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ABSTRACT. This study is a revision of the genus Phanaeus as defined by Edmonds (1972). The intro-
duction includes a history of the genus, a key separating it from related genera, a discussion of taxonomic
characters and primary type material, a summary of the biology and geography of the genus, and con-
clusions about its evolution. The systematic section treats 48 species and subspecies in two subgenera,
one of which, Notiophanaeus, is new. Notiophanaeus comprises five species groups embracing 15 mostly
South American species. Phanaeus, sen. str., includes 31 species and subspecies arranged in eight species
groups. Keys separate subgenera, species groups, species, and subspecies. Phanaeus labreae (Pierce) and
P. antiguus Horn, known from fossil deposits, are considered incertae sedis.

One new subspecies is described, P. (P.) triangularis texensis. The following new combinations result
from reductions in rank from species to subspecies: P. (P.) amethystinus guatemalensis Harold, P. (P.)
tridens pseudofurcosus Balthasar, and P. (P.) wagneri pilatei Harold. Neotypes are designated tor the
following taxa: Copris triangularis Say, C. quadridens Say, Phanaeus tridens Laporte-Castelnau, P, demon
Laporte-Castelnau, P. laevicollis LaPorte-Castelnau (= P. kirbyi Vigors), P. difformis LeConte, P. igneus
Macleay, and P. vindex Macleay. Lectotypes are designated for the following (valid name, where appro-
priate, appears parenthetically preceded by =): Scarabaeus carnifex Linnacus 1767, not 1758 (= P. vindex
Macleay); P. minos Erichson (= P. meleagris Blanchard); P. bogotensis Kirsch (= P. hermes Harold); P.
torrens LeConte (= P. triangularis [Say]); P. pyrois Bates; P. furiosus Bates; P. eximius Bates; P. beltianus
Bates; P. scutifer Bates; P. excelsus Bates (= P. demon Laporte-Castelnau); P. obliguans Bates (= P.
demon Laporte-Castelnau); P. scintillans Bates (= P. mexicanus Harold); and P. tepanensis Bates (= P.
amethystinus guatemalensis Harold).

The following new synonymy is proposed in Notiophanaeus (synonym precedes valid name): P. kirbyi
truncaticornis QOlsoufieff = P. kirbyi Vigors, P. blanchardi Olsoufieff = P. pyrois Bates, and P. funereus
Balthasar = P. pyrois Bates. The following are new synonyms in Phanaeus, sen. str.: P. bogotensis Kirsch
= P. hermes Harold, P. lugens Nevinson = P. prasinus Harold, P. furcosus Felsche = P. furiosus Bates,
P. berbeus Bates = P. daphnis Harold, P. coerulus Bates = P. daphnis Harold, P. tricornis Olsoufieft =
P. daphnis Harold, P. niger Olsoufieff = P. triangularis (Say), P. obliquans Bates = P. demon Laporte-
Castelnau, P. obliquans Bates = P. demon Laporte-Castelnau, P. excelsus Bates = P. demon Laporte-
Castelnau, P. scintillans Bates = P. mexicanus Harold, P. martinezi Halftter = P. amethystinus Harold,
P. quadridens borealis Olsoufieff = P. quadridens (Say), P. vindex rubervirens Robinson = P. vindex
Macleay, P. floridanus Olsoufieft = P. igneus Macleay, and P. difformis magnificens Robinson = P.
difformis LeConte.

A list of all known available names and a previously established synonymy are included in the intro-
duction. Geographical distribution data for all species and subspecies are contained in the appendix.

RESUMEN. Este trabajo es una revision del género Phanaeus Macleay, segun Edmonds (1972). La parte
introductoria consiste en una relacion de la historia taxonomica del género, una clave que lo separa de
géneros vecinos, un resumen de la biologia y geografia del grupo, y una serie de conclusiones acerca de
su evolucion. La seccion sistematica trata de 48 especies y subespecies colocadas en dos subgéneros, de
los cuales Notiophanaeus es nuevo. Notiophanaeus comprende cinco grupos de especies, que, en su
mayoria, son sudamericanas. Phanaeus, sen. str., consta de 31 especies y subespecies, principalmente
mexicanas y estadounidenses, clasificadas en ocho grupos. Se presentan claves para la identificacion de
subgéneros, grupos de especies, especies y subespecies. Phanaeus labreae (Pierce) y P. antiquus Horn son
especies supuestamente extintas de tncertae sedis. Los datos de distribucion geografica comprenden el
apendice.

Se describe una nueva subespecie, P. (P.) triangularis texensis. El nivel taxonomico de tres taxa,
anteriormente consideradas como especies, se baja a subespecie. Se designan neotipos por ocho especies
y lectotipos por otras trece. Se senalan 19 casos de nueva sinonimia.

INTRODUCTION

The present paper is a continuation of my previous
work on the phanaeine dung beetles (Edmonds,
1972). One of the more interesting problems I left
open at that time was the systematics of the genus
Phanaeus. These are very well known beetles, but
until now the only comprehensive study of species
has been that of Gregor d’Olsoufieft (1924). The
systematic portion of the present study is based on
the examination of more than 17,000 specimens,
including most primary types, from over 75 insti-
tutional and private collections. It is preceded by a
brief historical account, a summary of the taxon-
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omy of the genus, and a discussion of its biology,
geography, and evolution.

HISTORY OF THE GENUS PHANAEUS

William Sharp Macleay was the first serious student
of what today is generally known as the family
Scarabaeidae. In 1819 he published the first part of
Horae Entomologicae, an elaborate reexamination
of Linnaeus’ genus Scarabaeus (as defined in the
tweltth edition of Systema Naturae, 1767) within
the somewhat broader taxonomic context of P. A.
Latreille’s “Lamellicornes™ (1825, and elsewhere).
While Macleay was primarily concerned with the
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“higher” classification of Lamellicornes by estab-
lishing five-part “circular relationships” among
families he recognized, he was a strong believer in
the “naturalness” of the genus. Macleay (1819) thus
included the original descriptions of a number of
new scarabaeid genera, one of which is Phanaeus.

Macleay defined Phanaeus primarily on the basis
of the shape of the antennal lamellae and arranged
the ten species he recognized according to five
“types.” His “Typus S5,” which included carnifex,
sensu Linnaeus, 1767, vindex as a variation of car-
nifex, and igneus as species inquirenda, 1s the least
inclusive direct antecedent of Phanaeus as defined
here.

Macleay’s concept of Phanaeus endured almost
intact until d’Olsoufieff’s revision of the “Tribu
Phanaeides™ in 1924. The only significant change
betore then was Laporte-Castelnau’s (1840) crea-
tion of Oxysternon, which received, among others,
those species comprising Macleay’s “Typus 4.”
During the latter part of the nineteenth century,
however, many new species were described. Of the
46 species and subspecies recognized here, 34 were
named berween 1830 and 1890 as well as many
others later placed in synonymy. Especially impor-
tant in expanding the size of Phanaeus and related
genera (sensu Edmonds, 1972) were the works of
Harold (1863, 1868a,b, 1871b, 1875a,b) and Bates
(1887, 1889). The first key to species in a modern
format appeared in Harold’s (1863) review of the
Mexican species of Phanaeus. The genus was cat-
aloged by Gemminger and Harold (1869), Nevinson
(1892a), Gillet (1911b), and, most recently, Black-
welder (1944). Regional reviews postdating d’Ol-
soufieff’s revision include Pessoa (1934; Brazil), Islas
(1942; Mexico), and Robinson (1948; United States).

Gregor d’Olsoufieft’s (1924) revision largely con-
served the taxonomic limits of Phanaeus (excluding
Oxysternon) originally established by Macleay, al-
though the number of species had increased more
than nine-fold in the preceding 105 years. However,
he reorganized what had become a highly diverse
group into five subgenera: Sulcophanaeus, Mega-
phanaeus, Coprophanaeus, Metallophanaeus, and
Phanaeus, sen. str. (Scarabaeus mimas L., included
in Macleay’s “Typus 2,”” was moved to the new
genus Taurocopris, now known as Diabroctis.) The
first of these subgenera was the descendent of Mac-
leay’s “Typus 3" and remainder of ““Typus 2”’; the
second and third descended trom “Typus 17 (nei-
ther species assigned to Metallophanaeus was
known to Macleay). Phanaeus, sen. str., preserved
Macleay’s “Typus §” and was the initial step in
restricting the taxonomic scope of the name Phan-
aeus.

My revision (Edmonds, 1972) of the supraspecific
taxonomy of the phanaeines resulted in the splitting
of Phanaeus into three genera based largely upon
the subgenera created by Olsoufieft (1924). Ac-
cordingly, Phanaeus became one of nine genera
(and eight subgenera) comprising the phanaeine ge-
nus group (not recognized by me as a tribe or sub-
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tribe). The sense of Phanaeus used here is the same
as that [ defined in 1972.

PRESENT CLASSIFICATION

TAXONOMIC CHARACTERS

The characters used in the keys, descriptions, and
elsewhere employ the terminology established by
Edmonds (1972). Easily assessed morphological
characters separate most species of the genus. How-
ever, the observation I made in 1972 still holds true
in spite of the introduction of many new characters
here. The incidence of irregular distribution of
character states, and the continuous variation of
characters whose extremes are easily definable, make
the taxonomy of some groups difficult. Most of
these difficulties occur in Phanaeus, sen. str., and
are discussed in the taxonomic section.

Pronotal sculpturing is widely used here to de-
scribe supraspecific taxa. Sculpturing in the genus
varies from a smooth condition virtually devoid of
punctures or other relief (Fig. 166) to extreme ru-
gosity (Fig. 339). In 1972 | recognized only two,
very generalized states of pronotal sculpturing:
“smooth-punctate’ and “‘roughened” (or “‘ru-
gose”). Present purposes, however, require that these
descriptors be refined. The smooth-punctate con-
dition is characteristic of the subgenus Notiophan-
aeus. However, in certain instances described in
the introduction to that subgenus, it can be ob-
scured by superposition of various kinds of rough-
ening. In Phanaeus, sen. str., the pronotum is al-
ways rugose to some degree, often entirely so. The
kind of roughening in this subgenus falls into two
general categories: granulation and granulorugosi-
ty. In the former case (Figs. 224, 236, 253), sculp-
turing consists of discrete granules, the size and
density of which can vary among species and species
groups. An area described as granulate for a given
taxon will bear granules of usually uniform size
that only infrequently coalesce into larger entities.
Granulorugosity, on the other hand, consists of a
heterogenous mixture of asperities of various shapes
and sizes producing a highly fractured surtace (Figs.
274, 310, 319, 320). The overall texture produced
by granulorugosity varies greatly and continuously
such as to preclude any objective definition of sub-
states. Thus, granulorugose is an imprecise term
describing a roughened texture thar is not clearly
granulate.

Phanaeus species are very ethcient diggers, and
those structures used directly for digging are highly
subject to wear. The effects of wear can lead to
errors in assessing the shapes of the anterior margin
of the clypeus and front tibiae. In very extreme
cases, wear can alter the nature of surface sculp-
turing (especially shagreening) and coloration.

Most Phanaeus are brilliantly colored (Figs. 1-
107). Intraspecific variation in coloration and color
pattern is the rule and can be very striking. More-
over, individuals themselves are seldom uniformly
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colored. While its taxonomic usefulness is limited,
coloration is an important aspect of the morphol-
ogy of these beetles and is addressed in all species
descriptions. Assessment of coloration should be
made under low magnification ( X 5-10) with a high-
intensity, broad-spectrum light source, such as
halogen.

A summary of known distributional information
(geographical, ecological, altitudinal, and temporal)
1s included in the treatment of each species. De-
tailed information is contained in the appendix.
Geographical data can be critical in identifying cer-
tain species, especially those in which temales and
smaller males are indistinguishable morphological-
ly.

Tradinonally, much taxonomic emphasis has been
placed on the secondary sexual features of Phan-
aeus, especially the shape of the cephalic horn and
pronotum of the male. Male armature, however, is
subject to often extreme allometric intrapopulation
variation (as 1in Fig. 214) as well as to interpopu-
lational difterences in shape (as in Figs. 275-280).
In general, taxonomically reliable male sexual fea-
tures are characteristic only of large, well-devel-
oped (“major’’) individuals, although there can be
some striking exceptions (see, e.g., the case of
Phanaeus demon). Secondary sexual features, par-
ticularly the shape of the pronotum, are much more
useful among females.

A potential source of morphological characters
not explored exhaustively during this study is the
structure of the genitalia. Zunino (1971, 1978, 1979,
1983) relied successtully on the bursa copulatrix of
the temale for reliable taxonomic characters in
Onthophagus. 1 attempted, without success, to find
similar characters applicable to the definition of
species only in the particularly difficult cases of the
mexicanus and tridens species groups of Phanaeus,
sen. str.

Proper assessment of many taxonomic characters
used here requires viewing under magnification.
Where appropriate, the minimum augmentation
recommended is noted.

PRIMARY TYPE MATERIAL

[ have examined primary type material for the great
majority of species group names considered in this
study. The only valid name used for which no type
was examined or designated is Phanaeus lunaris
Taschenberg.

In several cases I have found it necessary to des-
ignate neotypes and lectotypes; particulars con-
cerning these specimens appear in the comments
section of the species in question. Those names for
which neotypes are designated are as follows (de-
scribed as Phanaeus unless indicated otherwise; valid
name, where appropriate, indicated parenthetical-
ly): Copris triangularis Say, Copris quadridens Say,
tridens Laporte-Castelnau, demon Laporte-Castel-
nau, laevicollis Laporte-Castelnau (= kirbyi Vig-
ors), difformis Leconte, igneus Macleay, and vin-
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dex Macleay. Lectotypes are designated in the
following cases: Scarabaeus carnifex Linnaeus,
1767; minos Erichson (= meleagris Blanchard); bo-
gotensis Kirsch (= hermes Harold); pyrois Bates;
furiosus Bates; eximius Bates; beltianus Bates; scu-
tifer Bates; excelsus Bates (= demon Laporte-Cas-
telnau); obliguans Bates (= demon Laporte-Cas-
telnau); scintillans Bates (= mexicanus Harold);
tepanensis Bates (= amethystinus guatemalensis
Harold); and torrens LeConte (= triangularis Say).

The Thomas Say Collection has been long pre-
sumed to have been destroyed in the 1830s. Since
Say is known to have worked with the collections
of John E. LeConte (which became the nucleus of
the collection of his son, John L. LeConte) and T.
W. Harris (A. Newton, pers. comm.), it has been
customary to select necessary neotypes of Say spe-
cies from the Harris or LeConte Collection, both
of which are housed in the Museum of Compar-
ative Zoology, Harvard University. In neither case
(Copris triangularis nor C. quadridens) for which
a neotype of a Say species was necessary did ac-
ceptable specimens exist in either of these two col-
lections.

Over the period of roughly 1800-1890, the Mac-
leays of Sydney, Australia (Alexander; his son, Wil-
liam Sharp; and nephew, William John), together
amassed an enormous insect collection of great his-
torical importance (Horning, 1984, and references
therein). Their combined collections form the Mac-
leay Museum at the University of Sydney. I was
unable to locate types of either vindex or igneus
in material from the Macleay Collection, including
that part transterred to the Australian National In-
sect Collection in Canberra in 1969 (Britton and
Stanbury, 1981).

The whereabouts of type matenal for species
described by Francois L. N. de C. Laporte (who
later in life received the French royal title, Comte
de Castelnau) has long been a mystery (see, e.g.,
Paulian, 1976). Many phanaeines (Phanaeus and
related genera) exist in the Castelnau Collection at
the National Museum of Victoria in Melbourne,
Australia, where Laporte served as Counsel General
of France. Specimens bearing labels in Laporte-Cas-
telnau’s hand also appear in the Godfrey Howitt
Collection, also in Melbourne (A. Neboiss, pers.
comm.). Neither collection includes designated type
material, nor does either include specimens that can
reasonably be taken as typical. Laporte wrote under
his surname as well as his title, Comte de Castelnau.
As a result, authorship of Laporte species appears
in the literature alternately as Laporte or Castelnau.
For bibliographic purposes, | have elected to refer
to him as Laporte-Castelnau.

Arnaud (1982a) is responsible for the designation
of many phanaeine lectotypes in the collections of
the Muséum National d’Histoire Naturelle in Paris.
In the introduction to his paper, he states, in the
case of species described by H. W. Bates (1887,
1889), “En eftet, les seuls spécimens portant la dé-
signation manuscrite de I’espece par la main de I’au-
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[1] Phanaeus (2] Phanaeus (3] Phanaeus (4] Phanaeus [S] Phanaeus
sp!endrdu!us ap!end:du!us splendidulus dejeani dejeani
(6] Phanaeus O?l [7] Phanaeus (8] Phanaeus Phanaeus
melibaeus melibaeus haroldi haroldi
[10] Phanaeus [11] Phanaeus [12] Phanaeus [13] Phanaeus [14] Phanaeus
palaeno palaeno palaeno kirbyi kirbyi
[15] Phanaeus [16] Phanaeus [17] Phanaeus [18] Phanaeits
bispinus bispinus endymion endymion

[19] Phanaeus d [20] Phanaeus 9 [21] Phanaeus [22] Phanaeus 9
pYrois pYrois halffterorum halffterorum

Figures 1 - 22. Shown natural size.
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23] Phanaeus [24] Phanaeus 125] Phanaeus [26] Phanaeus
::'imr’ comelas chalcomelas cambeforti cambeforti
[27] Phanaeus (28] Phanaeus [29] Phanaeus [30] Phanaeus [31] Phanaeus 9
meleagris meleagris meleagris achilles achilles
[32] Phanaeus [33] Phanaeus 134] Phanaeus [35] Phanaeus |36] Phanaeus 9
hermes hermes prasinus prasinus prasinus
[37] Phanaeus [38] Phanaeus 139] Phanaeus Phanaeus
beltianus beltianus sallei sallei
[41] Phanaeus [42] Phanaeus
howdeni howdeni

Figures 23 - 42. Shown natural size.

Contributions in Science, Number 443 Edmonds: Revision of Phanacus @7



teur sont a Paris, alors que les exemplaires repré-
sentés en illustration dans louvrage [Biologia
Centrali-Americana] ou la description a été publiée,
se trouvent a Londres. J’ai d& trancher et ai appliqué
I’article 74B du Code International de Nomencla-
ture Zoologique. J’a1 considéré comme lectotypes
les exemplaires du British Museum of Natural His-
tory of London portant ’étiquette imprimée ‘sp.
figured.” > Unfortunately, Article 74(d) of the Code
prohibits collective designation of lectotypes, and
it has been necessary here to redesignate the spec-
imens figured by Bates (and bearing Arnaud’s labels)
as lectotypes in the cases of the tollowing species
described by him in Biologia Centrali-Americana:
pyrois, scuttfer, furiosus, eximius, beltianus, scin-
tillans, mirabilis, tepanensis, and excelsus.

TAXONOMIC SUMMARY

Below is a summary of the classification established
later 1n this work. It i1s tollowed by a listing of all
other known available species-group names here
considered invalid for the reason specified.

Phanaeus Macleay, 1819
Subgenus NOTIOPHANAEUS, New Subgenus

splendidulus group: splendidulus (Fabricius),
1781

dejeani Harold, 1868
melibaeus Blanchard,
1843

haroldi Kirsch, 1871
palaeno Blanchard, 1843
kirbyi Vigors, 1825
endymion Harold, 1863
pyrots Bates, 1887
halffterorum Edmonds,
1979

bispinus Bates, 1868
alvarengai Arnaud, 1982
chalcomelas (Perty), 1830
cambeforti Arnaud, 1982
meleagris Blanchard,
1843

achilles Boheman, 1858

palaeno group:

endymion group:

bispinus group:

chalcomelas group:

Subgenus PHANAEUS, SEN. STR.

hermes Harold, 1868
prasinus Harold, 1868
amethystinus group: amethystinus Harold,
1863
a. amethystinus, sen.
str., New Status
a. guatemalensis Har-
old, 1871, New Combi-
nation
melampus Harold, 1863
gquadridens group: quadridens Say, 1835

hermes group:
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damocles Harold, 1863
palliatus Sturm, 1843
tridens Laporte-Castelnau,
1840
t. tridens, sen. str., New
Status
t. pseudofurcosus Bal-
thasar, 1939, New Combi-
nation
eximius Bates, 1887
nimrod Harold, 1863
furiosus Bates, 1887
daphnis Harold, 1863
beltianus Bates, 1887
howdeni Arnaud, 1984
sallet Harold, 1863
triangularis group: triangularis Say, 1823
t. triangularis, sen. str.,
New Status
t. texensis, New Subspe-
Cl1ES
adonis Harold, 1863
mexicanus group: mexicanus Harold, 1863
amithaon Harold, 1875
demon Laporte-Castelnau,
1840
flohri Nevinson, 1892
scutifer Bates, 1887
wagneri Harold, 1863
w. wagnert, sen. str.,
New Status
w. pilateir Harold, 1863,
New Combination
lunaris Taschenberg, 1870
vindex Macleay, 1819
igneus Macleay, 1819

difformis LeConte, 1847

labreae (Pierce), 1946
antiquus Horn, 1876

tridens group:

beltianus group:

vindex group:

INCERTAE SEDIS

Invalid Names Assigned to Phanacus Macleay

babori Balthasar, 1939: jr. subj. syn. nimrod Harold

blanchardi Harold, 1871: jr. obj. syn. palaeno Blan-
chard

blanchardi Olsoufieft, 1924: jr. prim. hom. blan-
chardi Harold (permanently unavailable; valid
name: pyrois Bates)

bogotensis Kirsch, 1871: jr. subj. syn. hermes Har-
old

borealis Olsoufieft, 1924: jr. subj. syn. quadridens
(Say)

bothrus Blackwelder, 1944: jr. obj. syn. olsoufieffr
Balthasar (valid name: pyros Bates)

carnifex Linnaeus, 1767: jr. prim. hom. Scarabaeus
carnifex Linnaeus, 1758 (permanently unavail-
able; valid name: vindex Macleay)

charon Harold, 1880: jr. subj. syn. lunaris Tas-
chenberg

coerulus Bates, 1887: jr. subj. syn. daphnis Harold

corydon Blanchard, 1843: jr. subj. syn. splendidulus
(F.)
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cyanellus Robinson, 1938: jr. subj. syn. vindex
Macleay

digitalis Olsoufieft, 1924: jr. subj. syn. bispinus Bates

divisus Harold, 1863: jr. subj. syn. mexicanus Har-
old

excelsus Bates, 1889: jr. subj. syn. demon Laporte-
Castelnaun

exisicornis Balthasar, 1939: jr. subj. syn. palaeno
Blanchard

floridanus Olsoufieft, 1924: jr. subj. syn. igneus
Macleay

floriger Kirby, 1818: jr. subj. syn. splendidulus (F.)

foveolatus Harold, 1880: jr. subj. syn. achilles
Boheman

frankenbergi Balthasar, 1939: jr. subj. syn. tridens
Laporte-Castelnau

funereus Balthasar, 1939: jr. subj. syn. pyrois Bates

furcosus Felsche, 1901: jr. obj. syn. furiosus Bates

goidanichi Balthasar, 1939: jr. subj. syn. triangu-
laris (Say)

herbeus Bates, 1887: jr. subj. syn. daphnis Harold

laevicollis Laporte-Castelnau, 1840: jr. subj. syn.
kirbyi Vigors

laevipennis Sturm, 1843: jr. subj. syn. guadridens

(Say)
lugens Nevinson, 1892: jr. subj. syn. prasinus Har-

old

magnificens Robinson, 1948: jr. subj. syn. difformis
LeConte

martinezi Halftter, 1955: jr. suby. syn. amethystinus
Harold

minos Erichson, 1847: jr. subj. syn. meleagris Blan-
chard

mirabilis Bates, 1887: jr. prim. hom. mirabilis Har-
old, 1877 (permanently unavailable; valid name:
demon Laporte-Castelnau)

niger Olsoufieft, 1924: jr. subj. syn. triangularis (Say)

obliquans Bartes, 1889: jr. subj. syn. demon Laporte-
Castelnau)

olsoufieffi Balthasar, 1939: jr. subj. syn. pyrois Bates

pegasus Sturm, 1843: jr. subj. syn. demon Laporte-
Castelnau

planicollis Perty, 1830: jr. subj. syn. kirbyi Vigors

rubervirens Robinson, 1948: jr. subj. syn. vindex
Macleay

scintillans Bates, 1887: jr. subj. syn. mexicanus
Harold

sculpturatus Olsoufieff, 1924: jr. subj. syn. meli-
baeus Blanchard

substriolatus Balthasar, 1939: jr. subj. syn. daphnis
Harold

subtricornis Perty, 1830: jr. subj. syn. kirbyi Vigors

tepanensis Bates, 1889: jr. subj. syn. guatemalensis
Harold

torrens LeConte, 1847: jr. subj. syn. triangularis
(Say)

tricornis Olsoufieft, 1924: jr. subj. syn. dapbhnis
Harold

truncaticornis Olsoufieft, 1924: jr. subj. syn. kirbyi
Vigors

violaceus Laporte-Castelnau, 1840: jr. subj. syn.
quadridens (Say)
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BIOLOGY, GEOGRAPHY, AND
EVOLUTION OF PHANAEUS

The tollowing account is a summary of current
knowledge about the biology and geography of
Phanaeus and my views on the origin and evolution
of the group. Various aspects of the ecological re-
lationships and behavior of the genus are treated
in detail by Halffter and Matthews (1966), Halffter
and Edmonds (1982), and Hanski and Cambefort
(1991).

With very tew exceptions, members of the genus
are preferentially coprophagous, exploiting the moist
excrement of large herbivores (cattle, tapirs, etc.)
and omnivores (humans, monkeys, swine, certain
carnivores, etc.). Only seldom do they utilize the
drier excrements of equines, deer, sheep, goats, and
other ovids. The range of acceptable food sources
can, however, be very broad in some cases. Phan-
aeus endymion, for example, a primarily coproph-
agous species inhabiting tropical evergreen and
semideciduous forests in Mexico, has been col-
lected on carrion, decomposing fungi of various
sorts, and decaying fruit and leaves, as well as traps
baited with propionic acid. Many otherwise co-
prophagous species at least occasionally utilize car-
rion or other decomposing substances. Phanaeus
bispinus and meleagris are reported to be prefer-
entially necrophagous (Halftter and Martthews,
1966), and P. halffterorum appears to be exclusively
mycetophagous (Edmonds, 1979).

Phanaeus species are good fliers. With the pos-
sible exception of halffterorum, no species is known
to be strictly nocturnal. Field data suggest that sym-
patric species often display different diel activities
(Fincher et al., 1971). The genus comprises burrow-
ing (as opposed to ball-rolling) species. When a
tood source (such as a dropping) is found, the adult
quickly digs a tunnel and provisions it with pieces
carved from the source. Under conditions of en-
vironmental stress, these beetles will sometimes push
a fragment across the surface before digging a tun-
nel (Halffter and Matthews, 1966; Halffter et al.,
1974). The nesting behavior of Phanaeus conforms
to Pattern Il as defined by Halffter and Edmonds
(1982). During the breeding season, the male and
female cooperate in provisioning a nesting gallery,
and the female subsequently uses the stored food
in constructing brood balls. Each pear-shaped brood
ball of Phanaeus is tabricated in a separate chamber
and consists of a core of compressed food sur-
rounded by a thick layer of tightly packed soil. In
the narrower upper pole of the earthen cover is a
small chamber containing a single egg.

As is common for Scarabaeinae in general, the
lite cycle of species in habitats with a distinct dry
(or drier) season is closely coordinated with rains
during the warmer portions of the year. No Phan-
aeus occur where rains are concentrated during the
colder months (e.g., northern Baja California, and
California). In areas with a pronounced dry season,
many species experience a surface population ex-
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(43] Phanaeus (44| Phanaeus Phanaeus (46] Phanaeus | Phanaeus
quadridens quadridens quadr idens damocles damocles

[48] Phanaeus O?\ [49] Phanaeus o?! [50] Phanaeus [51] Phanaeus O?! [52] Phanaeus 9
palliatus palliatus palliatus melampus melampus
53] Phanaeus 154] Phanaeus 9 [55] Phanaeus [56] Phanaeus [57] Phanaeus 9
a. amethystinus a. amethystinus a. guarema!ausw a. guaremaleusr? a. guatemaleusis
[58] Phanaeus O?I [59] Phanaeus 9 Phanaeus 161] Phanaeus [62] Phanaeus 9
[. triangularis t. triangularis I. texensis . lexensis [. texensis
[63] Phanaeus d [64] Phanaeus [65] Phanaeus
adonis adonis adonis

Figures 43 - 65. Shown natural size.
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[66] Phanaeus O?l [67] Phanaeus d [68] Phanaeus 9

flohri lunaris lunaris

|69] Phanaeus [70] Phanaeus [71] Phanaeus |72] Phanaeus [73] Phanaeus
demon Oz demon 9 demon 9 demon d demon 07‘

[74] Phanaeus Oz [75] Phanaeus dl [76] Phanaeus 9 [77] Phanaeus d [78] Phanaeus 9
w. wagneri w. pilatei w. pilatei scutifer scutifer

[79] Phanaeus 071 [80] Phanaeus 9 [81] Phanaeus O)l [82] Phanaeus

mexicanus mexicanus mexicanus mexicanus

[83] Phanaeus dl [84] Phanaeus 9 [85] Phanaeus O?l

amithaon amithaon amithaon

Figures 66 - 85. Shown natural size.
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plosion of adults coincident with the first significant
summer rains, when high adult population densities
often result in lively physical contests for food and
mates (see Halffter and Edmonds, 1982). Species
inhabiting regions that are continually warm and
wet are active year-round.

Phanaeus tend to be stenotopic species whose
distributions are determined by type of ground cov-
er and prevailing climate, especially the amount and
timing of warm season rains. Thus, the geography
of the genus is very much a reflection of the oc-
currence of types of vegetation and, coincidentally,
climate. These factors are correlated with prevailing
humidity, soil types, drainage, exposure to rainfall
and insolation, available sources of food, and, to
a lesser extent (especially in tropical Mexico) alti-
tude, all of which influence the distribution of local
populations. Precise geographic distributions of
Phanaeus species can be extremely complex and
patchy in regions such as Mexico, where physiog-
raphy, climatic patterns, and habitats are often high-
ly fractured within short distances. Given the right
local conditions, a “tropical lowland™ species such
as P. endymion can ascend to 2000 m or more
where circumstances favor altitudinal extention of
moist evergreen /semideciduous forests. Temperate
species are much less stenotopic; P. vindex, for
example, occurs throughout an enormous area (Fig.
360) embracing broadleaf and coniferous forests,
grasslands, savannas, and semidesert areas, as well
as a multitude of intermediate ecotones. There can
be no doubt that the present distributions of the
more stenotopic, especially tropical, species of the
genus are strongly affected by human activities (see,
e.g., Bennett, 1969). Clearing for pastures and other
agricultural lands in the Gulf coastal lowlands of
the state of Veracruz, Mexico, has converted much
of what was an extensive expanse of neotropical
forest to an open, savanna-like habitat. The ranges
of species such as endymion and sallei, residents
of the neotropical forests, have shrunk consider-
ably in very recent times, while those of tridens
and scutifer, which preter more open habitats, have
expanded. Similar activities have probably also af-
fected the relative distributions of forest and sa-
vanna species in South America.

The present distribution of Phanaeus species (Fig.
108) is viewed here as comprising 12 ecogeographic
patterns based upon the prevalent types of vege-
tation in each of three broad geographical areas
(Figs. 109, 110). For present purposes, South Amer-
ica is considered that portion of the continent east
of the Andes. Middle America denotes thar area of
northwest South America west and north of the
Andes, Central America, most of Mexico, and the
extreme southwestern United States; it embraces
Halffter’s (1964, 1976, and elsewhere) Mexican
Transition Zone in addition to southern Central
America and the transandean Pacific/Caribbean
coast of northwest South America. The designation
Middle America (or Mesoamerica) is used here 1n
a biohistorical sense applicable to the present ge-
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ography of the genus and equivalent to Simpson’s
(1980) “Middle America filter zone™; it is not used
in either the traditional anthropological or geolog-
ical sense (see Maldonado-Koerdell, 1964). The
North American area comprises portions of north-
ern Mexico and the United States.

[t must be noted that the distribution maps ap-
pearing in the text are approximations based upon
the locality data that comprise the appendix. Many
areas in tropical America have been collected only
poorly, and available collection data are often too
imprecise to be useful. In the case of Phanaeus,
the lack of reliable collection data is especially acute
from tropical habitats associated with the Andes,
from the southern portion of the Amazon Basin
and its transitions to more open habitats, from Cen-
tral America, and from the Sierra Madre del Sur of
Mexico.

With the exception of the palaeno group and P.
achilles, all Notiophanaeus species inhabit South
and Middle American tropical forests with pro-
longed (or continuous) warm rainy seasons. Of the
exceptions, achilles occurs in the Pacific coastal
desert of southern Ecuador and northern Peru, while
palaeno and kirbyi inhabit the savannas (“campos
cerrados’) of central Brazil and adjacent portions
(Gran Chaco) ot Bolivia and Paraguay. Phanaeus,
sen, str., on the other hand, comprises mostly spe-
cies preferring drier habitats with highly seasonal
rainfall. Indeed, the majority (16) of its 27 members
are brightly colored, heliophilic species that inhabit
the more open vegetational formations of Middle
and North America (Figs. 109, 110, Patterns E, G,
and J). |

Following is a brief description of the present
distribution patterns of Phanaeus. Letters used cor-
respond to those in Figures 109, 110. Each pattern
1s related to one or more general works on vege-
tational zones and biotic provinces. In each case,
reference is made to the number of species per
group whose distributions occur in the indicated
pattern (2/4 spp, for example, means two of the
four species of the indicated group).

South American Patterns

A. Atlantic Coast Forests—a region of tropical de-
ciduous, mesophytic, and rain forests embracing
much of eastern Brazil (Hueck and Seibert’s
[1981] zones 25-29; Eiten’s [1974] zones 14-
15; International Union for Conservation of Na-
ture and Natural Resources [TUCN][1974] codes
3.3.1, 3.6.6, 3.7.5); splendidulus group (2 /4 spp).

B. Central Dry Forests—a region of open habitats
comprising primarily the Campos Cerrados and
Chaco dry forests of Brazil and adjacent por-
tions of Paraguay and Bolivia (Hueck and Sei-
bert’s zones 34-35, 46, 58; Eiten’s zones 6-9;
IUCN codes 3.6.8, 3.9.2); palaeno group (2/2
Spp).

C. Amazonian/Guianan Forests—the rain forests
of the Amazon Basin, Guiana, and eastern Ori-
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noco Basin (Hueck and Seibert’s zones 1-16;
Eiten’s zones 1-2; IUCN code 3.7.3); splendidu-
lus group (1/4 spp); chalcomelas group (2/4
spp); bispinus group {2/2 spp).

D. Eastern Andean Montane Forests—a narrow
band of mid-elevation rain forests/cloud for-
ests (“yungas”) along the eastern slopes ot the
Andes from Colombia to Bolivia (Hueck and
Seibert’s zone 18; Eiten’s zone 22; ITUCN code
3.8.6); splendidulus group (1/4 spp); chalco-
melas group (1/4 spp).

Middle American Patterns

E. Pacific Coast Scrub Forest-——the dry scrub forest
region of coastal Ecuador and far northern Peru
(northern portion of Hueck and Seibert’s zone
33; Eiten’s zone 22; IUCN code 3.6.10); chal-
comelas group (1 /4 spp); mexicanus group (1/7
Spp).

F. Neotropical Forests—the wet lowland forests
extending from northwest South America to the
central coast of Veracruz, Mexico, and refugia
(not shown in Fig. 110) of tropical evergreen
and semideciduous forests in Pacific-facing
mountain slopes in Chiapas, Oaxaca, Guerrero,
and Jalisco (included are Hueck and Seibert’s
zone 23; Eiten’s zone 16; the “tropical evergreen
forest” of Rzedowski [1978] and “tropical rain-
forest formation” of Wagner[1964}); IUCN codes
3.6.5, 3.7.1, 3.7.4, 3.7.6; this pattern also in-
cludes the complex mosaic of wet mountain and
lowland forests in northern Colombia and Ven-
ezuela north of the Orinoco River [see Hueck
and Seibert, 1981; Schmithiisen, 1976)); endymi-
on group (2/3 spp); beltianus group (3/3 spp);
hermes group (2/2 spp).

G. Intermediate Forests—a complex system of for-
mations varying from semideciduous and decid-
uous forests to savanna and scrub forests ex-
tending from Central America through Mexico
(Rzedowski’s “bosque tropical subcaducifolio”
and “caducifolio”; Wagner’s seasonal and dry
evergreen formation series; [IUCN codes 3.6.1,
3.6.2); mexicanus group (6 /7 spp); tridens group
(3/3 spp).

H. Montane Forests—cloud forests and pine/oak
forests usually above 1300 m and below 2300
m on mountain slopes and plateaus from Central
America through Mexico (Rzedowski’s “bos-
que mesohlo de montana” and “bosque de coni-
feras y de Quercus”; Wagner’s “montane for-
mation series’’; [UCN code 1.8.4); guadridens
group (3 /3 spp); amethystinus group (2 /2 spp);
triangularis group (1/2 spp).

North American Patterns

. Western Dry Formations—grasslands, savannas,
savanna woodlands, and deserts of northern
Mexico and central and southwestern United
States (Vankat, 1979); IUCN code 1.10.1; vindex

group (2/3 spp); triangularis group (1/2 spp).
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J. Eastern Forests—pine and broadleat temperate
forests of the United States east of about the

95th meridian (Vankat); IUCN codes 1.4.1,1.4.2;
vindex group (2 /3 spp); triangularis group (1 /2

spp).

My present understanding of the systematics and
distribution of the genus leads me to the following
tentative observations about the evolution of Phan-
aeus:

1. The subgenus Notiophanaeus consists of spe-
cies that are descendents of original members of
the genus Phanaeus, a group of unquestionable
South American origin (Edmonds, 1972). Taxo-
nomic gaps among species groups and among most
species are generally unambiguous and, to me, in-
dicative of long-standing radiation, divergence, and
extinction. As a whole, the South American con-
tingent of the subgenus (all species except the en-
dymion group) comprises remarkably few species
in view of the size and complexity of the continent
(see point 4, below). The present distribution of
the splendidulus group (Fig. 136), in particular, ex-
hibits broad disjunctions that strongly suggest re-
lictual composition. The endymion group repre-
sents a recent penetration of the subgenus into
Middle America, paralleled by that of the phan-
aeine genera Sulcophanaeus and Coprophanaeus
as well as other scarabaeines (Edmonds, 1972;
Kohlmann and Halffter, 1988, 1990). There 1t has
spread and diversified in response to the northward
expansion of neotropical forests during the Pleis-
tocene, a biome that has been exploited only weak-
ly by Phanaeus, sen. str. (see points 3 and 4, below).
Subsequent contraction of neotropical forests has
left populations of the endymion group in isolated
refugia along the Pacific coastal region of Mexico
from Chiapas to Jalisco (see the systematics sec-
tion).

2. Phanaeus, sen. str., appears to consist of at
least three evolutionary lines, each of which dis-
persed and difterentiated in Mesoamerica. Whether
or not these lines represent separate waves of im-
migration from tropical South Americais a question
requiring further study to answer. My present opin-
ion is that they do not represent separate waves,
inasmuch as the subgenus, as now known, is en-
demic to Middle and North America. It seems more
probable, rather, that each line originated from an
ancient stock that invaded the north very early and
diversified exclusively in Middle America. The um-
ing of the arrival of the founders of the subgenus
was perhaps during the Miocene, at a time when
the physiographic diversification of Mexico, in par-
ticular, and nuclear Central America (i.e., the Mex-
ican Transition Zone of Halftter [1964, 1976, 1987])
was just beginning. The spectacular changes in the
physiography and ecology of the area from the
Miocene onward, as well as the rich fauna of large
mammals, would have provided tremendous op-
portunity for multiple pulses of diversification and
the establishment of distinct evolutionary lineages
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[86] Phanaes [87] Phanaeus [88] Phanaeus [89] Phanaeus [90] Phanaeus
eximius furiosus furiosus furiosus nimrod

191] Phanaeus [92] Phanaeus 93] Phanaeus 194] Phanaeus [95] Phanaeus
I tridens Oz [. tridens 9 1. tridens 9 daphnis d‘ daphnis 9

196] Phanaeus [97] Phanaeus 98] Phanaeus [99] Phanaeus [100] Phanaeus
of S - of of

vindex vindex vindex vindex vindex

[101] Phanaeus [102] Phanaeus [103] Phanaeus
difformis cifformis difformis

1104] Phanaeus O?I [105] Phanaeus [106] Phanaeus 1107] Phanaeus
igneus [gneus igneus igneus

Figures 86 - 107. Shown natural size.
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Figure 108. Distribution of the subgenera ot Phanaeus;
solid line, Notiophanaeus; stippled, Phanaeus, sen. str.

in situ, Two recent studies on other dung beetle
genera using cladistic methods (Kohlmann and
Halftter, 1988, 1990) support the idea that the main
incursions of scarabaeines from South America into
Mesoamerica have been two: one during the Mio-
cene and the other following establishment of the
Central American landbridge during the late Plio-
cene.

3. Of the three lincages of Phanaeus, sen. str.,
the one consisting of the triangularis, tridens, and
hermes groups adopted several ecogeographic strat-
egies as it moved both northward and southward,
ultimately entering northwest South America dur-
ing the Pleistocene. A second lineage, comprising
the quadridens and amethystinus groups, diversi-
fied in Middle American montane habitats. A third
line, the mexicanus and beltianus groups, diversi-
hed extensively throughout Mesoamerica in habi-
tats intermediate between montane and neotropical
forest zones, that is, in warmer, open habitats with
highly seasonal raintall. The vindex group is prob-
lematic 1n that it shows no clear athnity with any
of the three lineages mentioned above and may
represent a fourth line with no extant close relatives
to the south. Speciation in this group (and also the
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Figure 109. South American distribution patterns of
Phanaeus (see text for explanation).

triangularis group) was likely promoted by cyclic
changes in climate and life zones during the late
Cenozoic.

4. The extensive radiation of Phanaeus, sen. str.,
in Middle America was favored in great part by the
scarcity of potential competitors, especially in
warmer, drier, more open habirats. The extant tau-
na of Phanaeus is richer in Middle and North
America (34 species and subspecies) than in South
America (12 species including achilles). Tropical
South America is, however, the home of a richer
fauna of Scarabaeinae as a whole, including a large
number of genera comprising species of size and
ecological requirements similar to those of Notio-
phanaeus (e.g., Sulcophanaeus, Coprophanaeus,
Oxysternon, Eurysternus, Canthon, Deltochilum,
Dichotomius). To the north, these genera are either
absent, recent arrivals (late Pliocene /Pleistocene),
or more poorly represented in Middle America.
Outside neotropical forests, species of Phanaeus,
sen. str., are often the most abundant coprophagous
scarabaeines in Middle American habitats, especial-
ly in intermediate forests (Fig. 110, pattern G). While
the entire Amazonian-Guianan forest area (Fig. 109,
pattern C) supports only four known species (one
of which, melibaeus, may be restricted to peripheral
habitats), the complex environs of Acahuizotla, in
the Sierra Madre del Sur of Guerrero, Mexico, are
home to at least five species (Delgado-Castillo, 1989).
In Middle Amernican neotropical forests (Fig. 110,
pattern F), Phanaeus species are poorly represented
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Figure 110. Middle and North American distribution patterns of Phanaeus (see text for explanation).

compared to the ball-rolling genera (Canthonina)
and smaller-sized burrowers such as Canthidium.

5. The systematics of Phanaeus, sen. str., sup-
ports the idea that much difterentiation has oc-
curred relatively recently. Such is the case for the
hermes, amethystinus, mexicanus, and tridens spe-
cies groups, where interspecific taxonomic differ-
ences are often tenuous. Moreover, the distribu-
tions of the latter two groups (cf. Figs. 246 and
290) suggest parallel histories and diversification
strongly influenced by vicariance events. Montane
and northern stocks (especially the quadridens,
triangularis, and vindex groups) consist of species
that have assumed clearer, more consistent mor-
phological differences suggestive of a more contin-
uous ecogeographic history, notwithstanding a
higher exposure to the cyclic climatic eftects of
Pleistocene glaciations (see Toledo, 1976; Howden,
1963, 1966, 1969).

6. ltis dithculr to conceive of modern Phanaeus,
sen. str., especially in Mexico, as anything other
than an actively evolving group whose modern dis-
tribution has been strongly influenced by humans.
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Central Mexico, for example, was very densely pop-
ulated in pre-European times by a series of thriving
cultural groups culminating with the Aztec empire.
As early as 650 AD, the population of the valley
of Mexico (now the Mexico City metropolitan area)
was perhaps as high as 100,000; and by 1500 it
exceeded 1.5 million (Ezcurra, 1990). Moreover,
central Mexico may have supported 5 or more mil-
lion inhabitants when the Spanish landed in Vera-
cruz in 1519 (Martinez, 1990). The presence of
humans was important not only as a source of food
tor Phanaeus and other dung beetles, but also as
the cause of habitat changes that favored the ex-
pansion of species preferring open habitats. The
demise of the indigenous human population fol-
lowing the conquest of Mexico coincided with the
introduction of domestic livestock (cattle, horses,
sheep, goats, swine, etc.) and post-conquest 1m-
migration of Europeans. The resultant thriving hu-
man and domestic livestock populations have be-
come the modern counterpart of the rich Miocene-
Pliocene fauna of large mammals presumed to have
supported the original radiation of the genus In
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Middle America. Moreover, human promotion ot
livestock raising has greatly expanded the habitat
available to Phanaeus and other dung beetles by
dispersing the tood supply and by modifying veg-
etation cover in ways that directly foster range ex-
pansions for some species and contractions for oth-
ers.

KEY TO THE PHANAEINE GENERA

The following artificial key, based on Edmonds
(1972), separates the phanaeine genera. Phanaeus
1s defined fully later in this work (see Edmonds, op.
cit., for descriptions of other genera and subgenera
as well as a diagnosis of the phanaeine assemblage).

1a. Middle and hind tarsi each with fewer than five
segments; front tarsi always absent in fe-

male ... ... ... 2
b. Middle and hind tarsi five-segmented; front tarsi
present or absent in female .............. 3

2a. Middle and hind tarsi four-segmented, fourth
(distal) segment very small; clypeus medially bi-
dentate, but not as described in 2b. Body robust;
color reddish brown . .....................
... Tetrameira convexa (Harold) (Monobasic)

b. Middle and hind tarsi two- or three-segmented;
clypeus with deep, acute emarginations setting oft
two strong medial teeth. Body robust to elongate
and flattened; color usually ar least partially me-
tallic blue or green . . . .. Dendropaemon Perty
3a. Dorsal surfaces of hind tibiae and basal four
hind tarsal segments covered by large setigerous
granules. Color dull metallic green ...... ... .
Homalotarsus impressus Janssens (Monobasic)

b. Dorsal surfaces ot hind tibiae and tarsi glabrous
or with very small setigerous granules. Color
variable
4a. Labial palpus comprising a single oval segment.
Dorsal surfaces of hind tibiae and abdominal
sterna bearing dense fringes of long setae . ...
Megatharsis buckleyi Waterhouse (Monobasic)

b. Labial palpi three-segmented. Hind tibiae and
abdominal sterna lacking dense fringes of setae
...................................... 5

Sa. Clypeus with deep, acute emarginations setting
off two elongate, narrow teeth beneath which
extends a strong, anteriorly directed, U-shaped
carina. Front tarsi usually absent in female. Front
tibiae very strongly, acutely quadridentate ...
................. Coprophanaeus Olsoufieft

b. Clypeal margin variable, but never deeply emar-
ginate with associated U-shaped subclypeal ca-
rina. Front tarsi rarely absent in female. Front
tibiae variable ..... .. ... . oo il 6
6a. Dorsum of female head with two strong trans-
verse carinae, posterior of which extending be-
tween eyes and usually trituberculate; that of
male with strong transverse carina followed by
horns or other protuberances placed between
eyes. Outer edge of hind tibia with strong trans-
verse, subapical carina. Very large, usually me-
tallic green species ........ Diabroctis Gistel
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b. Dorsum of head lacking anterior carina; female
with single, often trituberculate carina or small
corniform process between eyes; male with long,
tapering horn or other processes between eyes.
Hind uibiae only very rarely with subapical ca-
rina. Size and color vanable ... ..... ... .. 7

7a. Anteromedian angle ot metasternum prolonged

as a long, sharp, upturned spine extending be-
tween front coxae. Posteromedian angle of pro-
notum acute, distinctly prolonged between ba-
ses of elytra, never bearing fossae ....... ...
............. Oxysternon Laporte-Castelnau
b. Anteromedian angle of metasternum not spi-
nate. Posteromedian angle of pronotum not dis-
tinctly prolonged between bases of elytra, often
bearing distinct tossae ... ... ... . ... . ... 8

8a. Anterior margin of pronotum distinctly emar-

ginate behind eyes to receive postocular lobes
ofhead .............. .. Phanaeus Macleay
b. Anterior margin ot pronotum not emarginate
behind eyes; surface of head behind eyes not
produced as posteriorly directed lobes ... ...
.................. Sulcophanaeus Olsoufieff

Systematics of the Genus
PHANAEUS Macleay

The tollowing description i1s based on Edmonds
(1972) and includes characters of the phanaeine
genus group (see Edmonds, op. cit., for a complete
explanation of characters used). The history of the
name, Phanaeus, appears under Phanaeus, sen. str.

DESCRIPTION. Clypeus.—Dorsal surface
transversely ridged (Figs. 148, 149); anterior margin
simple or bidentate medially, sometimes strongly
so (Fig. 196); lateral clypeal carinae almost always
present; clypeal process usually a low, transverse
ridge, seldom toothlike (Fig. 156) or spinate (Fig.
195). Parietals.—Paraocular areas narrow, width
along posterior margin about two times width of
adjacent dorsal portion of eye; posterior lobes de-
pressed obliquely, setting oft postocular promi-
nences that fit into emarginations of anterior margin
of pronotum; canthal areas indistinct; cephalic bra-
chium bipodal, indicated externally by mesal bi-
furcation of frontoclypeal sulcus; occipital ridge
complete. Eyes.—Completely divided into upper
and lower portions by posterior extensions of para-
ocular areas of parietals; small, dorsal interocular
width more than four times width of dorsal portion
of an eye. Antennae.—Club spherical, three-seg-
mented; basal lamella strongly concave, forming a
cup into which fit two distal lamellae. Labrum. —
Phanaeus-type, lateral files divergent; setae of me-
dian brush not much longer than setae posterior to
them; suspensorial opening rounded. Labium.—
Palpi three-segmented; mentum strongly emargin-
ate apically; median lobe of hypopharynx present;
premental sclerites completely and darkly sclero-
tized. Promotum.—Sculpturing smooth-punctate
(Figs. 163-166) to very strongly roughened (Figs.
336-340); posteromedian fossae usually present.
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Metathorax.—Posterior end of dorsal margin of
episternum produced as small, rounded tab fitting
over edge of closed elytron; median portion of ster-
num produced anteriorly as strong angle such that,
seen from below, sternum between mesocoxae ap-
pears pentagonal. Legs.—Front tibiae tridentate or
quadridentate; middle and hind tarsi five-segment-
ed, lacking claws. Elytra.—Striae usually simple,
rarely carinulate (Figs. 169, 170), sometimes strong-
ly punctured (Figs. 150, 151); interstriae usually
convex, smooth-punctate to rugose. Secondary
Sexual Characters.—Male: Front tarsi absent. Head
of larger individuals bearing a large, tapering horn
between eyes, reduced to conical tubercle, bitu-
berculate process or weak tumosity in smallest in-
dividuals. Pronotum of largest individuals either (a)
concave medially with posterolateral prominences
of some sort (spines, ridges, etc.; Figs. 111, 113,
257) or (b) flattened medially and, seen from above,
more or less triangular with prominent posterolat-
eral angles (Figs. 137, 247). Female: Front tarsi pres-
ent, clawless. Head bearing transverse, usually tri-
tuberculate carina between eyes; carina can be
obsolete, or strongly raised medially as bituber-
culate process (Figs. 331, 356). Pronotum convex,
sometimes strongly so, usually bearing anterome-
dially some combination of carinae, tubercles, con-
cavities, etc. Coloration (Figs. 1-107).—Dorsum al-
most always at least partially metallic, brightly
shining, seldom matte; interspecific and intraspecific
coloration highly vanable. Distribution (Fig. 108).—
savannas, pasturelands, forests, dry to very wet hab-
itats; 0-2800 m; extreme northern Argentina to
northeastern United States; most species preferen-
tially coprophagous.

KEY TO THE SUBGENERA OF
PHANAEUS

la. Sculpturing of anterolateral portions of the
pronotum (in front of lateral fossae) including
distinct puncturing (x 10) (Figs. 118, 207), or
rarely almost completely smooth (bispinus, Fig.
166); size, shape, and density of punctures vari-
able, but most often very small and sparse such
that area appears glassy smooth to unaided eye.
Remainder of pronotum usually sculptured like
anterolateral portions, sometimes (chalcomne-
las group, Figs. 137-147, and males of endym-
ion group, Figs. 209-211) more coarsely sculp-
tured. Pronotal punctures of chalcomelas group
very large and shallow, intermingled with and
obscured by blister-like rugosities that give
pronotum a rugose appearance (x0-5). If an-
terolateral puncturing largely obscured (male
achilles, Fig. 141), then anteromedian promi-
nence of metasternum acuminate (as in Fig.
155). Five groups of mostly South American
SPECIES . ottt
.. NOTIOPHANAEUS, NEW SUBGENUS
b. Anterolateral portions of pronotum granulate
(Figs. 224, 236, 253), granulorugose (Figs. 274,
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306), or rugose (Figs. 339, 340), lacking distinct
punctures (X 10) except occasionally near an-
terior margin adjacent eyes. Remainder of pro-
notum always at least partly sculptured like
anterolateral portions or more coarsely so;
puncturing usually present at least postero-
medially and may cover as much as posterior
one-half of pronotum, especially in females.
Anterior prominence of metasternum always
keeled, never acuminate. Eight groups of most-
ly Middle and North American species . . ...

................ PHANAEUS, SEN. STR.

Notiophanaeus, New Subgenus

Type: Scarabaeus splendidulus Fabricius 1781.
Derivation of subgeneric name: Notios (Greek,
southern) + Phanaeus; masculine; reference to
geographical and presumed historical relation-
ship to South America.

This subgenus brings together 15 species ar-
ranged in five groups as outlined in the introduction.
Notiophanaeus is equivalent to what 1 referred to
in 1972 as the splendidulus group of Phanaeus,
and the present species groups are the species com-
plexes | recognized then. It is difficult to draw sat-
isfying conclusions about the interrelationships
among the species groups ot Notiophanaeus, as
they represent five rather disparate taxa. Patterns
of shared characters do not vary consistently, and
in all likelithood the subgenus is a collection of the
survivors of a formerly more diverse group. The
taxonomic gaps among species groups, and usually
also among species, are generally clear and unam-
biguous. All five species groups occur in continental
South America (Fig. 108). Four are endemic there;
the endymion group is centered in Mesoamerica.

The primary distinction between Notiophanaeus
and Phanaeus, sen. str., resides in the nature of the
sculpturing of the pronotum. In this subgenus the
pronotum of both sexes most often appears glassy
smooth to the unaided eye. Magnification (X 10~
40), however, reveals distinct puncturing at least on
the sides and anterior angles. Only in bispinus is
the pronotum devoid of any sculpturing, even at
higher magnification (X 40).

The pronotal sculpturing of the chalcomelas
group (Figs. 137-147) and of the males of the en-
dymion group (Figs. 209-211) resemble that of
Phanaeus, sen. str. (q.v.). In the chalcomelas group,
the pronotum of both sexes bears few to many
black, blister-like rugosities. These rugosities, how-
ever, never fuse to form a melange of confluent
ridges and granules, and they are always associated
with distinct puncturing. Nevertheless, to the
unaided eye the pronotum of the chalcomelas group
appears rugose, and this roughened appearance,
combined with the triangular shape of the pronotal
disk, can result in a strong superficial resemblance
to Phanaeus, sen. str. In the case of the endymion
group, the resemblance is more subtle and restricted
to the males; females have smooth, punctate prono-
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ta. The triangular disk of the male pronotum (but
not the sides and anterolateral angles) is minutely
granulorugose, most strongly so in endymion and
halffterorum. The rugose nature of this sculpturing
is very fine and can be discerned clearly only under
magnification (X 10). To the unaided eye, it pro-
duces a very delicate, gritty or velvety texture in
marked contrast to the usually heavily rugose tex-
ture of Phanaeus, sen. str., seen easily with the
unaided eye.

KEY TO THE SPECIES GROUPS OF
NOTIOPHANAEUS

la. Elytral striae carinulate and punctate (xX0-10)
(Figs. 169, 170). Pronotum of well-developed
male with pair of closely set, parallel, slender
spines (Figs. 163, 167); that of female as in Fig-
ures 165, 168, 178, 179. Dorsum dull olive green

or brownish black (Figs. 15, 16). Widely dis-
tributed in Amazon Basin . ... bispinus group

b. Elytral striae vanable but never both carinulate
and punctate. Pronotum never as in bispinus
group. Color and distribution variable ... 2
2a. Elytral striae carinulate (X 30), not puncrate.
Anterior margin of clypeus strongly toothed
medially (Fig. 196); clypeal process spinate (Fig.
195). Basal pronotal fossae lacking. Front tibiae
strongly quadridentate (Figs. 197, 198). Venter
clothed by dense, whitish pile (indistinct in worn

or dirty specimens). Dorsum bright, shining
green, often with yellowish reflections, or dark
blue (Figs. 10-14). Brazilian Highlands (“cam-
pos cerrados’) and adjacent regions of Bolivia,
Paraguay, and extreme northeastern Argentina
.......................... palaeno group

b. Elytral striae not carinulate, punctate or not.
Anterior margin of clypeus strongly bidentarte

or not. Clypeal process variable, but never spi-
nate. Basal pronotal fossae present or absent.
Front tibiae tri- or quadridentate. Venter never
bearing a dense, whitish pile. Color and dis-
tributionvariable ..................... 3
3a. Elytral striae distinctly punctured to unaided
eye (Figs. 150, 151). Pronotum bearing few to
many black, blister-like rugosities giving sur-
face an irregularly maculated (“peppered”) ap-
pearance (Figs. 137-147). Dorsum dull, most
often olive brown or olive green; sometimes
almost black or metallic red or green (Figs. 23-
31). Pronotum of larger males evenly flattened
and, from above, appearing triangular (Figs. 137,
139, 141, 143, 144). Widely distnbuted in Am-
azon Basin; one species in western Ecuador . .
...................... chalcomelas group

b. Elytral striae appearing simple to unaided eye;
minute punctures may be visible under mag-
nification (X 10-40). Pronotum lacking black
rugosities, usually appearing glassy smooth to
unaided eye. Dorsum dull or brightly colored.
Shape of male pronotum variable. Distribution
variable ........... ... . L 4
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4a. Anterior margin of clypeus at most only weakly
bidentate medially. Clypeal process toothlike
(Fig. 135). Front tibiae tri- or quadridentate; if
quadridentate, basal tooth not preceded by a
distinct narrow notch. Apical tibial spur bent
mesally (Figs. 124-127). Pronotum of larger
males concave dorsally and with a pair of spi-
nate horns arising from near posterior margin
(Figs. 111, 113, 115, 117). Northern South
America east of the Andes ...............
..................... splendidulus group
b. Anterior margin of clypeus strongly bidentate
medially. Clypeal process transverse. Front tib-
iae strongly quadridentate (Figs. 219, 220), basal
tooth preceded by very narrow notch (indicated
by arrows in figures; effaced in highly worn spec-
imens). Apical tibial spur more-or-less straight.
Pronotum of larger males flattened above, tni-
angular, lacking spinate processes (Figs. 200, 203,
206). Extreme northwestern South America,
Central Amernica, and southern Mexico .....
....................... endymion group

The Splendidulus Group

DIAGNOSIS. [1] Clypeus weakly bidentate me-
dially; [2] clypeal process toothlike (Fig. 135); [3]
cephalic carina of female distinctly trituberculate
(Figs. 131-133); [4] pronotal margin of male and
sometimes also of female sinuous behind antero-
lateral angle, which is often acutely produced,
somewhat explanate (Figs. 122, 123); [5] pronotum
of larger males concave medially, with a pair of
strong, spine-like lateral horns (Figs. 111<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>