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Abstract. The Phanaeus endymion species group is defined as a lineage of dung beetles distributed from
Mexico to Ecuador. The current arrangement of the P. endymion species group includes 18 species (five
newly described and three revalidated herein): P. arletteae Arnaud, 2018; P. bravoensis Moctezuma,
Sanchez-Huerta & Halffter, 2017; P. chiapanecus sp. nov.; P. edmondsi Moctezuma, Deloya & Halffter,
2019; P. endymion Harold, 1863; P. funereus Balthasar, 1939 stat. rev.; P. halffterorum Edmonds, 1979;
P. huichol Moctezuma, Sanchez-Huerta & Halffter, 2017; P. jackenioi sp. nov.; P. malyi Arnaud, 2002;
P. olsoufieffi Balthasar, 1939 stat. rev.; P. pacificus sp. nov.; P. panamensis sp. nov.; P. porioni Arnaud,
2001 stat. rev.; P. pyrois Bates, 1887; P. rzedowskii sp. nov.; P. zapotecus Edmonds, 2006; and P. zoque
Moctezuma & Hallffter, 2017. Phanaeus dionysius Kohlmann, Arriaga-Jiménez & Ros, 2018 syn. nov. is
considered as a new junior subjective synonymy of P. zapotecus Edmonds, 2006. Phanaeus blanchardi
Olsoufieff, 1924 and P. bothrus Blackwelder, 1944 are junior objective synonyms of P. olsoufieffi
Balthasar, 1939 stat. rev.
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Introduction

The Phanaeus endymion species group is a lineage of rainbow scarab dung beetles distributed from
Mexico to Ecuador (Edmonds 1994; Edmonds & Zidek 2012; Lizardo et al. 2017). Species within
the P. endymion species group are of great ecological importance since most of them are typically
associated with Mesoamerican forests (Edmonds 1994, 2003; Arellano et al. 2008, 2013; Huerta et al.
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2016; Moctezuma & Halffter 2017; Moctezuma et al. 2017, 2019; Kohlmann et al. 2018), and are
either coprophagous, necrophagous or mycophagous (Edmonds 1994, 2003, 2006; Deloya et al. 2013;
Moctezuma & Halffter 2017; Moctezuma et al. 2017; Gillett & Toussaint 2020).

The P. endymion species group has been classified within the subgenus Notiophanaeus Edmonds, 1994.
According to Edmonds (1994) the pronotal sculpturing is the main distinction between Notiophanaeus
(glassy and smooth) and Phanaeus Macleay, 1819 (heavily rugose). Nevertheless, phylogenetic studies
have demonstrated that both Notiophanaeus and Phanaeus are non-monophyletic groups (Price 2007,
2009; Gillett & Toussaint 2020). Within Notiophanaeus, the P. endymion species group is mainly
distinguished by the anterior margin of clypeus strongly bidentate medially, and pronotum of larger
males with triangular disc and prominent posterolateral angles (Edmonds 1994). The monophyly of
the P. endymion species group has been supported by previous phylogenetic studies (Price 2007, 2009;
Gillett & Toussaint 2020).

Within the dung beetle genus Phanaeus, the P. endymion species group is probably the best studied in
recent years (Edmonds & Zidek 2012; Solis & Kohlmann 2012; Moctezuma & Halffter 2017; Moctezuma
etal.2017,2019; Arnaud 2018; Kohlmann et al. 2018). Nevertheless, several taxonomic issues remain to
be disentangled. The complex background of taxonomy of the P. endymion species group is summarized
herein. Phanaeus endymion Harold, 1863 was the first species to be described, based upon specimens
from Orizaba, Veracruz, Mexico (Harold 1863). Subsequently, P. pyrois Bates, 1887 was described in
the Biologia Centrali-Americana (Bates 1887). Bates (1887) suggested that P. endymion and P. pyrois
were closely related species, and four chromatic morphs from Nicaragua, Panama and Colombia were
included within P. pyrois (the original description of this species was illustrated with specimens from
Chontales, Nicaragua).

During the 20™ century, a proliferation of names and synonyms within the P. endymion species group
began. Olsoufieff (1924) described P. blanchardi Olsoufieff, 1924 based upon black specimens from
Valle del Cauca, Colombia; and proposed the aberration viridicollis for green specimens from Ecuador.
Subsequently, Balthasar (1939) described P. funereus Balthasar, 1939 from Ecuador; and recognized
that P. blanchardi was a junior primary homonym of P. blanchardi Harold, 1871. As a consequence,
Balthasar (1939) proposed the name P. olsoufieffi Balthasar, 1939 in replacement of Olsoufieff’s
P. blanchardi. Nonetheless, Blackwelder (1944—1957) also recognized the homonymy of P. blanchardi
and proposed the replacement name P. bothrus Blackwelder, 1944. Martinez & Pereira (1967) suggested
P. bothrus as a junior objective synonym of P. olsoufieffi, but they considered P. olsoufieffi as a junior
subjective synonym of P. funereus. According to Martinez & Pereira (1967), both P. olsoufieffi and
P. funereus were identical in morphology, except for the aberration viridicollis that might be a valid
subspecies. Afterwards, P. halffterorum Edmonds, 1979 was described based upon specimens from
Mexico (Edmonds 1979), and the lectotypes for P. endymion and Olsoufieft’s P. blanchardi (currently
referred to as P. olsoufieffi) were designated by Arnaud (1982).

At the end of the 20" century, Edmonds (1994) revised the genus Phanaeus, defined the P. endymion
species group, and designated a lectotype for P. pyrois. Edmond’s concept of the P. endymion species
group included within it three species: P. endymion, P. pyrois and P. halffterorum; while P. funereus and
P, olsoufieffi where considered as junior subjective synonyms of P. pyrois (Edmonds 1994). According to
Edmonds (1994), specimens of P. pyrois, P. funereus and P. olsoufieffi were virtually identical in external
morphology and did not merit a separate taxonomic status. Edmonds (1994) considered that Olsoufieft’s
aberrant viridicollis might be a valid taxon, but indicated that more studies were needed to confirm or
refute this assumption. Additionally, Edmonds (1994) suggested that blue and green specimens from
Costa Rica might be hybrids of P. pyrois with P. endymion.
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The beginning of the 21* century was distinguished by a controversial application of the subspecies-
level taxa in the P. endymion species group (and in the entire genus Phanaeus). Thereby, the subspecies
P. endymion porioni Arnaud, 2001 was described from Honduras and Belize (Arnaud 2001), while
P. pyrois malyi Arnaud, 2002 was proposed for specimens from the southern Pacific of Costa Rica
(Arnaud 2002a). Additionally, Arnaud (2002b) considered P. olsoufieffi and P. funereus as subspecies
of P. pyrois, and proposed Olsoufieff’s aberrant viridicollis as a valid species (P. viridicollis Olsoufief,
1924). Subsequently, P. zapotecus Edmonds, 2006 was described from Mexico and included within the
P. endymion species group (Edmonds 2006); while P. pyrois malyi was elevated to full species status
based on the results of DNA analyses of specimens from Costa Rica (Solis & Kohlmann 2012).

Later, the taxonomy of Phanaeus was updated and the avoidance of the subspecies category was
suggested by Edmonds & Zidek (2012). As a consequence, several nomenclatural changes were
proposed and resulted in the P. endymion species group sensu Edmonds & Zidek (2012) including four
species: P. endymion, P. pyrois, P. halffterorum and P. zapotecus. Phanaeus viridicollis was considered
an unavailable name referable to a chromatic morph of P. pyrois: the name viridicollis was originally
proposed as an infrasubspecific taxon (aberration), while some doubtful specimens of P. viridicollis
were collected from Nicaragua along with the typical P. pyrois (Edmonds & Zidek 2012). Additionally,
the following junior subjective synonyms were recognized by Edmonds & Zidek (2012): P. endymion
porioni=P. endymion; P. pyrois funereusBalthasar, 1939 =P. pyrois, P. pyrois olsoufieffi Balthasar,
1939 =P, pyrois, and P. pyrois malyi=P. pyrois. Edmonds & Zidek (2012) argued that the taxonomic
recognition of P. endymion porioni was not justified by the morphological differences identified by
Arnaud (2001). Additionally, they refused to recognize P. malyi as a valid species, because the analysis
of Solis & Kohlmann (2012) did not include samples of the Panamanian and South American populations
and chromatic morphs of P. pyrois (Edmonds & Zidek 2012).

Traditionally, the taxonomy of the New World genus Phanaeus has relied on the study of the external
morphology (Bates 1887; Olsoufieff 1924; Edmonds 1994; Arnaud 2002b; Edmonds & Zidek 2012).
Particularly, the secondary sexual features of major males are considered to be reliable for determining
species, while the study of the genital structures has been largely neglected (Edmonds 1994; Arnaud
2002b; Edmonds & Zidek 2012). The morphology of the aedeagus is usually not taxonomically
informative enough to separate closely related species of Phanaeus (Edmonds 1994; Arnaud 2002b;
Price 2005; Moctezuma & Halffter 2017; Moctezuma et al. 2017, 2019, 2020). Nevertheless, the
structures of the internal sack of the aedeagus have proved to be valuable for the study of the taxonomy
of Scarabaeinae dung beetles (Tarasov & Solodovnikov 2011; Medina et al. 2013; Tarasov & Génier
2015).

Previous authors have provided illustrations of the aedeagus (Olsoufieff 1924; Halffter 1955; Edmonds
1972; Howden & Young 1981; Arnaud 2000, 2001; Price 2005; Marchisio & Zunino 2012; Manjarres-H &
Molano-R 2015; Moctezuma & Halffter 2017; Moctezuma et al. 2017, 2019, 2020; Kohlmann et al.
2018), internal sac of aedeagus (Price 2005; Manjarres-H & Molano-R 2015; Moctezuma & Halffter
2017), dissected endophallites (Price 2005; Marchisio & Zunino 2012; Manjarres-H & Molano-R 2015;
Tarasov & Génier 2015; Moctezuma & Halffter 2017; Moctezuma ef al. 2017, 2019, 2020; Kohlmann
et al. 2018) and spermathecae (Halffter & Edmonds 1982; Lopez-Guerrero & Halffter 2000; Price 2005;
Marchisio & Zunino 2012) for some species of Phanaeus. However, the first serious attempt to describe
the genitalia of Phanaeus for taxonomic purposes was by Price (2005), who examined the aedeagus,
endophallites and spermathecae for the P. vindex species group. In a subsequent work, Manjarres-H &
Molano-R (2015) examined and described the male genitalia of the Colombian Phanaeus (and other
Phanaeini). They suggested that examination of the endophallites has taxonomic value for Phanaeus,
because these structures show an adequate degree of interspecific heterogeneity and intraspecific
homogeneity (Manjarres-H & Molano-R 2015).
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Taking into account the incipient study of the genital morphology of Phanaeus to separate closely
related species (Price 2005; Manjarres-H. & Molano-R. 2015), a majority of recent studies implemented
the examination of the endophallites to identify and describe new species within the P. endymion species
group. The description of P. zogue Moctezuma & Halffter, 2017 was the first that relied on the examination
and comparison of the external and genital morphology of the male to separate a new species from the
typical P. endymion (Moctezuma & Halffter 2017). Subsequently, Moctezuma et al. (2017) studied
the male external and genital morphology of P. bravoensis Moctezuma, Sanchez-Huerta & Halftter,
2017; P. huichol Moctezuma, Sanchez-Huerta & Halffter, 2017; and P. halffierorum from Mexico.
Arnaud (2018) described the new P. arletteae Arnaud, 2018 from Ecuador using external characters,
based upon specimens of what was Olsoufieff’s former aberration viridicollis. Later, Kohlmann et al.
(2018) described P. dionysius Kohlmann, Arriaga-Jiménez & Ros, 2018; and illustrated P. zapotecus.
The illustration of the habitus and aedeagus for both P. dionysius and P. zapotecus was provided by
Kohlmann et al. (2018); but they only figured the endophallite copulatrix of P. dionysius. Additionally,
Kohlmann et al. (2018) revalidated P. malyi as a full species, based on the external morphology of
black specimens from Costa Rica, Panama (incorrectly referred to as P. pyrois olsoufieffi) and Ecuador
(referred to as P. pyrois funereus). Furthermore, they considered that a more detailed analysis would be
required to resurrect P. pyrois olsoufieffi and P. pyrois funereus from previous synonymy (Kohlmann
et al. 2018). The latest species to be described and included within the P. endymion species group was
P. edmondsi Moctezuma, Deloya & Halffter, 2019 from Mexico (Moctezuma et al. 2019).

In the face of this historical context, we aim to reassess the taxonomy of the P. endymion species group
herein. Our study is based on two complementary sources of characters: the external morphology of
males and females and the morphology of the endophallite copulatrix of males. Special emphasis is
placed on P. pyrois and its taxonomically unsupported chromatic morphs (P. malyi, P. funereus, and
P, olsoufieffi), and the status of P. e. porioni and P. dionysius is also revised. New species descriptions
and redescriptions for previously described species are provided. Finally, a new determination key and
images for the species within the P. endymion species group are provided.

Material and methods

The following entomological collections are used herein:

BMNH = British Museum of Natural History, London, UK

CDC Cuauhtémoc Deloya Collection, Instituto de Ecologia, A.C., Xalapa, Veracruz Mexico

CAS California Academy of Sciences, San Francisco, California, USA

CEMT = Secao de Entomologia da Colecdo Zoologica da Universidade Federal de Mato Grosso,
Cuiaba, Brazil

CNIN = Coleccion Nacional de Insectos, Universidad Nacional Autdnoma de México. Mexico City,
Mexico

CNMC = Canadian Museum of Nature, Ottawa, Ontario, Canada

CPFA = Patrick and Florent Arnaud Collection, Saintry sur Seine, France
FESC = Federico Escobar Collection, Instituto de Ecologia, A.C., Xalapa, Veracruz, Mexico
GHC = Gonzalo Halffter Collection, Instituto de Ecologia, A.C., Xalapa, Veracruz, Mexico

IEXA = Coleccion Entomolodgica Dr. Miguel Angel Moron Rios, Instituto de Ecologia, A.C., Xalapa,
Veracruz, Mexico

INBIO = Instituto Nacional de Biodiversidad, Santo Domingo de Heredia, Costa Rica

JLSHC José Luis Sanchez Huerta Collection, Xalapa, Veracruz, Mexico

MNCR Museo Nacional de Costa Rica, San José, Costa Rica

MNHN = Muséum national d’histoire naturelle, Paris, France

NMPC = Narodni Muzeum, Prague, Czech Republic

TAMU = Texas A&M University Insect Collection, College Station, Texas, USA

UVGC = Coleccion Entomoldgica, Universidad del Valle de Guatemala, Guatemala, Guatemala
VMC = Victor Moctezuma Collection, Puebla, Puebla, Mexico
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The phylogenetic species concept sensu Wheeler & Platnick (2000) was adhered to, which defines a
species as the smallest aggregation of (sexual) populations or (asexual) lineages that are diagnosable
by a unique combination of character states. The subspecies-level is avoided for this work, while
intraspecific variability of morphology (such as colouration, body size, and integument) is included
within variation of the species. We followed the nomenclature proposed by Harris (1979), Edmonds
(1994) and Cristovao & Vaz-de-Mello (2020) for external morphology and that of Moctezuma et al.
(2017) for genital morphology, except for the term endophallite (Génier 2019). The subgenus-level is
avoided for this study since Phanaeus and Notiophanaeus have been proven to be artificial groups (Price
2007, 2009; Gillett & Toussaint 2020), and Notiophanaeus will probably be considered a synonym of
Phanaeus in future works.

Type specimens bear determination labels printed on red acid-free paper, indicating the specimen’s sex,
and whether they are the holotype or paratypes. Label data is given verbatim. The genital structures
were soaked with 10% KOH solution for 24 hours at room temperature, then rinsed with 96% ethanol
and later with water. These structures were permanently stored in 15 mm glass microvials (BioQuip
Products, Inc., Rancho Dominguez, California, USA) with glycerol, and the microvials were pinned
under the dissected specimens.

Measurements and pictures were taken using a Leica Z16APOA stereo microscope equipped with
Leica Smart Touch and Leica DMC2900 camera (Leica, Wetzlar, Germany), using the manufacturer’s
software and the z-stack image capture method (except for Figs 4D, 5C, 8C, 11C, 12D, 18A, 19A). Since
rainbow scarab dung beetles are usually iridescent (Edmonds 1994), the stereo microscope lightning
was substituted (except for Figs 1, 20) to obtain adequate colour images as follows: a cylinder made of
matt drafting acetate functioned as a light diffuser, while a cylinder made of a rolled LED light strip (300
LEDs/5 m, 12 Vcc, white 6000-7000k, LED 3528, 13 W/h; Steren, Mexico City, Mexico) was used
as light source. The final images were edited using a Wacom Intuos PEN tablet CTL-6100WL (Wacom
Co., Ltd, Toyonodai Kazo-shi, Saitama, Japan) with Adobe Photoshop CC ver. 2015 (Adobe Systems
Incorporated, San Jos¢, California, USA) and CorelDRAW X7 ver. 17.0.0.491 (Corel Corporation,
Ottawa, Canada). Locality data were taken from specimen labels, literature and data bases (GBIF
Secretariat 2019a; 2019b).

Results

Taxonomy

Phylum Arthropoda von Siebold, 1848
Subphylum Hexapoda Blainville, 1816
Class Insecta Linnacus, 1758
Order Coleoptera Linnaeus, 1758
Suborder Polyphaga Emery, 1886
Superfamily Scarabaeoidea Latreille, 1802
Family Scarabaeidae Latreille, 1802
Subfamily Scarabaeinae Latreille, 1802

Genus Phanaeus Macleay, 1819

Phanaeus Macleay, 1819: 124.
Lonchophorus Germar, 1824: 106.
Phaneus Castelnau, 1840: 79.
Onthurgus Gistel, 1857: 90.
Palaeocopris Pierce, 1946: 130.
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Phanaeus — Brullé 1837: 302. — Dejean 1844: 155. — Agassiz 1846: 8§18. — Lacordaire 1856: 100. —
Gemminger & Harold 1869: 1016. — Lacordaire & Chapuis 1876: 276. — Bates 1887: 387. —
Nevinson 1892: 1. — Gillet 1911: 81. — Lucas 1920: 499. — Dawson 1922: 61. — Olsoufieff
1924: 22. — Pessoa 1934: 282. — Balthasar 1939: 238. — Pessda & Lane 1941: 470. — Islas
1942: 303. — Blackwelder 1944-1957: 209. — Halffter 1952: 79; 1955: 79. — Roze 1955:
45. — Martinez 1959: 97. — Halffter & Matthews 1966: 258. — Vulcano & Pereira 1967: 566. —
Edmonds 1972: 740; 1979: 99; 1994: &; 2003: 11; 2004: 119; 2006: 31. — Edmonds & Halffter
1978: 321. — Howden & Young 1981: 12. — Arnaud 1982: 114; 2001: 2; 2002a: 2; 2002b: 13;
2018: 3. — Halffter & Edmonds 1982: 136. — Medina & Lopera 2000: 303. — Vitolo 2000: 595. —
Medina et al. 2001: 140. — Ratcliffe 2002: 16. — Philips et al. 2004: 50. — Price 2005: 197; 2007:
1; 2009: 137. — Hamel-Leigue et al. 2006: 17; 2009: 64. — Krajcik 2006: 148. — Gillett et al.
2010: 2 — Vaz-de-Mello et al. 2011: 25. — Edmonds & Zidek 2012: 1. —Solis & Kohlmann 2012:
7. — Cancino-Lépez et al. 2014: 140. — Figueroa et al. 2014: 133. — Manjarres-H & Molano-R
2015: 246. — Pacheco & Vaz-de-Mello 2015: 1. — Halffter & Morrone 2017: 19. — Lizardo ef al.
2017: 271. — Moctezuma & Halffter 2017: 47. — Moctezuma et al. 2017: 114; 2019: 249; 2020:
3. — Chamorro et al. 2018: 75; 2019: 210. — Kohlmann et al. 2018: 67. — Gillett & Toussaint
2020: 2.

Lonchophorus — Brullé 1837: 302 (as synonym of Phanaeus). — Agassiz 1846: 620. — Lacordaire
1856: 100 (as synonym of Phanaeus). — Gemminger & Harold 1869: 1016 (as synonym of
Phanaeus). — Nevinson 1892: 1 (as synonym of Phanaeus). — Gillet 1911: 81 (as synonym of
Phanaeus). — Lucas 1920: 381 (as synonym of Phanaeus). — Olsoufieff 1924: 140 (as synonym of
Phanaeus). — Blackwelder 1944—1957: 209 (as synonym of Phanaeus). — Martinez 1959: 97 (as
synonym of Phanaeus). — Edmonds 1972: 826 (as synonym of Phanaeus); 1994: 46 (as synonym
of Phanaeus). — Ratcliffe 2002: 16 (as synonym of Phanaeus). — Krajcik 2006: 148 (as synonym
of Phanaeus). — Solis & Kohlmann 2012: 7 (as synonym of Phanaeus). — Figueroa et al. 2014:
133 (as synonym of Phanaeus). — Chamorro et al. 2019: 210 (as synonym of Phanaeus).

Onthurgus — Edmonds 1972: 827 (as synonym of Phanaeus); 1994: 46 (as synonym of Phanaeus). —
Ratcliffe 2002: 16 (as synonym of Phanaeus). — Krajcik 2006: 148 (as synonym of Phanaeus). —
Solis & Kohlmann 2012: 7 (as synonym of Phanaeus). — Figueroa et al. 2014: 133 (as synonym of
Phanaeus). — Chamorro et al. 2019: 210 (as synonym of Phanaeus).

Palaeocopris — Edmonds 1972: 855; 1994: 46 (as synonym of Phanaeus). — Miller et al. 1981: 1 (as
synonym of Phanaeus). — Ratcliffe 2002: 16 (as synonym of Phanaeus). — Solis & Kohlmann
2012: 7 (as synonym of Phanaeus). — Chamorro et al. 2019: 210 (as synonym of Phanacus).

Phaneus — Krajcik 2006: 148 (as synonym of Phanaeus).

Phanaeus arletteae Arnaud, 2018
Figs 17, 18A, 19A

Phanaeus (Notiophanaeus) arletteae Arnaud, 2018: 4.

Phanaeus blanchardi ab. viridicollis (unavailable infrasubspecific name) — Olsoufieff 1924: 149. —
Edmonds 1994: 443. — Arnaud 2002b: 98. — Edmonds & Zidek 2012: 13 (as an unavailable
infrasubspecific name referable to P. pyrois).

Phanaeus (Phanaeus) blanchardi ab. viridicollis — Martinez & Pereira 1967: 68 (as synonym of
P, funereus) (unavailable infrasubspecific name).

Phanaeus (Notiophanaeus) viridicollis — Arnaud 2002b: 98-99 (as a new combination for P. blanchardi
ab. viridicollis) (unavailable infrasubspecific name). — Edmonds & Zidek 2012: 13 (as an unavailable
infrasubspecific name referable to P. pyrois).

Phanaeus viridicollis — Krajcik 2006: 153. — Edmonds & Zidek 2012: 1, 6 (as an unavailable
infrasubspecific name referable to P. pyrois).
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Non Phanaeus pyrois (error) — Moctezuma & Halffter 2017: 55 (in part). — Moctezuma et al. 2017:
114, 130 (in part).

Phanaeus (Notiophanaeus) arletteae — Chamorro et al. 2018: 97; 2019: 213, pl. 46a.

Phanaeus arletteae — Kohlmann et al. 2018: 83, 88.

Type material

Holotype (revised from photograph from the original description)
ECUADOR -« &, Arnaud 2018: 4, pl. 1, fig. a; Guayas, Kilometric point 18 Balzar-Quevedo Road;
CPFA.

Type locality

Ecuador, Guayas, Kilometric point 18 Balzar-Quevedo Road.

Distribution

Pacific slope of the Andes, south-central Ecuador (Fig. 17).

Remarks

The genital morphology of this species remains unknown. We were not able to personally revise
specimens of Phanacus arletteae. Nevertheless, the external morphology of the holotype and a female
paratype were illustrated by Arnaud (2018). We consider that the diagnostic characters provided by
Arnaud (2018) are adequate to separate this species from closely related taxa. The commentaries of
previous authors confirmed the validity of this species (Martinez & Pereira 1967; Edmonds 1994;
Arnaud 2002b; Edmonds & Zidek 2012). Particularly, the morphology of the pronotum of the female is
unique within the P. endymion species group.

Phanaeus bravoensis Moctezuma, Sanchez-Huerta & Halffter, 2017
Figs 1A, 15, 18B, 19B

Phanaeus bravoensis Moctezuma et al., 2017: 115.
Phanaeus bravoensis — Kohlmann et al. 2018: 69. — Moctezuma et al. 2019: 253, fig. 5.

Type material

Holotype
MEXCIO « &, Moctezuma et al. 2017: 118, figs 6-8 (revised); Guerrero, Chilpancingo de los Bravo;
IEXA.

Type locality

Mexico, Guerrero, Chilpancingo de los Bravo.

Distribution

Mexico, Sierra Madre del sur, central Guerrero (Fig. 15).

Remarks

This species was recently described by Moctezuma et al. (2017). To the original description we add that
the elytral striae are impressed basally as distinct fossae; right lobe of endophallite copulatrix is more
developed than left lobe; right lobe of endophallite copulatrix obtusely triangular, arched superiorly;
left lobe of endophallite copulatrix lobed, strongly reduced; central ridge more developed than central
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column (Fig. 1A). For the female, the trituberculate cephalic carina with nearly aligned, similar sized,
conical tubercles; frons punctures scarce, almost effaced; pronotal surface distinctly punctate; pronotal
process trituberculate with a posterior concavity; all pronotal tubercles rounded, with middle tubercle
slightly more developed and projected frontally than lateral tubercles; posterior pronotal midline
distinctly impressed.

Phanaeus chiapanecus sp. nov.
urn:lsid:zoobank.org:act:55933BD6-8A56-49CB-B1B4-3AB7C1A235BE
Figs 1B, 2A, 3, 15, 18C, 19C

Diagnosis

Phanaeus chiapanecus sp. nov. is a large and robust species which frequently attains 18.5-20 mm in
length. This new species is diagnosed by the following character combination: Major male dark metallic
blue-green or green dorsally (Fig. 3); keel absent in the middle of anterior pronotal margin (Fig. 2A);
posterolateral angles of pronotum widened, elongate, slightly projected posteriorly (Fig. 3A); elytral
striae thick, impressed basally as distinct fossae, with deeply impressed punctation; interstriae black,
with completely or partially roughened surface (Fig. 3); endophallite copulatrix as Fig. 1B. Major female
with pronotal process lacking concavities; pronotal tubercles nearly aligned, with middle tubercle more
developed than lateral tubercles; posterior pronotal midline completely effaced (Fig. 3B).

Etymology

The specific epithet of the new species refers to Chiapas, where the type series was collected.

Type material (80 33, 144 99)

Holotype
MEXICO « &; Chiapas, “Loc. Vicente Guerrero, Mun. San Fernando. 20/05/2018. Selva Baja Caduci-
folia. Col. A. Diaz. Pit-Fall calamar. 16°51'10”N. 93°132”"W. 984 msnm”’; TAMU.

Paratypes

MEXICO — Chiapas * 7 33, 6 29; “Mpio. San Fernando, 16°50'50.676" N, 93°12°46.655" W, 6-vi-06.
930 m.”; TAMU » 34 3, 62 29Q; “V. Guerrero, Sn. Fernando. 06-VI-2006. U. Caballero, Giron M y
Miss-Barrera Col.”; GHC « 3 3 &, 5 9 Q; same collection data as for preceding; TAMU * 19 33,23 99;
same collection data as for preceding; VMC « 2 4J, 2 99; same collection data as for preceding;
UVGC +1 3,1 Q; “Sumidero Cyn Park. 1 august 1989. D.B. Thomas”; TAMU ¢ 1 &'; same collection
data as for preceding; VMC ¢ 2 99; “San Pedro. Arellano-Gamez Col.”; GHC * 1 &, 2 9Q; same
collection data as for preceding; VMC « 10 Q9Q; “V. Guerrero. Arellano-Gamez Col.”; GHC « 2 43,
1 9; same collection data as for preceding; VMC « 9 99; “Vicente Guerrero, La Antena. Molina A.
Col.”; GHC » 1 &, 2 9Q; same collection data as for preceding; VMC « 1 &, 2 99Q; “V. Guerrero, La
Antena. Arellano-Gamez Col.”; GHC * 3 &, 2 2 Q; same collection data as for preceding; VMC ¢ 1 &,
1 9; “Km. 40. Carr. Tuxtla-San Cristobal (El Escopetazo). 2-VIII-70. V.M. Sanchez. col. Bosque-pino
encino arcilloso. Cebo-pescado”; GHC « 1 &, 5 2 2; “V. Guerrero, S. Fernando. UC, MG, Irma”; GHC
2 33,9 29; no label data; GHC.

Type locality

Mexico, Chiapas, San Fernando, Vicente Guerrero.

Description

Major male (holotype)
Length 18.8 mm.
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A C

Central
Q ridge Right o
lobe ©
> 3

Fig. 1. Endophallite copulatrix of the Phanaeus endymion species group (except for P. arletteae Arnaud,
2018). A. Phanaeus bravoensis Moctezuma, Sanchez-Huerta & Halffter, 2017 (IEXA). B. Phanaeus
chiapanecus sp. nov. (TAMU). C. Phanaeus edmondsi Moctezuma, Deloya & Halffter, 2019 (IEXA).
D. Phanaeus endymion Harold, 1863 (VMC). E. Phanaeus funereus Balthasar, 1939 stat. rev. (VMC).
F. Phanaeus halffterorum Edmonds, 1979 (TAMU). G. Phanaeus huichol Moctezuma, Sanchez-
Huerta & Halffter, 2017 (IEXA). H. Phanaeus jackenioi sp. nov. (UVGC). 1. Phanaeus malyi Arnaud,
2002 (VMCQ). J. Phanaeus olsoufieffi Balthasar, 1939 stat. rev. (VMC). K. Phanaeus pacificus sp. nov.
(UVGC). L. Phanaeus panamensis sp. nov. (TAMU). M. Phanaeus porioni Arnaud, 2001 stat. rev.
(VMC). N. Phanaeus pyrois Bates, 1887 (VMC). O. Phanaeus rzedowskii sp. nov. (TAMU). P. Phanaeus
zapotecus Edmonds, 2006 (VMC). Q. Phanaeus zoque Moctezuma & Halffter, 2017 (IEXA).
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Fig. 2. Lateral view of males within the Phanaeus endymion species group. A. Phanaeus chiapanecus
sp. nov. (TAMU). B. Phanaeus endymion Harold, 1863 (VMC). C. Phanaeus funereus Balthasar, 1939
stat. rev. (VMC). D. Phanaeus jackenioi sp. nov. (UVGC). E. Phanaeus malyi Arnaud, 2002 (VMC).
F. Phanaeus olsoufieffi Balthasar, 1939 stat. rev. (VMC). G. Phanaeus pacificus sp. nov. (UVGC).
H. Phanaeus panamensis sp. nov. (TAMU). 1. Phanaeus porioni Arnaud, 2001 stat. rev. (VMC).
J. Phanaeus pyrois Bates, 1887, green morph (VMC). K. Phanaeus rzedowskii sp. nov. (TAMU).
L. Phanaeus zapotecus Edmonds, 2006 (VMC).

10



MOCTEZUMA V. & HALFFTER G., Taxonomy of the Phanaeus endymion species group

Heab. Clypeus bidentate, black on anterior margin, dark metallic blue-green posteriorly, with roughened
sculpture. Genae dark metallic blue-green, with roughened sculpture. Front black, with dark metallic
blue-green on portions adjacent to cephalic horn. Cephalic horn black, curved posteriorly over pronotum
(Figs 2A, 3A).

PronoTUM. Uniformly dark blue, becoming black on lateral margins of posterolateral angles and on
posterior margin of disc. Keel absent in the middle of anterior pronotal margin. Disc triangular, flat,
with two distinctly developed tubercles on anterior portion. Pronotal triangle with lightly granulate
sculpture, scabriculous, impunctate. Sides with smooth sculpture, scabriculous, with superficially
impressed punctures. Lateral lines of pronotal triangle straight. Posterolateral angles widened, elongate,
slightly projected posteriorly, slightly upturned apically. Lateral fossae distinctly impressed. Basal
fossae obtusely oval, deeply impressed. Posterior margin distinctly punctate (Figs 2A, 3A).

EryTrA. Striae thick, dark blue-green, scabriculous, impressed basally as distinct fossae, with deeply
impressed punctation. Interstriae black, with completely or partially roughened surface, scabriculous,
with superficially impressed punctation. Sutural margin without apical tooth (Fig. 3A).

ProTiBIAE. Quadridentate with apical spine.

TerciTE VIII. Dark green, scabriculous; with rough, distinctly impressed punctures. Basal margin with
setae variable in size.

GeniTaLIA. Right and left lobes of endophallite copulatrix similar in size. Right lobe obtusely triangular
in shape; with acute, upturned apical portion. Left lobe bent posteriorly, with superior portion obtusely
rectangular. Central ridge more developed than central column (Fig. 1B).

B

2 mm

Fig. 3. Phanaeus chiapanecus sp. nov. A. Holotype, &', blue morph (typical; TAMU). B. @, green morph
(TAMU).
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Minor male
Like the major male, except for the reduction of the secondary sexual characters (i.e., cephalic horn,
pronotal triangle and tubercles, and pronotal posterolateral angles).

Female
Similar to the male, except for the head showing a cephalic trituberculate carina with carinate middle
tubercle, slightly more projected frontally, less raised than conical lateral tubercles; frons almost
impunctate; pronotal sculpture completely smooth with scarce, superficially impressed punctures;
pronotal disc black on central portion, metallic dark blue-green on sides and posterior portion; pronotal
process trituberculate lacking concavities; pronotal tubercles nearly aligned, with middle tubercle more
developed than lateral tubercles; posterior pronotal midline completely effaced (Fig. 3B).

Variation
Mean length 16.9 mm (12.4-20.6 mm). The typical colour morphs are dark metallic blue (Fig. 3A) or
dark metallic green (Fig. 3B), but a rare specimen shows metallic yellow-green sheen on head, pronotum
and elytra. The elytral interstriae are dark metallic blue, or rarely dark metallic green.

Distribution
Mexico, Central highlands of Chiapas (Fig. 15).

Remarks

This species was referred to as P. pyrois by Arellano et al. (2008) and GBIF Secretariat (2019b), and
as P. endymion by Moroén et al. (1986), Edmonds (1994), Arellano et al. (2013), Lizardo et al. (2017),
Moctezuma & Halffter (2017) and Sanchez-Hernandez et al. (2020). Nevertheless, the distribution areas
of the aforementioned species do not overlap with the distribution of P. chiapanecus sp. nov., which is
distinctly differentiated by its morphology.

Phanaeus edmondsi Moctezuma, Deloya & Halffter, 2019
Figs 1C, 15, 18D, 19D

Phanaeus edmondsi Moctezuma et al., 2019: 251.

Type material

Holotype
MEXICO ¢ &, Moctezuma et al. 2019: 251, figs 1-3 (revised); Oaxaca, Candelaria Loxicha, Portillo del
Rayo; CNIN.

Type locality

Mexico, Oaxaca, Candelaria Loxicha, Portillo del Rayo.

Distribution

Pacific slope of the Sierra Madre del Sur, southern Oaxaca (Fig. 15).

Remarks

This species was recently described and illustrated (Moctezuma et al. 2019). To the original description
of the female we add: cephalic trituberculate carina of head with carinate central tubercle, anteriorly more
projected not as raised as lateral, conical tubercles; frons with superficially impressed punctures; pronotal
sculpture completely smooth with superficially impressed punctures; pronotal process trituberculate
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lacking concavities; central pronotal tubercle slightly more developed and projected anteriorly than
lateral tubercles; posterior pronotal midline completely effaced.

Phanaeus endymion Harold, 1863
Figs 1D, 2B, 4, 18E, 19E, 20

Phanaeus endymion Harold, 1863: 163.

Phanaeus endymion — Gemminger & Harold 1869: 1017. — Bates 1887: 58. — Nevinson 1892: 3, 10;
1892b: 34. — Olsoufieff 1924: 37, 91, 150, 164, pl. VI, fig. 7. — Islas 1942: 314, 318-319, 336,
pl. 1 (in part). — Blackwelder 1944—1957: 209 (in part). — Halffter & Matthews 1966: 40, 68, 70,
74 (in part). — Edmonds 1972: 830, figs 218-220 (in part); 1979: 99, 102—-103, figs 4, 9—10 (in
part); 2006: 31-32, 35-36, figs 2, 4, 67 (in part). — Mordn 1979: 381, 423, 434, 449, fig. 20b;
1985: 63, 88, 91, 97, 107, fig. 20. — Arnaud 1982: 114; 2001: 4 (in part). — Palacios-Rios ef al.
1990: 59. — Estrada & Coates-Estrada 1991: 465. — Halffter ef al. 1992: 139, 149, 153-155;
1995: 162, 164-166, 173. — Estrada et al. 1993: 48—49; 1998: 586-587, 589. — Deloya & Moréon
1998: 19. — Lopez-Guerrero & Halffter 2000: 241 (in part). — Montes de Oca 2001: 118, 123. —
Avendafio-Mendoza et al. 2005: 810, 813, 815, 817. — Price 2005: 197 (in part); 2007: 17, figs 33,
52-54 (in part); 2009: 139, figs 2—4 (in part). — Krajcik 2006: 150 (in part). — Gillett 2008: 5. —
Navarrete & Halffter 2008: 2880, 2888, 2893, 2895. — Halffter & Halffter 2009: 6, 8. — Diaz ef al.
2010: 6-8. — Inward et al. 2011: 1677, fig. 2, appendix s2. — Edmonds & Zidek 2012: 1, 5-6 (in
part). — Barragan et al. 2011: fig. 1. — Delgado et al. 2012b: 209. — Alvarado et al. 2014: tables
s1-2; 2019: 175; 2020: 5. — Cancino-Lopez et al. 2014: 137 (in part). — Bourg et al. 2016: 493—
494. — Huerta et al. 2016: 16 (in part). — Sanchez-de-Jesus et al. 2016: table A4. — Halffter 2017:
fig. 7 (in part). — Lizardo et al. 2017: 273-275,292-293, fig. 12 (in part). — Moctezuma & Halffter
2017: 47, 51-52, 55 figs 17-23 (in part). — Moctezuma et al. 2017: 114, 123, 131-132 (in part);
2019: 251-254, fig. 5 (in part). — Kohlmann et al. 2018: 79, 83, 88 (in part). — Sanchez-Hernandez
et al. 2018: 149-150; 2020: 229 (in part). — Santos-Heredia et al. 2018: appendix 1. — Gillett &
Toussaint 2020: 11, fig. 3 (in part). — Salomao et al. 2020: 3—4, 8-9 (in part).

Phanaeus (Notiophanaeus) endymion— Edmonds 1994: 2, 8-9, 12, 19, 36, 39, 4146, 54, 74,101, figs 17,
209, 215-216, 221 (in part); 2003: 65 (in part). — Arnaud 2002b: 94-95 (in part). — Delgado et al.
2012a: 327. — Edmonds & Zidek 2012: 3, 13, figs 132—-133, 136, 140, 143, 152—155 (in part). —
Halffter & Morrone 2017: 21. — Lizardo ef al. 2017: 272 (in part). — Capello & Halffter 2019:
113, figs 41a—b.

Phanaeus (Phanaeus) endymion — Edmonds 2003: 63, Fig. 2.20 (in part).

Diagnosis

Highly variable species, diagnosed by the following character combination: major male dark blue
(Fig. 4A), dark metallic blue-green or dark metallic green dorsally (Fig. 4B); sometimes with carinate,
distinctly developed keel in the middle of anterior pronotal margin (Fig. 2B); posterolateral angles of
pronotum short, widened, sometimes lightly projected posteriorly (Figs 4A—B); elytral striae impressed
basally as distinct fossae, with distinctly impressed to effaced punctures (Fig. 4); endophallite copulatrix
as in Fig. 1D. Major female with pronotal process concave posteriorly; middle pronotal tubercle more
developed, dentiform or rounded, always more projected frontally than lateral tubercles; lateral tubercles
obtusely rounded or carinate; posterior pronotal midline superficially impressed to completely effaced
(Fig. 4C).
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Type material

Lectotype (studied from photographs)
MEXICO ¢ &, Arnaud 1982: 114 (Fig. 4D); Veracruz, Cordoba; “P. endymion Harold. Ex-Musao E.
Harold. Muséum Paris 1952 Coll. R. Oberthur. MNHN EC10553””; MNHN.

B

Ex
EH

Musiéum Pamis
1952
CoLL. R. OBERTHUR

MNHN
EC10553

Fig. 4. Phanaeus endymion Harold, 1863. A. &, blue morph (typical; VMC). B. &, green morph (VMC).

C. 2, blue morph (typical; VMC). D. Lectotype, & (by Christophe Rivier, Muséum national d’histoire
naturelle, Paris, France) (MNHN).
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Paralectotype (studied from photographs)
MEXICO « 1 Q; Veracruz; “Ex-Muszo E. Harold. Museum Paris ex Coll. R. Oberthur. MNHN
EC10554”; MNHN.

Non-type material revised (212 33, 247 99)

BELIZE — Cayo ¢ 1 J; “Chiquibul Forest Reserve, Las Cuevas Research Station. 16°44'N, 88°59'W.
June 2006. BMNH {E} 2006-141. C. Gillett & J. Kitson”; TAMU ¢ 1 @; “San Ignacio, Chiquibul Fst
Res. Las Cuevas Res. Station. 16°43'N, 88°59'W, 02—17.iv.2004. Deciduous forest, baited pitfall. coll.
R. Paterson. Deciduous tropical forest. Baited pitfall trap. Cattle dung. Sub-site: Grano de Oro. Selective
logged forest. Trap: 5. Date: 8/4/04”; TAMU. — Orange Walk * 1 &, 1 Q; “17°50'04"N; 89°03'04"W,
Rio Bravo Cons Area, La Milpa, Arqueolog. Site, (#12), 11-17.VII.1996, P. Kovarik ex. Flight intercept
trap.”; JLSHC « 1 &; “Rio. Bravo Cons, Area, env. La Milpa ruins, 19-20.VII.1996, P.W. Kovarik,
collector. La Milpa transect site #12, flight intercept trap”; JLSHC. — Stann creek 1 &'; “16°48'40"N,
88°30'34"W. Cockscomb Basin Wildlife Sanctuary, Outlier Trail nr. Campground. 3.VII1.2006. P. W.
Kovarik, coll., FIT”; JLSHC.

GUATEMALA — Alta Verapaz « 1 &; “Sanahu. Fca. El Volcan. 14.VI1.1988. J.P. Mauger & K. Meyer.
1200 msnm”; UVGC « 1 &; “Senahti, Fca. El Volcan. 850 msnm. 19-VII-88. Col: F. Herrera”; VMC e
2 QQ; “Colector Carlos Garcia. Heces de humano. Sta. Lucia Lachua. Coban. 16-09-00”; UVGC 1 &,
1 9; “Santa Lucia Lachua. Junio 2001, heces humanas. Col. A. Higueros”; UVGC ¢ 1 9; same collection
data as for preceding; VMC. — Huehuetenango * 1 ©; “Barillas, aldea Malpais. 1263m, N.1584733,
W091.22285. Bosque nuboso. 21 VI 2009. Col. F. Camposeco, UV+M-Arc400w.”; VMC « 1 J;
“Octubre 1992. Colector J. Monzon™; VMC. — Izabal « 1 &; “Livingston. Biotopo Chocon. Machacas.
28-29 V 2002. Heces de vaca. Guamil. Col. E.B. Cano.”; UVGC ¢ 1 &; “Livingston. Biotopo Chocon.
Machacas. 17-23 VI 1997. col. C.Avendaio. B. tropical himedo inundable””; TAMU ¢ 1 Q; “Rio Dulce,
Fca. Talisman. 9 III 1997. G. Pereira”; TAMU « 1 Q; “Cerro San Gil, Rio Carbonera. 1390 msnm. I1I-2
IV 2007. Col. R. Granajo”; UVGC ¢ 1 Q; “El Estor, Cuiscoyol, GCN. 27 II1 2010. J.Rivers”; UVGC
13,2 99; “Cerro San Gill, Carboneras, estacion biol 400 msnm. 08 IX 1999. Bosque tropical. Trampa
de pescado. Col. G. Goemans”; UVGC ¢ 1 J&; same collection data as for preceding; VMC « 1 @; “El
Estor, CGN sector 215 con tala. 24 IIT 2010. J.Rivers”; UVGC ¢ 2 Q9Q; same collection data as for
preceding; VMC « 1 &; “El Estor, CGN sector pino guiscoyol. 1-3 IX 2009. J.Rivers”; VMC. — Petén ¢
1 Q; “La Libertad, Bethel. 18 IX 1995. M.Jolon. En trampeo ratones habia caido. Oryxomis melesotis”;
UVGC « 1 Q; “La Libertad, Bethel. 14 XII 1995. Trampa de roedores. M.Jolon.”; UVGC « 1 & “San
Miguel la Palotada. 15-V-1999. Col. Mjolon”; UVGC « 1 @; same collection data as for preceding;
VMC ¢ 1 Q; “San Miguel la Palotada. 16-111-1999. Col. Mjolon”; UVGC ¢+ 1 &; “Dolores. 17-VIII-
2003. Col. D. Ramirez”; UVGC ¢+ 1 J; same collection data as for preceding; VMC * 1 &; “Yaxha.
Area nucleo. 2 XII 1996. X. Leiva”; TAMU » 1 &; “Flores, El Remate. Biot. Cerro Cahui. 7.VIII.1996.
E.Cano”; UVGC.

MEXICO — Chiapas * 1 ©; “Templo de las Inscripciones, Palenque, 22—VI-1993, Borde-copro-24 hrs.
G. Halffter Col.”; VMC « 3 44, 4 9Q; “Palenque, Templo Inscripciones, 19/VII/1993, trap fruta #40,
17°29°0.9°N, 94°2°49.07”0, selva, 170 m, nocturna, G. y V. Halffter Cols.”; GHC * 1 J'; same collection
data as for preceding; VMC « 1 Q; “Casa arqueologos, Palenque, 22-VI-1993, Selva B-copro-24 hrs.
G. Halffter Col.”; GHC * 1 &; “Casa Arqueologos, Palenque, 20-VI-1993, Selva-copro A-24 hrs.
G. Halffter Col.”; GHC ¢ 1 &; “Palenque, 22-V-65, excrem. Humano.”; TAMU ¢ 1 &'; “Palenque, 22—
V-65, col. Halffter-Reyes.”; TAMU * 4 33, 5 9 Q; “Bonampak, Archeological Site, 16°44°N, 91°05°W,
300 m, 24-26-1X-77, forest, human feces, W. D. Edmonds, col.”; TAMU * 1 &, 1 Q; same collection
data as for preceding; VMC ¢ 1 Q; “Bonampak, Archeological Site, 16°44'N, 91°05'W, 300 m, I-1X-77,
B. Kohlmann, col.”; TAMU ¢ 1 J; “Bonampak, Archeological Site, 16°44'N, 91°05'W, 300 m, 241X~
77, forest, carrion, B-1, W. D. Edmonds, col.”; TAMU ¢ 1 &'; “Bonampak, Archeological Site, 16°44'N,

15



European Journal of Taxonomy 747: 1-71 (2021)

91°05'W, 300 m, 25-1X-77, forest, human feces, W. D. Edmonds, col.”; TAMU « 3 343, 2 Q9;
“Bonampak, Archeological Site, 16°44'N, 91°05'W, 300 m, 8-1X-77, forest, human feces,
W. D. Edmonds, col.”; TAMU ¢ 1 &; “Bonampak Archeological Site, 16°44'N, 91°05'W, 8-1X-77,
forest, human feces, W. D. Edmonds, col.”; TAMU « 3 &3, 1 Q; “Bonampak, Agosto-1977, B. Kohlmann
Col.”; VMC « 1 @; “Laguna Miramar, 14-15-X-1976, G. y V. Halffter, col.”; GHC * 1 9; “Chansayab,
Lacanja, 24-1-77, P. Reyes C., Col.”; GHC ¢ 1 @; “Lacanja, Chansayab, 26.IV.77, G. Aguirre, E. Frey,
col.”; VMC ¢ 1 & “Lacanja, Chansayab, 6-11-77, S. Gallina, Col.”; VMC ¢ 1 Q; “Lacanja-Chansayab,
300 m, 6-VIII-1977, camino a La Selva, M. Lamotte & B. Kohlmann col.”; TAMU ¢ 1 &; same
collection data as for preceding; VMC « 1 &; “Lacanja, VIII-1977, #11, Selva alta, Bert Kohlmann,
Col.”; GHC * 1 &, 3 29; “Boca de Chajul, alt 110 m, 3-11-1984, M.A. Morén, C. Fragoso, F.J. Villalobos,
cols.”; IEXA « 1 J; “4800°, 6.6 mi. W. El Bosque, VII1.25-29.1973, CI. For. A. Newton 542”; TAMU —
Oaxaca * 1 Q; “Km Valle Nal. 550m 17/18-V-94, C. Deloya, R. Arce, coprotrampa”; IEXA « 1 J;
“2000°, 6 mi S Valle Nac. VIL.71, A. Newton 299”; TAMU « 1 &, 1 Q; “Concepcion Péapalo, 1800 m,
13-VII-97, hongos, G. Nogueira”; IEXA * 1 J; “La Chinantla, Sierra Norte. Selva mediana. 29-11X-
2010. 400 m. Pit-fall exc. hum. T-2. Alvarado, F. Col.”; FESC ¢ 1 &; “Disto. De Yautepec, Juquila
Mixes, VIII.1973, W. Miller’; VMC « 1 Q; “La Nueva Esperanza, 1-1X-1980, C. Huerta-G.
Quintero-E. Rivera Cols.”; GHC « 102 4, 123 Q9Q; “Santa Maria y San Miguel Chimalapa, Benito
Juarez/Santa Maria Chimalapa/San Antonio/San Francisco La Paz. Victor Moctezuma col.”; VMC. —
Quintana Roo * 1 &, 1 Q; “X-Can, VI-77, E. Welling, col.”; TAMU 1 Q; “Puerto Morelos, 3—IX—
1984, G. y V. Halffter, cols. Selva baja-media, cebo excremento humano, noche/dia”; GHC * 1 J;
“Carrillo Puerto, 25-26—X11-82, G. Halffter y V. Halffter, Col.”; VMC ¢ 1 Q; “Carrillo Puerto, Septiembre
1984, A. Martinez, col.”; GHC. — Veracruz « 1 J; “Cordoba, 13—-VII-36, E. W. Torrens niger d’Ols.”;
GHC +2 33,6 22; “Cordoba, Guadalupe del Barreal, alt. 940 m, E. Santos, Col. NTP-1-C. 2-VIII-92.
Julio”; IEXA « 4 23,5 29Q; “Cordoba, Guadalupe del Barreal, alt. 940 m, E. Santos, Col. NTP-1-C.
2-VII-92. Junio”; IEXA * 1 4, 1 Q; “Coérdoba, Gpe. Barreal, alt. 940 m, E. Santos, Col. NTP-3. X-91”;
IEXA « 1 J; “Cérdoba, Gpe. Barreal, alt. 940 m, Cafetal, E. Santos, Col. NTP-3. VIII-91”; [EXA < 1 J;
“Cordoba, Guadalupe del Barreal, alt. 940 m, E. Santos, Col. N-C. V-92”; IEXA *2 33,7 Q; “Cordoba,
Guadalupe del Barreal, VIII-91, cafetal, NTP-80, E. Santos, Col.”; IEXA ¢ 1 &, 1 @; “Cordoba,
Guadalupe del Barreal, VII-91, cafetal NTP-80, E. Santos, Col.”; IEXA 1 §; “Cdrdoba, Guadalupe del
Barreal, X-91, cafetal NTP-80, E. Santos, Col.”; IEXA «3 4J, 3 29; “Cérdoba, Guadalupe del Barreal,
IX-91, cafetal NTP-80, E. Santos, Col.”; IEXA « 1 &; “Cordoba, 18-20/July/62, Terry W. Taylor.”;
TAMU « 1 &; “Cordoba, 15-VII-1965, coll. C. L. Hogue.”; VMC « 1 @; “Cordoba, cafetal, 900 m.
2/03/91. E. Santos, Col.”; IEXA ¢« 6 33, 3 9Q; “Fortin de las Flores, September 1984, T. W. Taylor,
col.”; TAMU » 2 43, 2 92; same collection data as for preceding; VMC « 1 &; “Fortin de las Flores,
14-VII-1973, R. R. Shelling and T. W. Taylor, colls.”; TAMU ¢ 1 J; “Presidio, VII-48, A. Ramirez”;
VMC « 1 &; “Presidio, VII-52, G. H”; GHC « 1 9; “Presidio, V-47, A. Ramirez”; VMC « 1 & “Presidio,
1.437; TAMU « 1 &, 3 99; “22 km W. Palma Sola (19°46°N, 96°25°W) on road to Plan de las Hayas
(£800 m), 30-31/VIIl/1976, W. D. Edmonds and Bert Kohlmann cols. Code: K22-HF-F. Collected in
baited pitfall trap: HF=human feces; SF=swine feces; CC=carrion. Habitat: F=remains of forest;
P=pasture (clearing).”; TAMU ¢ 3 @9; “1 km al E de Jalcomulco, NTP-80, alt. 500 m. 6-XI-91. Luis
Quiroz, col.”; IEXA < 1 &, 1 @; “Jalcomulco, Cerro Brujo, 06-VIII-15. 400 m. CT3 Bosque, selva baja,
Alvaro Hernandez Rivera Col.”; FESC « 1 &; “Xalapa, 30/Julio/80, Col. E. Aranda D.”; IEXA « 1 &,
1 Q; “Xalapa, Chiltoyac, 20/VI/15, 1000 m. NT2 Selva baja, Alvaro Hernandez Rivera Col.” ; FESC »
1 Q; “Xalapa, Chiltoyac, 1000 m. NT1 Bosque, Alvaro Hernandez Rivera Col.”; FESC 2 9 Q; “Xalapa,
Chiltoyac, 20/V1/15, 1000 m. CT2 Potrero, Alvaro Hernandez Rivera Col.”; FESC * 1 &, 1 Q; “Xalapa,
Chiltoyac, 1000 m. CT3 Bosque, Alvaro Hernandez Rivera Col.”; FESC « 2 343 “Xalapa, Tiro de
Hayas, 1200 m. NT2 Bosque, Alvaro Hernandez Rivera Col.”; FESC « 1 Q; “Sumidero, Tiro de Hayas.
16 sep - 5 de oct 1989. L. Arellano col. Bosque meséfilo perturbado. 1366 m. NTP 80”; GHC « 1 J;
“N.C 600”; GHC * 2 Q9Q; “Veracruz, 1962-63, leg. Epping.”; GHC * 1 &; “Escoloa, 15 july 1972, Terry
W. Taylor, coll.”; TAMU « 3 9 Q; “Ixtaxoquitlan, Cerro Chicahuaztla. 1540 m. VI.87. Col. L. Delgado”;
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IEXA «4 33,4 Q9; “El Trianon, Cerro La Campana y R. San Gabriel. V-VI-2004. Mesofilo. Col. exc.
hum. Escobar y Pineda Cols.”; FESC * 3 4&, 1 Q; same collection data as for preceding; IEXA 1 Q ;
“Tatahuicapan de Juarez, Lopez Arias, Magallanes. 21-VI-2002. F. Escobar S. Col. Fragmentos de selva
alta. Trampa #8. Cebo-exc. humano”; FESC ¢ 1 ©; “Tatahuicapan de Juarez, El Mirador, Magallanes.
21-VI-2002. F. Escobar S. Col. Fragmentos de selva alta. Trampa #2. Cebo-exc. humano™; FESC < 1 &,
4 99, “Catemaco, Pipiapan, Parque de la Flora y Fauna Silvestre Tropical, 600 m., VIII-1991, Selva
Med. Per. F. Capistran Col. NTP”; IEXA ¢ 1 Q; “Catemaco, Est. Biol. Trop. Los Tuxtlas, Bosq. Trop.
Perennifolio, 17 VIII 90, M. F. Favila y A. Diaz. Cols.”; VMC ¢ 1 &; “Los Tuxtlas. Estacion Biologica
UNAM. Selva alta. 01-VII-2010. 200 m. Pit-fall exc. hum. T-12. Alvarado, F. Col.”; FESC * 3 9 9; “Los
Tuxtlas, 21/VIII/87, G. Halffter y V. Halffter, Cols.”; GHC « 1 &; “Guadalupe Victoria. PIA. Tm10.”;
FESC « 1 Q; “Tém.”; FESC « 1 &, 1 Q; “Km 7.5, Carr. El Castillo, 15-oct-1994, L. Arellano y R.
Sanchez cols. Alt. 1100 m, Bosque de pino/café, trampa necropermanente.”; TAMU ¢ 1 @; “Apazapan,
19°19'18"N, 96°42'39"W, VIII-2000, 280 m, E. Montes de Oca, col.”; TAMU « 2 4J; “km 50 Las
Choapas-Rio Playa, 30-X1II-1977, carrofia, selva media, Col. B. Kohlmann; TAMU ¢ 1 Q; “Dos Amates
(cerca de Catemaco), V-62, G. Halffter leg.”; TAMU « 2 4'J; “Dos Amates (Catemaco), IX-1967, G.
Halffter. Leg.”; GHC ¢ 1 J; same collection data as for preceding; VMC « 1 Q; “Dos Amates, Alt. 300
m. 29-XI-67. Col. P. Reyes C. Selva tropical perturbada. Cebo excremento humano. Noche-Dia.”;
VMC « 1 @; “Estacion de Biologia Tropical Los Tuxtlas, VIII-1984, A. Martinez, Col.”; GHC 1 Q;
“20 km al E de Sontecomapan, 11-1V-69, H. Cabrera, col.”; GHC. — Yucatan * 1 &, 1 Q; “Municipio de
Tizimin, 18-VII-13, 200 m. Bosque (Zapotal). Colecta trampa copro pit-fall #6. Alvarado, F. Col.”;
FESC « 3 4d, 2 99Q; “Municipio de Tizimin, -VII-13, 200 m. Bosque (Espita). Colecta trampa copro
pit-fall #3. Alvarado, F. Col.”; FESC « 2 3d, 4 99; “Municipio de Tizimin, 28-VII-13, 200 m. Bosque
(Santa Marta). Colecta trampa copro pit-fall #25. Alvarado F. Col.”; FESC.

Type locality

Mexico, Veracruz, Cordoba.

Redescription

Major male
Heap. Clypeus bidentate, black on anterior margin, dark metallic blue-green or green on posterior
portion, rough sculpture. Genae dark metallic blue-green or green with rough sculpture. Front black,
with dark metallic blue-green or green on portions adjacent to cephalic horn. Cephalic horn black,
curved posteriorly over pronotum (Figs 2B, 4A-B).

PronoTuM. Uniformly dark blue, dark metallic blue-green or dark metallic green, becoming black
beneath posterolateral angles. Carinate, distinctly developed keel in the middle of anterior pronotal
margin, or keel completely effaced. Disc triangular, flat, with two distinctly developed tubercles on
anterior portion. Triangle with lightly granulate or nearly smooth sculpture, scabriculous, impunctate.
Sides with almost smooth sculpture, scabriculous, with superficially impressed punctures. Lateral lines
of triangle straight. Posterolateral angles short, widened, sometimes lightly projected posteriorly. Lateral
fossae distinctly impressed. Basal fossae obtusely oval, superficially to deeply impressed. Posterior
margin with superficially to deeply impressed punctures (Figs 2B, 4A—B).

ELyTRA. Striae fine, dark metallic blue-green, or dark metallic green, scabriculous, impressed basally as
distinct fossae, with distinctly impressed to effaced punctures. If punctures distinctly impressed, each
forming a distinct fossa, giving a completely roughened surface to first and second striae. If punctures
effaced, interstriac completely smooth. Interstriae black, with smooth surface, scabriculous, superficially
impressed to effaced punctation. Sutural margin without apical tooth (Figs 4A-B).

ProTiBIAE. Quadridentate with apical spine.
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TerciTE VIII. Dark metallic blue-green, or dark metallic green, scabriculous; with rough, distinctly
impressed punctures. Basal margin with setae variable in size.

GeniTaLIA. Right lobe of endophallite copulatrix more developed than left lobe. Right lobe obtusely
triangular in shape. Left lobe obtusely lobed inferiorly, obtusely triangular superiorly. Central ridge less
developed than central column (Fig. 1D).

Minor male
Like the major male, except for the reduction of secondary sexual characters (i.e., cephalic horn, pronotal
triangle and tubercles, and pronotal posterolateral angles).

Female

Similar to the male, except for the head showing a cephalic trituberculate carina with similar in size,
nearly aligned, conical tubercles; frons with distinctly to superficially impressed punctures; pronotal
sculpture completely smooth, with superficially impressed punctures; shining black, variable in size
area on central portion of pronotal disc; pronotal process trituberculate, with posterior concavity;
middle pronotal tubercle more developed, dentiform or rounded, always more frontally projected than
lateral tubercles; lateral tubercles obtusely rounded or carinate; posterior pronotal midline superficially
impressed to completely effaced (Fig. 4C).

Variation

Mean length 17.9 mm (13.9-20 mm). The typical colour morph is dark metallic blue-green (Figs 4A,
C), but a less frequent dark metallic green morph (Fig. 4B) is also found, while scarce specimens are
completely bright metallic green. The interstriae are completely dark metallic blue-green or dark metallic
green in some specimens. The rarest specimens from Chiapas and Veracruz show a bright metallic
yellow or red sheen on head, pronotum and elytra. Variation in the interstrial punctation is observed
in the whole distribution area of P. endymion. The size of the right and left lobes of the endophallite
copulatrix is not homogeneous.

Distribution

From Veracruz and the Yucatan Peninsula to Belize and northern Guatemala (Fig. 15).

Remarks

The lectotype (a minor male), a female paralectotype and several specimens (n=42) from the type
locality cited by Harold (1863) were used for the redescription of P. endymion, that was complemented
with specimens from its whole distribution area. As a consequence, the high intraspecific variation of
P. endymion is adequately represented herein. Although P. endymion is a polymorphic species, closely
related species are confidently separated by differences in the pronotal morphology of males and females,
elytral interstriae, and genital morphology.

Phanaeus funereus Balthasar, 1939 stat. rev.
Figs 1E, 2C, 5, 17, 18F, 19F

Phanaeus (s. str.) funereus Balthasar, 1939: 241.

Phanaeus funereus — Edmonds 1972: 830; 1994: 3, 9, 45-46 (as synonym of P. pyrois). — Howden &
Young 1981: 137 (in part). — Arnaud 1982: 116 (as synonym of P. blanchardi); 2002b: 97 (as
subspecies of P. pyrois). — Krajcik 2006: 152 (as synonym of P. pyrois). — Solis & Kohlmann
2012: 8 (as synonym of P. pyrois). — Edmonds & Zidek 2012: 3, 5, 13 (as synonym of P. pyrois). —
Chamorro et al. 2019: 220-221 (as synonym of P. pyrois).

Phanaeus (Phanaeus) funereus — Martinez & Pereira 1967: 53, 68 (as synonym of P. olsoufieffi).

Phanaeus (Notiophanaeus) pyrois funereus — Arnaud 2002b: 97-98 (as subspecies of P. pyrois). —
Chamorro et al. 2019: 220 (as synonym of P. pyrois).
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Phanaeus pyrois funereus — Kohlmann et al. 2018: 79, 93 (as subspecies of P. pyrois).
Phanaeus (s. str.) funereus — Chamorro et al. 2019: 220-221 (as synonym of P. pyrois).

Non Phanaeus pyrois (error) — Medina et al. 2001: 140 (in part). — Moctezuma & Halffter 2017: 55 (in
part). — Moctezuma et al. 2017: 114, 130 (in part). — Chamorro ef al. 2018: 98.

Diagnosis

Easily diagnosed species by the dull black colour with dull red sheen dorsally; and striae not strongly
impressed basally (Fig. 5). Additionally, the major male with a keel absent in the middle of anterior
pronotal margin (Figs 2C, 5A); endophallite copulatrix as Fig. 1E. The major female with the pronotal
process lacking concavity; middle pronotal tubercle more developed, slightly projected frontally than
lateral tubercles; all pronotal tubercles rounded; and posterior pronotal midline completely effaced
(Fig. 5B).

Type material (studied from photographs, 1 &)

Holotype
ECUADOR -+ &, Balthasar 1939: 242 (Fig. 5C); “P. funereus (illegible data). Dr. V. Balthasar
det./Mus. Nat. Pragae Inv. 26347/ex coll. V. Balthasar National Museum Prague, Czech Republic/
Pucay F.0.10.6.05. / &'/H. Blut determ. Phanaeus blanchardi Olsouf./Fesche det. Phanaeus pyrois
Bts./TYPUS”; NMPC.

Non-type material revised (5 33,7 29)
COLOMBIA — Choc6 * 1 &; “Quibdé. La Troje - Sept. 972. Coll. Martinez”; VMC.

ECUADOR — Esmeraldas 1 &; “Tsejpi Ex.Pitfall heces humanas 17/02/01 1. Yépez”; VMC « 1 ;
“Tsejpi. Ex.Pitfall heces humanas. 18/02/01. I. Yépez”; TAMU « 1 @; “Colén del Onzole. Ex.Pitfall
carrofia. 04/05/01 1. Yépez”; TAMU.— Guayas * 1 J; “Pucay (Bucay). F. Ohs. 14.7.05.”; GHC. — Los
Rios * 1 &, 1 Q; “Quevedo, Pichilingue (75 m) V-76. A. Martinez col.”; TAMU « 2 29; “Quevedo,
Pichilingue. V-76. A. Martinez, leg.”; GHC « 1 @; same collection data as for preceding; VMC. —
Manabi ¢ 1 9; “300 m, 90kmWSW Sto. Domingo. 73 km NE Chone. 6-9.vi.76. S. Peck. 3 for. dung
traps3—5”; IEXA. — Pichincha « 1 9; “Quito. I[1.915”; TAMU.

Type locality
Ecuador, Pucay (probably Bucay).

Redescription

Major male
Heap. Clypeus bidentate, dull black on anterior margin, dull red on posterior portion, roughened
sculpture. Genae dull black, with dull red sheen, rough sculpture. Front dull black. Cephalic horn black,
curved posteriorly over pronotum (Figs 2C, 5A).

PronoTUM. Keel absent in the middle of anterior pronotal margin. Disc triangular, flat; with two
elongate, weakly developed tubercles on anterior portion. Triangle dull black, scabriculous, with almost
effaced punctures, smooth sculpture. Sides dull black-red; scabriculous, with smooth sculpture, almost
effaced punctures. Lateral lines of triangle straight. Posterolateral angles short, slightly widened. Lateral
fossae distinctly impressed. Basal fossae absent or almost effaced. Posterior margin with almost effaced
punctures (Figs 2C, 5A).

EvryTrA. Striae fine, smooth, dull black, scabriculous, not strongly impressed basally; with dull green or

blue-green sheen, almost effaced punctures. Interstriae dull black, scabriculous, with smooth surface,
almost effaced to effaced punctures. Sutural margin without apical tooth (Fig. 5A).
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ProTiBiAE. Quadridentate with apical spine.

TerGITE VIII. Dull black, with dark red to dark brown sheen; scabriculous sculpture; rough, distinctly
impressed punctures. Basal margin with setae variable in size.

GeNITALIA. Right lobe of endophallite copulatrix larger in size than left lobe. Right lobe obtusely
triangular in shape, with superior portion projected frontally. Left lobe lobed inferiorly, bent superiorly.
Central ridge less developed than central column (Fig. 1E).
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Fig. 5. Phanaeus funereus Balthasar, 1939 stat. rev. A. & (TAMU). B. @ (TAMU). C. Holotype, & (by
Jiti Hajek, Narodni Muzeum, Prague, Czech Republic) (NMPC).
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Minor male
Like the major male, except for the attenuation of the secondary sexual characters (i.e., cephalic horn,
pronotal triangle and tubercles, and pronotal posterolateral angles; Fig. 5C).

Female
Similar to the male, except for the head showing a cephalic trituberculate carina, with similar in size,
conical tubercles; middle tubercle more frontally projected than lateral tubercles; frons with almost
effaced punctures; pronotal sculpture completely smooth, impunctate or with almost effaced punctures;
pronotum almost completely dull black, dark metallic red laterally and posteriorly; pronotal process
trituberculate lacking concavity; middle pronotal tubercle more developed, slightly projected frontally
than lateral tubercles; all tubercles rounded; posterior pronotal midline completely effaced (Fig. 5B).

Variation
Mean length 19.3 mm (16-21.9 mm). The male specimen from Colombia has acute posterolateral
pronotal angles that are posteriorly projected.

Distribution

Pacific slope of the Andes, north-central Ecuador and Colombia (Fig. 17). The Colombian specimen
represents the first record of P. funereus from Colombia.

Remarks

Phanaeus funereus was considered by previous authors as a synonym of P. pyrois (Martinez & Pereira
1967; Edmonds 1994; Edmonds & Zidek 2012; Solis & Kohlmann 2012; Chamorro et al. 2019).
Nevertheless, a diagnosis and a key to separate both species are provided by us. As a consequence, full
species status is confidently assigned to P. funereus. The lectotype (a minor male) and some specimens
from Ecuador (n=12) were used for the redescription of P. funereus. The only specimen studied from
Colombia differed in the posterolateral angles of pronotum, but not in colour pattern, pronotal and
elytral sculpturing, or genital morphology.

Phanaeus halffterorum Edmonds, 1979
Figs IF, 15, 18G, 19G

Phanaeus halffterorum Edmonds, 1978: 321 (nomen nudum).
Phanaeus halffterorum Edmonds, 1979: 99, 102—-105, figs 1-3, 6-8 (in part).

Phanaeus halffterorum — Halffter & Edmonds 1982: 88-89 (in part). — Anduaga & Halffter 1991:
157 (in part). — Delgado-Castillo et al. 1993: 125 (in part). — Deloya et al. 1993: 21, 39 (in part);
2014: 77 (in part). — Anduaga 2000: 125, 130 (in part). — Lopez-Guerrero & Halffter 2000: 241
(in part). — Arnaud 2002b: 96 (in part). — Price 2005: 197 (in part); 2007: 17, figs 52-54. —
Edmonds 2006: 31-32, 36, fig. 7 (in part). — Ceballos et al. 2009: 397. — Edmonds & Zidek 2012:
5 (in part). — Krajcik 2006: 150. — Moctezuma & Halffter 2017: 52, 54-55, fig. 23 (in part). —
Moctezuma et al. 2017: 113115, 118119, 122, 130-132, figs 1-5; 2019: 253, fig. 5. — Lizardo
et al. 2017: 273, 275, 292, fig.13 (in part). — Kohlmann et al. 2018: 69, 81, 88—89. — Gillett &
Toussaint 2020: 2.

Phanaeus (Notiophanaeus) halffterorum — Edmonds 1994: 2, 8-9, 19, 39, 41, 43-44, 101, figs 211, 213,
217-218, 221 (in part); 2003: 61, 65 (in part). — Arnaud 2002b: 95 (in part). — Edmonds & Zidek
2012: 3, 12, figs 134135, 137, 143—147 (in part). — Lizardo et al. 2017: 272 (in part). — Kohlmann
et al. 2018: 80. — Zaragoza-Caballero et al. 2019: 43.
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Type material

Holotype (not studied)
MEXICO ¢ &, Edmonds 1979: 99; State of Mexico, Temascaltepec; CAS.

Paratypes revised (6 33,2 99)
MEXICO - State of Mexico * 1 &; “5 km E Temascaltepec, Real de Arriba (2200 m), 10-VII-1976,
fungus, oak-pine forest, W. D. Edmonds, P. Reyes, B. Kohlmann cols.”; IEXA « 1 Q; same collection
data as for preceding; TAMU « 1 &, 1 @; same collection data as for preceding; VMC 2 3J; “8 km W
Temascaltepec, 2360 m, 11-VII-76, fungus in pine-oak forest, W. D. Edmonds, P. Reyes, B. Kohlmann
cols.”; TAMU ¢ 1 &; same collection data as for preceding; VMC « 1 &; “Real de Arriba, VII-1932,
6300 ft, México D. F., Hinton coll., BM 1939-583”; TAMU.

Type locality

Mexico, State of Mexico, Temascaltepec.

Distribution

Central Trans-Mexican Volcanic Belt, State of Mexico and Morelos (Fig. 15).

Remarks

Mean length 17.4 mm (13.4-19.9 mm). The specimens from Morelos (Deloya et al. 1993) were not
studied by us. This species was erroneously reported from Mexico City (Arnaud 2002b). This mistake is
attributed to Hinton (1935), who recorded it from Real de Arriba, Mexico D.F. Real de Arriba is actually
located in the State of Mexico. Despite the fact that Moctezuma et al. (2017) split P. halffterorum and
P. bravoensis, the colouration pattern of P. halffterorum remains as indicated by Edmonds (1979), with
bright metallic green or dark metallic blue specimens. In a review of the immature dung beetles of
Scarabaeinae (Edmonds & Halffter 1978), the name P. halffterorum Edmonds, 1978 was published.
Nevertheless, this may be considered as a nomen nudum under Article 13 of the Code (ICZN 1999).
Consequently, the same name was available later for the sam