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ABSTRACT 

 

 

The scarab beetle tribe Cyclocephalini (Coleoptera: Scarabaeidae: Dynastinae) includes 

15 genera and approximately 500 species that are distributed primarily in the New World.  

Species in the group are important pollinators of aroids, palms, and lilies, some are agricultural 

pests, and a few are invasive in areas where they have been introduced.  Evolutionary 

relationships of the group have not been examined, and monophyly of the tribe and relationships 

of genera have not been addressed.  As a result, the classification remains unstable, and there is 

no foundation with which to interpret evolutionary patterns.  To provide an evolutionary 

framework, a phylogenetic analysis using 77 adult morphological characters was performed.  

Representatives from all recognized cyclocephaline genera were examined as well as taxa that 

have historically been included in the tribe.  Outgroups included exemplars from the dynastine 

tribes Oryctini, Oryctoderini, and Pentodontini and the ruteline tribes Anomalini and Rutelini.  

Based on the analysis, Cyclocephalini, as currently circumscribed, does not constitute a 

monophyletic lineage.  Thus, the current classification does not reflect evolution, and revision is 

required.  Based on strong character support, the genera Eriocelis and Stenocrates are not a part 

of the new cyclocephaline clade while genera Parapucaya and Neohyphus are members of the 

new Cyclocephalini. 
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INTRODUCTION 

 

 

The family Scarabaeidae (Coleoptera) is one of the ten most species rich beetle families 

with more than 30,000 species (Ratcliffe and Cave 2006).  Some highly impressive scarab 

beetles, in both size and form, are in the subfamily Dynastinae, commonly called the rhinoceros 

beetles. This common name is derived from many species having one or more horns.  These 

horns make dynastine beetles very popular among collectors, behavioral biologists who study 

sexual selection, and evolutionary biologists who study highly variable characters.  Characters 

typically used to circumscribe Dynastinae as a subtribe are as follows: 1) the labrum is hidden 

beneath the clypeus; 2) the clypeal apex is bidentate, rounded, acuminate, or truncate; 3) the 

antennae are nine to ten segmented with a club that is usually small and has three segments; 4) 

the scutellum is not enlarged; 5) the procoxae are transverse; 6) the mesotibial apex has two 

spurs that are mesad and adjacent (not separated by basal metatarsal segment); and 7) the tarsal 

claws are all subequal in size except for males of most Cyclocephalini and some Pentodontini 

where the protarsal claws are enlarged (Ratcliffe 2001).  Male genitalia are diagnostic for nearly 

all species (Ratcliffe 2001). 

As currently recognized (Table 1) the dynastine tribe Cyclocephalini (Coleoptera: 

Scarabaeidae: Dynastinae) contains 15 genera and approximately 500 species (Jameson et al. 

2002, Smith 2006, Jameson and Wada 2009).  Characters used to distinguish genera and species 

in the tribe include: 1) head and pronotum without any tubercles, horns, carinae, or foveae in 

either sex; 2) mandibles without teeth or lobes on the lateral edge; 3) legs with all of the tarsi 

cylindrical (never subtriangular); 4) anterior tarsi enlarged in males of most species; 5) prosternal 

process usually prominent; and 6) onychium with two setae at its apex (Ratcliffe 2001). 
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Table 1. Cyclocephalini genera, types species of the genus, number of species, and distribution. 

Genus Type Species # of 

Species 

Distribution 

Acrobolbia Ohaus, 1912 A. macrophylla Ohaus, 1912 1 Northern South America 

Ancognatha Erichson, 1847 A. scarabaeoides Erichson, 1847 20 Southern US to northern South 

America 

Arriguttia Martinez, 1960 A. brevissima (Arrow, 1911) 2 Northern Brazil, French Guiana 

Aspidolea Bates 1888 A. singularis Bates, 1888 25 Southern US to Argentina  

Augoderia Burmeister, 1847 A. nitidula (Burmeister, 1847) 4 Central South America 

Chalepides Casey, 1915 C. barbatus (Fabricius, 1781) 15 South America 

Cyclocephala Dejean, 1821 C. amazona (Linnaeus, 1767) 339 Southeastern Canada to Argentina, 

West Indies 

Dyscinetus Harold, 1869 D. dubius (Oliver, 1789) 16 Eastern and southern US to 

Argentina  

Erioscelis Burmeister, 1947 E. emarginata (Mannerheim, 1829) 5 Central America to northern South 

America 

Harposceles Burmeister, 1947 H. paradoxus (Burmeister, 1847) 1 French Guiana 

Mimeoma Casey, 1915 M. maculata (Burmeister, 1847) 5 Mexico to Brazil and Bolivia,  West 

Indies 

Peltonotus Burmeister, 1847  P. morio Burmeister, 1847 25 Southeastern Asia  

Ruteloryctes Arrow, 1908  R. morio (Fabricius, 1798) 2 Western Africa  

Stenocrates Burmeister, 1947  S. laborator (Fabricius, 1775) 45 Mexico to southern South America  

Surutu Martinez, 1955 S. dytiscoides Martinez, 1955 5 Brazil and Bolivia 

 

 

Although, most genera of the tribe include relatively few (less than 20) species, 

Ancognatha (20 species), Aspidolea (25 species), Peltonotus (25 species), Stenocrates (currently 

45 species with more awaiting description), and Cyclocephala (339 species with more being 

described) represent the most speciose genera (Ratcliffe 2003, Ratcliffe and Cave 2006, Ratcliffe 

and Cave 2009, Ratcliffe and Paulsen 2008).  The high species diversity and intraspecific 

variation in Cyclocephala, which is the most speciose genus of all Dynastinae, has led to 

difficulties in circumscription of the genus and difficulties in interpreting relationships among 

the Cyclocephalini (Ratcliffe 2003, Ratcliffe and Cave 2006). 

A phylogenetic framework of this group would be a valuable tool in predicting 

invasiveness of species in new environments, understanding co-evolution and pollination with 

host plants, and examining the evolution of interesting biological characters.  Transfers of two 
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genera into Cyclocephalini within the last ten years and another genus that was removed from 

the tribe within the last twenty years demonstrate poor understanding of the group’s 

relationships.  Research is needed that can provide a foundation for better understanding of these 

relationships.  A phylogenetic framework can provide this foundation by resolving relationships 

between genera and allowing inferences based on behavior and biogeography. 

 The goal of this research is to conduct a thorough phylogenetic analysis of the 

Cyclocephalini to establish a framework within which evolutionary relationships relating to 

behavior patterns (e.g. pollination) and biogeography can be better interpreted.  An overview of 

the historical classification and phylogeny as well as the known ecological significance and 

natural history of tribe is included. 

 

 

Classification and Phylogeny 

 

Traditionally, the tribe Cyclocephalini was viewed as a New World clade with only one 

outlier in the Old World:  the genus Ruteloryctes only found in Western Africa from Guinea to 

Angola (Krajcik 2005, Ratcliffe 2003, Ratcliffe and Cave 2006).  This genus contains two 

species, Ruteloryctes morio (Fabricius) and R. bis Dechambre (Ratcliffe 2003, Ratcliffe and 

Cave 2006, Dechambre 2006).  Recently, however, the composition of the tribe as primarily a 

New World group was challenged with the inclusion of another Old World genus, Peltonotus 

(Smith 2006).  All 25 described species of Peltonotus are distributed in southeastern Asia.  

Peltonotus is the also the only genus in the tribe in which the labrum extends beyond the apex of 

the clypeus in dorsal view (Jameson and Wada 2009), a character more typically observed in the 

scarab subfamily Rutelinae (Casey 1915). 
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Circumscription of the tribe has been heavily debated throughout its taxonomic history.  

The tribe Cyclocephalini was first described as “Cyclocephalites” by Laporte in1840 (Bouchard 

et al. 2011). Only one genus (Cyclocephala) was included, and this genus was split into two 

divisions: Chalepus which had one species and Cyclocephala which had six species.  In 

Burmeister (1847), “Cyclocephalidae” included 13 genera that he divided into four groups: 1) 

“Cyclocephalidae spurii” including the genera Pachylus Dejean and Hexodon Oliver; 2) 

“Oryctomorphidae” including the genera Democrates Burmeister, Oryctomorphus Guérin, and 

Homoeomorphus Burmeister; 3) “Cyclocephalidae genuini” including Augoderia, Harposceles, 

and Cyclocephala; and 4) “Chalepidae” including Erioscelis, Bradyscelis Burmeister, 

Peltonotus, Chalepus MacLeay, and Stenocrates. Bates (1888) only included five genera 

(Ancognatha, Aspidolea, Cyclocephala, Dyscinetus, and Stenocrates) and 48 species in the 

subfamily Cyclocephalinae.  Casey (1915) included 19 genera in the tribe Cyclocephalini, but 

only nine of those (Ancognatha, Aspidolea, Augoderia, Mimeoma, Cyclocephala, Erioscelis, 

Dyscinetus, Parachalepus Casey [now Chalepides] and Stenocrates) are currently recognized as 

valid cyclocephaline genera.  One genus, Anoplocephalus Schaeffer (now Coscinocephalus 

Prell), was transferred to the dynastine tribe Pentodontini (Morón and Ratcliffe 1996).  The 

remaining nine genera, each a new genus described by Casey (Mononidia, Stigmalia, Diapatalia, 

Spilosota, Ochrosidia, Dichromina, Homochromina, Halotosia, and Aclinidia), were 

synonymized with current cyclocephaline genera (Endrödi 1985).  The most recent synopsis of 

the tribe is Endödi’s The Dynastinae of the World (1985), but Endrödi still included 

Coscinocephalus.  Additionally, two other genera, Acrobolbia and Peltonotus, have been added 

to the tribe (Morón and Ratcliffe 1996, Jameson et al. 2002, Smith et al. 2006).  Many new 

species have been described since Endrödi’s publication, especially within Cyclocephala (with 
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more than 90 new descriptions) and Stenocrates (with almost 20 new descriptions).  Thus, 

special consideration needs to be taken when using Enrdödi’s keys (Ratcliffe 2003, Ratcliffe and 

Cave 2006). 

 These many classification changes illustrate a lack of phylogenetic research and 

circumscription of Cyclocephalini.  However, phylogenetic studies involving other groups have 

had an impact on the present understanding of tribe.  Acrobolbia and Peltonotus were both 

transferred into Cyclocephalini from the scarab subfamily Rutelinae after a phylogenetic analysis 

of the tribe Rutelini showed the taxa to be more closely related to the subfamily Dynastinae 

(Jameson 1997).  Acrobolbia was moved from the tribe Acrobolbiina (Jameson et al. 2002), and  

Peltonotus, which was part of Burmeister’s (1847) original “Cyclocephalidae,” was moved from 

the tribe Peltonotini back into Cyclocephalini (Smith 2006, Jameson and Wada 2009). 

 As suggested by Ratcliffe (2003), the tribe Cyclocephalini may be paraphyletic, and 

further study is required to determine whether genera represent true clades or merely grades.  

Ratcliffe suggested that special attention be paid to the genera Aspidolea, Ancognatha, 

Cyclocephala, and Mimeoma.  Preliminary morphological phylogenetic analysis from 1980 

(Ratcliffe, unpublished 1980) demonstrated character support and monophyly of all genera with 

the exceptions of the genera Erioscelis and Dyscinetus (Appendix A).  Each of these genera 

exhibited no synapomorphies (Ratcliffe 2003) and thus appeared non-monophyletic.  Ratcliffe’s 

analysis was based on 17 morphological characters and one exemplar taxon per genus.  It 

included Coscinocephalus (not yet removed from the tribe) and did not include exemplars of the 

genera Peltonotus or Acrobolbia (not yet included in the tribe). 

 Another preliminary, unpublished study (conducted by “Team Scarab” at the University 

of Nebraska State Museum in 2006) of the superfamily Scarabaeoidea used 28S rDNA D2-D3 
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and 18S gene regions to examine relationships (Appendix B).  Included in this research were 

seven of the 15 genera included in the tribe Cyclocephalini.  Exemplars included species from 

the genera Cyclocephala (7 species), Ruteloryctes (1 species), Ancognatha (2 species), 

Dyscinetus (1 species), Aspidolea (3 species), Acrobolbia (1 species), and Stenocrates (1 

species).  Results of this research did not provide support for a monophyletic Cyclocephalini.  In 

fact, several genera of Pentodontini (Dynastinae) were included among the Cyclocephalini 

(Tomarus Erichson, Eutheola Bates, and Oxygrylius Casey), and species from two other 

dynastine genera, Hoploryctoderus Prell (Oryctini) and Xylotrupes Hope (Dynastini), showed a 

close relationship with Ruteloryctes. Moreover, several genera were also demonstrably non-

monophyletic (e.g., Cyclocephala, Aspidolea, and Ancognatha).  Because this research was 

intended to focus on the deeper relationships among the Scarabaeoidea genera, resolution for 

more recently diverged taxa (such as among the genera of Cyclocephalini) may be overly 

skewed.  Nevertheless, results clearly indicate the need for closer phylogenetic study of genera 

within the tribe Cyclocephalini. 

 Although its place in Dynastinae is well established, little is known about the relationship 

of the Cyclocephalini to other tribes.  Sister group relationships have not been postulated.  There 

is also a question regarding the unknown relationship between Cyclocephalini and some 

Rutelinae (especially within the tribe Anomalini) with which there are many similarities but also 

significant differences (Ratcliffe 2003, Ratcliffe and Cave 2006). 

 

 

Ecological Significance 

 

Because the life history of members of the tribe Cyclocephalini is poorly known, only 

adult morphological characters were used in this study.  Although most cyclocephaline larvae 
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likely live in the soil where they feed on detritus, roots, or compost, very few larvae have been 

studied or described (Table 2). 

 
Table 2. Cyclocephalini genera with described larvae. 

Genus Larvae 

Described? 

Sample Reference Genus Larvae 

Described? 

Sample 

Reference 
Acrobolbia No NA Erioscelis No NA 

Ancognatha Yes Ritcher 1966 Harposceles No NA 

Arriguttia No NA Mimeoma No NA 

Aspidolea Yes Neita Moreno et al. 2007 Peltonotus No NA 

Augoderia No NA Ruteloryctes No NA 

Chalepides No NA Stenocrates No NA 

Cyclocephala Yes Ritcher 1966 
Surutu In preparation Zilikens and Krell 

Dyscinetus Yes Ritcher 1966 

 

 

The larval stage is described for species in only four of the fifteen cyclocephaline genera 

(Ritcher 1966, Neita Moreno et al. 2007) with description of another genus currently in 

development (Zilikens and Krell in preparation).  Larval keys and descriptions rely heavily on 

chaetotaxy (Ritcher 1966).  Because the majority of cyclocephaline larvae have not been 

described, the best method of larval identification is by rearing larvae to adulthood. 

 Many adult cyclocephalines are nocturnal and are attracted to lights (Ratcliffe 2003, 

Ratcliffe and Cave 2006).  Adults of many cyclocephaline species, both New and Old World, 

have been identified as important pollinators of palms, aroids, lilies, guava trees, and magnolia 

trees (Krell et al. 2003, Ratcliffe 2003, Ratcliffe and Cave 2006).  Beetles transfer pollen from 

one plant to another as they enter the flowers to feed or mate (Krell et al. 2003, Ratcliffe 2003, 

Ratcliffe and Cave 2006, Moore 2011).  Rickson et al. 1990 described the relationship between 

the beetle Cyclocephala amazona (Linnaeus) and the peach palm Bactris gasipaes Kunth 

(Arecaceae) in which the palm’s trichome cells, which appear to have no nutritional value, may 

act as a gastrolith and aid the beetle in digesting pollen grains. 

http://en.wikipedia.org/wiki/Arecaceae
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Although cyclocephaline adults are economically beneficial due to their pollination 

services, the larvae of some species are significant pests of turf grass and agricultural crops.  

Larvae (known as white grubs) of these pest species live in the soil feeding on roots, and in high 

numbers, can cause significant damage to lawns, pastures, and crop fields (Ratcliffe and Paulsen 

2008).  In 1950, Cyclocephala signaticollis Burmeister found its way from its native land of 

Argentina to Australia, likely as a hitchhiker in the soil of commercial turf grass (Jackson and 

Klein 2006).  Since its accidental introduction, it has become established in lawns and turf in 

New South Wales (Jackson and Klein 2006).  More recently, the Pasadena masked chafer, 

Cyclocephala pasadenae (Casey), has become established on the island of Hawaii (Jameson et 

al. 2009).  A native of the continental United States, being most abundant in the southwestern 

region, it was first reported in Hawaii in 2007 at a golf course in Waikoloa (Jameson et al. 2009).   

Destructive pests in the Cyclocephalini are not limited to introduced species.  Many cause 

significant damage in their native habitat.  The white grubs of many cyclocephalines are major 

pests in their native Mexico and Central America where they are referred to as “gallina ciega.”  

Besides C. pasadenae, species of special economic concern in the United States are the native 

species C. borealis Arrow, C. lurida Bland, C. hirta LeConte, and C. parallela Casey (Jackson 

and Klein 2006).  Effective control of both native and non-native pests is of major economic 

concern.  As a potential biological control method, the parasitoid wasp Tiphia pygidialia Allen 

(Hymenoptera: Tiphiidae) attacks larvae of several species of Cyclocephala (Rogers and Potter 

2003).  Such cases of parasitism can have a significant impact on the population of the pest 

(Ratcliffe and Paulsen 2008) with parasitism rates observed as high as 33% (Rogers and Potter 

2003).  However, while native and established introduced populations of T. pygidialia assist in 
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keeping pest populations low, commercial development of the wasp as a biological control agent 

is unlikely because of low annual fecundity (Rogers and Potter 2003). 
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MATERIALS AND METHODS 

 

 

Specimens used in this study were loaned from the following museums and private collections.  

Acronyms follow Evenhuis (2011). 

 

BYU Monte L. Bean Life Science Museum, Brigham Young University, Provo, UT, 

USA (Shawn Clark) 

CMNH Carnegie Museum of Natural History, Pittsburgh, PA, USA (Robert Davidson) 

EAPZ  Escuela Agricola Panamericana, Tegucigalpa, Honduras (Oliver Schlein) 

INBio Instituto Nacional de Biodiversidad, Santo Domingo de Heredia, Costa Rica 

(Angel Solis) 

MLJC  Mary Liz Jameson Collection, Wichita, KS, USA 

SEMC Snow Entomology Museum, University of Kansas, Lawrence , KS, USA (Jennifer 

Thomas) 

UNSM  University of Nebraska State Museum, Lincoln, NE (Brett Ratcliffe) 

USNM US National Collection (currently housed at the University of Nebraska State 

Museum, Lincoln, NE, USA; Brett Ratcliffe) 

 

Morphological characters of adult beetles were examined using a Leica MZ8 dissecting 

microscope (6.3-50.0X magnification) with fiber-optic illumination.  Due to the lack of 

described larvae, larval characters were not examined.  A total of 61 exemplar species (adults) 

were studied.  A broad range of 48 representative species was selected to be exemplars of the 15 

genera of the tribe Cyclocephalini with priority being given to the type species for each genus.  
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The classification of Smith (2006) was used in this study.  Representatives (13 species) from the 

Dynastinae tribes Oryctini, Oryctoderini, and Pentodontini and the Rutelinae tribes Anomalini 

and Rutelini were selected as outgroups (Table 3). 

 
Table 3. Taxa used in the phylogenetic analysis indicating the subfamily and tribe.  An asterisk (*) denotes the type 

species for the genus among Cyclocephalini. 

Species Subfamily Tribe 
1. Acrobolbia macrophylla Ohaus, 1912 Dynastinae Cyclocephalini 

2. Ancognatha castanea Erichson, 1847 Dynastinae Cyclocephalini 
3. Ancognatha gracilis Endrödi, 1966 Dynastinae Cyclocephalini 
4. Ancognatha manca (LeConte, 1866) Dynastinae Cyclocephalini 
5. Ancognatha scarabaeoides Erichson, 1847* Dynastinae Cyclocephalini 
6. Ancognatha vulgaris Arrow, 1911 Dynastinae Cyclocephalini 
7. Arriguttia brevissima (Arrow, 1911)* Dynastinae Cyclocephalini 
8. Aspidolea fuliginea (Burmeister, 1847) Dynastinae Cyclocephalini 
9. Aspidolea notaticollis Höhne, 1922 Dynastinae Cyclocephalini 
10. Aspidolea singularis Bates, 1888* Dynastinae Cyclocephalini 
11. Augoderia nitidula Burmeister, 1847* Dynastinae Cyclocephalini 
12. Chalepides barbatus (Fabricius, 1781)* Dynastinae Cyclocephalini 
13. Chalepides luridus (Bermeister, 1847) Dynastinae Cyclocephalini 
14. Cyclocephala aequatoria  Endrödi, 1963 Dynastinae Cyclocephalini 
15. Cyclocephala amazona (Linnaeus, 1767)* Dynastinae Cyclocephalini 
16. Cyclocephala carbonaria Arrow, 1911 Dynastinae Cyclocephalini 
17. Cyclocephala castaniella Bates, 1888 Dynastinae Cyclocephalini 
18. Cyclocephala complanata Burmeister, 1847 Dynastinae Cyclocephalini 
19. Cyclocephala concolor Burmeister, 1847 Dynastinae Cyclocephalini 
20. Cyclocephala confusa Endrödi, 1966 Dynastinae Cyclocephalini 
21. Cyclocephala deceptor (Casey, 1915) Dynastinae Cyclocephalini 
22. Cyclocephala fulgurata Burmeister, 1847 Dynastinae Cyclocephalini 
23. Cyclocephala latericia Höhne, 1923 Dynastinae Cyclocephalini 
24. Cyclocephala lunulata Burmeister, 1847 Dynastinae Cyclocephalini 
25. Cyclocephala mafaffa Burmeister, 1847 Dynastinae Cyclocephalini 
26. Cyclocephala melanocephala (Fabricius, 1775) Dynastinae Cyclocephalini 
27. Cyclocephala mutata Harold, 1869 Dynastinae Cyclocephalini 
28. Cyclocephala nigerrima Bates, 1888 Dynastinae Cyclocephalini 
29. Cyclocephala porioni Dechambre, 1979 Dynastinae Cyclocephalini 
30. Cyclocephala stictica Burmeister, 1847 Dynastinae Cyclocephalini 
31. Cyclocephala weidneri Endrödi, 1964 Dynastinae Cyclocephalini 
32. Dyscinetus dubius (Olivier, 1789)* Dynastinae Cyclocephalini 
33. Dyscinetus picipes (Burmeister, 1847) Dynastinae Cyclocephalini 
34. Dyscinetus rugifrons Burmeister, 1847) Dynastinae Cyclocephalini 
35. Erioscelis columbica Endrödi, 1966 Dynastinae Cyclocephalini 
36. Erioscelis emarginata (Mannerheim, 1829)* Dynastinae Cyclocephalini 
37. Harposceles paradoxus Burmeister, 1847* Dynastinae Cyclocephalini 
38. Mimeoma acuta (Arrow, 1902) Dynastinae Cyclocephalini 
39. Mimeoma signatoides (Höhne, 1923) Dynastinae Cyclocephalini 
40. Peltonotus  malayensis Arrow, 1910 Dynastinae Cyclocephalini 
41. Peltonotus morio Burmeister, 1847* Dynastinae Cyclocephalini 
42. Peltonotus nasutus Arrow, 1910 Dynastinae Cyclocephalini 
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Table 3 (continued) 

Species Subfamily Tribe 
43. Ruteloryctes morio (Fabricius, 1798)* Dynastinae Cyclocephalini 
44. Stenocrates bicarinatus Robinson, 1948 Dynastinae Cyclocephalini 
45. Stenocrates laborator Fabricius, 1775* Dynastinae Cyclocephalini 
46. Stenocrates omissus Endödi, 1966 Dynastinae Cyclocephalini 
47. Surutu dytiscoides Martinez, 1955* Dynastinae Cyclocephalini 
48. Surutu seabrai Andretta and Martinez, 1956 Dynastinae Cyclocephalini 
49. Anomala undulata Melsheimer, 1844 Rutelinae Anomalini 

50. Strigoderma arboricola  (Fabricius, 1792) Rutelinae Anomalini 

51. Oryctomorphus bimaculatus Guérin-Méneville, 1830 Rutelinae Rutelini 

52. Parastasia confluens Westwood, 1842 Rutelinae Rutelini 

53. Strategus aloeus (Linnaeus, 1758) Dynastinae Oryctini 

54. Xyloryctes jamaicensis (Drury, 1773) 

55. Neohyphus celebesus Heller, 1896 

Dynastinae 

Dynastinae 

Oryctini 

Oryctoderini 

56. Coscinocephalus cribrifrons (Schaeffer, 1906) Dynastinae Pentodontini 

57. Parapucaya amazonica Prell, 1934 Dynastinae Pentodontini 

58. Parapucaya nodicollis (Kisch, 1873) Dynastinae Pentodontini 

59. Eutheola  humilis (Burmeister, 1847) Dynastinae Pentodontini 

60. Tomarus bituberculatus (Beauvois, 1811) Dynastinae Pentodontini 

61. Tomarus gibbosus (DeGreer, 1774) Dynastinae Pentodontini 

 

 

 

Both males and females were used in the analysis.  However, females were unavailable 

for five species: Acrobolbia macrophylla, Chalepides luridus, Harosceles paradoxus, Parastasia 

confluens, and Tomarus bituberculatus. 

One male specimen of each species was prepared for dissection by soaking it in hot, 

soapy water for two to four hours to soften tissues.  Dissections included mouthparts (maxilla, 

mentum, mandibles) and genitalia (parameres, spiculum gastrale) which were mounted on a 

modified point card with cellulose glue (Figure 1) and hindwings which were spread out and 

dried.  Where possible, structures were only removed from the left side of the specimen leaving 

the right side intact and in place on the exemplar.  Genitalia dissections were performed by using 

an insect pin to cut the membrane between the metathorax and the first abdominal segment.  The 

abdomen was removed and the parameres and spiculum gastrale were extracted using forceps 
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(the spiculum gastrale was unable to be located in several specimens and so was not mounted).  

The abdomen was then reattached to the specimen using cellulose glue. 

 

 

Figure 1. Modified point card with (upper, left to right) maxilla, mentum, mandibles; (center, to left of pin) spiculum 

gastrale; (lower) male genitalia. 

  

 Seventy-seven adult morphological characters were scored and entered into a character 

matrix using Mesquite (Madison and Madison 2007).  Characters that were sexually dimorphic 

were either scored as two separate characters or were only scored in one sex as indicated in the 

character description.  Missing characters (e.g., when a female was unavailable) were scored as 

“?”.  Character state homology was hypothesized based on similarity of position and 

correspondence in structure and detail. 
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 The data matrix was imported to PAUP* version 4.0b10 (Swofford 2003) for 

phylogenetic analysis.  Six characters were uninformative but were not excluded from the 

analysis.  Using parsimonious criterion, a heuristic search was run using a random search with 

simple addition.  Maximum trees was set to 10,000.  Characters were initially not weighted.  

Anomala undulata was used as the default outgroup. 

 Successive reweighting was employed after strict consensus of these trees revealed a 

poorly resolved tree.  Characters were reweighted based on values for the rescaled consistency 

index (RC) and another heuristic search was run.  Characters were reweighted and heuristic 

searches conducted until the trees reached stability.  Bootstrap analysis was then run using 100 

replications.  Bootstrap values greater than 70% were considered to provide strong support for 

clades (Felsenstein 1985). 
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RESULTS 

 

 

Character Analysis 

 

After morphological examination of adult specimens, character and states were determined as 

follows and recorded in a character matrix (Table 4): 

 

Body 

1. Body length greater than 30 mm (0) or less than 30 mm (1). 

 

2. Body noticeably tapered at both ends (Figure 2a) (0), ends more rounded (Figure 2b) (1), or 

entire body round, somewhat circular (Figure 2c) (2).  

Among studied taxa, state 0 is an autapomorph for Chalepides and state 2 is an 

autapomorph for Arriguttia. 

 
Figure 2. Showing body noticeably tapered at both ends (a), ends more rounded (b), and entire body somewhat 

circular (c). 

 

3. Body strongly dorsoventrally flattened (0) or not flattened (1).
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Table 4. Data maxrix including 61 taxa and 77 morphological characters. 

Species 10 20 30 40 50 60 70 77 
Acrobolbia macrophylla 1111232100 ?0?0?1000? 211011010? 0?110?2?01 00?0?0?000 11102?1121 0102?0?1?? 1130110 

Ancognatha castanea 1111300100 0110020011 1111100100 0012001201 1000100000 1110211111 2102200100 01?1111 

Ancognatha gracilis 1111300100 0000020111 1111000100 0012002201 1000100000 1110211110 1102200100 0121110 

Ancognatha manca 1111300100 0000010111 1112000100 0012001101 1000100000 1110211111 1102200110 0121111 

Ancognatha scarabaeoides 1111200100 0110010100 1111100100 0012001101 1000100000 1110211100 2102200110 0121110 

Ancognatha vulgaris 1111300100 0000010111 0112000100 0012001101 1000100000 1110211111 1102200110 0120110 

Arriguttia brevissima 1211501000 0000010111 0110110020 0012002201 1000000000 1110211110 1002201111 1110110 

Aspidolea fuliginea 1111432000 0000010011 0102110130 0002001101 1000000000 1110211110 0100000110 01?1110 

Aspidolea notaticollis 1111432000 0000010111 2101110120 0012001201 1000000100 1110211100 1002200110 0121110 

Aspidolea singularis 1111432000 0000010111 2101110120 0002001201 1000000000 1110211110 1002200100 0110110 

Augoderia nitidula 1111300000 0000010111 0110110110 0012000001 1000000000 1110211110 1002200110 0121111 

Chalepides barbatus 1001500000 0000020111 0111100100 0002001100 1000000000 1110221101 1110000100 01?1000 

Chalepides luridus 1001500100 ?0?0?2001? 011110010? 0?020?1?00 10?0?0?000 11102?1101 1110?0?1?? 01?1110 

Cyclocephala aequatoria 1111401000 0000010111 0111110120 0002000000 0000000000 1111111110 1002200112 0110110 

Cyclocephala amazona 1111400000 0000020111 0111110120 0002000000 1000000000 1111111112 2002200112 0110110 

Cyclocephala carbonaria 1111300000 0000010111 0111100100 0002002201 1000100000 1110211101 1102200100 0120100 

Cyclocephala castaniella 1111300000 0000010101 0110110100 0012001101 1000000000 1110211101 1002200111 0110110 

Cyclocephala complanata 1111300100 0000010111 0111110120 0012000001 1000001000 1110211102 0002200111 0110110 

Cyclocephala concolor 1111000000 0000010111 0111110100 0012001101 1000000100 1110211100 1002200110 01?0110 

Cyclocephala confuse 1111500000 0000010111 0111110100 0012002201 1000000000 1110211110 0002200100 01?0110 

Cyclocephala deceptor 1111001000 0000020111 0111110120 0002000001 1000000000 1110211110 0102200111 0120110 

Cyclocephala fulgurata 1111400100 0000010111 0111110100 0002002201 1000000000 1110211110 0002200122 01?0110 

Cyclocephala latericia 1111300000 0000010111 0111110130 0002000000 1000000100 1110111100 0002200122 01?0110 

Cyclocephala lunulata 1111400100 0000010111 0111110100 0002002201 0000000000 1110211110 1002200110 0110110 

Cyclocephala mafaffa 1111001000 0000010111 0111110130 0012001101 1000000200 1110211111 0102200111 0120110 

Cyclocephala melanocephala 1111500000 0000010111 0111110130 0012001101 2000000100 1110211110 1002200100 01?1110 

Cyclocephala mutate 1111300000 0000010111 0111110130 0012000201 1000000000 1110211100 0002200111 0110110 

Cyclocephala nigerrima 1111001000 0000020111 0110110120 0012002201 1000100000 1110111110 0102200111 0121110 

Cyclocephala porioni 1111132001 1000010111 0110110130 0002002201 1000011100 1110211112 0102200100 0120112 

Cyclocephala stictica 1111000000 0000010111 0111110130 0002000000 1000000000 1111111110 0002200111 0120110 

Cyclocephala weidneri 1111500100 0000010111 0111110100 0002002201 1000000000 1110211100 1001200122 0120110 

Dyscinetus dubius 1111500000 0000020011 0111100040 0002221101 2000000000 1110211101 0101100000 0121001 

Dyscinetus picipes  1111500010 0000020011 0111100000 0002021101 2010000000 1110211101 1101100000 0121001 

Dyscinetus rugifrons  1111500100 0000020011 0111100100 0002001101 2200000000 1110211101 1101100000 0121001 

Erioscelis columbica  1111011000 0000020211 0111010120 0011001110 0000001000 1110001112 2102210100 01?1111 
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Table 4 (continued) 

Species 10 20 30 40 50 60 70 77 
Erioscelis emarginata  1111400000 0000020211 0111110120 0002002210 0000000000 1110211112 2102210100 0131001 

Harposceles paradoxus 0101301101 ?0?0?0120? 011111012? 3?020?0?00 10?0?0?000 00002?1021 2102?0?0?? 01?1101 

Mimeoma acuta 1111200000 0000010111 0111110120 0002000000 1000000000 1111111121 0002200122 0110110 

Mimeoma signatoides  1111200100 0000010111 0111110120 0002000000 0000011000 1111111121 0002200110 0120111 

Peltonotus  malayensis  1110502100 0000020211 0011110020 0011221100 2000001000 1110110123 2102200111 0131001 

Peltonotus morio 1110501100 0000020211 0011110040 0002001200 2000000000 1110110123 2102000111 1031001 

Peltonotus nasutus 1110400101 1000020211 0011110020 0011000000 2000000000 1110110122 2102200111 10?1001 

Ruteloryctes morio 1111401000 0000010011 0111110020 0002222201 1000000000 1110211101 1002200110 0121111 

Stenocrates bicarinatus 1111000110 0000011011 0111100020 0012222210 0000000000 1110211100 2102200000 0120000 

Stenocrates laborator 1111500110 0000011011 0111100020 0012222110 0000001000 1110211101 2102200000 01?1000 

Stenocrates omissus 1111501110 0000011011 0111100030 0012222210 0000000000 1110211100 2102200000 0120002 

Surutu dytiscoides 0101301100 0000010011 0111010120 0002221101 1301100000 1110211112 2102200000 01?2111 

Surutu seabrai  0101301100 0000010011 0112110030 0000221101 2301100000 1110211102 2102200022 0122111 

Anomala undulata 1110400000 0000020011 0111110040 0011000011 0000011100 1110001134 3002200000 01?1003 

Strigoderma arboricola  1110401000 0000020011 0111110040 0011000011 1110011100 1110001134 3002200000 01?2003 

Oryctomorphus bimaculatus 1111202101 1001111200 2111110100 2212002210 2000001100 1110211131 3002200100 0132001 

Parastasia confluens  1110511101 ?1?0?0110? 111010000? 1?110?1110 00?0?1?220 11102?1134 3002?0?1?0 0130114 

Strategus aloeus  0111540200 0110011011 1110112021 2201100010 0331100110 1110321101 2102220100 01?2001 

Xyloryctes jamaicensis  1111500101 1110021211 0110110020 1011000010 0220010111 1110211101 2102200000 01?2001 

Neohyphus celebesus 1111502200 0000020111 0111110000 0011000001 2001100000 1110211101 1102200?1 0 0121001 

Coscinocephalus cribrifrons  1111500200 1001021211 2110110020 0011000010 0000000101 1110211111 2101100000 0133001 

Parapucaya amazonica  1111500010 0000010111 0110113002 0011001101 2000000100 1110211100 1102200100 0101110 

Parapucaya nodicollis 1111500010 0000010111 0111113002 0011002201 2000000100 1110211110 1102200100 0101110 

Eutheola  humilis  1111200110 0000020011 0111110000 0012002210 0000000100 1110211101 2101200000 0121001 

Tomarus bituberculatus  1111500201 ?1?0?1001? 011010100? 2?021?2?1 0 00?1?0?100 11102?1101 2101?0?1?? 0132001 

Tomarus gibbosus  1111500011 1000021111 0111111001 2212111110 0000000111 1110211101 2102200000 0121000 
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Head 

4. Labrum in dorsal view extended beyond the apex of the clypeus (0) or not extended beyond 

the apex of the clypeus (1). 

Historically, state 0 was regarded as a “ruteline character” (Casey 1915). Within 

Cyclocephalini, it is an autapomorph for Peltonotus.  

 

5. Clypeal apex (apical ¼) emarginate (Figure 3a) (0) tri-emarginate (Figure 3e) (1), acute 

(Figure 3f) (2), parabolic (Figure 3d) (3), broadly parabolic (Figure 3c) (4), or truncate (Figure 

3b) (5). 

 

6. Lateral edge of clypeus at middle (middle ½) convergent (Figures 3d, f) (0), parallel (Figure 

3a) (1), divergent (2), convex (Figures 3c, e) (3), or concave (Figure 3b) (4). 

 

Figure 3. Clypeus exemplars described as apex/lateral middle/lateral base: emarginate/parallel/parallel (a), 

truncate/concave/convergent (b), broadly parabolic/convex/divergent (c), parabolic/convergent/convergent (d), tri-

emarginate/convex/divergent (e), and acute/convergent/divergent (f). 
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7. Lateral edge of clypeus at base (basal ¼) convergent (Figures 3b, d) (0), parallel (Figure 3a) 

(1), divergent (Figures 3c, e, f) (2). 

 

8. Frontoclypeal suture complete (0), incomplete at middle (1), or obsolete (2). 

 

9. Clypeal surface planar with surface of frons (0) or clypeal surface raised above suface of frons 

(1). 

  

10. Males with horn/tubercle absent on disc of clypeus (0) or with horn/tubercle present on disc 

of clypeus (1). 

 

11. Females with horn/tubercle absent on disc of clypeus (0) or with horn/tubercle present on 

disc of clypeus (1). 

 

12. Males with horn/tubercle absent on frontoclypeal suture (0) or with horn/tubercle present on 

frontoclypeal suture (1). 

 

13. Females with horn/tubercle absent on frontoclypeal suture (0) or with horn/tubercle present 

on frontoclypeal suture (1). 

 

14. Males with horn/tubercle absent on disc of frons (0) or with horn/tubercle present on disc of 

frons (1). 
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15. Females with horn/tubercle absent on disc of frons (0) or with horn/tubercle present on disc 

of frons (1). 

 

16. Male interocular width 1.9 or less transverse eye diameters (0), 2.0-3.9 transverse eye 

diameters, (1), or 4.0 or greater transverse eye diameters (2). 

 These measurements were based on some species having very large eyes (less than 2.0 

 interocular widths) and some having very small eyes (more than 4 interocular widths).  

 The rest fell somewhere in between (medium eye size). 

 

17. Male eye canthus cariniform (0) or not cariniform (1). 

 

18. Eye canthus without setae (0), few (less than six), sparse setae (1), or with many (more than 

twelve) setae (2). 

 

19. Male antennal club distinctly longer than segments 2-7 (0) or subequal in length to segments 

2-7 (1). 

 

20. Female antennal club distinctly longer than segments 2-7 (0) or subequal in length to 

segments 2-7 (1). 

 

Mouthparts 

21. Maxilla with strong, obvious teeth (0), with weak, rudimentary peg-like teeth (1), or with 

teeth absent (2). 



21 

 

 

22. Articulated maxillary tooth present (0) or absent (1). 

State 0 is an autapomorph for Peltonotus.  This character is only known for three other 

scarab genera (Diphucephala Dejean 1821, Telura Erichson 1842, Sericoides Guérin 

1839) all from the scarab subfamily Melolonthinae (Ahrens 2005). 

 

23. Maxilla with large, flat disc at apex (0) or without large flat disk (1). 

State 0 is an autapomorph for Aspidolea. 

  

24. Mentum apex without emargination (0), with shallow emargination, (not produced beyond 

insertion of labial palps) (1), or deeply incised, (produced beyond insertion of labial palps) (2). 

 

25. Surface of mentum (ventral view) furrowed in apicomedial third (0) or not furrowed (1). 

 

26. Surface of mentum (ventral view) with discal area raised (0) or not raised (1).  

 

27. Mandible at apex with teeth or lobes (0) or without teeth or lobes (1). 

 

28 Mandible apex dorsally recurved (0), decurved (1), planar (2), curved laterally (3), curved 

medially (4). 

 In Cyclocephala weidneri, the mandibular apex is recurved and weakly produced 

 laterally.   It was scored as state 0. 
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Pronotum 

29. Male pronotum without horn/tubercle (0), with horn/tubercle at apicomedially (1), with three 

horns, apical median and lateral edges (2) or with two tubercles (slight) on apical border (3). 

 

30. Female pronotum without horn/tubercle (0), with horn/tubercle at apicomedially (1), or with 

two tubercles on apical border (2). 

 

31. Male pronotum without discal fovea (0), one fovae on each lateral 1/3 of pronotum (1), fovea 

at apical median (2), or two fovea on apical border (3). 

 

32. Female pronotum without discal fovea (0), one fovae on each lateral 1/3 of pronotum (1), or 

fovea at apical median (2). 

 

33. Apex of pronotum projecting forward at middle (0) or not projecting forward (1). 

 

34. Apical pronotal membrane not visable (0), visable, but not projecting forward at middle (1), 

or visable and projecting forward at middle (2). 

 

35. Apical border of pronotum (male) with bead complete (0), with tubercle or horn at middle 

obscuring observation (1), or incomplete at middle (2). 

 State 1 occurred in Strategus aloeus and both species of Tomarus. 
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36. Apical border of pronotum (female) complete (0), with tubercle or horn at middle obscuring 

observation (1), or incomplete at middle (2). 

 State 1 occurred in both species of Tomarus. 

 

37. Basal border of pronotum (male) with bead complete (0), incomplete at middle (1), or absent 

(2). 

 

38. Basal border of pronotum (female) complete (0), incomplete at middle (1), or absent (2). 

 

Appendages 

39. Male foreclaw enlarged (noticeably swollen, more so than meso- and metaclaws) (0) or not 

enlarged (1). 

 

40. Male foreclaw not incised at apex (0) or incised (1). 

 

41. Male foreclaw gently curved with a greater than 90° angle (Figure 4a) (1), curved or bent at 

between a 90-45° angle (Figures 4b-c) (1), or drastically bent at less than a 45° angle (2). 

 

42. Male anterior unguitractor plate of foreclaw with two setae (0), one seta (1), four setae (2), or 

more than 4 setae (3). 
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Figure 4. Enlarged male foreclaw gently curved with conical unguitractor plate (a) claw bent at 90° angle with 

cylindrical unguitractor plate (b), and claw drastically bent with dorsoventrally flattened unguitractor plate (c). 

 

 

43. Female anterior unguitractor plate with two setae (0), one seta (1), four setae (2), or more 

than 4 setae (3). 

 Character states differ in the males and females of Dyscinetus picipes, D. rugifrons 

 and both species of Surutu. 

 

44. Shape of male anterior unguitractor plate of foreclaw conical to cylindrical (Figure 4a-b) (0) 

or dorsoventrally flattened (Figure 4c) (1). 

  

45. Shape of female anterior unguitractor plate of foreclaw conical to cylindrical (0) or 

dorsoventrally flattened (1). 

 Character states differ in the males and females in all five species of Ancognatha, 

 Cyclocephala carbonaria, and C. nigerrima. 

 

46. Male anterior unguitractor plate of foreclaw long, exposed beyond apex of tarsomere 5 (0) or 

short, hidden, not exposed beyond apex of tarsomere five (1). 
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47. Female anterior unguitractor plate of foreclaw long, exposed beyond apex of tarsomere 5 (0) 

or short, hidden, not exposed beyond apex of tarsomere five (1). 

 Character states differ in the males and females in all five species of Cyclocephala 

 complanata, Eriocelis columbica, Peltonotus  malayensis, Stenocrates laborator, 

 Oryctomorphus bimaculatus,  and Xyloryctes jamaicensis. 

 

48. First tarsus of hind leg cylindrical (0), subtriangular to triangular (1), or subrectangular to 

rectangular (2). 

 

49. Second tarsomere of metatarsus cylindrical (0) or subtriangular to triangular (1). 

 

50. First and second tarsomeres of metatarsus subequal in length (0) or first tarsomere at least 

twice as long as second
 
(1). 

 

51. Male protibia strongly curved (Figure 5b) (0) or “normal,” not curved (Figures a, c) (1). 

 State 0 is an autapomorph for Harposceles. 

 
Figure 5. Protibial spur (dorsal view) strongly decurved at apex (a), protiba strongly curved with protibial spur fused 

and tooth near base (b) and protibial spur straight (c).  
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52. Male protibia with tooth near base (Figure 5b) (0), or tooth lacking (Figures a, c) (1). 

State 0 is an autapomorph for Harposceles. 

 

53. Males with protibial apical spur fused with tibia (Figure 5b) (0) or not fused (Figures 5a, c) 

(1). 

 State 0 is an autapomorph for Harposceles.  

 

54. Male protibial apical spur straight or only slightly decurved at apex (Figures 5b, c) (0) or 

strongly decurved at apex (Figure 5a) (1).  

 

55. Male protibia with external margin bidentate, no indication of 3rd tooth (0), bidentate with 

third tooth greatly reduced (1), tridentate (2), or quadridentate (4). 

 

56. Female protibia with external margin bidentate (0), tridentate (1), or quadridentate (2). 

 

57. Male with velveteen setae on external margin of protibia present (0) or absent (1). 

 State 0 is an autapomorph for Peltonotus. 

 

58. Male with anteriorly projecting protrochanter spine present (0) or absent (1). 

 State 0 is an autapomorph for Harposceles. 
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Venter 

59. Prosternal process well developed, projecting to level of coxa (0), moderately developed, 

projecting to middle of coxa, but below level of coxa (1), poorly developed, projecting less 

below middle of coxa (2), or lacking (3). 

 

60. Prosternal process columnar and basally elevated (0), columnar and not basally elevated rim 

(1), conical to triangular (2), disk-like (3), or lacking (4). 

 

61. Prosternal process at apex with “button” that does not touch perimeter (0), with “button” that 

reaches perimeter (1), without “button” (2), or process absent (3). 

 

62. Mesocoxae widely separated (0) or narrowly separated, nearly contiguous (1). 

Abdomen 

63. Propygidium “normal,” not elongated (0) or greatly elongated (1). 

 State 1 is an autapomorph for Chalepides. The propygidium is so elongated that it 

 apparently reduces the length of the pygidium. 

 

64. Male propygidium with long, dense setae (0), with short, dense setae creating a soft “brush” 

of hair (1), or with setae sparse (2). 

 Dense is defined as punctures separated by 1-2 puncture widths. 

  

65. Female propygidium with long, dense setae (0), with short, dense setae creating a soft 

“brush” of hair (1), or with setae sparse (2). 
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66. Last abdominal sternite of males emarginate (0), bi-emarginate (1), or without emargination 

(2). 

 State 1 is an autapomorph for Erioscelis.  

 

67. Last abdominal sternite of females without emargination (0) or emarginate (1). 

 State 1 is an autapomorph for Arriguttia. 

 

Elytra 

68. Elytra with distinct, paired rows of striate punctures (0) or without distinct, paired rows of 

striate punctures (1). 

 

Epipleuron 

69. Female epipleuron “normal,” without modification (0), dilated at or anterior to sternites 1-2 

(1), dilated at or posterior sternites 3-4 (2). 

 

70. Female epipleuron without tooth (0), with tooth at or anterior to sternites 1-2 (1), at or 

posterior to sternites 3-4 (2). 

 

Male Genitalia 

71. Parameres symmetrical (0) or asymmetrical (1). 
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72. Internal sac with cork screw-like sclerites present (0) or absent (1). 

This character (state 0) is present only in two species of Peltonotus, P. morio and P. 

nasutus.  

 

73. Spiculum gastrale with apodeme absent (Figure 6a) (0), only a minor nub (Figure 6b) (1), 

short, subequal in length or shorter than branches (Figure 6c) (2), or long, longer than branches 

(Figure 6d) (3). 

 
Figure 6. Spiculum gastrale with apodeme absent (a), only a minor nub (b), short (c), and long (d).  

 

 

Wings 

74. Anterior edge mediad of apical hinge with two or more rows of pegs in at least some places 

along length (0), with a consistent row of pegs, but no more than one row along length (1) with 

pegs, but without a consistent row (sparse) throughout length (2), or without pegs (3). 

 

75. Anterior edge from base to apical hinge with setae present (0) or absent (1). 

 Most setae are found near the fold. 

 

76. Anterior edge from apical hinge to apex with setae present (0) or absent (1). 
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77. Wing vein AA1+2 long, greater than half AA3+4 (0), short, less than half AA3+4 (1), very 

long, longer than AA3+4 (2), merges with CuA (3), or absent (4). 

 

 

Phylogenetic Analysis 

 

The heuristic search yielded 1806 equally parsimonious trees of 481 steps with a 

consistency index (CI)=0.2744, a homoplasy index (HI)=0.7256, a retention index (RI)=0.5993, 

and a rescaled consistency index (RC)=0.1645.  Strict consensus of these trees was highly 

unresolved.  Thus, successive reweighting was employed to examine relationships.  Following 

character reweight and the subsequent heuristic search, three trees were found.  Stability was 

reached after three iterations.  These three trees only differed in the hypothesized relationships in 

the clade that included Cyclocephala aequatoria, C. amazona, Mimeoma acuta, and M. 

signatoides (Figure 7: 79.16 steps, CI=0.5189, HI=0.4811, RI=0.7307, and RC=0.3791). 

Bootstrap analysis of these three trees provided poor support for most clades (Figure 8) 

but provided strong support (74%) for the clade that includes outgroup species from the genera 

Neohyphus and Parapucaya and excludes current cyclocephaline genera Eriocelis and 

Stenocrates.  This clade is supported by the morphological characters the male foreclaw enlarged 

and with a drastic bend.  For the following discussion, this clade is referred to as the newly 

defined cyclocephaline clade. 

 Support was given at the generic level to Stenocrates (96%; the clade formed by 

Stenocrates and Eutheola humilis was basal to the other outgroup clade), Erioscelis (64%), 

Peltonotus (100%), Dyscinetus (82%), Chalepides (98%), Surutu (100%; a Harposceles/Surutu 

clade received 74% support), Aspidolea (62%), and Parapucaya (100%; a clade with 
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Parapucaya and Cyclocephala melanocephala received 71% support).  In addition, 68% support 

is given to a clade which includes Acrobolbia, Aspidolea, Cyclocephala porioni. 

 

Discussion of Major Clades and Genera 

Stenocrates Burmeister, 1847 (Dynastinae: tribe insetae sedis) 

 The three species of Stenocrates used in the analysis formed a monopyletic clade 

receiving 96% bootstrap support and are supported by characters six characters (Figure 9): 1) 

male interocular width between 2.0 and 3.9 transverse eye diameters, 2) male eye canthus 

cariniform, 3) surface of mentum (ventral view) with discal area raised, 4 and 5) apical border of 

the pronotum incomplete at middle in both males and females, and 6) wing vein AA1+2 long.  

The relationship between S. bicarinatus and S. omissus also received 91% bootstrap support.  

However, this genus, which has been included in the Cyclocephalini, is not part of the newly 

defined cyclocephaline clade.  Instead, it is most closely related to Eutheola humilis of the 

dynastine tribe Pentodontini.  The clade formed by E. humilis and Stenocrates is basal to the 

dynastine outgroup clade and clearly not a member of the newly defined Cyclocephalini. 

 

Erioscelis Burmeister, 1847 (Dynastinae: tribe insertae sedis) 

 The two species of Eroscelis included in the study are monophyletic with bootstrap 

support of 64%.  Two characters (elytra without distinct, paired rows of striate punctures and 

basal pronotal bead not complete [incomplete in E. columbica, absent in E. emarginata ]) 

separate this genus from the other outgroup clades.  However, Erioscelis is also not part of the 

newly defined cyclocephaline clade, as it lacks the enlarged claw that supports that clade.  The 

genus is supported by four characters (Figure 9): 1) mandible apex decurved, 2) prosternal 
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process moderately developed, 3) prosternal process conical to triangular, and 4) last abdominal 

sternite of males bi-emarginate.  The last of these is an autapomorph for the species examined.  

Based on this analysis, this genus appears to be sister to the Cyclocephalini. 

 

Cyclocephalini Laporte, 1840 (Dynastinae) 

 As redefined here, the tribe Cyclocephalini is monophyletic.  The newly defined 

Cyclocephalini is a stepped grade of lineages with the genera Peltonotus and Neohypus at the 

base and an apical clade (redefined here as the Cyclocephala clade) that includes Cyclocephala, 

Mimeoma, Arriguttia, Aspidolea, and Acrobolbia.  This new Cyclocephalini clade is supported 

by two characters which are: 1) male foreclaw enlarged and 2) male foreclaw drastically bent to 

an angle of less than 45° (Figure 9).  Although neither character alone is unique to 

Cyclocephalini, it is the combination of the two that binds the tribe together.  The genera 

Stenocrates and Erioscelis both fell outside of the newly defined Cyclocephalini.  Neither of 

these genera has enlarged claws.  The genus Neohyphus has both the enlarged foreclaw and the 

drastically bent claw, and it is supported as a member of the clade.  The genus Parapucaya, 

which is supported as a member of the clade, has the enlarged foreclaw but does not have the 

drastic bend.  P. nodicollis has a bend between 90-45°, and P. amazonica has a claw gently 

curved at an angle greater than 90°. 
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Figure 7. One of three trees generated after successive reweight based on rescaled consistency index (RC).  Trees 

only differ in hypothesized relationships in the clade that includes Cyclocephala aequatoria, C. amazona, Mimeoma 

acuta, and M. signatoides.  An asterisk (*) indicates the type species for a cyclocephaline genera.  In parentheses of 

outgroup species SUBFAMILY:Tribe.  Abreviations: RUT=Rutelinae, DYN=DYNASTINAE, An=Anomalini, 

Ru=Rutelini, Pent=Pentodontini, Ory1=Oryctini, and Ory2=Oryctoderini. 
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Figure 8. Bootstrap 50% majority-rule consensus tree indicating the newly defined Cyclocephalini clade.  An 

asterisk (*) indicates the type species for a cyclocephaline genera.  In parentheses of outgroup species 

SUBFAMILY:Tribe.  Abreviations: RUT=Rutelinae, DYN=DYNASTINAE, An=Anomalini, Ru=Rutelini, 

Pent=Pentodontini, Ory1=Oryctini, and Ory2=Oryctoderini.
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Figure 9. Tree from Figure 7 modified with nodes showing bootstrap support above nodes and character trace of major clades below and indicating major clades.  

Shaded boxes show polyphyly within the genus Cyclocephala.  An asterisk (*) indicates the type species for a cyclocephaline genera.  In parentheses of outgroup 

species SUBFAMILY:Tribe.  Abreviations: RUT=Rutelinae, DYN=DYNASTINAE, An=Anomalini, Ru=Rutelini, Pent=Pentodontini, Ory1=Oryctini, and 

Ory2=Oryctoderini. 
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Peltonotus Burmeister, 1847 (Dynastinae: Cyclocephalini) 

 The three species of Peltonotus included in study are monophyletic with 100% bootstrap 

support and supported by eight characters (Figure 9): 1) labrum (dorsal view) extended beyond 

apex of clypeus, 2) frontoclypeal suture incomplete at middle, 3) articulated maxillary tooth 

present, 4) male protibial apical spur strongly decurved at apex, 5) male with velveteen setae on 

external margin of protibia, 6) prosternal process poorly developed, 7) prosternal process disk-

like, and 8) female epipleuron with tooth at or anterior to sternites 1-2.  The first character is 

typically thought of as a “ruteline” character (Casey 1915) and is an autapomorph among 

Cyclocephalini. The third and fifth characters are autapomorphs among taxa examined.  The 

relationship between P. morio and nasutus received 86% bootstrap support.  Peltonotus is the 

most basal genus within the Cyclocephalini clade as defined herein. 

 

Neohyphus Heller, 1896 (Dynastinae: Cyclocephalini) 

 Only one species of Neohyphus was included in the study as part of the outgroup from the 

tribe Oryctoderini.  However, based on the results of the analyses, it is a member of the 

Cyclocephalini clade (Figure 9).  Neohyphus has a foreclaw that is enlarged and bent, the two 

characters that define the new Cyclocephalini.  

 

Dyscinetus Harold, 1869 (Dynastinae: Cyclocephalini) 

 The three Dyscinetus species examined formed a monophyletic clade with 82% boostrap 

support and supported by four characters (Figure 9): 1) eye canthus without setae 2 and 3) 

propygidium with short, dense setae in both males and females, and 4) elytra with distinct, paired 

rows of striate punctures. 
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Chalepides Casey, 1915 (Dynastinae: Cyclocephalini) 

 The two Chalepides species studied formed a monophyletic clade receiving 98% 

bootstrap support and five characters (Figure 9): 1) body noticeably tapered at both ends, 2) 

clypeal apex (apical ¼) emarginate, 3) male proclaw not incised at apex, 4) propygidium greatly 

elongated, and 5) male propygidium with long, dense setae.  The first, fourth, and fifth characters 

are autapomorphs for Chalepides among the examined taxa. 

 

Ancognatha Erichson, 1847 (Dynastinae: Cyclocephalini) 

 The eight species of Ancognatha included in the study form a monophyletic clade.  The 

clade is supported by two characters, but it is without bootstrap support above 50% (Figure 9).  

The two characters that support the clade are: 1) frontoclypeal suture incomplete at middle and 

2) maxilla with rudimentary, peg-like teeth. 

 

Parapucaya Prell, 1934 (Dynastinae: Cyclocephalini) 

 Because of affinities with Cyclocephala, both species of Parapucaya were included in 

the study as outgroup species from the tribe Pentodontini.  The genus received 100% bootstrap 

support, but is without any specific characters supporting it (Figure 9).  The genus is sister to 

Cyclocephala melanocephala.  The clade formed by these three species has 71% bootstrap 

support and is also supported by two characters: 1) clypeal apex truncate and 2) male anterior 

claw curved or bent at a 90-45° angle. 
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Augoderia Burmeister, 1847 (Dynastinae: Cyclocephalini) 

 One of the three species of Augoderia was included in the study.  It is the basal member 

of a clade that includes Ruteloryctes, Harposceles, and Surutu (Figure 9).  Although bootstrap 

support for this clade was below 50%, it is supported by one character: wing vein AA1+2 short.    

 

Ruteloryctes Arrow, 1908 (Dynastinae: Cyclocephalini) 

 One of the two Ruteloryctes species was included in the analysis.  It is also part of a clade 

that includes Augoderia, Harposceles, and Surutu (Figure 9).  Although bootstrap support for 

this clade was below 50%, it is supported by one character: wing vein AA1+2 short. 

 

Harposceles Burmeister, 1847 (Dynastinae: Cyclocephalini) 

 Harposceles is a monotypic genus.  It is part of a larger clade that includes Augoderia, 

Ruteloryctes, and Surutu, but also forms a smaller clade with Surutu (Figure 9) and is the sister 

genus to Surutu.  The larger clade is without bootstrap support, but is supported by the short 

AA1+2 wing vein character.  The smaller Harposceles/Surutu clade received 74% bootstrap 

support and is also supported by six characters: 1) body length greater than 30 mm, 2) body 

stongly dorsoventrally flattened, 3) frontoclypeal suture incomplete at middle, 4) prosternal 

process without “button,” 5) mesocoxae narrowly separated, and 6) elytra with distinct, paired 

rows of striate.   

 

Surutu Martinez, 1955 (Dynastinae: Cyclocephalini) 

 The two species of Surutu included in the study are apical members of a clade that 

includes Augoderia, Ruteloryctes, and Harposceles.  This larger clade is without bootstrap 
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support, but is supported by a short AA1+2 wing vein character.  Within this larger clade is a 

smaller clade formed by Harposceles and Surutu with 74% booststrap support (see Harposceles 

description for characters that support this clade) showing Harposceles to be the sister genus to 

Surutu.  The two Surutu species form a clade with 100% bootstrap support and are supported by 

four characters (Figure 9): 1) male unguitractor plate with more than four setae, 2) male 

unguitractor plate dorsoventrally flattened, 3) prosternal process conical to triangular, and 4) 

anterior edge before apical hinge with pegs, but sparse throughout length. 

 

Cyclocephala Dejean, 1821 (Dynastinae: Cyclocephalini) 

 Cyclocephala is the type genus for the tribe Cyclocephalini.  However, the genus is non-

monophyletic (Figure 9).  Inclusion of several genera within the Cyclocephala clade renders it 

paraphyletic.  Of the 20 species of Cyclocephala included in the analysis, two are not part of the 

new Cyclocephala clade: C. melanocephala (related to Parapucaya), and C. carbonaria (sister to 

Ancognatha).  This Cyclocephala clade, as determined by this study, is without bootstrap support 

above 50% and is only supported by one character: anterior edge of apical hinge on wing with 

two or more rows of pegs in at least some places along length.  There are two sub-clades within 

the Cyclocephala clade (hereafter referred to as sub-clades 1 and 2).  Cyclocephala sub-clade 1 is 

supported by the character “prosternal process well developed” and is a stepped grade that 

includes the taxa C. concolor, C. castaniella, Arrigutia brevissima, C. complanata, C. mutata, C. 

latericia, C. stictica, C. aequatoria, C. amazona, Mimeoma acuta and M. signatoides.  The latter 

six species are in a clade that received 62% bootstrap support and the latter five 52%.  

Cyclocephala sub-clade 2 is supported by two characters: 1) clypeal apex (apical ¼) broadly 

parabolic and 2) basal border of male pronotum with bead absent.  This clade includes 
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C.lunulata, C. weidneri, C. fulgurata, C. confusa, C. mafaffa, C. nigerrima, C. deceptor, and C. 

porioni as well as Acrobolbia macrophylla, Aspidolea fuliginea, A. notaticollis, and A. 

singularis.  Sub-clade 2 includes several smaller clades: one clade that includes Cyclocephala 

lunulata, C. weidneri, and C. fulgurata; another that includes C. mafaffa, C. nigerrima, and C. 

deceptor; and a third clade that includes Acrobolbia macrophylla, C. porioni, and the three 

Aspidolea species.  This last clade from sub-clade 2 received 68% bootstrap support. 

 

Arriguttia Martinez, 1960 (Dynastinae: Cyclocephalini) 

 Only one of the two species of Arriguttia was included in the study.  It is a member of 

Cyclocephala sub-clade 1 (see Cyclocephala description). 

 

Mimeoma Casey, 1915 (Dynastinae: Cyclocephalini) 

 The two species of Mimeoma included in the study form a monophyletic clade but 

without bootstrap support above 50% (Figure 9).  This clade is deep within the Cyclocephala 

sub-clade 1 (see Cyclocephala description).  The Mimeoma species are supported by two 

characters: 1) clypeal apex (apical ¼) acute and 2) prosternal process poorly developed. 

 

Acrobolbia Ohaus, 1912 (Dynastinae: Cyclocephalini) 

 Acrobolbia is a monotypic species.  It is a member of Cyclocephala sub-clade 2 and is 

basal in a smaller clade with Cyclocephala porioni and Aspidolea (see Cyclocephala description) 

which received 68% bootstrap support (Figure 9). 
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Aspidolea Bates, 1888 (Dynastinae: Cyclocephalini) 

 The three species of Aspidolea included in the study formed a monophyletic clade with 

62% bootstrap support and supported by two characters (Figure 9): 1) maxilla with large, flat 

disk at apex and 2) bead at basal border of male pronotum incomplete at middle.  The first 

character is an autapomorph for Aspidolea among examined taxa.  The relationship between A. 

singularis and A. notaticollis received 55% bootstrap support.  Aspidolea is a member of 

Cyclocephala sub-clade 2 (see Cyclocephala description) and is apical in a smaller clade with 

Acrobolbia macrophylla and Cyclocephala porioni. 
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DISCUSSION 

 

 

Results provide evidence that Cyclocephalini, as previously recognized, is not 

monophyletic.  The clades that include Stenocrates and Erioscelis, both genera that have been 

included in the tribe, are not part of the newly defined Cyclocephalini clade (Appendix C, Figure 

C.2).  Stenocrates, in fact, is basal to other dynastine outgroups from the tribes Oryctini and 

Pentodontini.  Two other genera, Neohyphus and Parapucaya, are from the tribes Oryctoderini 

and Pentodontini (respectively) and were included in the study as part of the outgroup but are 

supported as members of the newly defined Cyclocephalini.  These two genera were included in 

the study partially because they share many similar characteristics (i.e., enlarged male foreclaw) 

with cyclocephalines and as a way of testing monophyly of the tribe.  Because these analyses 

were based only on exemplar taxa, phylogenetic relationships among all taxa is not conclusive.  

As a means of providing a foundation for further research, relationship discussion is based on the 

successive weighting tree (Figure 7). 

The tribe Cyclocephalini sensu Smith (2006) (Appendix C, Figure C.1) is rendered 

polyphyletic based on these analyses exclusion of the Stenocrates and Erioscelis clades and the 

inclusion of Neohypus (previously Oryctoderini) and Parapucaya (previously Pentodontini).  In 

order to create a classification that is logically consistent with the phylogeny, Stenocrates and 

Erioscelis should both be removed from the tribe.  Due to its relationship with Euetheola 

humilis, Stenocrates would likely be transferred to the tribe Pentodontini.  However, though this 

study did not address monophyly in Pentodontini, results indicate that this tribe may also be non-

monophyletic.  Erioscelis is sister to the newly defined cyclocephaline clade, but its relationship 

with the clade is not strongly supported.  Based on its lack of enlarged male foreclaw and lack of 
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bootstrap support, it is not included here in the Cyclocephalini clade.  Both species of 

Parapucaya were included in this study, and there is good support for placement of this genus in 

the newly defined Cyclocephalini.  Its relationship with Cyclocephala melanocephala brings up 

the need for reexamination of the generic description of Parapucaya to possibly include C. 

melanocephala and similar Cyclocephala species not included in this study (e.g., C. 

macrophylla).  Only one of the three species of Neohyphus (N. celebesus) was included in this 

study, but its placement in the newly defined Cyclocephalini is supported as a basal lineage 

within the clade. 

There is good support for the monophyly of the cyclocephaline genera Peltonotus, 

Dyscinetus, and Chalepides.  Ancognatha appears to be monophyletic, but this study does not 

provide robust support needed to substantiate that hypothesis.  Surutu has good support as a 

genus, but it could also be argued that there is support for including Harposceles in Surutu.  

 Based on results of these analyses, Cyclocephala is clearly non-monophyletic.  Two 

Cyclocephala species examined are not part of the Cyclocephala clade.  One of these species, C. 

melanocephala, is sister to Parapucaya and should potentially be transferred to that genus.  The 

other, C. carbonaria, is basal to the Ancognatha clade and is not related to other Cyclocephala 

species.   Because this study examined only 20 out of the 339 currently described species of 

Cyclocephala, there are likely other species that have questionable relationships. 

Results also provide evidence that there are four genera that render Cyclocephala 

polyphyletic: Arriguttia, Mimeoma, Acrobolbia, and Aspidolea.  The Cyclocephala clade is 

formed by two sub-clades.  Sub-clade 1 (Appendix C, Figure C.3) includes Arriguttia and 

Mimeoma among the many Cyclocephala species.  Sub-clade 2 (Appendix C, Figure C.4) is 

formed by several smaller clades: a “C. lunulata” clade that includes the three species with a “C. 
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lunulata-type” elytral pattern (C. lunulata, C. fulgurata, and C. weidneri); a “C. mafaffa” clade 

which includes three larger Cyclocephala species (C. mafaffa, C nigerrima, and C. deceptor); 

and an “Aspidolea” clade which included the three Aspidolea species as well as C. porioni and 

Acrobolbia macrophylla. 

It is unclear how to address classification of the four non-Cyclocephala genera that this 

study supports as part of the Cyclocephala clade and may be derived Cyclocephala.  

Synonomizing Arriguttia, Mimeoma, Acrobolbia, and Aspidolea is an option but is likely 

premature at this time.  There is also the possibility of dividing Cyclocephala into divisions or 

sub-genera based on the appearance of the two sub-clades.  Clearly Cyclocephala and the other 

genera this research demonstrates as being members of the Cyclocephala clade, require more 

study. 

While most cyclocephalines have a New World distribution (as mentioned in the 

introduction, Cyclocephalini is traditionally thought of as a New World clade), it is interesting 

that two most basal lineages within the newly defined cyclocephaline clade, Peltonotus and 

Neohyphus, are both distributed in Asia.  The only other Old World representative is 

Ruteloryctes from western Africa.  The classification of Peltonotus in Cyclocephalini is very 

recent (Smith 2006) and Neohyphus has not been associated with the tribe until this publication.  

It is possible that there are other Asian or Old World taxa that could belong in Cyclocephalini, 

but are placed in other tribes based partly on their Old World distribution. 

Moore (2011) compiled a list of cyclocephaline pollinators and their plant associations.  

According to this research, there is evidence that Erioscelis, which this study indicates is the 

sister group to Cyclocephalini, is a “pollen robber” (Goldwasser 1987, Ratcliffe 2003, Ratcliffe 

and Cave 2006).  It enters flowers to feed, but does not participate as a pollinator.  All 
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cyclocephaline genera (as defined by this research) mentioned in his study (Moore 2011) act as 

pollinators with records for Peltonotus, Chalepides, Ruteloryctes, Augoderia, Cyclocephala, 

Mimeoma, Arriguttia, and Aspidolea (note there were no records for Stenocrates which this 

study shows to not be a member of Cyclocephalini).  Though there are some conflicting reports 

regarding Erioscelis’ (Gottsberger and Silberbauer-Gottsberger 1991), this could indicate that 

“pollen robbing” is an ancestral state whereas pollination is a derived cyclocephaline state.  It 

could also indicate that the enlarged male foreclaw could, in some way, be related to the beetles’ 

pollination behavior. 

In addition, the cyclocephaline clade is closely associated with basal angiosperm families 

that are thermogenic (produce heat); Magnoliaceae, Annonaceae, Araceae, and Arecaceae 

(Moore 2011).  Clades that are basal to Erioscelis and the Cyclocephalini clade are not closely 

associated as pollinators. 

 While this study has helped resolve some of the taxonomic issues within Cyclocephalini, 

further examination and analysis will be needed before complete monophyly can be determined.  

In most cases of this study, only a small number of specimens (1-5) were available for 

examination.  This was particularly troublesome when dealing with sex-based characters.  As 

was often the case, even when several specimens of a species were available, only one or two of 

a particular sex could be examined.  This may have led to some error in understanding the 

variability of a character within a species.  It also caused some characters for a few species to not 

be scored (i.e., female characters is species where no female was available or the spiculum 

gastrale in species where it was not retrieved in the only male specimen).  There are surely more, 

and perhaps better, characters that can be found on further examination of the beetles.  Including 

more or different species from each genus might also help to clarify evolutionary relationships.  
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Molecular data, in combination with the morphological data, would also help bring greater 

resolution to relationships within the Cyclocephalini. 

 The stated goal of this research was to conduct a thorough phylogenetic analysis of the 

Cyclocephalini to establish a framework within which evolutionary relationships relating to 

behavior patterns (e.g., pollination) and biogeography can be better interpreted.  Though further 

research may reveal new relationships, a framework from which to base further studies has now 

been set forth.  In fact, this study helps resolve and focus areas that need more taxonomic study 

such as the genus Cyclocephala.  In addition, interesting biogeography relationships can already 

be seen with the basal lineages of Cyclocephalini senso novo being distributed only in Asia, 

while the rest, with the exception of Ruteloryctes, are strictly located in the New World.  Also, in 

conjunction with other research (Moore 2011), interesting evolutionary pollination patterns can 

begin to be recognized.  This study should provide the framework necessary to expand research 

in a variety of areas relating to this interesting group of beetles. 
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APPENDIX A 

 

 

PRELIMINARY, UNPUBLISHED CLADISTICAL ANALYSIS OF THE TRIBE 

CYCLOCEPHALINI (COLEOPTERA: SCARABAEIDAE: DYNASTINAE) CONDUCTED 

BY BRETT C. RATCLIFFE (1980) 

 
Table A.1 Cyclocephalini character states and consistency ratio. 

        

 

 

   

 

 

 

 

 

 

 

 

Table A.2 Cyclocephalini data matrix using 17 characters. 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Augoderia 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 

Ruteloryctes 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 

Chalepides 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 2 0 

Aspidolea 0 0 2 0 1 0 0 0 0 1 0 0 0 0 0 2 0 

Dyscinetus 0 0 1 0 1 0 0 0 0 2 0 0 0 0 0 2 0 

Stenocrates 0 0 1 0 0 0 0 0 0 2 1 0 0 0 0 2 0 

Erioscelis 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 1 0 

Coscinocephalus 0 0 1 2 0 0 0 0 0 2 0 0 0 1 1 1 0 

Arriguttia 0 0 1 0 1 0 0 1 1 1 0 0 0 0 0 1 1 

Cyclocephala 1 0 0 1 1 0 0 1 1 1 0 0 1 0 1 1 0 

Ancognatha 1 0 1 0 1 0 0 0 1 1 1 0 0 0 2 1 0 

Mimeoma 1 0 2 0 1 0 0 2 1 1 0 0 0 0 0 1 0 

Harposceles 0 1 1 2 1 1 1 2 0 2 1 0 0 0 2 1 0 

Surutu 0 1 2 0 1 0 0 2 2 2 0 0 0 0 2 1 0 

# Character Plesiomorphic Apomorphic Consistency Ratio 

1 Color Pattern None Present 0.33 

2 Body Convexity Convex Flattened 1.00 

3 Clypeal Shape Parabolic Otherwise Formed 0.40 

4 Antennal Club Length Short Long 0.40 

5 Size of Fortarsus Simple Enlarged 0.50 

6 Shape of Foretibia Simple Curved Strongly 1.00 

7 Form of Fortibial Base No Tooth Tooth 1.00 

8 Prosternal Peg Long Short 0.50 

9 Posterior Angle of Elytra Simple Enlarged 0.50 

10 Elytral Surface Roughened Punctate/Striate 0.67 

11 Frontal Suture Simple Tuberculate 0.33 

12 Pygidial Length Normal Short 1.00 

13 Dorsal Setae Absent Present 1.00 

14 Apex of Posterior Tibia Not Spinose Spinose 1.00 

15 Size Small Large 0.40 

16 Form of Parameres Simple Complex 0.50 

17 Body Shape Oblong Broadly Oval 1.00 
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Figure A.1 Cladogram of Cyclocephalini 
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APPENDIX B 

PART OF A PRELIMINARY, UNPUBLISHED STUDY OF THE SUPERFAMILY SCARABAEOIDEA USING THE 28S rDNA 

D2-D3 and 18S GENE REGIONS CONDUCTED BY “TEAM SCARAB” AT THE UNIVERSITY OF NEBRASKA STATE 

MUSEUM (2006) 

 

Figure B.1 Section of Scarabaeoidea phylogeny that includes genera from the tribe Cyclocephalini.
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APPENDIX C 

 

 

FIGURES  DEPICTING THE DIVERSITY OF CYCLOCEPHALINI SENSU SMITH (2006), THE NEWLY DEFINED 

CYCLOCEPHALINI, AND THE GENUS CYCLOCEPHALA 

 

 
 

Figure C.1 Generic exemplars for Cyclocephalini sensu Smith (2006).  From left to right: (Top) Acrobolbia macrophylla Ohaus, Ancognatha scarabaeodes 

Erichson, Arriguttia brevissima (Arrow), Aspidolea singularis Bates, Augoderia nitidula Burmeister, (Middle) Chalepides barbatus (Faricius), Cyclocephala 

amazona (Linnaeus), Dyscinetus dubius (Oliver), Erioscelis comlumbica Endrödi, Harposceles paradoxus Burmeister, (Bottom) Mimeoma acuta (Arrow), 

Peltonotus morio Burmeister, Ruteloryctes morio (Fabricius), Stenocrates laborator Fabricius, Surutu dytiscoides Martinez.
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Figure C.2 Generic exemplars of the newly defined Cyclocephalini.  From left to right: (Top) Acrobolbia macrophylla Ohaus, Ancognatha scarabaeodes 

Erichson, Arriguttia brevissima (Arrow), Aspidolea singularis Bates, Augoderia nitidula Burmeister, (Middle) Chalepides barbatus (Faricius), Cyclocephala 

amazona (Linnaeus), Dyscinetus dubius (Oliver), Harposceles paradoxus Burmeister, Mimeoma acuta (Arrow), (Bottom) Neohyphus celebesus Heller, 

Parapucaya amazonica Prell, Peltonotus morio Burmeister, Ruteloryctes morio (Fabricius), Surutu dytiscoides Martinez. 
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Figure C.3 Cyclocephala sub-clade 1 of the newly defined Cyclocephalini in order from basal to apical.  From left to right (Top) Cyclocephala concolor 

Burmeister, C. castaniella Bates, Arriguttia brevissima (Arrow), Cyclocephala complanata Burmeister, (Middle) C. mutata Harold, C. latericia Höhne, C. stitica 

Burmeister, (Bottom) C. aequetoria Endrödi, C. amazona (Linnaeus), Mimeoma signatoides (Höhne), M. acuta (Arrow). 
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Figure C.4 Cyclocephala sub-clade 2 of the newly defined Cyclocephalini in order from basal to apical.  From left to right (Top) “C. lunulata” clade: 

Cyclocephala lunulata Burmeister, C. weidneri Endrödi, and C. fulgurata Burmesiter; (2
nd

 row) C. confusa Endrödi; (3
rd

 row) “C. maffafa” clade: C. maffafa 

Burmeister, C. nigerrima Bates, and C. deceptor (Casey); (Bottom) “Aspidolea” clade: Acrobolbia macrophylla Ohaus, Cyclocephala porioni Dechambre, 

Aspidolea fulginea (Burmeister), A. notaticollis Höhne, and Aspidolea singularis Bates. 
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