters at
the spot were: dissolved oxygen, 7.54 mg/L, total dissolved solids, 318 mg/L, salinity,
0.32‰, conductivity, 552 μm/cm, pH: 7.97 and water temperature 23.25 °C.
Comparative remarks. Alburnoides damghani sp. n., together with other Iranian
species of the genus, belongs to the south-eastern group of species distributed in the
eastern area of the genus distribution and characterised by commonly 4 pharyngeal
teeth in the long row on the right 5th ceratobranchial (Bogutskaya and Coad 2009).
As most distinguishing characters for species identification are counts (numbers of
branched rays in the dorsal and anal fins, gill rakers, lateral-line scales and vertebral
counts), a MDS statistical analysis was performed based on mean values of these counts
(Table 5) to visualize the level of similarity of individual samples (species) in the Caspian Sea basin localities and adjacent endorheic basins. Frequences of occurrence of
individual counts by characters can be found in earlier publications (Bogutskaya and
Coad 2009, Coad and Bogutskaya 2009, 2012, Mousavi-Sabet et al. 2015a, b). The
map plotting each sample in two-dimensional space is presented in Fig. 9; stress value
is 0.04 (very low) meaning that the results are highly reliable (Davison 1983). The
proximity of the examined samples to each other indicate how similar they are, and Alburnoides damghani sp. n. stands far apart from all other species, being relatively closer
to A. namaki, A. varentsovi and Alburnoides sp. (Amu Darya River), morphologically.
When compared to Alburnoides species distributed in the Caspian Sea basin and
adjacent endorheic basins in Iran, A. damghani sp. n. is clearly different from A. parhami from the Atrek River drainage by having four teeth in the long row on the 5th
ceratobranchial (vs. 5). By having five pharyngeal teeth in the long row on the 5th
ceratobranchial (this character state is invariably present in all examined specimens),
A. parhami stands apart from all other species in Iran. Besides the number of teeth, A.
damghani sp. n. is distinguished from A. parhami by having three unbranched dorsal
fin rays (vs. often four, found in 13 from 35 examined specimens), commonly a partly
scaleless ventral keel (vs. sharp and commonly scaleless), a terminal mouth with the tip
of the mouth cleft on or below a level from lower margin of the pupil (vs. an upturned
terminal mouth with the tip of the mouth cleft on a level with the upper half of the
pupil), and 40−46 lateral-line scales to the margin of the hypurals (vs. 45−51).
Alburnoides damghani sp. n. differs from both A. petrubanarescui (which is the
most morphologically peculiar species in the area possessing the lowest number of
anal-fin branched rays) and A. namaki (a species phylogenetically close to A. damghani,
see Fig. 2) by a slightly pointed snout (vs. markedly rounded), a terminal mouth with
the tip of the mouth cleft on or below a level from lower margin of the pupil (vs.
subterminal, with the tip of the mouth cleft on or below a level from lower margin
of the eye), and 40−46 lateral-line scales (to the margin of the hypurals) (vs. 42−51,
commonly 44−48). Alburnoides damghani sp. n. further differs from A. petrubanarescui
by commonly 8½ branched dorsal-fin rays (vs. commonly 7½), commonly 11−12½
branched anal-fin rays (vs. commonly 9½), abdominal vertebrae commonly 20 (vs.
commonly 21), and a ventral keel commonly partly or completely scaleless (vs. completely scaled). From A. namaki, A. damghani sp. n. can be further distinguished by a
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Figure 8. Results of a DMS analysis showing observed similarities/dissimilarities (distances) between the
examined groups of samples of Alburnoides, from the Caspian Sea basin and adjacent endorheic basins,
based on meristic characters (Table 5). 1 A. eichwaldii 2 A. cf. eichwaldii: west of Safid River 3 A. samiii
4 A. tabarestanensis 5 A. parhami 6 A. parhami (data from Mousavi-Sabet et al. 2015b) 7 A. holciki 8 A.
varentsovi 9 Alburnoides sp. Amu Darya River 10 A. damghani sp. n. 11 A. namaki 12 A. coadi (data from
Mousavi-Sabet et al. 2015b) 13 A. petrubanarescui.

smooth and sometimes partly scaled ventral keel (vs. sharp and completely scaleless)
and a higher number of predorsal vertebrae (modally 13 vs. modally 12).
Alburnoides coadi (Fig. 9) is the phylogenetically closest sister to A. namaki and the
two species are rather similar in shape of the head, mouth and body; however, the two
species are different by a complex of meristic characters (Fig. 9). Alburnoides damghani
sp. n. differs from A. coadi, first of all, by a lower number of the lateral-line scales to
the margin of the hypurals (40−46 vs. 47−51), a higher number of gill rakers (8−10,
modally 8 and 9 vs. 6−8, modally 7), and a lower number of total vertebrae (modally
40 vs. modally 41).
Alburnoides damghani differs from A. holciki and A. qanati by a relatively smallsized eye with horizontal diameter slightly to markedly less than interorbital width (vs.
large eye with eye diameter about equal to or larger than interorbital width), a tip of
the mouth cleft on a level with or below the lower margin of the pupil (vs. on a level
with the upper half to the upper margin of the pupil), and a shallowly forked caudal
fin with rounded lobes (vs. clearly forked caudal fin with pointed lobes). Alburnoides
damghani sp. n. is further distinguished from A. holciki from the Hari River drainage
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Figure 9. Uncatalogued Alburnoides coadi, 84.0 mm SL; Iran, Tehran Prov., Nam River, at Firoz Koh,
35°43'20.8"N 52°39'20.0"E.

in northeastern Iran by a usually smooth and often partly scaled ventral keel (vs. sharp
and scaleless), a lower number of total lateral-line scales (44−47 vs. 47–57), a lower
number of anal-fin rays (commonly 11−12½ vs. 13–16½), a lower number of total
vertebrae (39−41, usually 40 vs. 40–42, usually 41), an abdominal vertebral region
most commonly equal to or longer than caudal region, and most common vertebral
formulae 20+20 and 21+19 (vs. abdominal region shorter than caudal region, and
most common vertebral formulae 20+21, 20+22 and 19+21). Alburnoides damghani
further differs from A. qanati (the Pulvar River drainage of Fars Province in southern
Iran) by modally 12½ branched dorsal-fin rays (vs. modally 11½).
The new species differs from A. eichwaldii by a lower number of total lateral-line
scales, 44−47 (vs. 44−56, commonly over 47), a lower number of gill rakers, 6−8 (vs.
6−10. commonly 8 and 9), a lower number of total vertebrae, 39−41 with a mode of
40 (vs. (38, 39)40-43 with a modal range of 41−42), a lower number of adbominal
vertebrae with a clear mode of 20 (vs. clear mode of 21), a lower number of predorsal
vertebrae, 12−14 with a mode of 13 (vs. 13−15 with a mode of 14), and the most common vertebral formulae 20+20 and 21+19 (vs. 21+21, 21+20 and 20+21).
Alburnoides damghani sp. n. can be distinguished from A. tabarestanensis from
the type locality (the Tajan River) by a commonly partly scaled keel (vs. a commonly
completely scaleless ventral keel), a lower number of total lateral-line scales (44−47 vs.
47−52), commonly 11−12½ branched anal-fin rays (vs. 12−14½, with a mode of 13½,
branched anal-fin rays), and a greater head depth at nape (74−84% HL vs. 73−75% HL).
As can be seen from Fig. 8, Alburnoides sp. from rivers in the south of the Talysh
Mountains and west of the Safid River (examined samples are mostly from estuarine
areas of the rivers in Gilan Province), A. samiii from the type locality (Safid River drainage), and A. tabarestanensis from different localities (other than the type one) cannot be
clearly discriminated by their meristic character states. Also, they are rather similar by
the head and body shape, having most commonly a horizontal, slightly curved mouth,
with a tip of the mouth cleft often on a level below the lower margin of the pupil, a
slightly to markedly rounded snout, a variably but commonly well forked caudal fin.
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The ventral keel in these species is partly to completely scaled, considerably varying in
and between samples. Discussion on morphological differences between these species/
groups of populations is beyond the scope of this paper; A. damghani sp. n. clearly
differs from this complex by having a lower number of lateral-line scales, 40−46 to
posterior margin of hypural (vs. 42−56, commonly over 45, averaging 48−49).
Comparative material. Extensive comparative material is listed in Bogutskaya and
Coad (2009) and Coad and Bogutskaya (2009, 2012). Data for A. coadi (Nam River)
and A. parhami (Baba-Aman stream) from the type localities are taken from MousaviSabet et al. (2015b). Additional material: A. eichwaldii ZM-CBSU 2007(1386a), 20,
Iran, Ardabil Prov., Almas River, Aras River system, Caspian Sea basin, 38°09'31"N,
48°11'37"E, 3 October 2007, coll. H.R. Esmaeili; A. samiii ZM-CBSU 2009 (1388a),
29, Iran, Gilan Prov., Safid Rud River, at Emamzade Hashem, 37°01'11"N, 49°38'E,
29 June 2009, coll. H.R. Esmaeili, S. Babai; A. samiii ZM-CBSU A189-210, 21,
Iran, Mazandaran Prov., Siah River at Sarookolah, Caspian Sea basin, 36°27'13"N,
52°53'38"E, 29 June 2009, coll. H.R. Esmaeili; A. cf. tabarestanensis ZM-CBSU
2009(1388b), 15, Iran, Mazandaran Prov., Keslian River, Talar River drainage, at
Shirgah, Caspian Sea basin, 36°18'15"N, 52°53'07"E, 31 June 2009, coll. H.R. Esmaeili, H. Mostafavi, A. Teimori, A. Gholamifard; A. cf. tabarestanensis ZM-CBSU
2011(1389), 25, Iran, Mazandaran Prov., Shirin River, Caspian Sea basin, 36°08'59"N,
53°50'02"E, 9 November 2011, coll. H. Mostafavi; A. cf. tabarestanensis ZM-CBSU
2007(1386b), 10, Iran, Golestan Prov., Gorgan River at Zaringol, Caspian Sea basin,
36°50'39"N, 54°58'24"E, 6 August 2007, coll. H.R. Esmaeili; A. parhami CMNFI
2016-0050, 25 , Iran, Khorasan-e Shomali Prov., Tabarak Dam, Atrak River tributary,
Ghoochan, Caspian Sea basin, 37°08'09"N, 58°40'44"E, 25 August 2011 coll. H.R.
Esmaeili, A. Gholamifard, G. Sayyadzadeh, R. Zamaniannejad.

Discussion
The present data comprise the first comprehensive molecular study based on the COI
barcode region on the genus Alburnoides in Iran and will serve as a reference for future
studies of this diverse taxon. Based on the reconstructed phylogenetic trees, 4 major lineages were formed, which is well supported by high posterior probability and bootstrap
values in seven groups (Fig. 2): I) A. strymonicus − A. thessalicus lineage, II) A. bipunctatus − A. ohridanus − A. prespensis group lineage, III) Alburnoides sp. lineage (Greece:
Sperchios drainage) and IV) Iranian Alburnoides lineage (Alburnoides eichwaldii lineage).
Lineage I includes two species, A. strymonicus (originally described from the Toplitza River and the Struma River, Bulgaria) and A. thessalicus (rivers Spinios and Sperchios,
Greece). Based on the phylogenetic tree represented here, both of them are distinct
monophyletic (posterior probability of 1 or 100) species in the genus Alburnoides.
Lineage II comprises highly diverse Alburnoides species including A. bipunctatus,
A. ohridanus and three close related species, A. devolli, A. fangfangae and A. prespensis.
Alburnoides bipunctatus was originally described from the Weser River near Minden,
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Germany. Based on our COI data, it is sister to A. ohridanus plus a group of three
closely related species, A. devolli, A. fangfangae, and A. prespensis. Alburnus bipunctatus
ohridanus from Lake Ohrid was elevated to the species level based on morphological
characters by Kottelat and Freyhof (2007), Coad and Bogutskaya (2009), Bogutskaya
and Coad (2009), Bogutskaya et al. (2010), and Turan et al. (2014). This is supported
here based on COI sequences available in NCBI (from the Erzen River and Ohrid
Lake in Albania). In the A. prespensis species group of Lineage II, there are three related
species: A. prespensis, A. devolli and A. fangfangae. Alburnus bipunctatus prespensis was
described from Lake Prespa and its tributaries, Republic of Macedonia and it was morphologically considered as a valid species by Kottelat and Freyhof (2007), Coad and
Bogutskaya (2009), Bogutskaya and Coad (2009), Bogutskaya et al. (2010) and Turan
et al. (2014). It is genetically supported by Perea et al. (2010) and here, based on
COI gene sequences available in NCBI (all from Lake Prespa drainages). Alburnoides
devolli was described based on morphological and meristic characteristics from the upper Devoll River system, Albania (Adriatic Sea basin) (Bogutskaya et al. 2010). Based
on the reconstructed phylogenetic tree (Fig. 1) using the available COI data, it seems
that 4 COI sequences of collected specimens from the Devoll drainage nests within
A. prespensis and A. fangfangae and thus its validity is not supported by the COI barcode region. Alburnoides fangfangae was described from the upper Osum River system,
Albania (Adriatic Sea basin) based on morphological and meristic characteristics (see
Bogutskaya et al. 2010). However, its available sequences from the Osumi drainage,
Albania are nested within the A. prespensis and A. devolli group (see also Stierandová et
al. 2016) and thus its validity is not supported by the COI barcode region.
Lineage III comprises one monotypic undescribed species (accession number:
KJ552427, Greece: Sperchios drainage).
Lineage IV is formed by the highly diverse Alburnoides species from the southern
Caspian Sea, Tigris River, Namak Lake, Dasht-e Kavir, Kor River and Hari (= Tedzhen) River basins and it is comprised of a monophyletic group with high posterior
probability of 1. This lineage might be called the Alburnoides eichwaldii species group
as some of them had been considered as Alburnoides bipunctatus eichwaldii. In this lineage, A. holciki is a sister (supported with a high posterior probability of 1) to all other
species including A. eichwaldii plus A. qanati (the most northern and southern Alburnoides species of Iran respectively) and a group comprising A. idignensis, A. nicolausi
A. tabarestanensis, A. samiii, A. damghani sp. n., and A. namaki (Fig. 2). Two species
from the Tigris River basin, A. idignensis and A. nicolausi, are very closely related and
are not well supported as sister taxa (low posterior probability of 0.62). However, the
ancestral node for A. idignensis is 1.0, as is the ancestral node for A. nicolausi, which is
strong support for monophyly of each of these species.
Lineage IV, A. damghani sp. n. (Damghan River drainage, Dasht-e Kavir basin) is
sister (posterior probability = 0.999) to A. coadi from the Nam River, a tributary of the
Hableh River drainage, Dasht-e Kavir basin) (Fig. 9) and A. namaki from the Qareh
Chai River drainage (Namak Lake basin). It has already been reported that Hableh
River (Dasht-e Kavir basin) fish elements are much closer to those from the Qom
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River drainage (Namak Lake basin) than to the other river systems of the Dasht-e
Kavir basin (Freyhof et al. 2014) which is supported here. The validity of A. eichwaldii
from the Kura River is supported by the COI barcode region. Alburnoides bipunctatus
armeniensis Dadikyan, 1972 from Rivers Arpa, Vorotan, Vedi, Marmarik, Kasakh, and
their tributaries (Aras River system, Kura River drainage) is a synonym of A. eichwaldii
according to Bogutskaya and Coad (2009) being supported here by using COI barcode region of four fresh collected specimens from two localities in the Aras River (near
the cities of Poldasht and Parsabad, border of Iran and Azerbaijan (Fig. 1). Recently,
the phylogenetic relationships and taxonomy in the genus Alburnoides have been examined by comparative sequencing analyses of mitochondrial and nuclear markers by
Stierandová et al. (2016). According to these authors, a molecular analysis revealed
17 Eurasian lineages divided into two main clades, termed the Ponto-Caspian and
European in accordance with the lineage distribution. According to Stierandová et al.
(2016) the European clade is represented by A. bipunctatus, A. rossicus, A. tzanevi, A.
maculatus, A. ohridanus, A. strymonicus, 4 unnamed or undescribed species and populations defined as the Alburnoides prespensis complex including A. prespensis s. stricto, A.
fangfangae and A. devolli. However, they concluded that phylogenetic analyses present
ambiguous results and do not support recently accepted taxonomy which presumes
validity of three species: A. prespensis, A. fangfangae, and A. devolli supporting our
results, considering A. fangfangae and A. devolli being part of an A. prespensis complex
(Fig. 2). Furthermore, Stierandová et al. (2016) considered A. eichwaldii, A. fasciatus,
A. kubanicus, Safid River population (now A. samiii) and Talar population (now A.
tabarestanensis) in the Ponto-Caspian clade. Base on the current study, IV lineage can
be considered in the Ponto-Caspian clade and I and II lineages both in the European
clade. Moreover, the placements of A. strymonicus and A. sp. Sperchios, which were
uncertain in Stierandová et al. (2016) appear to be well-supported here. From a biogeographical viewpoint, the locations of lineage richness in most cases correspond to
confirmed glacial refugia (Stierandová et al. 2016).
To conclude, the genetic analyses supported the validity of many morphologically
distinguishable species of the genus Alburnoides in Iran (i.e., A. damghani sp. n., A.
eichwaldii, A. holciki, A. namaki, A. qanati) belonging to a distinct phylogenetic lineage. Two species of Tigris river basin, A. idignensis and A. nicolausi are very closely
related and are not well supported as sister taxa (low posterior probability of 0.62) by
the COI barcode region, however, the ancestral node for A. idignensis is 1.0, as is the
ancestral node for A. nicolausi, which is strong support for monophyly of each of these
species. The analysis also demonstrated the existence of four major phylogenetic lineages within the genus Alburnoides in general.
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