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TAXONOMIC CHARACTERS OF THE'GENUS OCHODAEUS SERVILLE
WITH DESCRIPTIONS OF TWO NEW SPECIES IN THE

0. PECTORALIS LECONTE SPECIES COMPLEX
(COLEOPTERA: SCARABAEIDAE)

INTRODUCTION

The genus Ochodaeus Serville is one of four genera included in

the subfamily Ochodaeinae. Arrow (1904) erected the subfamily

Ochodaeinae to include only the genus Ochodaeus. Chaetocanthus

Pe'ringuey and Synochodaeus Kolbe were subsequently included in

this subfamily by both Kolbe (1907) and Arrow (1912). The genus

Enodognathus Benderitter was described and placed in the same sub-

family by Benderitter (1920). Chaetocanthus and Synochodaeus are

known only from South Africa in the Ethiopian faunal region.

Enodognathus is known only from Madagascar in the Ethiopian

faunal region. Ochodaeus is known from all of the faunal regions

except the Australian region.

Approximately one half of the species of Ochodaeus occur in

the New World. Arrow (1912) listed sixty species under Ochodaeus

in the Ochodaeinae. Twenty of these were described from the United

States, ten from Mexico and Central America, and five from South

America. Synochodaeus, Chaetocanthus, and Enodognathus have one,

three, and four species respectively.

The species of Ochodaeus are distributed throughout North

America with the most species occurring in the southwestern
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United States and northern portions of Mexico. The number of species

declines in the north with only three species recorded from Canada.

These also are found in the United States. Only three species are

known from Oregon (Hatch, 1971), but none have been taken in large

numbets as is frequently true of southwestern species.

Previously only a few species were known to be common to the

United States and Mexico, however, after examining large numbers

of specimens from the southwestern United States and northern Mexico

it was apparent that many more species were common to both areas

than anticipated. For this reason, the political boundaries of the

United States often used in taxonomic studies were not acknowledged

in this study.

Literature Review

The literature pertinent to Ochodaeus is widely scattered.

Although a number of works have been published on New World spe-

cies, little has been written concerning the group since the early

1900's. The genus Ochodaeus was described by Serville in 1825

and the first Nearctic species was described by Say in 1835. The

initial synoptic work was published by Westwood (1852). In it, he

redescribed five Old World species and described two new species

from the Nearctic region. Several new species were described

before Le Conte (1868) published a synopsis of the United States
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species. He presented a diagnostic table to the ten known United

States species, six of which he described as new in that paper. The

next major work on the group was a revision of the United States

species by Horn (1876). He described one new species, placed two

of Le Conte's species in synonomy, and included a key to the nine

species.

Arrow (1904) described the position and morphology of the

stridulatory peg in Ochodaeus and compared it with the sound pro-

ducing organs of other Lamellicorn beetles. He observed that the

stridulatory peg in Ochodaeus differed in each species he examined,

and used this in the description of two new species. He also described

a pectinate mesotibial spur found in all Ochodaeus, which he suggested

was used to clean the stridulatory apparatus (Figure 15). According

to Arrow, these two characters separated Ochodaeus from other

Scarabaeidae. Using these characters he erected the subfamily

Ochodaeinae. Previously, Ochodaeus was placed in the family

Orphniidae.

A number of new Nearctic species were described before the

next major work on Ochodaeus was published by Fall (1909). This

work included the descriptions of two new species, as well as the

descriptions of all the previously described United States species.

Fall listed nineteen species from the United States and included a

synoptic table of these species which is the most complete and
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useful key to the United States species to date.

Arrow (1911) added five new species and presented a key to the

ten Mexican and Central American species, several of which extend

into the United States. In 1912, Arrow published a section of the

Coleopterorum Catalogus that included the subfamily Ochodaeinae.

This list is complete for the world and includes Chaetocanthus and

Synochodaeus. This work is extremely useful since it contains exten-

sive bibliographic citations at the generic and specific levels.

Only two papers dealing with New World species have appeared

since the Coleopterorum Catalogus. Brown (1930) synonomyzed

0. nimius Fall as the female of 0. gnatho Fall, and Howden (1968

described a new species, 0. lucinus Howden, from Canada and the

United States. Howden did not include a key in his publication. He

illustrated the salient characters, however, by which the new species

could be separated from those which it most closely resembles.

Little has been written concerning the biology or immature

stages of Ochodaeus. Arrow (1904) described the stridulatory appa-

ratus of the adults, and indicated that he had heard them stridulate.

Medvedev (1960) published a description of the larva of Ochodaeus

(Codocera) ferrugineus Eschscholtz, a palearctic species. However,

the larvae he described were apparently not reared or from associated

material.

The adults are not commonly found anwhere except at lights.



5

Robinson (1939) reported collecting several specimens of 0. musculus

Say in Pennsylvania by scratching away the leaf mold. Kirk (1969,

1970), in a list of the beetles of South Carolina, lists 0. musculus

Say as having been collected in "woods trash" and in a hollow tree.

He also lists the same species as having been collected from the soil

under leaves, with a ball of material buried about six inches deep.

Dr. M. A. Cazier (personal communication) dug up a specimen of

0. praesidii Bates in Cochise County, Arizona, while digging for

other insects.

The literature on Synochodaeus and Chaetocanthus consists of

only four publications. Kolbe (1907) erected the genus Synochodaeus

to contain S. modestus which he described at the same time. This

is the only species in Synochodaeus. P4ringuey (1901) erected the

genus Chaetocanthus to include C. insuetus which he described at the

same time. Two additional species which have been described in

this genus are C. bechuanus Pesringuey (1908) and C. suspectus Kolbe

(1908). Both Chaetocanthus and Synochodaeus were included in

Arrow's (1912) treatment of the subfamily Ochodaeinae in the

Coleopterum Catalogus.

The literature on Enodognathus consists of two publications.

Benderitter (1920) described the genus to contain E. gilleti Benderitter

which he described at the same time. Three additional species were

described by Paulian (1959).
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Status of the Subfamily Ochodaeinae
within the Scarabaeoidea

Several recent papers dealing with the relationships among the

groups of Scarabaeoidea have included comments regarding the place-

ment of the subfamily Ochodaeinae. Since Ochodaeus is most often

cited as the representative genus of this subfamily, the results of

these papers are included.

Ritcher (1969 a, b) examined the abdominal and thoracic spir-

acles of adults and placed the Ochodaeinae (Ochodaeus) among the

less specialized groups of Scarabaeoidea. He considered the sub-

family Pleocominae and the family Lucanidae as the least specialized

groups. He placed the Ochodaeinae along with the Passalidae,

Troginae, Geotrupinae, Taurocerastinae, Oncerinae, Acoma,

Podolasia, Glaphyrinae, Acanthocerinae, and Allidostominae, and

considered these the less specialized groups.

Holloway (1972), in summarizing the results of a study of the

female genitalia, states that the Ochodaeinae and Trogidae have a

lucanid type of female genitalia and suggests that the Ochodaeinae

(Ochodaeus) may be the most primitive surviving scarabaeoids.

Since the treatment of Ochodaeus at a higher categorical level

is beyond the scope of this study, no attempt is made here to evaluate

the results of these papers.
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Status of Ochodaeus within the
Subfamily Ochodaeinae

The characters cited below will distinguish Ochodaeus from

Chaetocanthus and Synochodaeus. The inner mesotibial spur in

Ochodaeus is pectinate, while in Synochodaeus the spur on both of

the meso- and metatibia is pectinate. In Chaetocanthus, both tibial

spurs on the meso- and metatibia are pectinate. In addition, the

spur on the fore tibia is also pectinate. The labrum is emarginate

in Ochodaeus, rounded in Synochodaeus, and transverse in Chaeto-

canthus . In Ochodaeus, all but two species (0. estriatus Schaeffer

and 0. mandibularis Linell) possess the stridulatory peg at the

lateral margins of the sixth sternite. Chaetocanthus lacks this

structure and the condition in Synochodaeus is undetermined since

material was not available for examination.

Normally Ochodaeus has ten-segmented antennae except 0.

mandibularis Linell in which the number is nine. Chaetocanthus is

characterized by PIringuey (1901) as having nine-segmented antennae.

The condition is undetermined in Synochodaeus since this information

was not included in the original description.

The elytra are longer and completely cover the apex of the

abdomen in Synochodaeus and Chaetocanthus. In Ochodaeus, the

elytra are shorter and expose the apex of the abdomen. The United

States species, 0. estriatus Schaeffer more closely resembles
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Chaetocanthus and Synochodaeus than Ochodaeus. In fact, when

this species was described, Schaeffer (1906) indicated some doubt as

to whether or not it actually belonged in Ochodaeus. Without further

examination of the other two genera, particularly Synochodaeus, it

is not possible to determine the correct placement of this species.

The genus Enodognathus appears to be more similar to

Ochodaeus than to Chaetocanthus or Synochodaeus. Specimens of

this genus were not available for examination. Therefore, the

following characters were taken from the generic description. The

labrum is apparently similar in shape to Ochodaeus except that it

is not emarginate anteriorly. No mention was made in the original

description of the number of antennal segments or of the stridulatory

peg. The elytra are short in this genus as in Ochodaeus. The nature

of the mesotibial spurs was not included in the description. In fact,

Benderitter states that the only specimen was defective, and that he

was unable to ascertain the nature of the mesotibial spurs.

Objectives of this Study and Rationale
for Selecting Taxonomic Characters

The main objectives of this study were as follows: First, to

investigate the genus Ochodaeus for taxonomic characters which

would be of use in redefining the species taxon and would be useful

in describing new species. Secondly, to determine if these
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characters are reliable and constant at the species level, and to

apply them to a group of species in order to work out the taxonomy

of such a group.

The characters selected for this study were those which could

be of use in a number of species and groups of species. To satisfy

this criterion, the character must exhibit a great deal of morpholog-

ical diversity within the genus, and yet must be reliable and constant

at the species level. The mandibles, stridulatory peg, and male

genitalia met these criteria. Numerous other characters were

examined, but these were rejected.
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FIELD STUDIES

Collection of Specimens

Specimens were obtained for this study by field collecting in

addition to borrowing specimens from museums, institutions, and

private collections. Field collecting by the writer and Dr. P. O.

Ritcher took place during the summers of 1970 and 1971. The writer

also collected during the summer of 1972.

The primary method used for collecting Ochodaeus was black-

light trapping. This was done with a black-light fixture and a white

sheet, or with commercially constructed black-light traps. The

advantage of the black-light trap was that it could be left unattended

all night. This was not possible with the white sheet method. To

prevent injury to the specimens taken by the black-light traps, a layer

of sifted soil was placed in the base of the traps. The Ochodaeus

attracted to the traps would burrow into this layer of soil and thereby

escape injury by predatory insects also taken by the traps.

Ochodaeus have also been taken in large numbers at white,

incandescent lights, and Coleman lanterns. Black-light-blue flor-

escent tubes were also tried. However, these did not appear to be

any more effective than the standard black-lights or incandescent

lights.

Approximately one thousand specimens were collected during
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the three summers of field collecting. About seven hundred of these

were taken during the summer of 1972 when it was possible to collect

in one locality for an extended period of time.

Biology

The larvae and life history of Nearctic Ochodaeus are as yet

unknown. Observations of adults during collecting trips have revealed

some information which has not been recorded in the literature.

The adults are nocturnal and appear to have a long activity

period each night. Specimens of both sexes were taken at lights

shortly after sunset and as late as two o'clock in the morning. Rain

during the evening seemed to delay the adult activity until later in

the evening. Light rain did not appear to affect their activity since

specimens were taken during light rainfall. Heavy rain prevented

their activity.

The adults are very effective diggers. Specimens attracted to

lights would often burrow into the soil shortly after flying to the light.

The adults leave a small "pushup" of dirt where they burrow in.

Subsequent examination of these areas did not reveal any further

digging activity, which would be expected if the adult was in the

process of excavating a burrow.

Adults released during daylight immediately took cover and

began to dig. It appear --d that they only went deep enough to be
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covered. Again, no further digging was observed. However, speci-

mens placed in containers with about six inches of soil burrowed to

the bottom.

During the summer of 1972, several attempts were made to

cage adults over undisturbed habitat. Specimens were released into

cages and in all cases they immediately took cover. No further activ-

ity was observed in these cages even when checked at night, and no

evidence of burrowing could be found. When the cages were removed

and the soil dug up and sifted, dead adults were found, but no burrows

were found.

In most areas where Ochodaeus have been collected, more than

one species is usually taken. It is not uncommon to take four or five

species at the same locality and same time.
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TAXONOMIC METHODS

Preparation of the Male Genitalia

When studying the aedeagal sac, it was best to have the genitalia

dissected from the specimen with the aedeagal sac completed everted.

In this condition, the sclerites on the aedeagal sac were completely

visible, and the entire genitalic preparation was studied in water or

ETOH at high magnification. The genitalic preparation was stored

in glycerine in a micro-vial, attached to the pin, or if the specimen

was stored in alcohol, the micro-vial containing the preparation was

placed in the same vial as the specimen. Specimens stored in alcohol

were better for the study of the mandibles and stridulatory peg, which

needed to be in a relaxed state to be properly examined. However,

pinned specimens take less space, and allowed for easier comparison

of specimens. Once the genitalic preparation had been made and

stored in a micro-vial, there seemed to be no particular advantage

to leaving specimens in alcohol. In either case the genitalia needed

to be removed from the micro-vial in order to be studied.

All of the genitalic preparations were given the treatment

described below regardless of the nature of the specimen from which

they were taken. Once the genital segment and aedeagus had been

removed from the specimen, the procedure used was as follows:

First the genital apparatus, including the genital segment, was
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placed in 60°C KOH for a few minutes in order to remove the

extraneous soft tissues, and to darken the pigmented areas. The

genital apparatus was then washed in tap water and placed in 10%

acetic acid for a few seconds to neutralize the KOH. The genitalia

were then transferred to a watch glass of tap water for examination

or further dissection. The method of removal of the genitalia from

the specimen and subsequent dissections of the aedeagal sac will be

discussed in connection with the nature of the specimen and the initial

condition of the aedeagal sac.

The best method for making genitalic preparations was with

live specimens. The specimen was placed between the thumb and

index finger with the ventral surface of the abdomen up and exposed

beyond the tips of the fingers. Gentle pressure was applied as the

pygidium was teased open with a bent minuten pin or fine forceps.

Constant pressure with the fingers, along with a gentle stroking of

the genital segment with a pin or forceps, usually resulted in extru-

sion of the aedeagus and subsequent eversion of the aedeagal sac.

Pressure was continuously applied until the aedeagal sac was fully

everted. The specimen was then immersed in 70% ETOH. This

preserved the aedeagal sac in its extended position.

Due to the small size of the adult Ochodaeus, this method

requires a dissecting microscope for the field preparation. The

specimens were stored in 70% ETOH and later the genitalia were
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completely dissected from the specimen. Once removed, the genitalia

were subjected to the KOH-acetic acid treatment and then stored in a

micro-vial of glycerine. In some cases the specimens were removed

from the alcohol and pinned. The micro-vial containing the genitalia

was placed onthe same pin.

Genitalia prepared by this method usually required no further

dissection, were easy to study, and displayed the correct spatial

relationships of the sclerotic regions on the aedeagal sac.

It was not always feasible to obtain live material for making

genitalic preparations, so a great deal of preserved material had

to be used. Alternate methods of making genitalic preparations were

developed. Dead specimens were less satisfactory for genitalic

preparations than live specimens and the methods used were less

successful and much more time consuming.

Dried specimens were placed in vials of 2. 5% trisodium phos-

phate for several weeks or in warm dilute Aerosol for a few hours.

It was found that if the aedeagal sac was already partially everted,

the action of TSP in some cases would cause it to inflate further.

Aerosol did not show this property, but the preparation time was

shorter. Aerosol seemed to have less effect on the coloration and

setation of the specimens.

Once relaxed, the genitalia were dissected from the specimen.

Two methods were tried, in the first the pygidium was pried open
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and a hooked pin inserted and the genitalia pulled out. This method

proved to be unsatisfactory and often resulted in damage to the geni-

talia and excessive wear to abdomen. The second method, which

proved more successful, was to remove the entire abdomen, remove

the genitalia, and then replace the abdomen on the specimen. Removal

of the abdomen was accomplished by inserting a fine pin through the

membrane between the hind coxae and the first abdominal sternite.

The membranes were cut and then the abdomen was removed. This

method does damage the membranous portions, but consistently pro-

duces undamaged genitalia. Also, once the abdomen is replaced,

there is little evidence that the specimen had been dissected. By

placing the hind legs so that they support the abdomen, there is no

way the adomen can fall off in the event that it should become loose.

For security, a small drop of clear finger nail polish was applied to

the area between the hind coxae and first abdominal sternite.

Once the genitalia were removed from the specimen, they were

given the KOH-acetic acid treatment in preparation for further dis-

section. Subsequent dissection techniques depended upon the degree

to which the aedeagal sac was everted at this point. The condition of

the sac before dissection was categorized as follows: aedeagal sac

not everted at all; sac partially everted, but with its distal end still

within the tegmen; and, sac mostly everted, with its distal end distad

of the ostium.
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If the aedeagal sac was not everted at all, the following technique

was used. The inverted sac was slipped over a minuten pin inside out,

as far as possible without tearing the sac. The sac was then held on

the pin with forceps while it was cut longitudinally with a dissecting

knife. This cut was made on a side of the sac which lacks sclerites

or patches of paillae. The sac was then flattened out and studied.

In some cases microscope slides were prepared using Hoyer's mount-

ing medium. Once the spatial arrangement of the sclerites for a

particular species had been determined from an inflated sac, this

type of preparation was used for studying and tabulating variations in

the sclerites.

If the aedeagal sac was partially everted, but with its distal end

still within the tegmen, the most successful method for everting it

fully was to manually turn it right-side-out. This was accomplished

with a high degree of success by using a hooked minuten pin to turn

the sac right-side-out. Once the sac was everted, a fine glass micro-

pet was inserted into the sac through the ostium between the parameres.

This pipet was filled with glycerine and attached by rubber tubing to

the operator's mouth. By blowing gently on the tubing, the sac was

filled and fully inflated with glycerine.

When the aedeagal sac was in the third condition, that is,

everted to the point where the distal end of the sac is distad of the

ostium, the glycerine and micropipet inflation technique described
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above was used.

To determine the variation in the sclerites of the aedeagal sac,

each dissected specimen was given a number. The locality data and

a description of the sclerites for each specimen were recorded on a

file card when the genitalic preparation was made. This eliminated

the need to remove the genitalia from the micro-vial and reexamine

the genitalic preparations repeatedly as the work progressed.

The flattened aedeagal sac served well for examination and

comparison purposes. However, a genitalic preparation with an

inflated and completely everted sac was used for illustrative purposes

since it displayed the correct spatial relationships of the sclerites.

Illustrations of the genitalia were made by the writer with the aid of

an ocular grid at a magnification of 30X.

Preparation of the Mouthparts

The most satisfactory way to study the mouthparts was to make

a microscope slide of the individual structures. This slide served

for close examination at high magnification and for subsequent com-

parison with intact specimens at lower magnification.

The mouthparts and antennae were dissected from the specimen

in 70% ETOH and transferred directly to Hoyer's mounting medium.

The antennae, anterior margin of the clypeus, labrum, mandibles,

maxillae, and the mentum were included in this preparation. The
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clypeus, labrum, antennae, and mandibles were placed on the slide

individually and dorsal side up. The maxillae and mentum were placed

as a unit ventral side up. Three small balls of modeling clay were

used to support the cover glass.

It is difficult to observe the cutting edges of the mandibles in

most dried specimens since they are usually clamped shut when the

insect dies. Hence, when a specimen was relaxed for the genitalic

dissection, the mandibles were spread so that they could be studied

when the specimen dried. Once this was done, nearly all of the char-

acters on the medial edge of the mandibles were easily visible from

above. The only area which remained obscured by the labrum was

the basal region of the molar surfaces. No further dissection was

necessary.

Illustrations of the mandibles (Figures 20-27) were made by

the writer from the microscope slides with the aid of an ocular grid.

The scanning electron photographs (Figures 28-39) of the various

mouthpart structures and other morphological structures were obtained

through the courtesy of Dr. H. F. Howden, Carleton University,

Ottawa, Canada.

Preparation of the Stridulatory Peg

In order to study the stridulatory peg, it was necessary to

prepare a microscope slide of one side of the abdomen. This slide
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was prepared by the same method used by Ritcher (1969a) to study

the abdominal spiracles.

Abdominal preparations were made as follows. The specimen

was first relaxed by emersion in Aerosol for a few hours, or in TSP

for a few days. The head and pronotum were first removed and then

the elytra and flight wings. Next the abdomen was cut in half longi-

tudinally. The legs were then removed from the left half of the

abdomen and the whole preparation was trimmed. Without remov-

ing the viscera, the preparation was immersed in KOH at 20°C for

one or two days. After this time, the section was neutralized in

acetic acid and trimmed so that it would lie flat on a microscope

slide.

The form of the stridulatory peg was then examined at high

magnification under an American Optical Microstar compound micro-

scope and a Zeiss Photomicroscope. The peg was photographed with

the Zeiss Photomicroscope and these photographs were used for

Figures 40-47. This photographic work was done by the writer, with

instruction on the use of the Zeiss Photomicroscope from Dr. P. 0.

Ritcher.
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TAXONOMY OF THE GENUS OCHODAEUS

Infrageneric Grouping of Species

The taxonomy of Ochodaeus has been worked out primarily at

the species level. Previously, no attempt has been made to establish

infrageneric groups in this genus. However, the genus in North

America may be divided into three large sections, each of which

contains several species complexes and numerous species. This

grouping provides an effective means of dealing with the genus.

The 0. pectoralis species complex is here erected to contain

the nominate species, 0. pectoralis Le Conte and two new species,

0. howdeni and 0. ritcheri. Although no other complexes are for-

mally designated here, the writer feels that a number of the currently

recognized species are actually complexes of several closely related

species.

Since a generic revision is beyond the scope of this work, the

0. pectoralis species complex is the only complex dealt with in detail.

Descriptions of the salient characters of several other species are

included for purposes of comparison.

Taxonomic Characters

The taxonomic characters previously used were those which

were readily visible. The most frequently used of these included:
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the armature of the legs and head, sculpturing of the clypeus, the

form of the mentum and outer margin of the mandibles, and the na-

ture of the sutural angle of the elytra. The stridulatory peg and denti-

tion of the mandibles were used in the description of a few Old World

species in the early literature, but have never been used on New

World species. Genitalic characters have not been used in Ochodaeus.

Male Genitalia

The terminology used in the following description is that of

Lindroth and Pa 'Men (1970). The male genitalia in Ochodaeus con-

sists of two structures: a sclerotized genital segment and a group

of scierites and membranous parts which form the aedeagus. The

aedeagus consists of a basal piece, paired parameres, a V-shaped

apophysis, and an internal sac.

The genital segment (gsg) is a solitary structure, presumably

derived from the ninth abdominal segment, which surrounds and

supports the aedeagus (Figure 1). The aedeagus is attached to the

genital segment by membranes which arise on the aedeagus at the

point of articulation of the basal piece and parameres. When the

aedeagus is extended and the internal sac everted, the parameres

and internal sac project distad of the genital segment while the basal

piece of the aedeagus remains enclosed and supported by the genital

segment.
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The form of the genital segment is very similar in all of the

species examined and does not appear to be a character of much

taxonomic value at the species level.

The aedeagus is usually considered to be composed of two parts:

the penis and the tegmen. The tegmen is composed of the basal piece

and the parameres, while the penis is composed of the internal sac

and the V-shaped apophysis. The term aedeagus is sometimes used

synonomously with penis (Davidson, unpublished thesis). However,

here it is used to refer to the tegmen and penis collectively.

The basal piece (bp) is an elongate sclerotized process, taper-

ing to a point or tail at the proximal extremity, and enlarged into a

semi-circular channel at its distal end where it articulates with the

parameres (Figures 2, 3, and 4). This sclerite does not form a

continuous tubular structure at this point as it does in the vaginate

type of aedeagus (Lindroth and Palmen, 1970). The form of this

sclerite in Synochodaeus has not been determined, however, its

form in Ochodaeus and Chaetocanthus is similar and differs from

most other scarabaeid genera. In Ochodaeus and Chaetocanthus

the proximal extremity of the basal piece tapers to a point or tail.

Thus far, this condition is known only in Bolbelasmus Boucomont

(Howden, 1964). According to Howden (1964), this structure in the

tribe Geotrupinae is truncate. This is apparently the form of the

basal piece in a number of groups of Scarabaeidae. For example,
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in Coenonycha Horn, the proximal extremity of the basal piece is

truncate (Davidson, unpublished thesis), and is rectangular in

Dichelonyx Harris (Cornell, unpublished thesis). These are also

the most common forms of this structure in the genera of the sub-

family Melolonthinae (Amphimallon Berthold; Butt, 1944: Phyllophaga

Harris; Luginbill and Painter, 1953, and Rheinhard, 1939) and of the

subfamily Troginae (Glaresis Erichson; Gordon, 1970).

Although the basal piece often is not figured in publications, the

writer has examined a number of genera in the subfamily Dynastinae

and has found that the common condition of the proximal extremity of

the basal piece is also truncate (Saylor, 1945, 1946a and b; Cartwright,

1959).

The parameres (pn) articulate with the distal end of the basal

piece and form a complete tubular structure through which the inter-

nal or aedeagal sac is everted. The parameres are sclerotized,

evenly pigmented, and are capable of opening and closing. When at

rest, the parameres meet along their medial axis and thus close off

the ostium or opening through which the aedeagal sac becomes

everted. The parameres curve dorsally from the point of articula-

tion with the basal piece. The points of articulation are in the median

plane at the dorsal and ventral surfaces of the aedeagus.

The V-shaped apophysis (ap) is attached to the dorsal surface

of the aedeagal sac. The distal margin of this structure is either
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truncate (Figure 2) or pointed (Figure 12). The arms of this

apophysis extend cephalad, back through the ostium to about the

midpoint of the basal piece. These arms appear to be free of any

specific articulation with the tegmen, but are apparently attached to

a membrane which covers the dorsal surface of the basal piece.

This apophysis is sclerotized, evenly pigmented, and appears to

give support to the basal portion of the aedeagal sac when it is

everted.

The aedeagal, or internal sac is an elongate, membranous

structure bearing areas of sclerotization. These sclerotized areas

vary in number, size, and position in each species. No attempt was

made here to adopt a terminology or means of coding the various

sclerites and their positions at the generic level. However, a sys-

tem of coding was adopted for the O. pectoralis species complex and

was useful in determining the variation in the sclerites associated

with the aedeagal sac. It is the writer's opinion that a coding system

could be devised for the various species complexes. Such a system

would be very useful in the identification and description of species.

The system adopted for the 0. pectoralis species complex was

as follows. Each poistion on the sac which bears a sclerite, series

of sclerites, or patch of sclerotized papillae was given a Roman

Numeral beginning at the basal (proximal) end of the sac and progres-

sing distad. For each Roman Numeral, the number of sclerites was
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determined and recorded after the Roman Numeral, so that a series

of Numerals followed by digits referred to the number of sclerites

at each position. A letter was given to each form of a particular

sclerite at each position and this was listed, if applicable, after the

number of sclerites present. This system gives an aedeagal sac

formula which can be used in the same way that a tarsal formula is

used. Thus the aedeagal sac formula for a particular species would

appear as follows: I- 0, II-1-A, 111-3-5, IV-1-4, V-1, etc. The

directional designations of the sclerites in the descriptions of the

aedeagal sacs were made with reference to Figure 1.

No attempt was made here to establish generic relationships on

the basis of genital characters, primarily because most Old World

species of Ochodaeus have not been considered, and no specimens of

Synochodaeus were studied. The sclerites and characters of the

aedeagal sac were used extensively by the writer to delineate species

in Ochodaeus.

The genitalia in the Scarabaeidae have been used extensively

in the delineation of taxa at the species level. Characters associated

with the parameres are used more often than characters of the

aedeagal sac. The parameres of many genera of Dynastinae, for

instance, were described and figured by Saylor (1945, 1946a and b),

and apparently are distinct at the species level. The writer has

examined a number of Dynastinae and has found numerous characters
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associated with the aedeagal sac. These characters also may be of

use in the species taxonomy of these groups.

The parameres of Phyllophaga Harris were figured by Luginbill

and. Painter (1953) and were found to be distinct at the species level.

The structures on the aedeagal sac were used to distinguish between

subspecies of the same genus by Reinhard (1939).

The parameres were figured and used as characters in the

Geotrupinae (Howden, 1955, 1964), and in the Trichiinae (Howden,

1968). The internal sac has not been used in these groups. Personal

examination of some Geotrupinae has revealed interesting structures

on the aedeagal sac, which could possibly be used as characters to

supplement the other genitalic characters already in use.

Structures on the aedeagal sac have proven to be distinct and

of much importance in the delineation of species from genera in which

the parameres are not distinct at the species level. This is true of

Coenonycha Horn (Davidson, unpublished thesis), Dichelonyx Harris

(Cornell, unpublished thesis), and Cotinus Burmeister (Goodrich,

1966). In these groups, the sclerites on the aedeagal sac were quite

constant and stable, and were used in species descriptions.

The structures on the aedeagal sac were also used in groups

in which the parameres were also used as taxonomic characters

(Onthophagus Latreille; Zunio, 1972).

The examination of numerous species of Ochodaeus by the
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writer has revealed that the sclerites found on the aedeagal sac

provide useful and reliable characters for the delineation of species.

Mouthparts

Mouthparts have been used extensively as taxonomic characters

in Ochodaeus. The shape of the mentum is the mouthpart character

most often used in Ochodaeus (Horn, 1876; Fall, 1909). This charac-

ter was one of the most important characters in Horn's (1876) synop-

tic table, and was also used extensively in Fall's (1909) key. It has

also been mentioned in several species descriptions.

The form of the mentum in the 0. pectoralis complex is a

useful character at the species level. The writer feels that this

character is likely to be useful in working out the taxonomy of the

remaining species complexes.

Although the shape of the labrum was mentioned in the early

literature on Ochodaeus (Westwood, 1852; Horn, 1876), it was not

used by Fall (1909) in his key and has not been used much in subse-

quent species descriptions. It is used here by the writer as a means

of distinguishing species in the 0. pectoralis complex in which the

sculpturing and setation of the dorsal surface is quite distinct (Fig-

ures 28-30).

The maxillae have been used very little as characters in

Ochodaeus. Westwood (1852) was the only author to figure and use
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them in species descriptions. The maxillae were considered by the

writer in this study, but no good characters were found.

The mandibles of adult Scarabaeidae have been used as taxo-

nomic characters in many groups. The character used was usually

the shape of the outer margin. This was often used at the generic

level in the Dynastinae and Hybsorinae (Arnett, 1968). Saylor (1946a)

used this character to define species of Strategus Hope.

The mandibles of Ochodaeus were mentioned and figured in

the early literature by Westwood (1852), and were used in the synop-

tic tables of Horn (1876) and Fall (1909). Horn and Fall considered

the shape of the outer margin of the mandibles in their revisions.

Westwood figured and described the medial edges and dentition of

the mandibles of several Old World species. These characters have

not been used since.

The dentition and sculpturing of the inner edge of the mandibles

provided excellent taxonomic characters in Ochodaeus (Figures 20-

27). This portion of the mandible is subject to wear, but none of

the specimens studied had mandibles which were worn to the extent

that the dentition was obscure.

The mandibles are asymmetrical. The shape of the left

mandible may be used in conjunction with other characters to divide

the genus into species complexes. The mandibular dentition in the

0. pectoralis complex is species specific and remains constant in
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spite of wear. Careful examination and comparison is necessary

to distinguish the species. This is particularly true of 0. ritcheri

n. sp. (Figure 27) and 0, howdeni n. sp. (Figure 20) where the right

mandible offers the best taxonomic characters. Overall size of the

mandibles varies with the size of the adult, and hence is not a reliable

character.

A system of categorizing the shape of the left mandible was

adopted for this study and has been used in the species descriptions.

Three types of mandibles are apparent in the species considered

herein and are as follows: Type one - unidentate, with apical tooth

only, lacking any secondary subapical teeth (Figure 26). Type two -

bidentate, with apical portion broad and blade-like, the secondary

subapical tooth small, just distad of the membranous prostheca

(Figures 20, 21, 24, 25, and 27). Type three - tridentate, with

apical portion produced into a sharp tooth, and with secondary and

tertiary teeth distad of the prostheca. The writer feels that the third

tooth of the type three mandible arises from the emarginate apical

portion of the type two mandible. This is because the mandible of

0. kansanus Fall (Figure 22) appears to be intermediate between

the typical type two mandible (Figure 20) and the type three mandible

(Figure 23). The left mandible of 0. kansanus Fall seems to indicate

the development of the secondary tooth from the apical portions of

the mandible. In the type two mandible, the apical scissorial portion
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varies from being quite flat to distinctly emarginate. When emargi-

nate this area bears two small teeth, however, this type of mandible

is also referred to as bidentate.

Stridulatory Peg

The stridulatory organs in Ochodaeus can not be considered a

new character since they were mentioned previously in the literature.

They were used only once by an early author on Old World species

and were subsequently neglected as a taxonomic character. The

earliest reference to stridulation in Ochodaeus was by Horn (1876)

in his synoptic work on the United States species. He simply stated

that the group may possess stridulatory powers and suggested the

surface of the propygidium and the apical elytral margin as the site

and source of sound production. Further examination has demonstrat-

ed that the surface of the propygidium is modified as a mechanism to

keep the elytra in place when at rest, and that the stridulatory appa-

ratus is located elsewhere.

Arrow (1904) was the next to consider stridulation in Ochodaeus.

This is the only comprehensive work on sound production in the

Scarabaeidae, and includes taxonomic, as well as, morphological

and behavioral considerations of these structures. Arrow identified

a stridulatory peg located on the sixth sternite in Ochodaeus (Figure 1).

This peg projects posteriorly and is covered with small tubercles.
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Arrow proposed that, by extending and contracting the abdomen,

these pegs would rub against the lateral margins of the elytra thus

producing sound. The area of the elytra adjacent to the peg is thicker

than the remaining portions of the elytra, and is covered with fine

teeth. It appears that this is the area which works against the peg

to produce sound.

In the same paper, Arrow described the morphology of the

stridulatory peg in Ochodaeus and compared it with the sound pro-

ducing organs of other Scarabaeidae. He concluded that these struc-

ture in Ochodaeus differed from all other Scarabaediae and erected

a subfamily with Ochodaeus as the only included genus based on the

stridulatory peg and an unusual inner mesotibial spur. Two other

genera are currently included in the subfamily, but one of these

(Chaetocanthus) lacks the stridulatory peg. It does, however,

possess the pectinate mesotibial spur. Arrow's suggestion that

the pectinate spur is used to clean the stridulatory apparatus seems

doubtful. Examination of a number of species of Ochodaeus by the

writer revealed at least two species (0. estriatus Schaeffer and 0.

mandibularis Linell) which lack the stridulatory peg. When present

in a species, the peg occurs in both males and females.

Arrow (1904) stated that the peg differs according to the species,

and used it as a character in his description of 0. maculipennis

Arrow. He also figured the pegs of two European species, comparing
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their form with that of the Oriental species 0. maculipennis Arrow.

The form of the peg in the European species is a bent, rounded club

with the apex slightly bulbous, but blunt. This is the same basic

type which has been observed in all of the New World species which

were examined by the writer. The Oriental species he described had

a straight projection terminated by numerous sharp teeth.

After careful study of this peg in a number of New World species

by the writer, it appears that its shape is species specific (Figures

40-47). The differences between species in the same species com-

plex are less distinct than the differences between species complexes,

but nevertheless, are quite constant and reliable. For example,

the differences in the shape of the peg between species in the 0.

pectoralis complex are less distinct than the differences between

the 0. pectoralis complex and 0. simplex Le Conte or 0. praesidii

Bates. However, examination of these other species, which are

quite likely species complexes, will probably reveal differences

between species of a magnitude similar to that found in the 0.

pectoralis complex. Further study of these structures, particu-

larly of the micro-structure, may reveal differences greater than

those found in the overall shape.

Stridulatory organs are known to occur in many families of

Coleoptera (Frings and Frings, 1960). Although stridulatory organs

have been described from a great number of genera of Scarabaeidae
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(Arrow, 1904), little is known about their function. The literature

on sound production in Scarabaeidae is large (Frings and Frings,

1960), but will not be included here since little of it relates to the

use of these organs as taxonomic characters at the lower categor-

ical levels.

Descriptions of Species

In the descriptions which follow, the 0, pectoralis species

complex is considered first as a complex and then the individual

species of this complex are described. The salient characters of

five other species are also described. A section on variation has

been omitted from the descriptions of all species except those of

the 0. pectoralis complex. This was advisalbe since insufficient

material was examined to clearly define the parameters of each

species, and because the descriptions of these species serve here

to indicate the range of the salient characters considered in this

genus.

The holotypes of all but one species were examined by the

writer. In the case for which the holotype was not readily available,

a homotype determined by a reliable source was examined.
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Ochodaeus pectoralis complex

This species complex contains three species, one described

by Le Conte, and two which are new and are described herein. As

discussed above, a coding system has been adopted in this species

complex to facilitate discussion and comparison of the characters

of the aedeagal sac. Reference to Figures 2-7 may be necessary

for the interpretation of the coding system.

Male genitalia. Structures of the male genitalia other than the

aedeagal sac are quite similar between the three species, and are of

no help in separating the taxa. The aedeagal sac of this species

complex is characterized by six sclerotic regions or positions on

the sac. Most of the sclerotized processes occur on the dorsal or

dorso-lateral surfaces of the sac. However, a patch of heavily

pigmented papillae occurs on the ventral surface, near the apex of

the sac (Figure 3). These positions are given Roman Numerals I

through VI as follows:

I. Basal series of singular, unipointed sclerites varying in

number from zero to three (Figure 2).

II. Secondary basal series of singular, unipointed sclerites,

varying in number from zero to six (Figure 4).

III. Large, singular, basal sclerite, always present, but vary-

ing in shape. Six different shapes are apparent (Figures 2,
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4, 5-7).

A. Simple (Figure 2).

B. One small basal tooth (Figure 4).

C. Two small basal teeth (Figure 6).

D. Two small distal teeth (Figure 7).

E. Apex bidentate (Figure 5).

IV. Medially located patch of papillae varying in the number

of heavily sclerotized and pigmented papillae from zero to

five (Figure 2).

V. Solitary, simple sclerite, always present, but varying in

size (Figure 2).

VI. Ventrally located patch of heavily pigmented and sclerotized

papillae near the distal end of the sac. Always present in

all three species of this group (Figure 3).

The aedeagal sac of this species complex may be characterized

as follows. One large, solitary, heavily pigmented sclerite occurs

basally with one or two apical teeth. The apex and teeth of this

sclerite project towards the proximal end of the sac. A series of

simple, heavily pigmented sclerites occurs adjacent to the large

solitary sclerite varying in number from one to six. There are

actually two, non-homologous, series of sclerites present here,

however, only one series is present in any one species. Both of

the above positions occur in the membranous basal portions of the
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sac, which lacks the pigmented papillae characteristic of the distal

portions of the sac. Occurring distad of the above mentioned positions

is a patch of papillae which varies in the degree of pigmentation and

sclerotization of some of the papillae. Adjacent to this patch and

distad of the large solitary sclerite is a solitary simple sclerite

present in all species of this complex. This sclerite varies in size,

but is of the same form in all specimens. The distal two-thirds of

the sac is covered by pigmented papillae occurring in irregular

patches. Near the distal end of the sac there is a distinct patch of

small, heavily pigmented simple sclerites which project cephalad.

This patch is present in all three species and appears to remain

constant in size in position.

Mouthparts. Mandibles (Figures 20, 24, and 27): The left

mandible is type two and bidentate, with the apical portion modified

into a scissorial structure. The midpoint of this area is evenly

indentate to varying degrees in the species of this complex. The

secondary tooth is distinguished by a large, deep indentation, and

the prostheca is located between this tooth and a basal molar area.

The right mandible is bidentate with the apical portion produced into

a sharp tooth. The secondary tooth is set off by a distinct indenta-

tion between it and the primary tooth. The prostheca is located

anterior to the basal molar area and varies in size in each species.

The major difference in the form of the mandibles between species
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is the degree of development of the secondary tooth of the right

mandible, and the form of this mandible around the prostheca.

Labrum (Figures 28-30): The sculpturing and setation of the dorsal

surface varies in each species. Mentum (Figures 31-34, and 36):

The shape of the mentum varies in each species, particularly in the

degree to which it is produced ventrally.

Stridulatory peg (Figures 40-42). The peg in this group is of

basically the same form in all of the species, varying in size, angle

of projection, and the degree to which its apex is enlarged. The

distal end is bluntly rounded in all three species.

Variation. A discussion of the variation of these characters

in each species is included in each species description.

Distribution. The distributions of the species in this complex

have been compiled and are presented in Figure 48.
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Ochodaeus pectoralis Le Conte
(Figures 2, 3, 24, 28, 31, 35, 37, 40, 48)

Ochodaeus pectoralis Le Conte, 1868, p. 51.

This species has been considered in two generic revisions

since it was originally described (Horn, 1876; Fall, 1909). The

descriptions of this species in these revisions were inadequate, and

since new species closely related to it are being described, it is

redescribed in detail below.

The holotype is deposited in the Museum of Comparative

Zoology, Harvard, and bears the following data on labels: N.M.;

Type, M. C. Z., 3335; 0. pectoralis Lec.; and Ochodaeus pectoralis

Lec. The type is unique and in good condition. The antennae, legs,

and tarsi are all intact.

Holotype. Male, length, 7. 5 mm, width through midpoint of

elytra 3.9 mm. Mandibles, labrum, clypeus, pronotum, elytra,

ventral surfaces, and legs reddish-brown. Frons and vertex mostly

reddish-brown, areas adjacent to eyes and center of vertex becoming

black. Labrum, clypeus, vertex, pronotum, and elytra covered

with yellowish, uniformly short, semi-erect setae. Ventral surfaces,

legs, and first antennal segment covered with longer, relatively fine,

yellow setae.

Mandibles evenly arcuate along outer margin. Labrum (Fig-

ure 28) distinctly emarginate distally, almost bilobed in shape;
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dorsal surface covered with moderately long setae, each set in

shallow depression, separated from adjacent setae by raised ridges;

proximal half lacks sculpturing, but has transverse row of short,

fine setae, anterior to distal margin of preclypeus; poster io-lateral

margins of labrum concave. Clypeus elevated above labrum, lacking

lateral or medial horns, anterior margin slightly reflexed, this

margin covered with dense patch of setae. Surface of clypeus and

vertex evenly setose, each seta arising just posterior to small

tubercle. Posterior margin of head behind eyes, lacking setae,

closely punctate. Pronotum with marginal bead entire; surface

strongly convex, irregularly punctured, and evenly setose, each

seta arising from base of small tubercle. Scutellum flat, surface

closely punctate, sparsely setose. Each elytron with five punctate

striae between median suture and humeral umbone, areas between

striae covered with three irregular rows of setae, each setae with

basal puncture and tubercle, distance between punctures less than

or equal to diameter of individual punctures (Figure 37). Sutural

apex of each elytron dentiforn. Propygidium with two tubercules,

one on each side of midline.

Mentum (Figure 31) produced ventrally to form transverse

wedge, projecting well below ventral edge of maxillae, emarginate

anteriorly, anterior surface nearly flat, lacking median ridge, pos-

terior surface of wedge nearly vertical, anterior surface sloping at
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about 45 degree angle. Prosternum produced anteriorly to form

blunt point. Fore tibia tridentate, with proximal tooth median in

position; hind femur and tibia lacking dentition, tibia only slightly

dilated distally; hind tarsi with first segment arcuate, longer than

remaining four segments together; angulation of first metatarsal

segment occurring at about apical third.

The holotype was not dissected. Therefore, the descriptions

of the genitalia, mandibles, and stridulatory peg which follow are

composite descriptions of all of the specimens examined.

Male genitalia (Figures 2 and 3). Basal piece and parameres n

not distinctive, distal end of V-shaped apophysis truncate. Aedeagal

sac formula: 1-0-3, II-0, III-A, IV-0-2, V-+, VI-+.

Mandibles (Figure 24). Left mandible, type two- bidentate,

apical scissorial portion with shallow, median indentation partially

dividing this area into two small teeth; large, deep indentation pos-

terior to apical scissorial area separating this area from poorly

developed secondary tooth; secondary tooth produced into blunt

projection; prostheca posterior to secondary tooth and anterior to

basal molar area. Right mandible unidentate, with apical tooth

pointed, piercing in nature; shallow indentation at base of apical

tooth delimiting poorly developed secondary projection; large

prostheca adjacent to large basal molar area. Molar area of each

mandile evenly convex.
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Stridulatory peg (Figure 40). Peg of medium length, projecting

dorso-caudad with neck not parallel to longitudinal body axis, distal

end bluntly rounded and slightly bulbous.

Variation. Size ranges in males from 9. 4 mm to 4. 0 mm in

length and from 4. 2 mm to 2. 2mm in width through the midpoint of

the elytra. In females, size ranges from 8. 2mm to 4. 2mm in length

and from 3. 6mm to 2. 2 mm in width through the midpoint of the elytra.

Color varies from light brown to dark reddish-brown. The majority

of the specimens were dark reddish-brown. Variations in the scler-

ites of the aedeagal sac are as indicated in the sac formula. Of the

fifty-nine specimens dissected, the sclerites at positions I and IV

are those which exhibited the greatest amount of variation. The most

common condition was 1-2 and IV-2. The proportions of the sclerite

at position III varied to a certain extent, however, in all specimens

studied it retained a basic shape and showed no variation such as the

addition of extra teeth or projections. This occurs in other species

in this complex. The size of all sclerites varied to a limited extent,

but not so much as to alter their basic shape. The mandibles are

quite constant in shape, with only slight variation due to abrasion.

The form of the mentum remained constant in all specimens examined.

This was also true of the stridulatory peg.

Specimens examined. Holotype, one hundred males, and one

hundred fifty-seven females.
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This species will key to 0. pectoralis Le Conte along with

0. howdeni n. sp. and 0. ritcheri n. sp. in Fall' s (1909) key. 0.

pectoralis LeConte can be distinguished from 0. howdeni n. sp. by

the greatly produced mentum, by the large size of the elytral punc-

tures relative to the distance between individual punctures, and by

the first metatarsal segment which is angulated at the apical third.

0. pectoralis LeConte can be distinguished from 0. ritcheri by its

labrum which lacks a median projection.

Distribution (Figure 48). This species is known from the

following states: Arizona, Kansas, New Mexico, Oklahoma, Texas,

Utah, and Wyoming. This species is also known from northern

Mexico.
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Ochodaeus howdeni n. sp.
(Figures 4, 6, 7, 20, 30, 32, 33, 39, 42, 48)

Holotype. Male, length 8. 9 mm, width through midpoint of

elytra 4. 3 mm. Mandibles, labrum, clypeus, pronotum, elytra,

ventral surfaces, and legs largely dark reddish-brown. Frons and

vertex mostly brown, areas adjacent to eyes becoming black.

Labrum, clypeus, vertex, pronotum, and elytra covered with yellow-

ish, uniformly short, semi-erect setae. Ventral surfaces, and legs

covered with longer, relatively fine yellow setae.

Mandibles evenly arcuate along outer margin. Labrum (Figure

30) distinctly emarginate distally, almost bilobed in shape; dorsal

surface covered with sparse, moderately long setae, each setae set

in shallow depression, separated from adjacent setae by raised

ridges; proximal half lacks sculpturing, but has transverse row of

short, fine setae, anterior to distal margin of preclypeus; posterio-

lateral margins of labrum concave. Clypeus elevated above labrum,

lacking lateral or medial horns, anterior margin slightly reflexed,

this margin covered with dense patch of setae. Surface of clypeus

and vertex evenly setose, each seta arising just posterior to small

tubercle. Posterior margin of head behind eyes, lacking setae,

closely punctate. Pronotum with marginal bead entire; surface

strongly convex, irregularly punctured, and evenly setose, each

seta arising from base of small tubercle. Scutellum flat, surface
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closely punctate, sparsely setose. Each elytron with five punctate

striae between median suture and humeral umbone, areas between

striae covered with three irregular rows of setae, each seta with

basal puncture and tubercle, distance between punctures greater than

diameter of individual punctures (Figure 39), sutural apex of each

elytron dentiform. Propygidium with two tubercles, one on each

side of midline.

Mentum (Figures 32 and 33) produced ventrally to form shallow

transverse wedge, projecting only slightly below ventral edge of

maxillae, emarginate anteriorly, and longitudinally impressed.

Prosternum produced anteriorly to form blunt point, posterior

margin with projection at midline, Fore tibia tridentate, with

proximal tooth median in position; hind femur and tibia lacking den-

tition, tibia only slightly dilated distally; hind tarsi with first segment

arcuate, longer than remaining four segments together; angulation of

first metatarsal segment even, bend occurring near middle.

Genitalia (Figures 4, 6, and 7). Basal piece and parameres

not distinctive, distal end of V-shaped apophysis truncate. Aedeagal

sac formula: I-0, 11-5, III-B, IV-4, V--F, V1--1-.

Mandibles (Figure 20). Left mandible, type two - bidentate,

apical scissorial portion with median indentation partially dividing

this area into two small teeth; large, deep indentation posterior to

apical scissorial area delimiting secondary tooth, this tooth only
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slightly developed, apparently functioning similar to molar area;

relatively large prostheca just anterior to large molar area. Right

mandible, bidentate, apical piercing tooth with shallow basal indenta-

tion separating it from bilobed secondary tooth just anterior to large

prostheca, molar area smaller than left mandible, but still distinct.

Molar areas of each mandible evenly convex.

Stridulatory peg (Figure 42). Peg long, projecting dorso-

caudad with neck not parallel to longitudinal body axis, distal end

bluntly rounded, not bulbous. Edges of peg parallel, not tapering

distally.

Allotype. Female, length 7. 6 mm, width through midpoint of

elytra 3. 6mm. Color uniformly reddish-brown except for darkening

around eyes. First metatarsal segment less stout and arcuate than

male, venter of abdomen evenly convex when viewed laterally; similar

to male in other respects.

Type material Holotype, male, 7500', nr. Jame, 33 mi. S. E.

Saltillo, Coah. , Mex., 25 July 1963, H. F. Howden (CNC). Allotype,

female, 7500', nr. Jame, 33 mi. S. E. Saltillo, Coah., Mex. 18 July

1963, A. T. Howden (Howden collection). Paratypes, twelve males,

four females. Three males, 7500', nr. Jame, 33 mi. S. E. Saltillo,

Coah. , Mex. , 18 July 1963, H. and A. Howden (CNC); six males,

7500', nr. Jame, 33 mi. S. E. Saltillo, Coah. , Mex., 18 July 1963,

A. T. Howden (Howden collection); one male, 7500', nr, Jame, 33
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mi. S. E. Saltillo, Coah., Mex. , 18 July 1963, Arnett and VanTassell

(CNC); two males, 7500' nr. Jame, 33 mi. S. E. Saltillo, Coah. ,

Mex. , 25 July 1963, H. F. Howden (CNC); one female, 7500', nr.

Jame, 33 mi. S. E. Saltillo, Coah., Mex. , 18 July 1963, A. T.

Howden. (Howden collection); one female, 7500', nr. Jame, 33 mi.

S. E. Saltillo, Coah., Mex. , 18 July 1963, Arnett and VanTassell

(CNC); two females, 7500' nr. Jame, 33 mi. S. E. Saltillo, Coah. ,

Mex. , 25 July 1963, H. F. Howden (CNC). The holotype is in the

Canadian National Collection (CNC), and the allotype is in the personal

collection of Dr. H. F. Howden. The paratypes are in the following

collections: Canadian National Collection (CNC) and Howden collec-

tion, Ottawa, Canada.

Variation. Size ranges in males from 8. 9 mm to 6. 8 mm in

length and from 4. 3 mm to 3. 0 mm in width through the midpoint of

the elytra. In females, size ranges from 7. 8mm to 5.1 mm in length

and from 4. 3 mm to 2. 7mm in width through the midpoint of the

elytra. Color varies from a light reddish-brown to a dark reddish-

brown in the type series. Color appears to be quite variable, and

specimens from other localities may be tan to dark brown. Variation

in the sclerites of the aedeagal sac is as follows: I-0, 11-3-6, III-A,

B, C, D, IV-0-5, V-+, VI-+. In some specimens the two faintly

raised bumps on the vertex were not visible. Variation in the mouth-

parts and stridulatory peg are slight.
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Specimens examined. Forty-eight males, thirty females.

Distribution (Figure 48). This species is known from Texas

and Mexico.

This species will key to 0. pectoralis Le Conte in FaIlls (1909)

key. 0. howdeni can be distinguished from 0. pectoralis Le Conte

by the slightly produced mentum, by the small size of the elytral

punctures relative to the distance between punctures, and by the first

metatarsal segment which is angulated at its midpoint. The secondary

tooth of the right mandible reaches its greatest development in this

species of the 0. pectoralis complex.

I am pleased to name this species after Dr. Henry F. Howden

who collected most of the type material, and assisted me with this

study.
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Ochodaeus ritcheri n. sp.
(Figures 5, 27, 29, 34, 36, 38, 41, 48)

Holotype. Male, length 6. 7mm, width through midpoint of

elytra 3. 4 mm. Mandibles, labrum, clypeus, head, pronotum, ventral

surfaces, and legs dark reddishbrown. Elytra slightly lighter in

color. Labrum, clypeus, head, pronotum, and elytra covered with

yellowish, uniforrrily short semi-erect setae. Ventral surfaces and

legs covered with longer relatively fine setae.

Mandibles evenly arcuate along outer margin. Labrum (Figure

29) distinctly emarginate anteriorly, almost bilobed in shape; small

pointed projection arising at midpoint of emargination on dorsal

surface; anterior dorsal surface covered with sparse setae, each

seta arising from a shallow depression, separated from adjacent setae

by fine ridges; posterior half of labrum lacking sculpturing, but with

transverse row of very small, fine setae, anterior to distal margin

of preclypeus; posterio-lateral margins of labrum concave. Clypeus

elevated above labrum, lacking lateral or medial horns, anterior

margin slightly reflexed, this margin covered with dense patch of

setae. Surface of clypeus and vertex evenly setose, each seta arising

at base of small tubercle. Vertex evenly convex, except for shallow

depression at center, just anterior to eyes, two slightly elevated areas

on head between eyes. Posterior margin of head closely punctured,

lacking setae and tubercles. Pronotum with marginal bead entire,
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surface strongly convex, irregularly punctured, and evenly setose,

each seta arising at base of small tubercle. Scutellum flat, closely

punctured, and sparsely setose. Each elytron with five punctate

striae between median suture and humeral umbone, areas between

striae with three irregular rows of setae, each seta arising from

base of small tubercle, the distance between punctures in elytral

striae equal to or less than diameter of individual punctures (Figure

38), sutural apex of each elytron dentiform. Propygidium with two

tubercles, one on each side of midline.

Mentum (Figures 34 and 36) produced ventrally to.form trans-

verse wedge extending considerably below ventral edge of maxillae,

emarginate anteriorly, longitudinally impressed, with slight ridge

at midpoint. Prosternum produced anteriorly to form blunt point,

posterior margin with projection at midpoint. Fore tibia tridentate,

basal tooth located approximately at midpoint between base of tibia

and apical tooth, hind femur lacking apical unciform tooth, posterior

apical margin with slightly produced edge, hind tibia lacking dentition

and dilated only slightly at apex, hind tarsus with first segment as

long as remaining four segments together, triangular in cross sec-

tion, and arcuate, angulation occurring at approximately one-third

distance from apex.

Genitalia (Figure 5). Basal piece and parameres not distinc-

tive, distal end of V-shaped apophysis truncate. Aedeagal sac
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formula: 1-2, II-0, III-E, IV -0, V-+, VI-+.

Mandibles (Figure 27). Left mandible, type two - bidentate,

apical scissorial portion with median indentation partially dividing

this portion into two small teeth, large, deep indentation posterior

to apical scissorial area, delimiting secondary tooth, this tooth

developed only slightly, rounded and narrow. Relatively small

prostheca located anterior and adjacent to basal molar area. Right

mandible, bidentate, apical piercing tooth with shallow, basal inden-

tation separating it from secondary tooth, not bilobed in shape, just

anterior to large prostheca. Basal molar area of each mandible

present and evenly convex.

Stridulatory peg (Figure 41). Peg short, projecting caudad and

slightly dorsal, with neck not quite parallel to longitudinal body axis,

distal end bluntly rounded, not bulbous, sides parallel not tapering

distally.

Allotype. Female, length 7. 2 mm, width through midpoint of

elytra 3. 3 mm. Color uniformly dark reddish-brown with setation

similar to male, labral projection same as in male. Similar to

holotype in all other respects except that venter of abdomen is evenly

convex when viewed laterally.

Type material. Holotype, male, Big Bend National Park,

Texas, Panther Jct., 400W, May 12, 1959, Howden and Becker

(CNC). Allotype, female, Big Bend National Park, Texas, Panther
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Jct., 4000', May 12, 1959, Howden and Becker (CNC). Paratypes,

two males and seven females. One male, Big Bend National Park,

Texas, Panther Jct., 4000', May 12, 1959, Howden and Becker

(CNC); one male, Big Bend National Park, Texas, Tornillo Flat,

3200', May 20, 1959, Howden and Becker (CNC); four females, Oak

Springs, Big Bend National Park, Texas, August 25, 1965, A.

Blanchard (LACM); two females, Big Bend Oak Springs, Big Bend

National Park, Texas, August 26, 1965, A.& M. E. Blanchard

(Hardy coll. ). The holotype and allotype are in the following collec-

tions: Canadian National Collection (CNC), Los Angeles County

Museum (LACM), and the personal collection of Dr. Alan Hardy.

Variation. A complete indication of variation is difficult due

to the limited amount of type material available. Size ranges in

males from 6.7mm to 6.1 mm in length, and from 3. 5mm to 3.1 mm

in width through the midpoint of the elytra. In females, size ranges

from 6. 7 mm to 5. 1 mm in length, and from 3. 3 mm to 2. 7 mm in

width through the midpoint of the elytra. Color varies from light to

very dark reddish-brown with some variation resulting from the type

of treatment given to relax and remove the genitalia. The only varia-

tion observed in the male genitalia occurred at position III. The

scierite at this position varied in the degree to which the apical teeth

were produced, and in one specimen the subapical tooth was greatly

reduced. The two faintly raised tuberles on the vertex varied in
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the type series, being visible in some specimens and completely

lacking in others. Variation in the mouthparts and stridulatory peg

is slight.

Specimens examined. Five males, seven females.

Distribution (Figure 48). This species is known only from

Texas.

This species will key to 0. pectoralis Le Conte in Fall's (1909)

key. 0. ritcheri can be distinguished from 0. pectoralis Le Conte

by the median projection of the labrum occurring in 0. ritcheri.

The secondary tooth on the left mandible in 0. ritcheri is smaller

and more rounded than in the other species of the 0. pectoralis

Le Conte complex. The form of the right mandible in 0. ritcheri

more closely resembles the right mandible of 0. howdeni n. sp. than

that of 0. pectoralis Le Conte.

I am pleased to name this species after my major professor,

Dr. Paul 0. Ritcher, who has assisted me a great deal with this

study.
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Ochodaeus inarmatus Schaeffer
(Figures 8, 9, 13, 21, 27)

Ochodaeus inarmatus Schaeffer, 1906, p. 270.

This species was described by Schaeffer (1906) from the

Huachuca Mountains in Arizona. Fall (1909) considered this species

in his revision and listed it from the Huachuca Mountains. This

species has been taken by the writer and Dr. P. O. Ritcher from

Cave Creek Canyon in the Chiricahua Mountains of Arizona and from

Madera Canyon in the Santa Rita Mountains of Arizona.

The types (two cotypes) are in the United States National Muse-

um and bear the following data on labels: Type; Huachuca Mts.,

Ariz. ; Brooklyn Museum, Coll., 1929; Catal. No. 924; Cotype, No.

42575, U. S. N. M. ; Ochodaeus inarmatus Schaef. type. Both cotypes

have identical labels and both are males. Both cotypes are in good

condition. The antennae, legs, and tarsi of both are intact.

The specimens from which the illustrations were made were

taken at the Southwestern Research Station of the American Museum

of Natural History, 5 miles west of Portal, Arizona. The types were

not dissected, however, specimens identical to the types in all aspects

were dissected.

Ochodaeus inarmatus Schaeffer can be distinguished from other

species by the following characters: sutural angle of the elytra

dentiform, hind femur and tibia lacking dentition, vertex with a
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transverse carina which is interrupted at its midpoint, and the first

hind tarsal segment is longer than any of those that follow, but is

not arcuate.

Male genitalia (Figures 8, 9, and 13). The basal piece,

parameres, and V-shaped apophysis are not helpful in distinguish-

ing this species. The aedeagal sac bears four distinct sclerotic

regions which separate this species from others in the genus. There

are three heavily pigmented sclerites in the membranous basal por-

tions of the sac, the first of which is a small simple sclerite in a

dorso-lateral position. This sclerite is acutely arcuate with the

angulation occurring at about midway from its base to apex. It is

attached to the sac along its broad base and projects free of the sac

beyond the point at which it bends. The free end of this sclerite

projects cephalad. In some specimens, the distal end of this sclerite

bifurcates into two points (Figure 13). The next sclerite is consid-

erably larger, occurs in a dorsal position, and projects dorso-

cephalad. This sclerite is attached to the sac along one edge for

two-thirds of its length with the last one-third tapering to a point

and projecting free of attachment to the sac. The next sclerite is

in a dorsal position and is heavily pigmented. This sclerite consists

of a plate which is attached to the surface of the sac, and a simple

pointed projection arising from this plate The free portion of this

sclerite projects at a right angle to the base and parallel to the
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surface of the sac. The fourth sclerite is located in a ventral posi-

tion near the distal end of the sac. This sclerite is also heavily

pigmented and appears to be attached to the sac throughout its length.

The proximal end is the only free portion and bears a number of

sharp teeth which form a serrate edge. The exposed surface of this

sclerite is covered with small teeth. All of these are closely

oppressed to the surface of the slcerite and project cephalad. The

distal two-thirds of the sac is covered with patches of small papillae

varying in size and in the degree of pigmentation. The only apparent

variation in the sclerites is in the first basal sclerite as mentioned

above. All of the other sclerites varied in size and proportion, but

retained the basic form as described.

Mandibles (Figure 21). The left mandible is type two and

bidentate. The apical portion is modified into a blade-like scissor-

rial structure with the median portion broadly indented forming

proximal and distal points. The distal point is sharper and more

prominent than the proximal point. A large indentation occurs

proximad of the apical scissorial postion separating and distinguish-

ing a secondary tooth. The secondary tooth is small and bluntly

rounded with its apex not adjacent to the prostheca. The prostheca

is large and located between the secondary tooth and the basal molar

area. The right mandible is bidentate, with an apical pointed tooth

and a secondary, rounded, blunt tooth delimited by a shallow but
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broad indentation. The large prostheca is located just anterior

to the basal molar area but is not contiguous with the base of the

secondary tooth. The molar area on each mandible is evenly convex.

Stridulatory peg (Figure 47). The peg is long, slightly arcuate,

and projects dorso-caudad with the neck not parallel to the longi-

tudinal body axia. The distal end is bluntly rounded, not bulbous,

and the sides of the peg are parallel. They do not taper distally.

Specimens examined. Two cotypes, eight males, and seven

females. This is the number of specimens which were dissected and

does not indicate the total nurrb er of specimens seen by the writer.
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Ochodaeus kansanus Fall
(Figures 10, 11, 22, 45)

Ochodaeus kansanus Fall, 1909, P. 34.

This species was described by Fall (1909) from Kansas and

New Mexico. In his description of this species, Fall neglected to

specify a type locality and simply listed Kansas and New Mexico as

its habitat. The locality label on the holotype lists Hamilton County,

Kansas as the collection site. The distribution of this species is

quite likely more widespread than these two states. This species

has been taken by the writer and Dr. P. 0. Ritcher in Cochise

County, Arizona. The writer has noted that more than one distinct

form keys out to this species in Fall's key and suspects that more

than one species is present.

The holotype is in the Museum of Comparative Zoology,

Harvard, and bears the following data on labels: Hamilton Co.,

Ks., 3350 ft., F. H. Snow; d ; Type kansanus; M. C. Z. Type 24778.

The type is in good condition. The antennae, legs, and all but one

tarsus are intact.

The specimen from which the illustrations were made was

taken 26 miles West of Deming, New Mexico. The holotype was not

dissected, however, specimens bearing the same label as the type

were dissected.

Ochodaeus kansanus Fall may be distinguished from the species



59

most similar to it by the following characters: sutural angle of

elytra dentiform, hind femur and tibia simple in both sexes, vertex

with uninterrupted transverse carina, and the frontal lobe is strongly

margined.

Male Genitalia (Figures 10 and 11). The basal piece,

parameres, and V-shaped apophysis are not helpful in distinguish-

ing this species. The aedeagal sac bears numerous distinct scler-

ites. Two large, heavily pigmented sclerites occur basally in the

membranous portion of the sac. The most proximal of these is a

long curved structure, attached to the sac throughout its length and

covered with fine teeth. The second basal sclerite, occurring in a

lateral position is heavier than the first, but is also attached to the

sac throughout its length. The proximal end of this sclerite is

produced into a large unciform tooth. Located between the base of

this tooth and the sac are three small teeth. The third sclerite is

located in a dorso-lateral position about midway out on the sac. This

is a small, heavily pigmented sclerite, circular in shape and cov-

ered by teeth projecting in all directions. This sclerite appears

stellate in shape when viewed from above Distally located on the

sac is another large, solitary sclerite and a series of simple scler-

ites. The solitary sclerite is lateral in position and is heavily pig-

mented. This sclerite is serrate with the free edge bearing a row

of small, sharply pointed teeth. The surfaces of this sclerite are
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covered with small teeth, however, these are closely opppressed to

the surface of the sclerite. This sclerite is semi-circular in shape

with the flat edge attached to the sac. There is a series of simple

or bifurcate sclerites occurring in a ventral position, about the

same distance from the basal piece as the aforementioned serrate

sclerite. These are moderately pigmented structures which are

either simple pointed projections, or two projections from a common

base. The distal two-thirds of the sac is covered with small, lightly

pigmented papillae. In the specimens examined, all of the sclerites

remained constant in form and condition except for the simple scler-

ites located at the distal end and the stellate sclerite. The simple

sclerites varied in number and form. The stellate sclerite was

lacking in specimens bearing the same label as the type. However,

other specimens identical in all other aspects possessed this sclerite.

Mandibles (Figure 22). The left mandible is type two and

bidentate. The apical portion is scissorial and blade-like with a

deep median indentation, which is sharply defined, and almost divides

this portion into two teeth. A large indentation typical of the type

two mandible occurs posterior to the apical scissorial area and

delimits a secondary tooth. This tooth is small and poorly developed.

The prostheca is located between this secondary tooth and a large,

evenly convex molar area. The left mandible of this species appears

to be intermediate in shape between the type two and type three left
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mandibles. The right mandible is bidentate with the apical portion

sharp and pointed. A very large and broad indented portion of this

mandible separates the apical tooth from a secondary tooth. This

secondary tooth is quite distinct and similar to the secondary tooth

of the characteristic right mandible associated with a type three left

mandible. The prostheca is small and located between the secondary

tooth and the basal molar area. The molar area in this mandible is

slightly indented at its midpoint.

Stridulatory peg (Figure 45). The peg is long and projects

caudad with the neck parallel to the longitudinal body axis. The

distal end is bluntly pointed, with the sides of the peg not parallel,

but narrow at the base, becoming bulbous at the midpoint and then

tapering to a blunt point.

Specimens examined. Holotype, sixteen males and three

females. This is the number of specimens which were dissected

and does not indicate the total number of specimens seen by the

writer.
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Ochodaeus biarmatus Le Conte
(Figures 12, 14, 25, 44)

Ochodaeus biarmatus Le Conte, 1868, p. 51.

This species was described by Le Conte (1868) from Carion

Blanco, New Mexico. It has been considered in two generic revi-

sions (Horn, 1876; Fall, 1909) and was listed by Fall (1909) as occur-

ring in Kansas, Texas, and New Mexico. The distribution of this

species is more widespread than indicated by Fall. The writer has

examined specimens of this species from Mexico and has collected it

in Cochise County, Arizona. This species is one of the most common

in collections. The writer has noted that several distinct forms key

to O. biarmatus LeConte in Fall's (1909) key. It is quite likely that

more than one species is involved.

The holotype is in the Museum of Comparative Zoology,

Harvard, and bears the following data on labels: N.M.; 0. biarmatus

Lec. ; Type, M. C. Z. , 3338. The type is in good condition. The

antennae, legs, and all but one tarsus are intact.

The specimens from which the illustrations were made were

taken at the Southwestern Research Station of the American Museum

of Natural History, 5 miles West of Portal, Arizona. The holotype

was not dissected, however, specimens identical to the type in all

aspects were dissected.

Ochodaeus biarmatus LeConte may be distinguished from other
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species by the following characters: sutural angle of the elytra

dentiform, anterior clypeal margin elevated on each side to form

a small acute tubercle, hind femur of male toothed at the apical

third, vertex lacking carina or horns, and hind tibia simple. It is

in the dentition of the femur, and form of the anterior clypeal margin

that the most variation occurs. Some of the specimens which key to

this species lack acute dentition on the hind femur and some lack

tubercles on the anterior clypeal margin.

Male genitalia (Figures 1Z and 14). The basal piece and

parameres are not distinct and are of little use in distinguishing

this species. However, the V-shaped apophysis and the aedeagal

sac are distinct and provide characters which readily distinguish

this species. The V-shaped apophysis tapers to a point at its apical

extremity in contrast to the truncate shape in other species. The

aedeagal sac bears four regions of sclerotization which are useful

in distinguishing this species. The most basal sclerites are found

in two small, adjacent patches in a ventro-lateral position near the

base of the sac. These patches are lightly pigmented and appear to

be in a stellate condition with numerous points projecting in all

directions from the surface of the sac. The next position bears a

series of sclerites dorsal in position, consisting of nine or ten

solitary sclerites. The individual sclerites are simple in shape

and of two basic types. The type occurring basally in the series
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have a single sharp projection arising from an elongate, heavily

pigmented base. The second type in this series occurs at the distal

end of this series of sclerites. These consist of a simple pointed

projection lacking the elongate base of the first type. These are

also heavily pigmented. The final series of sclerites typical of this

species occurs at approximately the apical one-third of the sac and is

located in a lateral position. It consists of three simple sclerites

in a row with their tips projecting distad. The distal two-thirds of

the sac is covered with fine, lightly pigmented papillae in irregularly

arranged patches.

Mandibles (Figure 25). The left mandible is type two and

bidentate. The apical tooth is modified into a scissorial or bladelike

structure with the median portion shallowly, and evenly indented. A

large indentation occurs just posterior to this scissorial portion and

separates it from a secondary tooth. This indentation is narrower,

but as deep as in any of the type two mandibles. The secondary tooth

is bluntly rounded, but somewhat more distinct than in other type two

mandibles. The prostheca is small, located just anterior to the basal

molar area. The right mandible is tridentate. The distal tooth is

sharply pointed with a slight indentation occurring proximad of the

point and delimiting a small secondary tooth. The third tooth is

located just anterior to the prostheca. It is blunt and not well de-

fined, but distinct enough to be considered a tooth. The prostheca
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is located between the third tooth and the basal molar area. The

molar areas of both mandibles are evenly convex. The right

mandible appears to be somewhat similar to the type of mandible

a ssociated with a type three left mandible.

Stridulatory peg (Figure 44). The peg is small and projects

caudad with the neck parallel to the longitudinal body axis. The apex

of the peg is bluntly rounded, not bulbous, and the sides of the peg

are parallel, not tapering distally.

Specimens examined. Holotype, twenty-two males and two

females. This is the number of specimens which were dissected

and does not indicate the total. number of specimens seen by the

writer.
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Ochodaeus simplex Le Conte
(Figures 16, 17, 26, 43)

Ochodaeus simplex Le Conte, 1854, p. 222.

This species was described by Le Conte (1854) from the "Copper

Mines" and was listed by Fall (1909) as occurring in New Mexico,

Texas, and Colorado. Ochodaeus simplex Le Conte is also known

from Canada (Howden, 1968) and Washington, Idaho, and Oregon

(Hatch, 1971). The writer has taken this species in Cochise County,

Arizona.

The holotype is in the Museum of Comparative Zoology,

Harvard, and bears the following data on labels: C; 0. simplex

Lec., Webb, Copper Mines; Type 3340. The type is a female and

is in good condition except that it is quite soiled. The antennae, legs,

and tarsi are all intact.

The specimen from which the illustrations were made was taken

13 miles southeast of Sisters, Oregon. The holotype was not dis-

sected.

Ochodaeus simplex Le Conte can be distinguished from other

species by the following characters: sutural angle of elytra not

dentiform, no frontal horn, vertex not carinate, metafemur lacking

apical tooth, and metatibia with an acute tooth at middle.

Male genitalia (Figures 16 and 17). The basal piece,

parameres, and V-shaped apophysis are of a general form and
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are not distinctive. The aedeagal sac bears four distinct sclerites

which distinguish this species from other species. The most basal

of these sclerites is located in a dorso-lateral position and is quite

small and indistinct. It is attached to the sac along its entire length,

and does not project above the surface of the sac. The next sclerite

occurs just distad and on the opposite lateral surface as the first

sclerite. It is considerably larger and more heavily pigmented. This

sclerite is evenly arcuate, attached to the sac along its entire length,

and projects only slightly above the surface of the sac. The third

sclerite occurs in a dorso-lateral position about midway out on the

sac and js also heavily pigmented. This sclerite consists of numer-

ous sharp spines which project out from a flat, oval disc which is

attached to the sac. These spines project distad and become larger

along the distal margin of the basal disc. The fourth sclerite is

located at about the distal one-third of the sac, and is an elongate

structure with the proximal end bearing small teeth and projecting

free of the surface of the sac. This sclerite is attached to the sac

throughout its entire length except at the extreme proximal end,

where it becomes quite thick and bears the small teeth in a serrate

fashion. The distal two-thirds of the sac is covered with fine, lightly

pigmented papillae which occur in irregular patches. Some variation

in the form of the third sclerite was observed.

Mandibles (Figure 26). The left mandible is type one and
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unidentate. The apical portion is pointed with the remainder of the

mandible anterior to the prostheca simple. The apical tooth is

delimited by darker pigmentation and a ridge that runs from the tip

of the tooth back past the medial edge of the mandible. The remainder

of the medial edge posterior to this ridge is entire. The prostheca is

small and located anterior to the molar area. The right mandible is

bidentate with the large apical tooth bluntly pointed and separated

from the small, blunt secondary tooth by a shallow, but well defined

indentation. The prostheca is some distance from the secondary

tooth and adjacent to the molar area. The molar areas of both

mandibles are evenly convex.

Stridulatory peg (Figure 43). The peg is of medium length and

projects caudad with the neck parallel to the longitudinal body axis.

The apex of the peg is bluntly pointed, with the sides not parallel,

but tapering from the broad base to the bluntly pointed apex.

Specimens examined. Holotype, five males and ten females.

This is the number of specimens which were dissected and does not

indicate the total number of specimens seen by the writer.
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Ochodaeus praesidii Bates
(Figures 1, 18, 19, 23, 46)

Ochodaeus praesidii Bates, 1887, p. 106.

This species was described by Bates (1887) from Praesidio,

Mexico. It was listed by Fall (1909) as occurring in Arizona and

New Mexico. This species was taken by the writer and Dr. P. 0.

Ritcher in Cochise County, Arizona.

The holotype is in the British Museum of Natural History,

London, and was not available for examination. A homotype deter-

mined at the British Museum by Dr. H. F. Howden was examined

and dissected. This specimen was taken at Tuxpan, Nayarit, Mexico.

According to Dr. Howden (personal communication), the holotype is

a male.

The specimens from which the illustrations were made were

taken at the Southwestern Research Station of the American Museum

of Natural History, 5 miles west of Portal, Arizona.

Ochodaeus praesidii Bates can be distinguished from other

species by the following characters: sutural. angle of the elytra not

dentiform, posterior cariniform margin of the clypeus more promi-

nent at middle, metafemur with apical unciform tooth, metatibia

flattened with sides parallel and about one-third as wide as long.

The specimens examined exhibited a great deal of variation in most

of these characters.
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Male genitalia (Figures 1, 18, and 19). The basal piece,

parameres, and V-shaped apophysis are of a general form and are

not useful in distinguishing this species. The aedeagal sac, how-

ever, bears three sclerites which are distinct and distinguish this

species from others. The three sclerites are heavily pigmented and

are all located in the membranous basal one-third of the sac. All

three of these sclerites are of the serrate type, being semicircular

in shape with the flat edge attached to the sac. The free, curved edge

bears a row of small, sharp teeth forming the serrate edge. The

sclerite located ventrally is the smallest, and also the most proximal

of the three. The largest is dorso-laterally located and midway

between the distal and proximal sclerites. The distal sclerite is

ventral in position and similar in form to the proximal sclerite.

The size and number of teeth along the serrate edge of these sclerites

varied, but the position occupied by the sclerites remained constant.

The distal two-thirds of the sac is covered with fine, lightly pig-

mented papillae occurring in irregular patches. The sclerites on

the sac of the homotype are identical to those figured from the

Arizona specimens.

Mandibles (Figure 23). The left mandible is type three and

tridentate. The apical tooth is large, sharply pointed, and separated

from the other teeth by a large indentation. The second tooth is

large, not as produced or sharply pointed as the apical tooth, and
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separated from the remaining tooth by a shallow, but distinct indenta-

tion. The third tooth is small, setose, and bluntly pointed. The

prostheca is located between the third tooth and the large basal molar

area. The right mandible bears two large and two small teeth. The

apical tooth is large and sharply pointed with the two smaller denticles

located midway between its apex and the fourth tooth. The fourth

tooth is large and bluntly pointed with a large indentation separating

it from the other teeth. The prostheca is small and is located between

the base of the fourth tooth and the basal molar area. The molar

areas of both mandibles are evenly convex.

Stridulatory peg (Figure 46). The peg is long and acutely

arcuate with the distal two-thirds projecting caudad, parallel to the

longitudinal body axis. The apex of the peg is bluntly rounded, not

bulbous, with the sides of the peg divergent at the base and becoming

parallel along the apical two-thirds of its length.

Specimens examined. Homotype, fifty-five males and five

females. This is the number of specimens which were dissected

and does not indicate the total number of specimens seen by the

writer.



72

Tabular Key to the Ochodaeus Species
Considered in this Study

This key is included because it presents, in a tabular form, the

species considered in this study and the characters which readily

distinguish them.

Characters and character states used in the tabular key:

KG 1 Characters:

1. Sutural angle of elytra dentiform - d
not dentiform - nd

2. Type of left mandible present - T-I
- T-II

T-III

KG 100 Characters:

1. Vertex of head carinate - c
not carinate - nc

2. Carina (if present) entire - e
interrupted - i

3. First metatarsal segment arcuate - a
straight - s

KG 200 Characters:

1. Labrum with median tooth - t
without tooth - nt

2. Secondary tooth on right mandible well developed - p
not well developed - np

3. Mentum deeply produced - d
slightly produced - s



73

KG 1 1 2

nd T-I 0, simplex LeConte

nd T-III 0. praesidii Bates

d T-II KG 100

KG 100 1 2 3

c e s 0. kansanus Fall

c i s 0. inarmatus Schaeffer

nc - s 0. biarmatus LeConte

nc - a KG 200 (Q. pectoralis complex)

KG 200 1 2 3

t p - 0. ritcheri n. sp.

nt p s 0. howdeni n. sp.

nt np d 0. pectoralis LeConte
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Key to the Species of the Ochodaeus
pectoralis Species Complex

1. First metatarsal segment not arcuate, not longer than
remaining four segments together; mentum not produced
ventrally to form transverse wedge; if mentum is produced
ventrally then the sutural angle of the elytra is not
dentiform all other species.

First metatarsal segment arcuate, longer than remaining
four segment together; mentum produced ventrally to form
transverse wedge; sutural angle of elytra dentiform
(0. pectoralis complex) 2

2. Labrum with a median projection on dorsal surface
0. ritcheri n. sp.

2'. Labrum without a median projection on dorsal surface . . .

3

3. Mentum produced well below the ventral surface of
the maxillae; first metatarsal segment with angulation
occurring at apical one-third; distance between elytral
punctures approximately equal to the diameter of
individual punctures. 0. pectoralis Le Conte.

3'. Mentum produced only slightly below the ventral surface
of the maxillae; first metatarsal segment with angulation
occurring at midpoint; distance between elytral punctures
larger than diameter of individual punctures

0. howdeni n. sp.
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DISCUSSION AND SUMMARY

Eight species of Ochodaeus were examined with special tech-

niques on the aedeagal sac, the mandibles, and the stridulatory peg.

The use of these characters provided a clearer understanding of the

affinities of species and assisted in the definition of the species taxon.

Many of the characters previously used were secondary sexual char-

acters. These characters were useful, but in many cases were quite

variable and often provided distinguishing characteristics for only

one sex.

Male genitalia. The genital segment (gsg) and basal piece (bp)

are distinct only at the generic level. In many genera of Scarabaeidae,

the parameres have elaborate processes. In Ochodaeus the parameres

(pm) are simple in shape, show little structural diversity, and are not

useful in distinguishing species. The V-shaped apophysis (ap) is of a

general form in all but one of the species considered. Other than in

this one case, it is of little use in distinguishing species. The aedeagal

sac provided valuable characters for the discrimination of species.

Based on these characters, it is apparent that several taxa hitherto

considered as distinct species are actually species complexes. This is

true of the 0. pectoralis complex. The aedeagal sac is distinct for

each of the three species in this complex. The sac was also distinct
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for all of the other species examined. Further supportive differ-

ences were found utilizing non-genitalic characters.

Mouthparts. The labrum and mentum are distinctive at the

species level in the 0. pectoralis complex and may be used to dis-

tinguish the species of this group. This remains to be investigated

in other groups. The mandibles are distinct at the species level in

the 0. pectoralis complex and were distinct for the other species

considered. The form of the mandibles did not appear to be signifi-

cantly altered by abrasion. Wear may become a problem in com-

plexes where the magnitude of the differences between species is

small.

Stridulatory peg. The form of this structure is distinct at the

species level in the 0. pectoralis complex and also in the other spe-

cies considered. The magnitude of the differences between species

in the 0. pectoralis complex were less distinct than those observed

between the 0. pectoralis group and the other species considered.

Since sound is often an important isolating mechanism in insects,

one would suspect that the stridulatory structures would also be

distinct in other species.

The mouthparts and stridulatory peg are useful in defining the

species taxon and also in the identification of species. The differ-

ences in these characters among individual species are not as obvi-

ous as those observed in the structures on the aedeagal sac.
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The characters associated with the aedeagal sac provided reliable

characters for the discrimination of species.
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List of Abbreviated Terms

AP - V-shaped apophysis

AS - Aedeagal sac

BP - Basal piece

GSG - Genital segment

MO - Molar area

PM - Paramere

PRO - Prostheca

SC - Scissorial area

SP - Spiracle

STP - Stridulatory peg

65 - Sixth sternite

6T - Sixth tergite



Figures 1-4. Male genitalic structures of Ochodaeus species.

1. 0. praesidii Bates, male abdomen with genitalic
structures everted.

2. 0. pectoralis Le Conte, aedeagus, dorsal view
with sac everted.

3. 0. pectoralis Le Conte, aedeagus, ventral view
with sac everted.

4. 0. howdeni n. sp., aedeagus, dorsal view with
sac everted.
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Figures 5-13. Aedeagi and associated sclerites of
Ochodaeus species.

5. 0. ritcheri n. sp., aedeagus, dorsal view
with sac everted.

6. 0. howdeni n. sp. , type-D sclerite from
position III.

7. 0. howdeni n. sp., type-E sclerite from
position III.

8. 0. inarmatus Schaeffer, aedeagus, dorsal
view with sac everted.

9. 0. inarmatus Schaeffer, aedeagus, ventral
view with sac everted.

10. 0. kansanus Fall, aedeagus, left lateral
view with sac everted.

11. 0. kansanus Fall, aedeagus, dorsal view
with sac everted.

12. 0. biarmatus Le Conte, aedeagus, dorsal
view with sac everted.

13. 0. inarmatus Schaeffer, bifurcate basal
sclerite.
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Figure 14. 0. biarmatus Le Conte, aedeagus, dorsal
view with sac everted.

Figure 15. 0. repandus Fall, mesotibial spur.

Figures 16-19. Aedeagi of Ochodaeus species.

16. 0. simplex Le Conte, aedeagus, dorsal
view with sac everted.

17. 0. simplex Le Conte, aedeagus, right
lateral view with sac everted.

18. 0. praesidii Bates, aedeagus, left
lateral view with sac everted.

19. 0. praesidii Bates, aedeagus, right
lateral view with sac everted.
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Figures 20-27. Mandibles of Ochodaeus species, dorsal
view.

20. 0. howdeni n. sp. , left and right mandibles.

21. 0. inarmatus Schaeffer, left and right
mandibles.

22. 0. kansanus Fall, left and right mandibles.

23. 0. paresidii Bates, left and right mandibles.

24. 0. pectoralis LeConte, left and right
mandibles.

25. 0. biarmatus LeConte, left and right
mandibles.

26. 0. simplex LeConte, left and right
mandible s.

27. 0. ritcheri n. sp., left and right mandibles.
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Figures 28-34. Mouthparts of species in the 0. pectoralis
species complex.

28. 0. pectoralis Le Conte, labrum, dorsal view.

29. 0. ritcheri n. sp., labrum, dorsal view.

30. 0. howdeni n. sp., labrum, dorsal view.

31. 0. pectoralis Le Conte, mentum, ventro-
lateral view.

32. 0. howdeni n. sp., mentum, ventro-lateral
view.

33. 0. howdeni n. sp., mentum, ventro-lateral
view.

34 0. ritcheri n. sp., mentum, ventro-lateral
view.

Figure 35. 0. pectoralis Le Conte, metatarsal segments,
dorsal view.

Figure 36. 0. ritcheri n. sp., mentum, ventro-lateral
view.
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Figures 37-39. Dorsal surface of the elytra of species
in the 0. pectoralis species complex
(approx. 200X)

37. 0. pectoralis Le Conte.

38. 0. ritcheri n. sp.

39. 0. howdeni n. sp.

Figures 40-47. Stridulatory pegs of Ochodaeus species
(all same scale as Figure 40).

40. 0. pectoralis Le Conte.

41. 0. ritcheri n. sp.

42. 0. howdeni n. sp.

43. 0. simplex Le Conte.

44. 0. biarmatus Le Conte.

45. 0. kansanus Fall.

46. 0. praesidii Bates.

47. 0. inarmatus Schaeffer.
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Figure 48. Distribution of species in the 0. pectoralis
species complex.
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