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INTRODUCTION

One of the chief justifications for the study of the morphology
of any group of organisms is the importance of this branch of the
science in the classification of those organisms. Morphology is one of
the important foundations of classification because it supplies the
easiest and most usable key to the relationships between individuals.
The discovery and evaluation of these relationships is an important
part of our attempts at classification.

The purpose of such a morphological study as this may be stated
as follows: In the first place, it is an attempt to increase the knowl-
edge of the external morphology of the Staphylinidae as a basis for
a better understanding of their classification. It is furthermore an
attempt to add something to the knowledge of the morphology of
beetles in general. This very large and important field has been so
poorly explored up to the present time that any attempts to make ad-
ditions are not only justified but very much to be desired.

In any very large group of animals the number of species whose
morphology can be investigated in detail is necessarily limited by con-
siderations of time and expense of publication. Any conclusions drawn
from the comparatively few representatives examined must neces-
sarily be only tentative and suggestive, and they must await the less
detailed examination of the numerocus other species for confirmation.

The large order Coleoptera is one of the best known of all the groups
of insects. One of the largest included families is the Staphylinidae,
containing approximately one-tenth of all the known species of beetles.
The study of this family, however, has been relatively neglected
and the list of known species probably does not include one-fifth of
those actually in existence, and even from North America it is doubt-
ful if over one-half the species have been recorded. This condition
is due to the difficulties which attend the study of this family when
it is carried on by the methods formerly employed by many ento-
mologists—methods which fail to provide an adequate knowledge of
the comparative morphology of the group. These difficulties vanish
in large part when the study is approached in the right manner.

To a student of the Coleoptera desiring to undertake a comparative
morphological study of some group as a basis for its classification,
the family Staphylinidae has much to commend it. It is sufficiently
large to show a wide range of structure; the total number of species
is large enough to provide ample material for the full development
of one’s ideas of the principles of classification: a great number of
its members are common enough tc be very easily obtained; the ma-
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jority of specimens are small enough to be suited to examination with
the compound microscope; and, not the least, very little has been
known of its fundamental structure and relationships.

The present study deals with a family which contains nearly 20,00¢
known species. The fact that it would be impossible to study all of
these in detail is a very potent additional reason for studying a few
representatives as well as possible with the goal of establishing a
foundation and working outline of the external morphology which
can later be used to support a classification or which may be tested
and enlarged by further investigations on additional material.

It gives me pleasure gratefully to acknowledge the help and en-
couragement of Prof. G. F. Ferris, under whom this study has been
carried out. Iam also much indehted to R. E. Sniodgrass, who has read
the manuscript and given many very helpful suggestions.

THE LITERATURE ON THE STAPHYLINIDAE

In a brief review of the literature relating to the family Staphylinidae
it is not necessary to go back beyond the works of Erichson in 1839
and 1840. Previous to his time most of the work done was a bare
description of new genera and species. In the “ Kifer der Mark
Brandenburg ” in 1839 Erichson began the studies that resulted the
following year in his masterly volume “ Genera et Species Staphy-
linorum ”. This work contains a fairly complete classification of the
family, with keys to genera, and descriptions of all species known at
that time. It is undoubtedly one of the masterpieces of early systematic
entomology.

From the time of Erichson there has been a continual stream of
descriptions of new genera and species, published in many languages
and in hundreds of different periodicals. Many of the most important
studies of the staphylinids have been made in connection with large
faunal monographs. But by far the largest part of the information
published concerning this family has never been assembled in any way,
with the one exception of the bibliographic catalogue in the publica-
tion of Junk and Schenkling, the “ Coleopterorum Catalogus ”. The
student finds it necessary continually to go tq the original publica-
tions, and he finds many of the keys for identification unsatisfactory
or incomplete.

Any knowledge of the morphology of this family is exceedingly
difficult to obtain from the literature. Most of the discussions are re-
stricted to a certain species or to a certain group of structures on that
species. Practically no real comparative study has been made of even
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one set of characters, the only possible exception to this being the
work of Eichelbaum and of Sharp and Muir on the genitalia.

MATERIAL

- The material available for this study includes chiefly specimens
from North America supplemented by additional ones from Central
America and Europe. Wherever possible one of the common species
was selected. .

Eichelbaum (1909) listed 15 subfamilies of the Staphylinidae. In
these he recognized 43 tribal groups. The present study includes
representatives of 10 subfamilies and 23 tribes. The subfamilies of
which representatives were not available are: Megalopinae, Lepto-
typhlinae, Euaesthetinae, Trichophyinae, and Cephaloplectinae. Be-
sides these, the tribes not represented include: Neophonini, Apa-
teticini, Platyprosopini, Pygostenini, Trichopseniini, Deinopsini, Gym-
nusini, Myllaenini, Pronomaeini, Diglottini, Hygronomini, and
Digrammini.

The species selected in each tribe are not considered as actual rep-
resentatives or types but merely as members of that group and ex-
amples of it. In several cases more than one species has been used
within a tribe because of the great variation in certain characters,
but lack of time and space has prevented the further extension of
the list. ‘

It is very much to be regretted that members of the subfamily
Aleocharinae are so difficult of identification while so abundant every-
where. Only the larger tribes are represented in this material, and
this means that the aberrant and unusual forms have not been studied
or included in the comparisons.

All the American species were identified by the writer. Most of
the European species were obtained from Emmerich Reitter of Vienna.

PREPARATION OF MATERIAL

The preparation of material so that it can be adequately studied
is one of the most important steps in the solution of any systematic
problem. In the treatment of the specimens first consideration should
be given to the making available of all characters which might be
of value in the study. How far this ideal is from the condition ac-
tually attained in much systematic work has been discussed at length
by Ferris (1928), and a similar inadequacy is often shown in morpho-
logical studies.
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Three general means of mounting and preservation have been em-

ployed by entomologists. These are: On pins, in fluid such as alcohol,
and on microscope slides. According to Chamberlin (1931):
It may be said that the important thing in the preparation of material for
study is not the following of any particular set method, but rather the treatment
of material in such a way that the structures which it is necessary to employ
in systematic work (that is, those structures, regardless of size or obscurity,
which the study of comparative morphology shows to be significant for such
purposes) shall be rendered clearly visible.

In no group of insects will either of the first two methods alone
suffice to this end, and in all of the groups of minute insects the slide
preparations, supplemented in certain cases by the other methods,
have unquestionably proved to give not merely better results but the
only reasonably complete and satisfactory ones.

The Staphylinidae may properly be regarded as a group of minute
insects, as only a comparatively small percentage of them exceed 8 mm
in length, and the average length is probably below 5 mm. The actual
size ranges from slightly over 5 cm down to less than 1 mm.

The usual methods of mounting small beetles on pins and paper
points permit an examination of only the larger and more obvious
characters, and is utterly useless in any detailed study of the mor-
phology. It is essential in this type of work that the separate elements
of the body wall be carefully dissected and perhaps examined with
transmitted light, and this requires a considerable preparation of the
material. '

The method of preparation worked out for the present study is
outlined below. It is a modification of the practice generally employed
in the study of minute insects such as scale jasects and lice. '

Because of the methods used in the past in the examination and
description of species and the establishment of classifications, it is
impossible to correlate with the literature identifications in the Staphy-
linidae made from slide preparations. For this reason specimens
should first be mounted on fine paper points on pins in- the usual
manner and identified as accurately as possible using all available aids.

The special technique is as follows: The specimen is dropped into
a 10 percent solution of KOH and heated to near the boiling point
for about half a minute. This is to soften the body sufficiently to
prevent breakage when the elytra and wings are dissected off, which
is done by removing the specimen to water in a watch glass and work-
ing under the binocular microscope with fine dissecting needles. The
abdomen is now dissected away behind the metasternum, the head
separated from the prothorax, and the prothorax from the remainder
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of the thorax. These four parts of the body are replaced in the KOH
and allowed to boil gently for about one minute. The elytra and
wings are transferred from the water to 95 percent alcohol for several
minutes and then mounted as described below. After boiling the body,
it is removed again to water, where the disintegrated viscera may he
pressed out and the antennae, mouthparts, legs, and genitalia dissected
off. If any of these parts (notably the head and thorax) are too heav-
ily pigmented to permit easy study with transmitted light they should
now be placed in a 3 percent solution of hydrogen peroxide to which
has been added a small amount of ammonia (about one drop per cm’
of peroxide). It is essential that fresh ammonia be used and that the
mixture be not allowed to stand before using. It quickly loses its
efficacy after being mixed. Two to six hours in this solution will
suffice to bleach the darkest sclerites, and this treatment has the great
advantage of leaving the edges and sutures darker than the rest. These
parts are now placed again in the boiling KOH for a few seconds to
remove the peroxide and are then returned to the water to remove
the KOH. Now all parts are transferred to alcohol for several minutes
and then mounted. The most satisfactory mounting medium known
to me is euparal. (This can be obtained at a considerably reduced
price under the name of Diaphane.) Specimens are arranged in a drop
of the medium on the slide and a cover glass gently pressed down
until all surplus medium is squeezed out. If necessary the cover
‘glass may be supported by means of paper rings, which prevent the
flattening and consequent distortion of the objects. The slides are then
labeled and dried for two or three days. '

Material prepared in this way has a few disadvantages. The parts
can be studied only in the position in which they are mounted. The
color and general shape or habitus of the insect is lost in large measure.
But these are much more than offset by the ease of examination under
the compound microscope and the fact that one can approach the ideal
of being able to see and use all of the characters that are actually
present on the body of the beetle.

ILLUSTRATIONS

The illustrations, which form an important part -of this study, are
intended to serve primarily two purposes. First, they illustrate the
detailed anatomy of a typical staphylinid, together with that of other
special structures found only on other species; and second, they il-
lustrate briefly the variations within the family of each of the struc-
tures treated. They have been prepared with these two aims in mind,
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and the figures showing variation have for the most part not been
burdened with interpretations of structure. It is believed that this
latter will be obvious upon comparison with the morphological fig-
ures. As far as possible, all unusual or extreme structures are described
in the text.

The figures have all been drawn directly from slide mounts by
means of a camera lucida. No attempt has been made to indicate or
calculate the magnification attained, as this is believed to be purely
incidental and of no importance to a knowledge of the morphology.
Figures have been drawn to uniform sizes to show comparable details
in the different species regardless of the original size.

The abbreviations used are the same on all the figures and are listed
and explained at the end of the paper. They are for the most part the
same as those adopted by Snodgrass in his recent papers.

It should be borne in mind that each figure is more or less of a
composite, having been checked with as many specimens as possible
and frequently drawn from parts of several.

MORPHOLOGY OF THE STAPHYLINIDAE
GENERAL CONSIDERATIONS

Because of the fact that there does not exist any single work which
deals in any considerable degree of completeness with the comparative
morphology of the Coleoptera as a whole, it has not been possihle
to adopt any one system of study or any single terminology. In the
case of those structures that have been separately studied in a compre-
hensive way, an attempt has been made to follow that work in general.
A very large part of the structure of beetles, however, has never
heen monographed comparatively, with the result that the present
study has necessarily been built upon the basic works of Snodgrass
and others, in which the Coleoptera are treated only as a whole along
with the other orders of insects.

In the case of the structure of the head capsule, the interpretation
adopted here is that worked out by Snodgrass and Bdving. Its ap-
plications to the order Coleoptera have not previously been presented.

The orientation of the legs is a matter of common inconvenience.
The fundamental position of the leg is assumed to be as follows:
The leg is extended at right angles to the body, with each part ex-
tended distally and the empodium of the pretarsus facing downward,
the coxa suspended from the body by the condyles at its proximal
end. Following this orientation, it is possible to see four chief aspects
of the leg, the anterior and the posterior, and the dorsal and the
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ventral. The bicondylar joints all have one condyle anterior and one
posterior with the exception of the trochantero-femoral joint which
has one dorsal and one ventral. The claws are thus placed one anterior
and one posterior. _

An isolated leg can usually be readily oriented. The shape of the
cokxa will immediately determine the thoracic segment from which
it came. Whether the leg came from the right or left side of the
animal can frequently be told by the vestiture. On the coxae the vesti-
ture is generally lacking on the posterior aspect except as the tip. The
orientation of the posterior coxae can often be recognized at a glance
by the expansion over the base of the trochanter, which occurs only
on the anterior aspect.

The wing venation has been interpreted according to the scheme .

proposed by Forbes (1922). There was some hesitation, however,
in accepting this course, as it is believed by some writers that the
darker bands in the distal part of the wing do not represent veins
that are in any way homologous with any veins in other insect wings.
Certain parts can, however, be definitely correlated with other beetle
wings, so that the classification of the veins of this family is probably
as correct as that for the order as a whole. The spiracles of the
thorax are four in number. One pair is situated in the conjunctivum
between the prothorax and mesothorax on the ventral aspect, and
the other pair is in the membrane just anterior to the base of the hind
wing on the dorsal aspect. They are tétally different in structure ex-
ternally, the former resembling the abdominal spiracles very closely
in appearance. They belong to the mesothorax and metathorax
respectively.

The abdomen is To-segmented in all staphylinids, and probably in
all beetles in a morphological sense. The last two or three segments
form the genitalia, whereas the first two are frequently much reduced
or united to the metathorax. In all staphylinids the first segment is
present only on the dorsum and is more closely united to the meta-
thorax than to the second abdominal segment. It is practically always
dissected off with the thorax.

As far as the family Staphylinidae is concerned only the genitalia
have been treated in anything approaching a complete comparative
study, and even in that case there has been no comprehensive sum-
mary except that given for the males by Sharp and Muir (1912).
Their terminology has been followed chiefly, though it is rather arti-
ficial and obscures the true relationships. In the case of the genitalia
of the female, it has been found necessary to modify somewhat the
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interpretation of Tanner (1927). He has considered only one staphy-
linid, Creophilus villosus.

The spiracles are the chief landmarks of the abdomen. They occur
on each segment from one to eight. They are in all insects morpho-
logically a part of the tergum and in these forms are generally actually
in the tergites. A curious error is made regarding these by Leconte
and Horn (1883), as follows: “ The breathing pores, or spiracles,
are situated in the connecting membranes, or in the upper inflexed
portions of the ventral segments.” In the present family, at least,
they are always very definitely placed in the tergal elements.

STRUCTURE OF A REPRESENTATIVE SPECIES

The species Creophilus wvillosus (Grav.) has been selected to be
the subject of detailed investigation for the following reasons: It is
one of the commonest, most widespread, and most readily attainable
of American staphylinids; it very closely resembles related species
that are common throughout most of the world ; it is a typical staphy-
linid, being very similar to the type genus of the family; and it has
been used, more than any other staphylinid species, as the basis for
previous studies of the morphology of this family.

THE HEAD

The walls of the head are continuously heavily sclerotized on the
dorsal, lateral, and ventral aspects. These walls thus form a solid
capsule (fig. 1 F) with an opening at the posterior end, the foramen
magnum. The walls of this capsule are formed of certain sclerites
which have become united, with a correspomtling obliteration of the
sutures between them.

The dorsal aspect of the head (fig. 1 A) is occupied by a single
large sclerite extending anteriorly from the rim of the foramen mag-
num (for) to the membranous anteclypeus (aclp) and occupying the
entire width of the head. This area is the epicranium (epi) and is
formed by the obliteration of sutures which would divide it into frons,
vertex, genae, postgenae, and occiput. The occiput (oc) is represented
by a narrow band around the dorsal and lateral rims of the foramen
magnum, but it is undifferentiated from the vertex (w«). This is
due to the obliteration of the occipital suture. The ventral continua-
tions of the occiput on the sides of the head are the postgenae
(fig. 1 A, E, pge). Since the occipital sutures, if present, would ex-
tend to the base of the labium and maxillae, it follows that the areas
included by them, the postgenae, occupy in this species the two regions
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on the sides of the gula (gu) and extending from the maxillary
articulation to the foramen magnum and the lateral extensions of
the occiput, from which they are not separated. The vertex itself
occupies nearly the entire dorsal aspect of the head and most of the

Fic. 1..—Morphology of the head of Creophilus villosus (Grav.).

A, dorsal and ventral aspects of head with appendages removed. B, minute
setae and pores from terminal segment of antenna. C, detail of joint between the
tenth and eleventh segments of antenna. D, antenna. E, lateral aspect of head
with appendages removed. F, sagittal section of head to show tentorium. G, dorsal
aspect of labrum. H, ventral aspect of labrum.

lateral aspects as well. The area between the eyes, from the anterior
tentorial pits to the occiput and the areas immediately behind and be-
neath the eyes as far as the postgenae are all a part of this sclerite
(fundamentally a pair of sclerites, one on each side of the midline
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or epicranial suture). The term gena is used to designate the area
(fig. 1 E, ge) on the lateral aspect of the head between the eye and
the dorsal articulation of the mandible. It is not set off as a separate
sclerite. The frons is present as an area in all insects to be defined
by the frontal sutures and the epistomal suture, if present, but bear-
ing the origin of the labral retractor muscles. In the present species
neither the frontal nor the epistomal sutures are present, and the
frons is therefore represented only in a triangular area behind the
line of the anterior tentorial pits.

The clypeus is divided into two distinct sclerites, the postclypeus
(fig. 1 A, E, pclp) and the anteclypeus (aclp). The postclypeus is
fused with the frons at the line of the anterior tentorial pits and
extends around the antennal fossae. The anteclypeus is a membranous
strip between the anterior margin of the postclypeus and the labrum
(m).

The labrum (fig. 1 G, H) is a broad bilobed sclerite attached to the
cephalic end of the clypeus. It is continuous with the rest of the dorsal
surface of the head. Its anterior dorsal margin is clothed with both
stout and fine setae, whereas the remainder of its dorsal surface is
smooth and less heavily sclerotized. The ventral surface is covered
with very fine recumbent hairs, with two large areas of cross-hatched
ridges. The ventroposterior projections of the labrum are the tormae
(tor) and carry the insertion of the retractor muscles of the labrum.

Lying between and posterior to the tormae and caudad of the ven-
tral surface of the labrum is an M-shaped sclerite (fig. 1 G, H) which
appears to articulate with the inner faces of the tormae. Its posterior
arms taper regularly to a stubby point, from which arise a cluster of
very fine fibers or hairs. This sclerite is afiparently united by mem-
brane to the tormae.

The epipharynx is apparently not present as ev_eh a definite area
unless possibly it is represented by the two ribbed areas on the ventral
surface of the labrum (fig. 1 H).

The ventral aspect of the head (fig. 1 A) is occupied by three
sclerites or regions. These are a median and two lateral areas. The
first is the gula (gu), a narrow longitudinal sclerite with an expansion
at the posterior end. The lateral areas are the ventral prolongations
of the caudolateral parts of the epicranium. These represent the post-
genae and the.subocular parts of the vertex as described above.

The gula (fig. T A, gu) is believed to be a sclerotization of the neck
membrane posterior to the submentum and the teatorial pits and be-
tween the ventral extensions of the postocciput. The cephalic migra-
tion of the tentorial pits from the foramen magnum has extended the
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postoccipital sutures anteriorly along the ventral aspect as the gular
sutures (gs). The result is a gular sclerite which is narrow between
the postgenae, expands posteriorly along the ventral edge of the
foramen magnum, and is continuous with the submentum anteriorly
at the line of the tentorial pits. Posteriorly the gula closes the base
of the foramen magnum and is in close contact with the cervical
sclerites. '

The anterior portion of the ventral aspect of the cranium bears on
its inner surface a thickening or ridge known as the crassa (fig. 1 A,
cr) (MacGillivray, rg923). This ridge extends from the region of the
maxillary articulation to the mesal side of the ventral articulation
of the mandible, and it is presumed to function as a support of this
latter structure. Stickney (1923) interprets this as the occipital suture,
and if this interpretation is correct, the ridge would be properly called
the hypostomal ridge.

A number of other sclerites are present on the head of many
beetles, but they are small and relatively unimportant. The oculata
(fig. 1 E, o) is a wide ringlike shelf on the inside periphery of the
eye. There is apparently in this species no sclerite that can be identi-
fied with the antennal sclerite, which is normally situated within the
antennal fossa.

Certain parts of the head capsule are modified to form rather
definite condyles for the movable parts. These are of considerable
importance because they are usually very definite and permanent in
position and are thus very useful landmarks for identifying the other
parts. The antenna generally articulates with the head by means of
an obscure sclerite, the antennal sclerite, mentioned above. This has
not been observed, but the condyle is probably present in some form
as an articulating surface. The mandible articulates with the head by
means of two condyles, forming the dorsal (fig. 2 J, mad) and the
ventral (fig. 2 F, mav) articulations. The dorsal articulation is formed
by a rounded protuberance, situated in front of the eye at the antero-
lateral corner of the head, which fits into-an hemispherical acetabulum
on the maadible. The ventral condyle is situated on the mandible
and articulates with an acetabulum at the anterior end of the crassa
(cr). The articulation of the maxilla is a small condyle on the mesal
end of the cardo, which articulates in a small concavity on the inner
face of the postgena at the mesal end of the crassa (¢r). In the present
species this condyle is undeveloped and is not actually in contact with
the postgena. ‘

The median anterior part of the lateral aspect of the head is oc-
cupied by the compound eye (fig. 1 E, ¢). This organ is ovate in
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outline, somewhat convex, and the facets are moderate in relative size.
The oculata is large, occupying nearly three-quarters of the area of
the eye, as already described. No ocular suture or independent ocular
sclerite has been observed, but there is a narrow unpigmented band
separating the faceted part from the vertex. Ocelli are not present.

The vestiture of the head consists of a moderately dense clothing
of setae along the posterior margin dorsally, with a few very large
and long setae placed as follows: A pair at the anterior edge of the
vertex at the corners of the postclypeus; one above the base of each
antenna; one near the middle of the inner edge of the eye; and one
to three in the area between the eye and the posterior comstriction.
The posterior areas are continued around onto the lateral and some-
what onto the ventral surface.

THE APPENDAGES OF THE HEAD

The appendages of the head consist of a pair of antennae, a pair
of mandibles, a pair of maxillae, a hypopharynx, and a labium. With
the exception of the antennae, which are sensory in function, these
are all concerned with ingestion of food and are known collectively
as the mouthparts or trophi.

The antennae (fig. 1 D) are situated at the anterior edge of the
epicranium. They are inserted into an opening or antennal fossa
(fig. 1 A, af). They are 11-segmented and feebly clavate, with the
first segment elongated, as long as the second and third together.
The segments diminish in length from the first to the fifth, and in-
crease in width from the sixth to the tenth. The seventh to eleventh
segments are covered completely with minut€ setae, and the eleventh
alone has these setae interspersed with groups of minute pores (fig.
1 B). The outer joints (fig. 1 C) allow only a limited amount of
movement, whereas the basal ones permit a much wider latitude. All
the segments have a sparse vestiture of longer setae which are situated
rather at random.

The mandibles (fig. 2 F, J) are prominent, falciform jaws, heavily
sclerotized, and each articulated with the anterior margin of one side
of the head. The expanded proximal part is produced into a slender,
curved distal part which tapers to a blunt point. The lateral margin
of the latter is regularly continuous with the curved outer margin of
the basal part. The anteromesal corner of the basal part is produced
to, form two small, bluntly acute teeth (wmat). The notch separating
the two teeth of the left mandible (fig. 2 J) is nearly three times as
deep as the corresponding notch on the right mandible (fig. 2 F).
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The more distal tooth of the right mandible is actually double, there
being another smaller tooth immediately beneath it, arising from the
ventral surface of the mandible rather than from the inner edge as do
the others (fig. 2 F). There is no definite molar surface on the inner
face of the mandible, but the edge is divided longitudinally so that a
groove is formed, extending from the dorsal condyle (smad) to the
base of the tooth (mat). In the floor of this groove and about mid-
way on the inner face is an oblong foramen (prf) from which ex-
tends a membranous lobe or prostheca (prth). This lobe is nearly
one-third as long as the entire mandible and half as wide, and its
inner edge is regularly divided into a series of equal lobes, about 15 to
20 in number. The entire structure is densely clothed with minute
hairs.

Near the lateral edge of the dorsal aspect of the mandible is a
shallow fold (fig. 2 J, maf) extending from the condylar region at the
base to the end of the expanded proximal part of the mandible. Under
this fold are the openings of a series of pores (spe) which apparently
communicate with the interior cavity of the mandible. They lie nearly
parallel to the dorsal surface of the mandible and project mesad from
the fold. They may be branched (fig. 2 E) or unbranched, but the
tip of each branch forms a capsule, the walls of which are traversed
by numerous small canaliculi (can), which are little larger than the
canaliculi normally found in most sclerotized integuments.

Just distad of the anterior end of the fold (fig. 2 J, maf) and at
the lateral edge of the mandible there appears to be another pore
(mp). This is not connected with the serial pores of the fold, but
under high magnification is seen to be merely a thinning of the sclerotic
wall in the form of a narrow sac or tube on the inside and a slight
indentation of the outer surface (fig. 21). The reason for the ex-
istenice of this structure as well as of the serial pore organ is entirely
unknown to me. '

The mandible is articulated with the head by means of one dorsal
and one ventral condyle. The dorsal one is situated on the gena (fig.
2 ], mad) and the ventral one on the mandible (fig. 2 F, mav). The
dorsal articulation®is an hemispherical acetabulum on the mandible
which fits over a spherical projection of the head capsule immediately
in front of the eye. The posterior articulation is a spherical projec-
tion on the base of the ventral or outer face of the mandible. It fits
into a crescent-shaped acetabulum at the anterior extremity of the
crassa.

The maxillae (fig. 2 G) are situated immediately ventrad of the
mandibles at each side of the labium. Each is composed of four parts,
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Fic. 2—Morphology of the trophi of Creophilus wvillesus (Grav.).

A. ventral aspect of labium, without palpi. B, labial palpus. C, detail of tip of
terminal segment of labial palpus. D, dorsal aspect of hypopharynx. E, detail of
one of the serial pores from dorsal side of mandible. F, ventral aspect of 'rxght
mandihle, showing prostheca. G, ventral aspect of left maxilla. _H., maxillary
palpus: I, detail of median pore organ {rom outer edge of mandihble. J, dorsal
aspect of left mandible.

2
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the body of the maxilla, separated into several sclerites, two distal
lobes, the galea (ga) and the lacinia (Ic), and the maxillary palpus
(map). The body of the maxilla is composed fundamentally of three
parts, the cardo, the stipes, and the palpifer. The cardo (cd) is the
basal sclerite, which articulates at its mesal edge with the subgenae.
The stipes (st) is secondarily divided into two sclerites, apparently
the proximal or mesal one bearing the large lacinia (lc) and the galea
(ga), while the distal or lateral one bears the palpus on its extremity.
The lacinia is a large, densely hairy lobe, which is movable on the
stipes but is apparently united to a considerable extent to the base of
the galea (sg). The galea is covered with hairs similarly to the lacinia,
but is placed distad of that organ and curved around the tip of it.
The lateral corner of the galea bears a few long setae. The stipes
bears the maxillary palpus on its extremity without the differentiation
of a definite palpifer, the first segment of the palpus being joined to it
by a membrane. The palpus (fig. 2 H) is four-segmented and nearly
filiform. The basal segment is very small and is strongly geniculate.
This arrangement allows the second segment to extend laterally at
right angles to the axis of the maxilla. The second segment is rather
swollen and larger than any of the others, and it is somewhat arcuate.
The third segment is narrow at the base but expands at the apex to
approximately the same size as the second. It extends cephalad from
the tip of the second and is also slightly arcuate. The last segment is
nearly straight, cylindrical, and both shorter and narrower than the
two preceding. It is, however, slightly wider than the third at the
base, and is obtusely rounded at the apex. All the segments are very
sparsely beset with small setae, and the first three bear longer setae
near their apices. The terminal segment also bears at the base of its
dorsal surface an area of small close-set setae. The distal end of this
segment bears a small area of what appear to be sensory papillae, ex-
tremely minute and gathered in a slight emargination in the tip. The
distal two-thirds of the segment have a few scattered pores similar to
those found on the labial palpi (fig. 2 C, p) but somewhat larger.
There are also a few fine canaliculi as described from that organ (can).

The labium (fig. 2 A) is composed of three parts, the submentum,
mentum, and prementum, the last bearing a pair of segmented palpi
and three membranous lobes. The basal piece is the submentum, which
attaches the labium to the head. It is separated from the postgenae
by the submental sutures and is continuous with the gula between the
tentorial pits. : .

The submentum is expanded anteriorly to clasp the base of the
mentum. The mentum is a transverse sclerite, heavily sclerotized, and
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bearing a pair of large setae on each side. The prementum arises from
the inner or dorsal surface of the mentum. It is much narrower than
the latter and roughly square in outline. Its distal end is expanded
into two pairs of lobes, an inner pair of glossae and an outer pair of
paraglossae. The glossae (g!) lie on either side of the median line,
fused throughout their length except at the tip, which is slightly
notched. They are ordinarily visible between the labial palpi (/p)
on the ventral aspect. The paraglossae (pgl) are expansions of the
anterolateral corners of the prementum. They are more distinctly
produced than the glossae, but are almost always hidden behind the
first segment of the labial palpi (Ip). Both the glossae and the para-
glossae are membranous, unpigmented, and translucent. They have
no vestiture with the exception of a few scattered hairs on the anterior
margin between the glossae and the paraglossae. The prementum hears
on each side at its median lateral margin a large imperfectly differenti-
ated lobe, the palpiger (plg) which bears the labial palpus (Ip and fig.
2 B) on its distal end. There is a single stout seta at approximately the
base of each palpiger. The labial palpus is three-segmented with the
first two segments nearly equal in size and the terminal one somewhat
elongated. This palpus differs from the maxillary palpus in being
devoid of setae, except for a very few long hairs. The extreme tip
of the third segment is slightly emarginated and bears a small median
area of what appear to be sensory papillae (fig. 2 C, senp). The sur-
face of the tip is also set with relatively very large pores (p), with
a few of what appear to be minute canaliculi (can) ending at the sur-
face in a small, dark dot.

On the inner or dorsal surface of the labium is a large appendage,
the hypopharynx (fig. 2D). This arises ffom the region between
the mentum and submentum and the mouth opening, and bears two
slender lobes distally. These lobes extend in a narrow V-shape be-
hind the paraglossae of the labium and are armed along the inner
edge with a comb of long stout setae. This entire organ is very
membranous and translucent, and the distal portion is covered with a
very dense vestiture of short fine hairs. It is so exactly beneath the
labium (that is, dorsal to it) that the tips of the comb-bearing lobes
appear to be the paraglossae of the labium, even in dissections. It
is firmly attached to the ental surface of the labium.

THE TENTORIUM

Each half of the tentorium or internal skeleton of the head is com-
posed of a posterior arm (fig. 1 F, pta), an anterior arm (ata), and
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a dorsal arm (dte). The posterior arm extends along the ventral wall
.of the head to the foramen magnum, with the edge of which it is com-
pletely united. It is marked on the exterior of the head by a small
pit or invagination at the cephalic end of the gular sutures. This is
the posterior tentorial pit (ptp). The anterior arm of the tentorium
extends to the anterior dorsal region of the head near the base of the
antennae. The point at which it reaches the head wall is marked on
the exterior by a shallow anterior tentorial pit (atp). This is situated
just mesad of the antennal fossa (af). The dorsal arm of the tentorium
extends dorsad and somewhat caudad to the dorsal wall of the head.
This point is marked on the exterior by a slight unevenness of the
surface, and the body wall itself is much thinner, or at least less
heavily pigmented, at that place. This point (dtp) represents the
dorsal tentorial pit. The two halves of the tentorium meet and fuse
at the midline of the head just caudad of the line of the base of the
mandibles. This union is the cephalic bridge or body of the tentorium
(¢p). There has apparently been no study of the muscles which are
attached to the tentoria of Coleoptera, but the normal insect type is
given by Snodgrass (1928), who shows that many of the muscles of
the mouthparts and antennae are attached to specific parts of the
tentorium.

THE CERVIX

The neck region or cervix is largely membranous but contains cer-
tain sclerites which have been interpreted by some writers as parts
of a primitive cervical segment. Three pairs of sclerites are present
in this species. Two of these pairs lie in the membrane at the lateral
posterior corners of the gula. The third pair is more closely united
to the prothorax, and in dissections is most frequently retained on the
lateral cephalic edges of the prosternum.

In the dorsal parts of the membrane near its union with the thorax
are two areas bearing a few short setae. They are not sharply defined
and are apparently unsclerotized.

THE THORAX

The thorax is very obviously divided into two regions, owing to the
distinct separation of the prothorax from the rest (fig. 3 A) and the
close union of the mesothorax and metathorax to the abdomen.

The pronotum (fig. 3 A, pron) occupies- the entire dorsal aspect
of the prothorax. Its posterior and lateral margins are inflexed upon
the ventral surface and are separated from the sternum by the sterno-
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notal sutures (sus). The lateral and caudal margins are occupied
by a fine ridge or thickening (wwn), which, near the anterior lateral
angles, passes onto the ventral aspect and disappears. The area set
off by the marginal ridge is known as the hypomera (hypo) or the
inflexed part of the pronotum. The dorsal surface of the pronotum
is moderately convex, nearly quadrate with the angles broadly rounded,
and very slightly wider than long. The broad median area is smooth
and even on the surface, but it is traversed by numerous fine canaliculi,
which appear to be larger and more definite in arrangement than the
usual irregular canals in sclerotized integuments. Each canal ends at
the surface in a minute puncture which appears to bear an extremely
fine and short point or setula. The sides of the dorsal surface are
beset with moderate setae which are set in large punctures. This area
is continued at the anterior corners onto the lateral and ventral aspects
by the continuation of the marginal ridge. '

The hypomera is itself slightly deflexed along the margin of the
coxal cavity, and this deflexed part is set off by a rather definite line
which extends posteriorly for some distance. Just caudad of the
coxal cavity and nearly over the mesothoracic spiracle, this deflexed
part is expanded medially into a membranous lobe (fig. 3 A, pral, C)
which partially closes the cavities behind. Its anterior edge is densely
covered with very fine membranous processes (figs. 3 C, D) of two
types. Single slender and finely pointed processes occupy the greater
part of the area, and shorter fimbriate groups of five to seven points
occur in a band around the margin. These groups and the single
points are connected in series by fine folds of the surface and appear
to be merely expansions of these folds. The posterior parts of the
hypomera bear no setae but have many of the fine canaliculi on the
lateral portions. _

The ventral aspect of the prothorax is occupied by the sternum,
the hypomera, the coxal cavities, and the anterior and posterior
foramina, which receive parts of the head and mesothorax respec-
tively. A considerable caudal area is membranous, and one sclerite
(fig. 3 A, peri) lying in this area belongs to the mesothorax. This
is the sclerite that bears the so-called prothoracic spiracle (sp), which
is undoubtedly morphologically a part of the mesothorax.

The prosternum is composed of two sclerites, the basisternum
(fig. 3A, bs) and the furcasternum (fs), separated by a suture
(stcs), the sternacostal suture. The basisternum is a transverse sclerite
along the ventral or posterior border of the anterior foramen (afor),
extending laterally to the notosternal suture (sus) and forming the
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anterior border of the coxal cavities. It is heavily sclerotized and
pigmented, and bears a few setae on its mesal part and a group of
five or six minute punctures near the middle of each lateral side.

F1c. 3.—Morphology of the thorax of Creophilus villosus (Grav.).

A, dorsal and ventral aspects of thorax, showing general relationship of parts.
B, prothoracic trochantin. C, notal lobe of prothorax. D, detail of processes of
pronotal lobe. E, mesothoracic peritreme and spiracle. I, group of setae from
membrane between prothorax and mesothorax.

The furcasternum is much shorter than the basisternum, less heavily
sclerotized, and without vestiture or sculpture, except for the minute
pores or pits found on most of the prothoracic integuments.
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The remainder of the venter is occupied by the membranes lining
the coxal cavities (fig. 3 A, cxc) and that connecting the prothorax
and the mesothorax (mb). In the lateral parts of this latter membrane
and just caudad of the coxal cavities lies the pair of sclerites, the
peritremes, bearing the spiracles of the mesothorax.

The pleural elements appear to have been so far reduced by the
approximation of the notum and sternum as to have disappeared en-
tirely as separate sclerites. This area normally forms the major ar-
ticulation of the coxa (the anterior or dorsal articulation). In the
present species the trochantin, whose apical end forms the posterior
or ventral articulation, is prolonged around the base and provides
also the dorsal articulation. This may be interpreted as an indica-
tion that the pleural elements have united with the trochantin and
are represented only in that sclerite.

The trochantin of the prothorax (fig. 3 A, tn, B) is a long narrow
sclerite with a lobate projection on the lateral side. This lobe bears
the dorsal articulation of the coxa as described above. The cephalic
part projects under the anterior margin of the coxal cavity. The caudal
part, projecting into the coxal cavity, is more heavily sclerotized and
thicker than the rest. It is elevated into a longitudinal ridge which
hears a few setae and a series of the minute punctures with setulae.
The surface, especially that bordering the ridge, is strigulose.. The
posteromedian end articulates with the inner edge of the coxa.

The mesothorax is much shorter than the prothorax or the meta-
thorax and is closely united to the latter (fig. 3 A). It is united to
the prothorax by a membrane (mb) which is of considerable extent
on the ventral aspect, extending to the coxal cavities of the prothorax.

In this membrane lies the peritreme (fig. § A, peri, E) bearing the
mesothoracic spiracle (sp). The peritreme is an oblong sclerite,
placed transversely, and nearly two and one-half times as wide as
long. It is thought to be a secondary sclerotization of the interseg-
mental membrane, The spiracle is located in the lateral three-fourths
of the sclerite and is similar in appearance to the first abdominal
spiracle (fig. 9 D). There are a very few scattered setae on the mem-
branous declivity surrounding the sieve processes. At the sides just
ventrad and caudad of the spiracles is an area bearing a few minute
setae in relatively very large punctures (fig. 3 A, », F). This area
is not differentiated from the remainder of the membrane and is
unsclerotized.

The dorsal aspect of the mesothorax is nearly covered by the pro-
jecting caudal edge of the pronotum (fig. 3 A). Its most conspicuous
sclerite is the central shield-shaped area (fig. 4 C, A) which is gen-
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erally known as the scutellum. It is formed by the union of the three
normal sclerites of the mesonotum, the prescutum, scutum, and
scutellum.

The posterior triangular portion is the scutellum (figs. 4C, 3 A,
4 A, scl), which overlaps the metatergum posteriorly and is separated
in front from the prescutum by an obvious transverse suture. Its
surface is rather densely setigerous, with a narrow impunctate anterior
margin. A rectangular area (sclp) on the ental surface of the posterior
part of the scutellum is the part that is in close contact with the an-
terior edge of the metanotum. The anterior margins of the area are
continued forward as the axillary cords of the wings (axc) which
appear to proceed from the sides of the prescutum.

The part of the shield anterior to the scutellum is the prescutum
(figs. 4C, 3 A, 4 A, psc). It overlaps the scutellum somewhat posteri-
orly, especially at the sides. The prescutum is short and transverse,
bearing the anterior notal wing process (anp), the lateral emargination
(em), and a second process posterior to this. An irregular transverse
line extends between the anterior wing processes dividing the pre-
scutum into two areas. The posterior of these bears numerous setae,
somewhat smaller than those of the scutellum, on its caudal half,
.and also a very few exceedingly fine setae at the anterior angles near
the wing processes. The anterior area bears a small group of six
to eight setae on each side of the center on the caudal margin,
and also a median pair of very large setae (fig. 4 C).

The scutum (fig. 4 A, sct) of the mesothorax is completely sepa-
rated by the union of the scutellum and the prescutum along the line
of the suture pss into two parts. It projects laterad from beneath
the shield and forms the posterior notal wing processes. Its exact
outline is gbscure as it is more or less united to the other sclerites
entad. The axillary cord (axc) appears to arise from the scutum but
probably merely traverses it from the margin of the scutellum of
which it is the continuation. The ectal surface on each side is ap-
parently transversely traversed by a fine suture (scts) which marks
an ental apodeme.

The sternum of the mesothorax is represented chiefly by a single
large sclerite (s.II) on the median part of the ventral aspect. It is
separated from the anterior margin by a narrow strip, the prepectus
(prp), which extends from the anterior portion of one episternum
along the margin in front of the sternum and onto the other epi-
sternum. The prepectus may not be a distinct sclerite, but it is sepa-
rated from both the sternum and the episternum by a distinct line
or ridge and is somewhat inflexed. It appears to be divided into three
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parts by the end of the sternopleural suture, and fuses with the epi-
sterna at its extreme anterior ends. It has no vestiture or sculpture.

The mesosternum is prolonged laterally in a narrow piece which
forms part of the anterior margin of the coxal cavity and posteriorly
in a broad median lobe, the mesosternal process (fig. 3 A, mesp).
There are a few scattered very slender setae on the central part, par-
ticularly on its caudal margin, and almost the entire surface is densely
covered with very fine punctures which appear to bear very minute
setulae. On the lateral extensions these pumctures are rather sparse,
but the setulae are larger and more definite.

Posteriorly the mesosternum is separated from the metasternum
by a narrow sclerite, the spinisternum (fig. 3 A, ss). This is a secon-
dary sclerite formed from the intersegmental membrane and united to
the mesothorax. It is very narrow medially, expanding somewhat on
the floor of the coxal cavities. It is separated from the mesosternum
by the spinisternal suture (sss) and from the metasternum by the
suture ists. It bears no sculpture or vestiture.

The pleuron of the mesothorax is larger than either the mesonotum
or the mesosternum. It occupies the lateral part of both the dorsal
and ventral aspects and forms the processes that project into the pro-
thorax for articulation. It is composed of the episternum, the epimeron,
and the articulations of the coxa, and bears on its anterodorsal part
the base of the elytra.

The episternum (fig. 3 A, eps. IT) is the largest sclerite of the meso-
thorax. It is separated from the sternum by the sternopleural suture
(sps). Its posterior corner extends to the rim: of the coxal cavity and
forms an articulation for the trochantin. &ts ental projection fuses
with part of the epimeron to form the pleural coxal process (cxp).
On the ventral surface the episternum is completely separated from
the epimeron by the pleural suture (pls), but this suture extends only
to the lateral edge and is not continued on the dorsal aspect. Thus
the episternum and epimeron are united on the dorsal surface, and
this sclerite, the pleuron (p!), forms the anterior projections of the
mesothorax.

The episternum is rather sparsely set with setae, which are short at
the prepectal margin and become larger and longer toward the pleural
suture. The lateral and dorsal parts, particularly anteriorly, are finely
strigulose, the lines being considerably more apparent than the normal
very fine markings of sclerotic surfaces. The ventral part is also
sparsely set with the minute lageniform punctures similarly to the
pronotum.
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The epimeron (fig. 3 A, epm. II) appears as a distinct sclerite on
the ventral surface of the mesothorax but is united to the episternum
on the dorsal aspect to form an undifferentiated pleuron. Posteriorly
it overlaps the end of the metathoracic sternum and episternum, and
forms the lateral wall of the mesothoracic coxal cavity. Its surface
bears a few long sparse setae, similar to the adjacent area of the epi-
sternurn, and has also the minute punctures. The dorsal aspect of
the pleuron bears no setae but is strigulose as described above.

From the dorsal side of the anterior projections of the mesothorax
arise the elytra. Discussion of the articulation of these will be left
for the section dealing with the wings.

The trochantin of the mesothorax (figs. 3 A, th, 4B) is smaller
than that of the prothorax but is similar in arrangement and structure.
It is an arcuate sclerite, nearly three times as long as wide, and taper-
ing distally to form a blunt condyle for the coxa (#la). Its proximal
portion forms a condyle that articulates with the projecting corner
of the episternum (mtla). Its ventral or ectal surface is thickened into
a broad ridge, and the proximal ental part is submembranous. A single
long seta is set in a large puncture at the middle of the longitudinal
elevation, and the surface is longitudinally strigulose.

The metathorax is the caudal one of the three thoracic segments
and is larger than either of the others. It is very closely united to the
mesothorax in front and to the abdomen behind. The tergum is in
rather close contact with the tergite of the first abdominal segment,
whereas the sternum is rather loosely joined by membrane to the
sternite of the third abdominal segment.

The tergum of the metathorax (figs. 3 A, 4 F) is divided into five
parts: The prescutum (psc), the two separated scutal areas (sct and
sctt), the scutellum (s¢! and scit), and the postnotum (pn). The
prescutum, scutum, and scutellum are fundamental parts of the tergum,
but the postnotum or postscutellum is a secondary sclerite formed
from the intersegmental membrane caudad of the metatergum and
subsequently joined to it (see Snodgrass, 1909).

The central triangular part of the metatergum is the scutellum. It
is separated from the two scutal areas by two internal ridges, the
V-ridges (figs. 5 A, 4F, vr), and two curved sutures. It is sepa-
rated anteriorly from the prescutum by a membranous area, and pos-
teriorly from the postnotum by a suture (acs) extending between the
bases of the wings. Since the posterior margin of the scutellum is mor-
phologically continuous with the hind margins of the wings, this area
is considered as extending laterad along the suture to the wings, and
it is therefore fused with the posterior part of the scutum on each
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side. The anterior half of the scutellum is very densely invested with
short fine setae, and the posterior half has two large lateral, finely
strigulose areas bearing numerous circular and occasionally anastomos-
ing pores of unknown function.

The scutum of the metathorax is divided into two parts by the ap-
proximation of the prescutum and the scutellum. Medially these are
separated from the scutellum by the suture of the V-ridge, but posteri-
orly they are continuous with the lateral extensions of the scutellum
to the wing bases. From the prescutum and the axillary and subalar
sclerites it is separated by the prescutoscutal suture (figs. 3 A, 4 F,
pss). At the sides the combined scutum and scutellum form the
posterior notal wing process (pnp), and just anterior to this process
are two small invaginations and a process that articulates with the
base of the first axillary sclerite (ax. ). The entire surface of the
scutumn is densely, finely muricate, the posterior median part being
likewise strigulose with the minute but rigid points born on the sum-
mits of the strigulae. Two small groups of fine setae are present on
each area of the scutum. One is on the median lobe (wmls) that over-
laps the suture of the V-ridge; the other is on the lateral margin just
mesad of the articulation of the first axillary sclerite (axp).

The prescutum is normally almost entirely covered by the mesono-
tum, but is readily recognizable in dissections as an irregular band
along the anterior border of the scutal areas (fig. 4 F). It is rather
irregularly and less heavily sclerotized and is broken up into a number
of areas or sclerites. The transverse median part bears on its ectal
surface a broad lobe (pscl) reflected so as to overlie somewhat the
central membranous area between the prescutum and the scutellum.
This lobe is exceedingly smooth and flat, Without sculpture or vesti-
ture of any kind. Near the anterior angles of the scutum, the pre-
scutum is broken up into two small sclerites on each side. The inner
one is very small and triangular and overlaps the median portion
ectad. The outer one is also subtriangular, but it is larger and forms
the very blunt anterior notal wing process (anp) which lies under
the distal end of the first axillary sclerite (ax. 1). These two sclerites,
as well as most of the median part, are very minutely muricate, and
the membranous central area has & group of minute setae which is
continuous with that of the scutellum as described above.

The postnotum (figs. 3 A, 4 F, pn) is the short transverse sclerite
extending across the dorsum from one pleuron to the other and sepa-
rated from the scutum and the scutellum by the postnotal suture
(pns). It is connected by a very short membrane to the first ab-
dominal tergite, and at the sides is reflected around the first abdominal
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spiracle (sp. 1) to form an articulation with the epimeron (pna).
The lateral anterior angles are extended along the antecostal suture to
the axillary region. Along the posterior part of the sclerite extends a
suture from the postnotal articulation to the midline, marking the
location of an interior ridge. This is the antecostal suture (acs).
There is no vestiture on the postnotum, but the narrow area caudad
of the antecostal suture is finely muricate. The central area is densely
5 covered with extremely minute rounded papilliform processes or
excrescences.

The axillary sclerites will be described in the section dealing with the
wings.

The ventral aspect of the metathorax is occupied by a single very
large sclerite, the metasternum (fig. 3 A, 5. [II). It extends from
the coxal cavities of the mesothorax to those of the metathorax, and
bears no sutures with the exception of a line from the anterolateral
angles around the coxal declivity. This line disappears medially and
is more of the nature of a fold, as it bears no internal expansions or

/// / %?Z/—— ; { processes. The metasternum is separated from the mesosternum
////////é//////;—?—__‘_\\ N A\ € ] i (s. IT) by a suture (ists) which disappears for a short distance on the
7 /////’/% EaSSEE =S AN i foor of the coxal cavity. Posteriorly the metasternum bears a small

triangular median emargination bounded by two rounded lobes, the
sternal articulations of the coxae (stca). Laterad of each articulation
is a broad shallow coxal emargination, and a slight expansion of the
sternum overlaps the coxal articulation with the pleuron. The entire
surface behind the line of the postcoxal folds is densely clothed with
long hairlike setae. The floor of the coxal cavity is finely strigulose
and nearly reticulate, and the area between the coxal depressions
i and the poststernum is finely muricate. A nartow border of small setae
lines the posterior edge of the coxal depression on the anterior or
inner side of the coxal fold.

The pleuron of the metathorax is divided longitudinally into the
usual two sclerites, the episternum, and the epimeron. The episternum
(figs. 3 A, 4G, eps. III) or the dorsal sclerite is very slender and
rather rectangular, and its posterior dorsal angle forms an articula-
f tion for the lateral extremity of the metathoracic coxa. This articula-
! tion is the pleural coxal articulation (cafe). With the exception of

Fr6. 4—Morphology of the thorax of Creophihw villosus (Grav.). ' ! g )
A, ectal and ental aspects of tergum of mesothorax. B, trochantin of meso- 1 a narrow band along the cephalic edge, the surface of the episternum
thorax. C, “scutellum” of mesothorax. D, detail of surface of notepimeron of 3 is densely clothed with long setae. Also the entire surface is strigu-

x::izgg;zﬁ: g S‘f:ﬁitfl@r;??fn:gtrﬁgﬁx.lc’ ectal and ental aspects of tergum of : lose, the strigulae forming tiny folds .over the base of each' of the setae.

The epimeron of the metathorax is larger than the episternum and
is secondarily marked with several longitudinal lines or sutures (fig.
4G). One of these sutures (epms), marked by an internal ridge,
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separates the epimeron into two parts, the notepimeron (nepm) and
the sternepimeron (sepm). The sternepimeron lies along the epi-
sternum, separated from it by the pleural suture (pls), and is slightly
longer and considerably wider than it. Its posterior part overlaps the
lateral end of the first abdominal tergite and the spiracle of that seg-
ment, as well as the tip of the postnotum of the metathorax and,
anteriorly, the caudal end of the epimeron of the mesothorax. Its
cephalic end is the pleural wing process (pwyp) but apparently is not
specially modified. Its surface is rather convex and marked with a
distinct impressed line (sepl) which sets off the anterior quarter and a
narrow band along the dorsal edge. The surface is clothed with setae
similarly to the episternum except for a space dorsad and caudad of
the sternepimeral line. The anterior part bears only a few small
scattered setae. The notepimeron (nepm) is united to the sternepim-
eron at its cephalic end, at which point the former is a narrow band.
It expands posteriorly into a flat oval plate, bearing a few small setae
anteriorly and a few minute sensory pores on the sides of the disk,
and its surface is rather strongly strigulose (fig. 4 D). _

The metathoracic spiracle (figs. 3 A, sp. I[II, 4 E) lies in the mem-
brane anterior to the epimeron and along the dorsal side of the meso-
thoracic pleuron. It is very pale and membranousy without sculpture
or vestiture, and is not surrounded by a definite sclerite. It is entirely
unlike the spiracles of the mesothorax and abdomen as it has no sieve
apparatus, being composed of two sclerotic lips which fold together
to close the opening. It is longer and much more slender than the
other spiracles and is difficult to differentiate from the surrounding
mentbrane.

THE ENDOTHORAX

The endoskeleton of the thorax is known collectively as the endo-
thorax. It is composed of invaginations of the tergal, pleural, and
sternal regions of each segment, and these apodemes are termed the
endotergites, the endopleurites, and the endosternites respectively. The
sclerotized tendons and some small invaginations are part of the endo-
skeleton but are not considered here.

The endotergites (fig. 5 A) are found typically only in the meso-
thorax and metathorax. In the prothorax the endotergites are repre-
sented only by a rather indefinite group of processes on the hypomera
in the region of the coxal cavity and the trochantin. These bear a
large muscle disk (fig. 5 A). In the mesothorax the anterior margin
of the prescutum is deflexed to form a transverse ridge—the ante-
costal ridge or prephragma (prph), which bears a pair of large muscle
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disks (mdts) at its ends. There is apparently just behind this small
ridge and corresponding with a line or suture on the ectal surface, the
prescutal suture (fig. 4 A, pscs), a large transverse phragma ex-

Fi1c. 5—Endoskeleton of trunk of Creophilus willosus (Grav.).
A, endoskeleton of the dorsum. B, endoskeleton of the venter.

tending between the anterior notal wing processes (fig. 4 A, anp), and
posteriorly at the sides to the prescutoscutellar suture (pss), and
more or less united to the prephragma. On the midline this phragma
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bears a longitudinal ridge (pp7), and a rounded posterior lobe next
to it on each side (ppl). The ental side of the posterior notal wing
processes (pmp) of the scutum bears a small transverse phragma of
unknown homology.

The endotergites of the metathorax are much more extensive than
those of the mesothorax. The most conspicuous are the two V-ridges
(figs. 4 F, 5 A, vr) converging anteriorly near the center of the seg-
ment. These mark the lateral boundaries of the scutellum but are not
marked on the ectal surface by definite sutures. Posteriorly each
V-ridge seems to coalesce with a transverse apodeme, the posterior no-
tal ridge (ponr), which is formed from the posterior edge of the scu-
tum and scutellum and extends from the base of one wing to the base
of the other. Just laterad of the anterior end of the V-ridge is a short
transverse apodeme called the transverse notal ridge (¢#r). The cen-
tral part of the anterior edge of the prescutum bears a lobate phragma,
the prephragma (prph), which is more or less connected laterally to
the large muscle disk (mdét). The prescutoscutal suture (psss)
marks the invagination of the anterior notal ridge (annr), which ex-
tends around to the base of the wings, where it approaches a small
apodeme supporting the axillary process (axp). The posterior part
of the postnotum (pmn) bears a transverse suture (acs) marking a
long apodeme, the postphragma (pph), which supports the postnotal
articulations (pne) and is expanded into a pair of lohes which project
over the posterior ends of the V-ridges and appear to be more or less
connected with the posterior notal ridge (ponr).

The endopleurites are present in all three of the thoracic seg-
ments. Since the pleuron of the prothorax is greatly reduced and
united with the trochantin, it is this combined sclerite that bears the
pleural apophysis. This is a large crescentic process which projects
under the inflexed hypomera. There is an oval sclerotization on the
ental surface of the peritreme, but this is a structure of the endo-
pleuron of the mesothorax.

The endopleurites of the mesothorax are very small. The pleural
apophysis (fig. 5 B, ple) is formed between the episternum and the
epimeron and projects into the coxal cavity to form the pleural coxal
process (cxp). An apodeme also extends from the pleural apophysis
along the posterior edge of the episternum or pleuron to the region of
the muscle disk of the endotergites and to the base of the elytra.

The endopleurites of the metathorax are relatively much more de-
veloped than those of the mesothorax. The pleural apophysis (fig. 5 A,
pla) is composed of a pleural ridge (pir) formed between the epi-
sternum and the epimeron along the pleural suture, and an ental ex-
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tension, the pleuradema (pid). The dorsal edge of the sternepimeron
bears the sternepimeral suture (fig. 3 A, seps), which marks the
invagination of the sternepimeral ridge (fig. 5 A, sepr). Apparently
arising from the cephalic end of the episternum is the very large
pleural disk (mdpt) which extends posteriorly, overlapping the base
of the wing.

The endosternites of the prothorax consist of a broad prephragma
(fig. 5 B, prph) and the sternal apophysis (sa). The prephragma
arises from the anterior edge of the basisternum (fig. 3 A, bs) and
forms the ventral border of the anterior foramen (afor). It extends
the width of the basisternum and unites with the sternal apophysis
entad of the sternonotal suture (sns). From each lateral corner of
the furcasternum (fs) arises a sternal apophysis which extends along
the lateral edge of the sclerite to unite with the prephragma and the
pleural apophysis. Near the base of each sternal apophysis is the
large muscle disk (mdsp).

In the mesothorax the sternum bears a transverse ridge on its
posterior margin. This ridge is the furca (fig. 5 B, fw) and has two
anterior projections, the furcal arms (fua). The two muscle disks
(mdss) apparently arise from the furcae also. The spinisternum
(fig. 3 A, ss) also bears a small transverse ridge (fig. 5 B, ss7) with
a median cariniform projection, the spina (spn).

The metathoracic endosternites (fig. 5 B) are more properly termed
the furca than those of the mesothorax. The prominent part is the
median bar (fu) arising from the posterior border of the sternum
and projecting anteriorly in the interior of the thorax. In approxi-
mately the middle of the metathorax it Aivides into two lateral
branches, the furcal arms (fua), each of which bears a large muscle
disk (mdst). A narrow ridge is formed on the ental surface of the
caudal and lateral margins of the sternum, extending anteriorly to the
region of the pleural coxal process of the mesothorax.

THE APPENDAGES OF THE THORAX

THE WINGS

The elytra are highly modified wings of the mesothorax. They have
2 horny texture and considerable rigidity but are not used in flight.
They are held apart at an angle with the body to allow freedom of
motion of the wings, but when at rest are laid along the dorsum of
the mesothorax and metathorax, meeting along the midline. They
serve as covers for the wings, but are so small in this species that
the wings must be folded transversely under them several times.

3



32 SMITESONIAN MISCELLANEOUS COLLECTIONS  VOL. 94
The elytron is irregularly oval in outline (fig. 6 F), with a straight
mesal edge that fits against a similar edge of the opposite elytron, and
an oblique anteromesal edge that fits against the side of the “ scutel-
lum ” of the mesothorax. The two outer angles are broadly rounded.
The greater part of the surface is flat and even, but the sides become

Fic. 6.—Morphology of the wing bases and elytra of
Creophilus villosus (Grav.).

f hind wing, showing axillary sclerites. B, base of elytron. C, D, E,
def;’ilga:? :lytral sculgture. F, right elytron (smaller setae omitted). G, detail

of three types of setae of elytron.

vefy convex, being deflexed somewhat onto the lateral aspect of the

body.

uniform size, and bears also a few much longer setae’ (figs. 6F,G)
placed in a regular pattern. There are three series of these setae:
One along the lateral margin of the deflexed area, of four or five setae;

The entire surface is densely covered with setae (fig. 6 G) of rather
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another along the axis of the disk, of three to six setae; and the third
of one to three setae along the scutellar margin. Each seta is set
in a puncture at the center of a small smooth area, so that it is some-
what isolated from the surrounding smaller setae. The dense smaller
setae are of two colors, pale and black. They are arranged in fairly
definite groups, thus giving rise to the black and white markings of
the elytra. Rather frequently interspersed among the setae are several
types of pores or punctures which appear to be glandular.

Certain parts of the surface are sculptured in various ways (fig.
6 C, D, E). The point indicated at z in figure 6 F probably forms part
of the articulation of the elytra with the mesonotum and appears to
be very finely scaly (fig. 6 C). This area extends for a short distance
on both the dorsal and ventral surfaces of the elytron, and the scales
grade off anteriorly into minute points (fig. 6 D, E).

The elytron articulates with the mesonotum by means of the two
wing processes (fig. 6 B, anp, pnp). The connecting membrane bears
two irregular, very lightly sclerotized areas, which have been inter-
breted as the first and second axillary sclerites (ax. I, ax.2). The
axillary cord (axc) proceeds from the margin of the scutellum. As
the actual movement of the elytron is rather slight, the whole articu-
lating mechanism is much less developed than that of the hind wings.

The hind wings (fig. 7 A) are well developed, being nearly as long
as the entire body. The wing is approximately one-third as wide as
long, with a distinct and heavily sclerotized hinge just proximad of
the stigma, and a large separate anal lobe. The venation is greatly re-
duced and not easily homologized. The following scheme is tenta-
tively adopted here.

The most conspicuous vein is the one arisifig from the articulation
with the first axillary sclerite (fig. 6 A, ax. r) and extending to the
hinge, enclosing a narrow costal area. This vein is the subcosta united
with the radius (fig.7 A, Sc, R). It is apparently double, as shown,
the anterior and the basal parts representing the subcosta, the distal
part being chiefly radius. The costa is anterior to the subcosta but
is rather indefinite. It is represented by an oval area (fig. 7 A, C, and
7 D) near the base of the wing and by the anterior basal edge of the
wing. The base of the subcosta articulates with the first axillary
sclerite (fig. 6 A), but the costa is the only part of the wing that could
come in contact with the anterior notal wing process (anp). The sub-
basal area (fig. 7 D) appears to be a raised sclerotic plate bearing
numerous setae. It is surrounded by membranous areas and does not
touch the margin of the wing. This is the only part of the wing bear-
ing true setae.
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Fic. 7—The wing of Creophilus villosus (Grav.).

VOL. 94

pattern. C, detail of base of radius vein. D, sclerotized plate of costa vein. E, de-

o
1=}
tail of microtrichia of wing surface near the base.

A, left wing. B, diagram of foldin
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The base of the subcosta overlies the basal part of the radius as
shown in figure 6 A, and a short distance from the base it divides
into two parts. The anterior of these is the subcosta. It is continued
distally nearly to the hinge but is covered by the radius except near
the base where they overlap somewhat. Near the point at which the
subcosta passes under the radius, the posterior edge of the radius has
a small projection which approaches a projection from the cubitus and
is interpreted as the anterior arculus (Ant4). Apparently in nearly
all beetles the radius is characterized by the presence of tiny pores
on the dorsal surface near the arculus. These pores (fig. 7 C) appear
immediately distad of the separation of the radius from the subcosta.
They serve as a ready means of identifying this vein. The radius
typically arises from the second axillary sclerite, but here the base is
united with the subcosta and its union with the second axillary is
not apparent, though they do approximate each other. The radius is
extended distally to form the large rectangular stigma (stg) near the
middle of the anterior margin. A disconnected branch of radius (R.)
extends from near the stigma toward the tip of the wing, but it is
rather indefinite and not strongly sclerotized.

Posterior to R, is another indefinitely sclerotized area which repre-
sents the first branch of the media (fig. 7 A, M:). Its basal part is
entirely lost, and the only other branch that remains of the media is
considered to be united with the distal part of the cubitus (M.+Cu).

The cubitus is a definite vein extending from the anterior arculus
(fig. 7 A, AntA) diagonally across the wing. Its distal part is united
with M, and its proximal part with the first anal vein. There is a
distinct angle between these proximal and disgal parts, and this point
approaches rather close to the base of M,. The anterior arculus is on
the dorsal edge of the base of the vein, and just distad of this on
the ventral edge is the anal arculus (Anld). The cubitus is supposed
to arise from the third axillary sclerite, but this counection is not
apparent in this form.

The anal veins are all very indefinite. The first anal is apparently
united with the proximal part of the cubitus (fig. 7 A, Cu+14). This
is the vein that forms the anal arculus, which extends toward the
second anal vein. The second, third, and fourth anals are merely
darker streaks in the wing membrane. It is apparently the third (or
the second branch of the second) that marks the anal fan (anf).

The surface of the wing is marked by streaks of darker color,
whereas the hinge (fig. 7 A, hgw) and the stigma (stg) are very dark
and opaque. The entire surface of the wing, both dorsally and ven-
trally, is covered with minute points or setulae which grade off on the
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posterior and anal areas into tiny rounded or truncated conical pro-
jections. In the costal area also they are replaced by minute rounded
tubercles. Along the posterior margin of the wing these setulae are
frequently twice as long as on the surface, but they are still minute
and are merely processes, not setae.

The wing is articulated to the metanotum by means of the two notal
wing processes (figs. 4 F, 6 A, anp, pnp) and the three axillary scle-
rites (ax. I, ax. 2, ax. 3). Figure 6 A shows the relations of these
parts to the wing. The united subcosta and radius (S¢+R) is the only
vein that is prominent at the wing base, and it forms a definite articula-
tion with the first axillary sclerite (a#. I). Near the base of the first
and second axillaries is a process of the scutum which evidently forms
a condyle for the base of the second and middle portion of the third
axillaries. This is tentatively designated the scutal wing process
(swp) as it has apparently been unnoticed heretofore.

THE LEGS

The legs are composed of five main divisions, the coxae, trochanters,
femora, tibiae, and tarsi. The first four divisions consist of a single
segment each, the tarsus consisting of five subsegments or tarsomeres,
the last of which bears the pretarsus and its ungues.

The anterior legs (fig. 8 F) are short and stout and very densely
covered with setae. The coxa (cx) is rather cylindrical and -fusiform.
Its proximal end articulates with a proximal process of the trochantin
by means of a condyle (fig. 8 H, cae) and with the distal end of the
trochantin by a somewhat indefinite projection (#ra). The distal end
of the coxa bears the articulation of the trochanter (fig. 8 F, #r)
upon its ventral side. This articulation (fig. 8 G) is a large mem-
branous area with several rather indefinite projections which serve as
condyles. The dorsal and anterior surfaces of the coxa are densely
set with slender setae, even more densely than shown in figure 8 F,
but the ventral and posterior surfaces are glabrous and impunctate,
with the following exception. Along the posterior edge of the ventral
face, from the middle to the distal end, is a row of long and slender
setae. The punctures are small and placed in a regular series at first,
but distally are crowded and somewhat irregular. Some of the setae
attain a length equal to half the width of the coxa. The dorsal vesti-
ture is also denser near the distal end of the coxa.

The trochanter of the prothoracic leg (fig. 8 F, G, tr) is rather
elongate and somewhat triangular. It is immovably attached to the
base of the femur, thus forming the articulation of the latter with
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Fic. 8—Morphology of the legs of Creophilus villosus (Grav.).

A, ventral aspect of tarsus of prothorax. B, ventral aspect of pretarsus of pro-
thorax. C, dorsal aspect of tarsus of prothorax. D, comb of setae and calcar from
anterior side of tibia of prothorax. E, comb of setae and calcar from posterior
side of tibia of prothorax. F, prothoracic leg. G, trochanter of prothoracic leg.
H, articulations of base of coxa of prothoracic leg. I, metathoracic leg. J, claw
of metathoracic leg. K, coxa and trochanter of mesothoracic leg.
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the coxa. The trochanter articulates with the coxa by means of two
rather indefinite condyles (g, ¢, and g, @) which permit a dorsoventral
movement only. The distal two-thirds of the exposed surface bears
numerous moderately long setae, and the area at z (fig. 8 G) has a
very few large pores which are quite distinct from the setigerous
punctures.

The femur (fig. 8 F) is the largest segment of the leg. It tapers
somewhat distad and bears a large tubercle on its ventral proximal
margin. The proximal end is obliquely truncated and is immovably
united to the trochanter by a flat surface. The distal end bears a dorso-
ventral groove in which the tibia articulates. This groove is known
as the gonytheca (gomy). The proximal dorsal tip forms an acutely
rounded projection which appears to articulate to some extent with
a socket on the outer edge of the coxa. The posterior surface of the
femur is moderately densely set with setae, more sparsely proximad
and dorsad. The setae of the anterior surface are similarly arranged,
being very dense along the tubercle, very sparse on the basal dorsal
part, and entirely lacking from a narrow strip along the ventral face,
which is outlined on both the anterior and posterior faces by an ir-
regular longitudinal series of more closely placed setae. Another series,
of more widely spaced setae, extends along the dorsal face into two
smooth areas. The setae are somewhat longer and more dense near
the dorsal apical margin and show some tendency to serial arrange-
ment across the tip. With transmitted light one may observe the
minute pores which occur in clusters of two to five about the base of
each seta. The surface is extremely finely and irregularly, but linearly
and longitudinally, striate in great part.

The tibia is the fourth segment of the leg. In the prothoracic leg
(fig. 8 F, tb) it is shorter than the femur and about one-half as thick,
expanding slightly toward the apex. It articulates with the femur
by means of a rounded head on its proximal end, which fits into the
groove or gonytheca of the femur (gony) and is held there by a pair
of condyles on each side. This head is somewhat curved toward the
femur, allowing the tibia to lie along the ventral edge of the femur
at rest. The distal end of the tibia is rather rounded and membranous.
It bears the tarsus and the two tibial spurs as well as numerous very
stout heavy setae around the tip. The spurs are known as the calcaria
(cal). They are inserted within the membranous area of the tip, but
are apparently merely slightly modified setae. The larger one is in-
serted on the posterior side of the tarsus and the smaller one on
the anterior side, both of them slightly ventrad of the middle. The tip
is nearly circled by two series of very large and heavy setae, one on
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the anterior and one on the posterior face. Those of the posterior series
(fig. 8 E) are longer and more slender than those of the anterior series
(fig. 8 D), but the latter series contains more setae (about 12) and
extends farther across the tip. The main part of the tibia bears two
types of setae. The most conspicuous is the large thick and blunt
setae similar to those of the terminal series but shorter and some-
what more regular in outline. They occur scattered sparsely on the
posterior aspect, there being perhaps 15 in all, but there are none on
the anterior face. The other type is the smaller tapering setae which
form the normal vestiture. They are sparse on the posterior aspect,
none occurring close to the proximal end, and they approximate the
length of the larger terminal series on the distal portion, being gradu-
ally smaller toward the base. The anterior aspect and the dorsal
portion are clothed with these finer setae similarly to the posterior
face, but the ventral aspect of the tibia is very much more densely
clothed. The base of nearly all of these setae is surrounded by a group
of two to four pores as on the femur, and the anterior face is sup-
plied with additional scattered pores. The surface of the tibia is very
minutely transversely strigulose in contrast to the femur, which is

- longitudinally striate.

The tarsus of the prothoracic leg (fig. 8 F, tar) is rather loosely
united to the tibia. The latter bears a rather large terminal membranous
area into which the basal segment of the tarsus, the so-called metatarsus,
is inserted. There are two rather indefinite condyles on the tarsus,
one anterior and one posterior, but no definite corresponding condyles
have been observed on the tibia. The tarsus consists of five tarsomeres
or tarsites, of which the first four are greatly expanded into trans-
verse plates (fig. 8 A,.C). The first and secofid are approximately the
same size, the next two decreasing successively in width and length.
On the dorsal aspect each of these four tarsomeres is broadly emargi-
nate anteriorly, whereas the anterior margin of the ventral side is
expanded in a broad curve forming a large flat plate. The space be-
tween the dorsal emargination and the ventral plate is membranous
and receives the base of the next segment (fig. 8 C). The fifth tarso-
mere is elongate, nearly three times as long as wide, and is inserted
upon the dorsal side of the preceding tarsomere similarly to the others.
It is expanded rather strongly and regularly toward the apex and
is rather cylindrical in form. On its distal end the fifth tarsomere bears
a pair of claws (fig. 8 B, un) and an expanded membranous lobe carry-
ing a small ventral plate, the unguitractor plate (ué7). The claws (fig.
8 ]) are slightly compressed dorsoventrally, rather strongly curved
and tapering, and they articulate with the rounded end of the dorsal
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surface of the last tarsomere. From the proximal end of the ungui-
tractor plate arises the tendon of the retractor muscle of the claws
(«t). The unguitractor plate is rather quadrate, tapering proximally
into the tendon, and is partly inserted into the end of the last tarsomere.
Its distal end is somewhat indefinitely produced into an unsclerotized
area bearing two large setae. This is the empodium,

The dorsal aspect of each tarsomere (fig. 8 C) bears a few scattered
moderately long but fine setae, and the ventral side of the fifth seg-
ment is similarly clothed. The ventral aspect of each of the first four
tarsomeres (fig. 8 A) is very densely set with long fine hairs, which are
absent from the basal portion of each tarsomere. These four tarso-
meres are thus united into a single hairy pad. The two setae on the
empodium have been called parempodia (Hayes and Kearns, 1934)
and are stated to arise from conspicuous trichophores on the empo-
dium. They are, however, perfectly normal setae, and it is doubtful
whether they have any such significance as is implied to them. Their
insertion is very inconspicuous as is usual on such lightly sclerotized
areas. :

The mesothoracic legs are longer than the prothoracic legs but not
quite as long as the metathoracic ones. As they are similar to the
others in structure and general arrangement, they are treated briefly
and not figured completely.

The coxa of the mesothoracic leg (fig. 8 K) is shorter and ovate.
It is strongly convex and somewhat excavated on the ventral aspect to
receive the base of the femur at rest. The proximal end is slightly
produced on the outer side to form the coxal condyle (cxa), which
articulates with the pleural coxal process. The trochantinal articulation
is situated near the center of the proximal end and is retracted to form
a concavity that receives the end of the trochantin. The distal end of
the coxa is deeply grooved to receive the trochanter. The anterior lip
of the groove forms a rounded condyle that articulates in a small
socket on the trochanter. The ventral side of the latter is prolonged
proximad into the coxa, forming a large muscle attachment. The an-
terior aspect of the coxa is somewhat more densely clothed than the
prothoracic coxa, but the vestiture is practically restricted to the inner
or mesal half, only a very few scattered setae occurring on the con-
cavity laterad of the line y. The distal end of the posterior aspect also
bears a few setae similar to the anterior side. At the tip of the inner
face the setae form a long dense brush, and the punctures are so
close as to merge with one another.

The trochanter is moderately densely set with long setae on the
ventral and anterior sides. Each of the punctures has one or more
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relatively large pores close to it. The posterior face is more sparsely
punctured than the anterior.

The femur of the mesothoracic leg is slightly longer and consider-
ably thicker than that of the prothorax. The anterior aspect bears
numerous moderately long setae which are much sparser at the base
and much shorter along the dorsal edge. The posterior face is glabrous
but is extremely minutely longitudinally striate. The ventral part of
the gonytheca bears a few scattered short setae.

The tibia of the mesothoracic leg is very similar in form to that
of the prothoracic leg. It is nearly one-half again as long and ex-
ceedingly roughly sculptured. The terminal combs of setae are very
similar, and the other vestiture differs chiefly in-being longer and more
dense. The large blunt setae are longer and more irregular in shape
and much more abundant. The calcaria are similar to those of the
metathoracic leg (fig. 8 I).

The tarsus is almost exactly similar to that of the metathorax
(fig. 81). It is very slightly shorter and bears more of the large
terminal dorsal setae on each tarsomere.

The metathoracic legs (fig. 81) are longer and slightly stouter
than the other legs, but the sculpture and vestiture are not as evident
as on either of the others. The coxa {cx) is short and very transverse,
being rather globular medially with a narrow lateral extension that
bears the pleural articulation (cxa), which is rather indefinitely as-
sociated with the tip of the episternum. The median proximal part
forms the articulation with the metasternum. The median distal part
articulates with the trochanter (é#) by two sets of condyles, one an-
terior and onie posterior. The anterior aspect is sparsely clothed with
moderately fine setae which become denser and larger toward the apex.
There is a slight concavity extending diagonally across the coxa from
the median anterior angle and this irregular band is impunctate., The
posterior aspect is glabrous except for the median and apical areas
which are clothed similarly to and continuously with the anterior parts.
The caudal or ventral edge of the transverse lateral part is slightly
concave and bears an irregular row of small setae.

The trochanter (fig. 8 I, t#) is rather oval in form with its proximal
ventral part extended into the interior of the coxa for muscle attach-
ment. It is immovably attached to the posterior side of the proximal
end of the femur as in the other legs. Its anterior surface is moder-
ately closely set with small setae, among which are a few of the tiny
pores. The posterior aspect is glabrous except for a few setae which
are contintied around from the anterior side. The femur of the meta-
thoracic leg (fm) is tapered to a blunt point proximally and truncated
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distally. The gonytheca is rather broad and extends half way down
the ventral side as a distinct groove. This groove bears an irregular
row of short setae. The anterior surface is clothed with moderately
long setae, rather more sparse at the base and longer around the apex.
These are also more densely placed ventrad along the edge of the
ventral groove. The posterior surface (fig. 8 I) bears a few small
setae along the border of the ventral groove, and near the apex a few
which are continued around from the anterior side. There is also a
series of longer; close-set setae along the distal truncated margin,
- which is continued onto the dorsal margin also. This posterior surface
is also very minutely longitudinally striate.

The tibia (fig. 81, ¢b) is rather slender, cylindrical, and somewhat
regularly expanded distad. Its apex bears a complete circle of large
setae very similar to those on the prothoracic tibia (figs. 8 D, E) but
the calcaria are much larger and more conspicuous. The anterior vesti-
ture is rather dense and the setae long. It is much denser toward
the apex and the dorsum. The large thick setae are scattered irregu-
larly over the surface; there being perhaps 10 or 12 present. The
posterior surface (fig. 8 I) is more sparsely clothed and lacks entirely
the larger setae except in the apical series. There is a dorsal series of
four or five of the larger setae. The calcaria are unequal in length,
the posterior being much the longer, and nearly as long as the first
tarsomere. Their surface has an irregular scaly appearance.

The tarsus of the metathoracic leg (fig. 81, tar) is nearly as long
as the tibia, five-segmented like the others, and very nearly cylindrical.
The first tarsomere is elongate, nearly as long as the next three to-
gether, the latter decreasing in length slightly among themselves
distally. The fifth tarsomere is somewhat shorter than the first and
bears two claws and the empodium, which are very similar to those
of the prothoracic leg (fig. 8 B). Each of the first four tarsomeres
is a little more extended ventrad than dorsad and therefore is in-
serted apparently a trifle more on the dorsal aspect. They are rather
densely clothed with small setae except for the base of the distal four,
and the surface of the first is roughly sculptured. The apex of each
tarsomere, particularly ventrally, bears a number of very long setae
which often reach to the apex of the succeeding tarsomere. The last
one is more sparsely clothed with the longer setae and bears the two
long setae on the empodial end of the unguitractor plate.

THE ABDOMEN

The abdomen (fig. 9 A) or third region of the body is composed
of a series of 10 segments, of which the last two form the genitalia.
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Each of the first eight segments bears a pair of spiracles in the tergum,
and each one except the eighth has one or two paratergites on each side
between the tergite and the sternite.

The first segment is more closely united to the thorax than to the
abdomen (fig. 3 A, #. ). The sternite of this segment is not present,
the tergite (fig. 9 A, t£. I), one paratergite on each side (ptt. r), and
the large spiracles (sp. I') composing the tergum. The tergite is wider
than any of the other tergites and is expanded laterally to nearly twice
the length at the middle. Anteriorly it is closely united to the post-
notum of the metathorax and posteriorly is rather widely separated
from the tergite of the second segment. The surface is not marked by
any sutures and is rather lightly sclerotized. A narrow strip along
the lateral margin (y, y) is somewhat elevated and rather densely
clothed with setae. This area is wider posteriorly, and the setae are
long in front but becoming much longer posteriorly. The punctures
are separated by two to four times their own width and are inter-
spersed with tiny circular nonsetigerous punctures. The remainder
of the surface except near the midline is sparsely set with very small
setae in small punctures, with scattered nonsetigerous punctures also.
The surface is finely strigulate except at the middle, where the
posterior area is very densely and finely, but strongly, muricate. This
murication is continued onto the membrane behind the tergite and
expands somewhat laterally. On the ental surface of the tergite the
strigulae are serrate on the posterior edge over nearly the entire
surface.

The paratergites (fig. 9 A, ptt. 1) of the first abdominal segment
consist of a single broad plate on each sidg of the tergite. They are
about one-half as long as the lateral margin of the tergite and are
nearly quadrate. Anteriorly each is deeply emarginate to receive the
end of the spiracle (sp. 1). The paratergites are clothed similarly to
the lateral parts of the tergite except that the setae are a little shorter
and are densest in front. The posterior margin is unclothed but bears
the scattered small punctures similarly to the rest.

The spiracle of the first abdominal segment (fig. 9 A, sp. 1, D) is
the largest spiracle on the body. It is about twice as long as wide and
occupies the anterior half of the lateral margin of the first tergite.
It is formed of an oval plate with a large irregularly oval aperture,
which is almost completely closed by two series of narrow branching
lobes along the sides, which project in one plane over the aperture and,
by means of their very dense covering of minute hairlike projections,
form a sieve plate over the whole aperture. These microscopic points
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Fic. 9.—Morphology of the abdomen and genitalia of
Creophilus villosus (Grav.).

A, dorsal and ventral aspects of abdomen of male. B, dorsal aspect of female
genitalia. C, lateral aspect of female genitalia. D, spiracle of first abdominal seg-
merit. E, paratergites from left side of third abdominal segment. ¥, sculpture of
inner side of median orifice of male genitalia. G, lateral aspect of male genitalia.
H, mosaic pattern of intersegmental membranes.
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are placed in tiny circular groups, and these are continued out onto
the surface of the plate giving it a striated and spotted appeararnce.

The second abdominal segment is composed of a small tergite and
one small paratergite on each side extending around onto the ventral
aspect. The spiracles are more or less united to the tergite.

The tergite of the second segment (fig. 9 A, ¢t. 2) is about equal in
width to the succeeding segments but is shorter than any. The seg-
ments from two to eight, in fact, increase regularly in length. The
shape is somewhat fusiform, and the anterolateral angle is produced
to enclose the spiracle. The surface is longitudinally marked by a
strong suture parallel to the anterior margin, and the vestiture con-
sists of a small group of long setae at the posterolateral angles and a
very few scattered setae along the posterior margin. The surface is
very finely transversely strigulose throughout and is rather densely
beset with relatively large lageniform pores.

The second segment has one paratergite (fig. 9 A, ptt. 2) on each
side of the tergite. They are rather wider than long, tapering toward
each end and are curved around onto the dorsal aspect. No vestiture
or sutures have been observed, but the surface is sculptured similarly
to the tergite.

The sternum of the second segment is entirely membranous and
unrecognizable.

The anterolateral corners of the second tergite are slightly produced
to embrace a small circular sclerite bearing the spiracle of the second
segment. This sclerite is the second abdominal peritreme (fig. 3 A,
peri). The spiracle is approximately one-fourth as large linearly as
the first abdominal spiracle but is slightly larger than the following
ones. The spiracle is very similar in structdre to the first abdominal
one, having the processes covered with minute hairs that form the sieve
plates.

The membrane separating the tergites of the second and the third
abdominal segments bears a minute but very definite pattern of more
heavily sclerotized or pigmented areas which are arranged on longi-
tudinal irregularly anastomosing strips separated by clear membranes
(fig. 9 H). This type of membrane is found between the tergites of
the second to seventh segments and between the sternites of the third
to seventh segments. It fades off laterally to normal membrane in
the region of the paratergites.

The tergites of the segments three to seven (fig. 9 A), are all nearly
rectangular and are marked by a sinuous transverse fold or suture
(ts) along the anterior margin. Each bears a spiracle near each antero-
lateral angle and is bordered on each side by a pair of paratergites.
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The narrow strip between the fold and the anterior margin bears a
very few long, well-separated setae on the caudal margin, except on
the seventh segment, where these setae are about twice as numerous.
The main part of the tergite has a rather conspicuous vestiture of
long setae. These are set in punctures not noticeably larger than the
“base of the setae, and separated from each other on the median area by
from three to five times their own width, but near the sides by slightly
less. At the sides of the seventh segment this vestiture is even slightly
denser. Anteriorly on each segment the setae become more sparse and
leave a narrow irregular impunctate strip just posterior to the fold
or suture. Along the posterior margin the setae are arranged in a
single series close to the edge. They are close-set, with the punctures
anastomosing, and thus form a kind of marginal fringe. These setae
are nearly twice as long as the discal ones. " This occurs only on the
third to sixth segments. The surface of all these tergites is minutely
transversely strigulose, and the setae are interspersed with numerous
tiny lageniform pores.

The eighth tergite is the last exposed tergite and is broadly tapered
and rounded behind. The sculpture and vestiture are similar to the
preceding segments, except that the discal setae are less conspicuous,
separated by three to five times the width of their punctures, and not
arranged in a definite posterior marginal series.

The sternites of the third to seventh abdominal segments (fig. 9 A)
are very similar in structure, vestiture, and sculpture, but differ slightly
among themselves in form. They decrease in width slightly from the
fifth posteriorly, while increasing in length from the third to the
seventh. They extend around the lateral aspect onto the dorsum and
are marked with an anterior marginal fold or suture (sts) similarly
to the tergites. This suture is somewhat arcuate and disappears neat
the side of the ventral aspect. The third sternite (s.3) is narrowed
in the middle so that it is about one-half as long at that point as at
the sides. The eighth sternite (s.&) is narrowed and rounded
posteriorly similarly to the tergite in the female, but in the male
is broadly and shallowly emarginate at the middle. Each of these
six sternites is clothed very similarly to the tergites. The setae are
long and slender, the punctures small and placed at three to five times
their own width apart, a little more numerous at the sides of the venter,
and arranged in a single closely spaced series along the posterior mar-
gin. This series is present on all the sternites from the third to the
eighth. The strip anterior to the suture is sparsely clothed, and a
narrow line posterior to it is smooth. The longitudinal strigulations
are much finer than on the tergites, being very indistinct except on the
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strip anterior to the sternal suture. The lageniform pores are very
abundant, especially on the posterolateral portions of the ventral as-
pect of each sternite.

The paratergites (fig. 9 A, ptt, E) are narrow longitudinal sclerites
on the dorsal aspect between the tergites and the up-turned edges of
the sternites. There is one on each side of the first abdominal tergite,
one on each side of the second tergite, and two on each side of the
segments from the third to the seventh. The eighth segment alone has
no paratergites. The first two segments have already been described.
?I."he paratergites of the third to the seventh segments are very similar
in form and arrangement throughout. The median one is slightly
expanded and truncated anteriorly and more or less tapering caudally.
The outer one is rather larger posteriorly but rounded, and tapers
somewhat anteriorly. On the seventh segment the inner paratergite is
much shorter, being only half the usual length and.more sharply taper-
{'ng. All the others are equal in length to the rest of the segment. The
Inner paratergite of each segment bears a raised line or fold (pts)
near the anterior end in such a position as to appear to be a continua-
tion of the tergal suture (ts).

The endoskeleton of the abdomen consists chiefly of narrow apophy-
ses along the margins of the segments. These are sometimes known as
plicae, and MacGillivray has proposed a system of naming them.

Each of the dorsal segments from the second to the ninth has a
narrow phragma near the anterior margin which extends along the
sides to the posterior angles except on the second, eighth, and ninth
segments (fig. 5A). These phragmata are marked externally by
§uttxres (fig. 9 A) except on the second, erghth, and ninth segments
in _which the phragmata are at the anterior edge of the segment. Each,
spxracle, except those on the eighth segment, has a small roughly
c1rculzf.r apophysis on its ental surface. On the fifth and sixth segments
there is a very small transverse apophysis just in front of the margin,
These are apparently not marked on the exterior.

The tergal or dorsal member of each pair of paratergites has a
narrow apophysis along the anterior end and the median edge. This
is found only on the third to seventh segments.

The ventral segments from the third to the eighth each have an

anterior apophysis similar to the dorsum. A trapsverse posterior

apophysis is present on the third to sixth stermites,

THE GENITALIA

T_he abdominal segments posterior to the eighth form the genitalia.
Owing to special modifications, these are very different in the two
4
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sexes. The genitalia of the female (fig. 9B,C) are comparatively
slight modifications of the pinth and tenth segments. The tergite of
the ninth segment (¢¢. 9) is the sclerite termed the proctiger by Tanner
(1927). The anus (an) is borne not at the end of this sclerite but
qn another lobe beneath this, the dorsal surface of which represents
the tenth tergite. The homology of the pair of elongate lobes, called
paraprocts by Tanner, which lie along the sides of the true © proctiger ”’
or tenth segment, are not known. They most likely are parts of the
ninth tergum which have become separated from the tergite, The
sternum of the ninth segment is represented in the two rectangular
sclerites (vlf) meeting along the midline and called the valvifers by
Tanner. These bear a pair of two-segmented appendages composed
of a basal coxite (cxt) and a stylus (sty). This interpretation differs
somewhat from that of Tanner, as he considered the valvifers to be
the basal segment of the appendages of the ninth segment. The open-
ing of the vulva (vul) is behind (entad) and between the apices of
the sternal plates. The distal portions of the ninth tergite and the
lateral lobes, the valvifers, the coxites, and the styli are clothed with
rather long but pale setae. The surface of the membrane about the
vulva is finely muricate with rather blunt pustules.

The genitalia of the male (fig. 9 G) are much more highly special-
ized or modified than those of the female in this species. The several
sclerites caudad of the eighth segment of the abdomen but not ac-
tually forming part of the aedeagus have not heretofore been con-
sidered as part of the male genitalia. Since they correspond rather
closely to the parts of the ninth segment in the female, they are here
included with the genitalia of the male.

The ninth segment appears to be present as four distinct parts. The
median dorsal surface (fig. 9 A, #. 9) is almost entirely unsclerotized
but bears numerous setae. This area is assumed to represent the ninth
tergite. On each side is an elongate lobe (f), heavily sclerotized and
densely clothed with setae, which is interpreted as the appendage of
the ninth segment, the valvula. The sternum is occupied by a sagit-
tate sclerite (s. 9) which s undoubtedly the ninth sternite. It {s densely
clothed with setae similarly to the valvulae and the eighth sternite.

The male genital tube consists of a strong median lobe and a pair of

united lateral lobes. The median lobe (fig. 9 G, mi) has a large bulbous "

base and bears the median orifice (mo) at its distal end. On the
ventral side at the junction of the bulbous part and the distal tube
is the small median foramen (mf) through which passes the ejacu-
latory duct (ej). This duct opens to the exterior through the tip of
the flagellum (fI), which is somewhat coiled and apparently double
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and Rrojects somewhat from the median orifice (m0). The internal
sac (is) is rather large and nearly encloses the flagellum. Its ventral
surface is rather coarsely muricate, whereas the dorsal surface is
densely set with tiny spines or pointed processes. The internal sur-
face ]:ust below the flagellum at the point z is sculptured into minute
fzcalehke protuberances (fig. 9 F), while just dorsal to the flagellum
is a small lobe projecting from the median orifice and very densely
clo-thed with long but fine hairs or setae. The two lateral lobes are
united on the ventral aspect except at the tip. They are very nearly as

long as the median lobe and very slender, with a small group of long-

setae on the dorsal side at the tip.
The outer surface of the aedeagus bears no sculpture or vesti-

ture, except for the frequent very minute pores which traverse the
integument. '

ComMPARATIVE MORPHOLOGY OF THE FaMILY

’ljhe. following section is intended to give a brief review of the
variation within the family of certain of the more important charac-
ters as they are found in the series of species studied. There are very
probably many further modifications to-be found in other species, but

the present study will serve to show the chief types and the general
trend of variation.

THE HEAD

'ﬁhe head .cgpsule.shows :} great many modifications in structure as
well as a wide variety of form and sculpture. Th i
length to breadth are found in all stages frol:'n 2:Ito Ie: zpzcézosn;gni IC;f
'I"he shape may vary considerably within a”single genus o; e\,ren a:
single species, or it may be fairly constant in a larger group.

'The dorsal surface of the head, or epicranium, is generally not di-
vided by sutures as in more generalized insects. Of the species studied
or}ly Tachyporus (fig. 10 C), Tachinus, and Erchomus (all in the’
tribe Tachyporini) show any trace of the anterior part of the coronal
suture. A few species have a very short part of the suture visible
at the posterior margin of the epicranium. These include Psendopsis
Paeqerm, Lathrotropis, Lithocharis, Trachysectus, Pinophilus, X(m:
thalinus, Staphylinus, Philonthus, Cafius, Glenus, Acylophom’s (&
11 G), Quedius, Bolitobius (fg. 11 F), and Xenodusa, &
' The frontal sutures are complete between the anterior tentorial pits
in all the Tachyporinae studied except Hypocypius (fig. 10 D) as well
as thfs'Habroeerinae and Oxyporinae. They were also found in this
condition in certain Oxytelini and Piestini. The following are noted
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in this group: Trigonurus (fig. 10 A), Bledius, Aploderus, Oxyporus
(fig. 11 D), Habrocerus, Tachyporus (fig. 10 C), Tachinus, Ercho-
wus, and Bolitobius (fig. 11 F). However, in none of these species

Frc. ro~~Intrafamily variation in the form and structure of
the dorsal aspect of the head (continued on fig. 11).

A, Trigonurus crotchi Lec. B, Micropeplus punctatus Lec., C, Tachyporus
jocosus Say. D, Hypocyptus longicornis (Payk.). E, Leptochirus mexicanus
Er. F, Aleochara late Grav. G, Platystethus americanus Er. H, Stenus sculp-
tilis Csy. I, Proteinats limbatus Mikl. J, Pelecomalium testaccum (Mann.). K,
Xenodusa sharpi Wasm: L, Lorinota cingulate (Lec.).

is there any evidence of the presence, as a sclerite, of the froms.
This sclerite is normally bounded laterally and posteriorly by the
frontal sutures and anteriorly by the frontoclypeal or epistomal su-
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ture, or, if this suture is absent, approximately by a line drawn be-
tween the anterior tentorial pits. Since in these forms the frontal
sutures unite to form a nearly straight line, it is obvious that the true

F16. 11.—Intrafamily variation in the form and structure of the
dorsal aspect of the head (continued from fig. 10).

A, Tanyrhinus singuleris Mann. B. Hesperobium pallipes (Grav.). C,
Philonthus aeneus (Rossi). D, Oxyporus lateralis Grav. E, Metoponcus varians
Shp. F, Bolitobius cinctus (Grav.). G, Acylophorus flavicollis Sachse. H,
Osorius mundus Shp.

frons is undifferentiated from the other parts. The area anterior to
the tentorial pits is therefore the postclypeus. A portion of the hy-
postomal suture or epicranial arm is sometimes present, extending
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from the tentorial pit toward the eye, as is Tanyrhinus (fig. 1T A)
and Philonthus (fig. 11 C). A definite postclypeal area is present in
Tanyrhinus (fig. 11 A), Leptochirus (fig. 10 E), Osorius (fig. 11 H),
Hypocyptus (fig. 10 D), Lorinota (fig. 10 L), etc.
_ The posterior part of the epicranium is frequently marked by a
transverse suture which is believed to be the occipital suture. It is
generally rather short and disappears on the lateral aspect, but it may
extend onto the ventral surface, as in Oxyporus (fig. 12 D) and
Philonthus (fig. 12 ]). In Aploderus (fig. 12 E) it even unites with
the gular sutures below. The following show this suture in some
form: Platystethus (fig. 10 G), Aploderus (fig. 12 E), Gastrolobium,
Hesperobium (fig. 11 B), Paederillus, Paederus, Lathrotropis, Stilicus,
Trachysectus, Orus, Astenus, Xantholinus, Staphylinus, Ocypus,
Philonthus (fig. 11 C), Cafius, Glenus, Acylophorus (fig. 11 G),
Quedius, Oxyporus (fig. 11 D), Bolitobius, Liparocephalus, Xenodusa
(fig. 10 K), dleochara (fig. 10 F¥), and Baryedma. It should be noted
that Paedertllus littorarius is the species having the suture, whereas
P. pugetensis apparently does not. Of the major subfamilies, only
Omaliinae and Steninae are not represented in this list.

The head is frequently suddenly constricted behind at the point
to which it may be inserted into the prothorax. This point is fre-
quently but not always at about the region of the occipital suture.

Extreme examples of constriction are Metoponcus (fig. 11 E) and

Lorinota (fig. 10L).

The position of the antennal fossa varies considerably and has been
used extensively in classification schemes. Since the anterior arm of
the tentorium is invariably closely associated with the antennal fossa,
and the tentorial pits mark the posterior boundary of the frons or
frontal region, it follows that the antennae are never inserted  under
the margin of the front ” or “ at front of front” or “ upon the front,”
but can only be situated at some point along the anterior margin of the
vertex. In the cases in which the postclypeus is completely lacking,
the antennae will be inserted along the anterior margin of the head.
In those cases in which the postclypeus is present but does not reach
the eyes, the antennae will be inserted at the lateral corners of the
vertex, usually near the eyes. In those cases in which the postclypeus
is large and attains the eyes, the antennae will be inserted into the
upper surface of the epicranium, between the eyes. In the first group
are to be found all the Paederinae and Staphylininae, including Hes-
perobium (fig. 11 B), Metoponcus (fig. 11 E), Philonthus (fig. 11 C),
and Acylophorus (fig. 11 G). In the second group are all the Micro-
peplinae, Omaliinae, Oxytelinae, Habrocerinae, and Tachyporinae, in-
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F1G6. 12 —Intrafamily variation in the form and structure of
the ventral aspect of the head.

A, Tanyrhinus singularis Mann. B, Astenus discopunctatus (Say). C, Eumalus
nigrells (Lec.). D, Oxyporus lateralis Grav. E, Aploderus linegris Lec. T,
Hypocyptus longicornis (Payk.). G, Stenus sculptiis Csy. H, Lathrimaeum
pictum Evl. I, Metoponcus varians Shp. J, Philonthus alumnus Er.
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cluding Micropeplus (fig. 10 B), Pelecomalinm (fig. 10 J), Tanyrhinus
(fig. 11 A), Proteinus (fig. 101), Leptochirus (fig. 10 E), Platy-
stethus (fig. 10G), Osorius (fig. 11 H), Oxyporus (fig. 11 D), Hy-
pocyptus (fig. 10 D), Tachyporus (fig. 10 C), and Bolitobius (fig.
11 F). In the third group are all the Steninae and Aleocharinae, in-
cluding Stenus (fig. 10H), Xenodusa (fig. 10K), Lorinota (fig.
10 L), and Aleochara (fig. 10 ). It should be noted that Acylophorus
shows a tendency toward the second group, whereas Hypocyptus seems
to approach the third group.

The compound eyes are normally situated at the sides of the head
but frequently slightly more on the dorsal aspect than on the ventral.
They vary greatly in size, as in Stenus (fig. 10 H) and Leptochirus
(fig. 10 E). They are so far as observed always complete and undivided
and never more than slightly emarginate at any point. The facets
vary considerably in relative size and in convexity, aud may be inter-
spersed with fine hairs, as in Liparocephalus.

The opening from the eye into the interior of the head is the
ocular foramen. It is generally much smaller than the eye itself be-
cause of the development of the oculata. The ocular foramina are
indicated in figure 12 F by two small dotted circles near the eyes.
Ocelli are present in one subfamily—the Omaliinae. They appear to
be entirely characteristic of this group, being found only here and
in all the members except one genus which is doubtfully retained.
This genus, Vellica, has not been available for study. The ocelli are
situated on the vertex, one on each side, between or behind the
posterior parts of the compound eyes. In dried specimens they usually

appear as pale convex protuberances, but in slide preparations are-

visible only as lighter spots in the wall of the vertex where the sclero-
tization is less thick or the pigment less evident. The ocelli are indi-
cated in the drawings by solid lines and must not be confused with
the ends of the dorsal arms of the tentorium, indicated by dotted lines.
Tanyrhinus (fig. 1x A) and Pelecomalium (fig. 10 J) illustrate these
organs.

The anterior tentorial pits as already stated mark the position of the
epicranial arms or frontal sutures. Since the frons is apparently al-
ways missing in this family, a line between the anterior tentorial
pits may be taken as the line of fusion of the postclypeus and vertex.
The tentorial pits are always situated near the antennal fossae, usually
at their mesal or anterior corners. They may be situated at some point
on the surface of the epicranium before or between the eyes. They
are shown in the figures as black spots but are seldom, if ever, visible
from the exterior in dry specimens. Their actual location is to be
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determined only by following the anterior tentorial arms to their
amterior extremity.

The ends of the dorsal arms of the tentorium are likewise invisible
from the exterior in unprepared specimens. By following the dorsal
arms the point of insertion is determined. This point is indicated in
the figures by a tiny circle of dots, and it is found on the vertex gen-
erally between the eyes, one on each side of the center. In many species
the dorsal arms apparently do not reach the vertex. These include
Acylophorus (fig. 11 G), Oxyporus (fig. 11 D), Hypocyptus (fig.
1o D), Tachyporus (fig. 10 C), Bolitobius (fig. 11 F), Xenodusa (fig.
10K), Lorinota (fig. 10 L.), etc.

The ventral aspect of the head, similarly to the dorsal, is consider-
ably modified by the obliteration of sutures and the consequent fusion
of primitive elements. The vertex extends around behind the eyes
and is continuous with the genae, if present, and sometimes with the
median gular area and the postgenal area.

In the forms already listed as possessing an occipital suture, the
vertex is separated by it from the occiput and to a greater or less
extent from the postgenae, which are continuous with the occiput.
Where no occipital suture is present the vertex, occiput, and post-
genae are all united to form the epicranium. The postoccipital sutures
are said to be the most constant of all the head sutures. However,
this suture is not evident on any of these species (except possibly
Philonthus, fig. 12 J) until it reaches the ventral side of the head and
becomes the gular sutures.

The gular sutures are formed by the relative anterior migration of
the posterior tentorial pits and normally extend from the foramen
magnum to the base of the labium, separating the ventral aspect into
three parts. Enclosed between these sutures is a sclerite known as the
gula. Stickney states that it is always complete in the Staphylinidae,
but even under the present interpretation the additional material proves
the contrary to be the case. The gula may be considered to be com-
plete when it extends from the foramen magnum to the tentorial
pits, where it unites with the submentum.

The gula has been found to be incomplete in 13 of the species used
in this study. Three types of conditions are found among these 13.
In some the gula is separated from the pits by the meeting of the gular
sutures-on the midline, as in Leptochirus, Bledius, Osorius, Gastro-
lobium, Stilicus, Astenus (fig. 12 B), Xantholinus, Staphylinus, and
Cafius. Some have the gular sutures incomplete posteriorly, such as
Paederilius, Lathrotropis, and Trachysectus. One species, Metoponcus
(fig. 121), shows no sign of the gular sutures at all; the posterior
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tentorial pits, however, are located in this species near the base of the
labium and indicate a possible relationship with the supposedly closely
related Xantholinus, in which the sutures are confluent on the midline,

THE APPENDAGES OF THE HEAD

The intrafamily variation in the antennae is considerable, but these
variations are mostly rather superficial and are not very constant
within the subfamilies. Omitting the aberrant Micropeplus (fig.
13 M), in which the antenna is only nine-segmented with a much
enlarged terminal segment, the forms are either 10- or 11-segmented.
In the former group are the Hypocyptini (fig. 13 N) and two genera
of the Aleocharinae (Oligota and Decusa). All other members of the
family examined have the antennae clearly 11-segmented.

Figure 13 shows some of the variations in form of the antennae.
The method of insertion of the second segment into the first deter-
mines the amount of movement possible as well as the amount of
geniculation. Strongly geniculate antennae are found in dcylophorus
(fig. 13L), Osorius (fig. 13 K), and some of the Paederini (subtribe
Cryptobia). Great variation is found in the shape of the basal seg-
ment, as well as in its size and method of insertion in the antennal
fossa. : )

The vestiture of the antennal segments ranges from the large sparse
tactile setae of figure 131 to the dense minute pile indicated on the
distal segments of figure 13 H. No segment anywhere has been ob-
served that is entirely without vestiture, though on some (as fig. 13 L)
it may be exceedingly minute and indistinct. The exceedingly minute
vestiture is generally accompanied by numerous pores, which give a
glandular appearance to the surface (fig. 1 B). The extent of this
type of vestiture is rather definite in each species and varies con-
siderably throughout the family. In some it is distinctly confined to
certain segments, but in others diminishes gradually from the apex
and becomes indistinct on the basal segments. In Micropeplus only
the terminal (ninth) segment is so clothed. Creophilus has this type
of vestiture on the last five segments; Hadrotes on the last six. Those
with it on the last seven include Tanyrhinus, Leptochirus, Glenus,
Bolitobius, and Aleachara. Those with it on the terminal eight seg-
ments include Oxytelus, Xantholinus, Philonthus, and Quedius, The
following have it on all but the two basal: Gastrolobiwm, Lathrotropis,
Hesperobium, and Pinophilus. From this it can be seen that the vesti-
ture of the antennae is not stable within certain tribal limits, and in
some cases even in smaller groups there is considerable variation.
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F16. 13—Intrafamily variation of the antenna.

A, Xenodusa sharpi Wasm. B, Gastrolobium bicolor (Grav.). C, Lithocharis
achracea (Grav.). D, Bolitobius cinctus (Grav.). E, Lorinota cingulata (Lec.).
F, Aploderus linearis Lec, G, Stemus sculptilis Csy. H, Glenus flokri Shp. I,
Aleochara lata Grav. J, Phloeocharis subtilissima Mann. K, Osorius mundus Shp,
L, Acylophorus flavicollis Sachse. M, Micropeplus punctatus Lec. N, Hypo-
cyptus longicarnis (Payk.).
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The cousiderable variation in the form and relative size of the
labrum is very hard to classify because of the large number of slight
variations which grade from one to the other. Figure 14 shows a few
of the types. The presence of the membranous processes, such as on

Fic. 14~—Intrafamily variation in the labrum.

A, Stenus sculptilis Csy. B, Xenodusa sharpi Wasm. C, Micropeplus punctatus
Lec. D, Liparocephalus brevipennis Mikl. E, Pseudopsis obliterata Lec. F, Tany-
rhinus singularis Mann. G, Lithocharis ochracea (Grav.). H, Stilicus angularis
Er. I, dstenus discopunctaius (Say). J, Pinophilus parvipenms Csy. K, Trachy-
sectus confluentus (Say). L, Lathrotropis jacobing (Lec.). M, Osorius mundus
Shp. N, Tachinus limbatus Mels. O, Platystethus americanus Er.

Osorius (fig. 14 M) and Platystethus (fig. 14 O), is definite and
usable, as well as the entirely glabrous character of Stenus (fig. 14 A).
The variation in the form and structure of the mandibles is ex-

tremely great. Every gradation is found between massive blunt types -
with a large molar area, such as Micropeplus (fig. 15 C), and the very

slender acute type without mola, such as Astenus (fig. 15L). In some
the terminal tooth is the only one present, as in some species of Geo-
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dromicus, Pelecomalium (fig. 16 A), Tanyrhinus, Lathrimaeum, Pro-
tetnus (fig. 15 A), Trigonurus, Osorius, Tachyporus, Bolitobius (fig.
15H), Xenodusa (fig. 15D), and Lorinota. In others from two

Fr6. 15.—Intrafamily variations of the mandibles (continued on fig. 16).

A, Proteinus limbatus Makl. B, Phloeocharis subtilissima Mann. C, Micro-
peplus punctatus Lec. D, Xenodusa sharps Wasm, E, Leptochirus mexicanus Er,
F, Aploderus lnearis Lec. G, Oligata esmeraldae Csy. H, Bolitobius cinctus
(Grav.). I, Pseudopsis obliterata Lec. J, Liparocephalus brevipennis Mikl.
K, Glenus flohri Shp. L, Astenus discopunctatus (Say).

to many teeth may be produced, placed either near the tip or at any
point along the inner face. One species, Oxyporus (fig. 16 H),
has a very small isolated tooth near the outer margin of the mandible
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at'the middle. The condyles are fairly constant in position. The ven-
tral one is a rounded protuberance and is located on the proximal
end of the ventral side near the outer angle. In Oxyporus (fig. 16 H)
this condyle is situated much nearer the inner edge. The dorsal ar-
ticulation is sometimes a definite rounded acetabulum but frequently
is only a hollow curve along the face of an irregular projection. The
prostheca offers considerable variety in form, size, and position. It is
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F1c. 16—Intrafamily variation of the mandibles (continued from fig. 15).

A, Pelecomalium testaceum (Mann.). B, Hypocyptus longicornis (Payk.).
C, Paederillus pugetensis Csy. D, Stenus sculptilis Csy. E, Lithocharis ochracea
(Grav.). F, Acylophorus flavicollis Sachse. G, Hespercbium pallipes (Grav.).
H, Oxyporus lateralis Grav. I, Bledius monstratus Csy.

apparently lacking in Micropeplus (fig. 15 C), Astenus (fig. 15L),
and Stenus (fig. 16 D). In Glenus (fig. 15 K), Paederilius (fig. 16 C),
and Creophilus (fig. 2 F) the prostheca is a definite projecting lobe
with numerous minute hairlike processes, while in many other species
it is apparently represented by a more or less definite row or area
of processes proceeding from the surface of the mandible or a groove
thereon, such as in Pelecomalium (fig. 16 A), Proteinus (fig. 13 A),
Acylophorus (fig. 16 F), Oxyporus (fig. 16 H), Bolitobius (fig.
15 H), and Xenodusa (fig. 15 D).
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The maxillae present a rather large amount of variation in form
and of modification from the typical arrangement of parts. The typical
form has been described for Creophilus (fig. 2 G).

Fic. 17—Intrafamily variation in the maxillae and the maxillary palpi.

A, musculature of maxilla of Thinopinus pictus Lec. B, palpus of Gastrolo-
biwm bicolor (Grav.). C, maxilla of Hypocyptus longicarnis (Payk.). D,
maxilla of Pinophilus parvipennis Csy. E, maxilla of Osorius mundus Shp.
F, palpus of Stenus sculptilis Csy. G, palpus of Baryodma bimaculata Grav.
H, palpus of Acylophorus flavicollis Sachse. I, palpus of Micropeplus punctatus
Lec. J, palpus of Pelecomalium testacewm (Mann.). K, palpus of Paederus
lactus Er.

\ . .

The relative sizes of the cardo, stipes, galea, and lacinia are subject
to much variation. The subfamily Staphylininae is very homogeneous,
there being little variation in any parts from Creophilus and Thino-

pinus (fig. 17 A). In some species the lacinia is more elongate and



62 SMITHSONIAN MISCELLANEQOUS COLLECTIONS VOL. 94

extends distad almost or quite as far as the galea. These forms gen-
erally have both these structures less hairy and frequently armed
with spines. Of the species examined Geodromicus, Pelecomalium,
Leptochirus, Eumalus, Trigonurus, all the Oxytelini, Steninae, Paede-
rinae (fig. 17 D), Staphylininae (fig. 2 G}, Oxyporinae, Tachyporini,
and Bolitobiini have the lacinia much shorter than the galea, whereas
it is elongate in Micropeplus, Tanyrhinus, Lathrimaewm, Phlococharis,
Pseudopsis, Osorius (fig. 17 E), Habrocerus, Hypocyptus (fig. 17 C),
and all the Aleocharinae.

The maxillary palpi are four-segmented in all the species except
Aleochara and Baryodwma (fig. 17 G), in which there is a small ad-
ditional fifth segment. With the exception of Stenus (fig. 17 I¥), the
first segment is always small and geniculate. It is apparently im-
movably united to the second segment, at least in Thinopinus (fig.
17 A). Any of the succeeding segments may be much expanded, as
the second in Micropeplus (fig. 171), the third in Hypocyptus (fig.
17 C) and Paederus (fig. 17 K), or the fourth in Pinophilus (fig.
17 D). Occasionally the fourth is longer than any of the others, as
in Acylophorus (fig. 17 H) and Osorius (fig. 17 E), but more fre-
quently it is greatly reduced, as in Gastrolobium (fig. 17 B), Hypo-
cyptus (fig. 17 C), and Stenus (fig. 17 F). In Paederus (fig. 17 K)
the terminal one is short, truncated, and strongly compressed.

In nearly every labium studied the mentum and submentum are
the only heavily sclerotized parts. The submentum is continuous with
the gula between the tentorial pits and is generally separated at the
sides from the postgenae by the submental sutures. These sutures
may be complete from the base of the mentum to the tentorial pits,
they may be incomplete either anteriorly or posteriorly, they may be
united on the midline for a distance in front of the pits, or they may
be entirely lacking. They are complete in Lathrimaeum (fig. 12 H),
Stenus (fig. 12 G), dstenus (fig. 12 B), Hypocyptus (fig. 12 F), and
all others not listed in the three following categories. The anterior
ends of the sutures have disappeared to a varying extent in Pseudop-
sis, Trachysectus, Orus, Philonthus (fig. 12 J), Cafius, Creophilus,
Ocypus, Thinopinus, Hadrotes, Glenus, Acylophorus, Quedius, Tachi-
nus, Tachyporus, and Erchomus. They are visible only at the anterior
end in Tanyrhinus (fg. 12 A). In Trigonurus, Bledius, Platystethus,
Oxytelus, Aploderus (fig. 12 E), and Osorius they have become united
in front of the tentorial pits so that the submentum is a wholly dis-
tinct sclerite. The sutures are apparently entirely lacking in Micro-
peplus, Eumalus (fig. 12 C), Metoponcus (fig. 121), and Oxyporus
(fig. 12 D).
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The mentum is frequently united to the submentum between the
projecting anterior corners of the latter. It is usually trapezoidal
in form but may he variously lobed in front, as in Leptochirus (fig.
18 G), Oxyporus (fig. 18 A), and Liparocephalus (fig. 18 E). It fre-
quently bears a few large setae and is nearly always sparsely set with
large pores.

- Frg. 18..——Intrafamily variation in the form and structure of the
labium. (Only the basal segment of the palpi shown.)

A, Qxyporus lateralis Grav. B, Osorius mundus Shp. C, Lathrimacum pictum
Fvl. D, Baryodma bimaculata Grav. E, Liparocephalus brevipennis Mikl. F
Trigonurus crotchi Lec. G, Leptochirus mexicanus Er. H, Gastrolobium bi-
colar (Grav.).

The prementum is frequently only partly sclerotized. In Trigonurus
(fig. 18 F') there are three small triangular sclerites lying in the mem-
brane between the paraglossal lobes; in Osorius (fig. 18 B) there is
a single large quadrate plate anterior to the base of the palpi; in
Oxyporus (fig. 18 A) the entire basal part of the prementum is sclero-
tized as a long plate; and in other forms there is more or less sclero-
tization of the area between the mentum and the base of the palpi. The

5
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palpigers may not be differentiated from the rest of the prementum,
and are frequently entirely membranous. Frequently there are no
glossal or paraglossal lobes visible, as in Osorius (fig. 18 B) and
Leptochirus (fig. 18 G), but in some forms they appear to have united
into a pair of lobes or even a single lobe, as in Lathrimacum (fig. 18 C)
and Gastrolobium (fig. 18 H), whereas in others there are both glossae
and paraglossae distinct, as in Beryodma (fig. 18 D). In Liparo-
cephalus (fig. 18 E) there is a united glossa or ligula which is pro-
longed into a cylindrical sclerotized piece projecting cephalad for
nearly half the length of the first segment of the palpi.

Any of these parts may occasionally bear large setae or minute
setulae. It must always be borne in mind in examining the labium
that the hypopharynx almost invariably is furnished with a pair of
lobes bearing combs of setae which project up behind the paraglossae
and are likely to be mistaken for them. They are always membranous
like the paraglossae, and the distinction between them is sometimes
difficult to make.

The number of segments in the labial palpi is said to vary from
one to four. None have been recorded with less than three except
from the subfamily Aleocharinae, and the only examples with four
are there also. In almost no cases are there definite articulations be-
tween the segments of the palpi, each one being united to the next
by a relatively wide area of membrane. Frequently also the segments
are rather indefinitely sclerotized but usually sufficiently so to prevent
any difficulty in counting them.

No specimens have been studied which have only one segment in
the labial palpi. One species has been observed with two-segmented
palpi. This is Liparocephalus (fig. 19 B), in which the basal segment
is partially divided into two. It is evidently an intermediate step in the
formation of either the three-segmented from the two-segmented
condition or the reverse. The closely related genus Diaulote fre-
quently shows both the extremes and all the intermediate steps in a
single lot of the one species.

The three-segmented condition of the labial palpi is almost uni-
versal throughout the family, but a great deal of variation in form
is apparent. As a rule the labial palpus cannot be said to be filiform,
though certain segments may be slender in certain species. The basal
segment may be longer than either of the others, as in Habrocerus
(fig. 19 E) and Stenus (fig. 19 C), or shorter, as in Hypocyptus (fig.
19 F) and Osorius (fig. 19 J). It may be rather strongly geniculate
as in Stenus (fig. 19 C) and Oso-r-iu:‘(ﬁg. 19 J), or may be large and
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cylindrical as in Aleochara (fig. 19 A) and Habrocerus (fig. 19E).
The middle segment may be greatly expanded as in Stenus (fig. 19 C)
or very short as in Trigonurus (fig. 19 H). The terminal segment is
generally small and narrow as in Stenus (fig. 19 C), Hypocyptus (fig.
19 F), and Paederus (fig. 19 I), but is greatly expanded in Oxygorus
(fig. 19 D) into a very large, compressed, obconical body.

Frc. 19—Intrafamily variation in the labial palpi.

A, Aleochara lata Grav. B, Liperocephalus brevipennis Mikl. C, Stenus
sculptilis Csy. D, Oxyporus lateralis Grav. E, Habrocerus schwarzi Horn, F,
Hypocyptus longicornis (Payk.). G, Pinophilus parvipennis Csy. H, Trigo-
nueus crotchi Lec. I, Paederus laetus Er. J, Osorius mundus Shp.

A four-segmented labial palpus was found only in dleochara (fig,
19 A). The palpi of other Aleocharinae are said to be similar.

THE THORAX

A great deal of variation is exhibited in the shape of the pronotum
(figs. 20, 21). It is hard to classify the types, as nearly all gradations
are to be found and nearly every genus or even species is somewhat
different from its near, as well as from its more distant, relatives.
Figures 20 and 21 show some of the forms that occur. Almost any
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F1c. zo—Intrafamily variation of the pronotum (continued oun fig. 21).

A, Lathrotropis jacobina (Lec.). B, Lithocharis ochracea (Grav.). C, Ocypus
ater (Grav.). D, Felecomalium testacewm (Mann.). E, Trigonurus crotchs
Lec. T, Pseudopsis obliterata Lec. G, Leptochirus mexicanus Er. H, Proteinus
limbatus Makl. 1, Platystethus americanus Er. ], Stlicus angularis Er. K: Aleo-
chara lata Grav. L, Acylophorus flavicollis Sachse. M, Tachyporus jocosus
Say. N, Micropeplus punctatus Lec.
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of these may be found in any of the larger subfamilies. It is obvious
that the shape of the pronotum cannot be used in the higher classifica-
tion. In certain groups it is useful in generic and specific segregation.

The inflexed portion of the pronotum is generally closely united
with certain elements of the ventral surface and will be discussed in
the section dealing with the prosternal area.

The ventral aspect of the prothorax affords a considerable amount
of variation in structure. The fundamental condition is frequently

00

F16. 21.—Intrafamily variation of the pronotum (continued from fig. 20).

A, Metoponcus vartans Shp. B, Cafius lithocharinus Lec. C, Lorinota cingu-
lata (Lec.); D, Osorius mundus Shp. E, Liparocephalus brevipennis Malkl.
T, Geodromicus brunneus (Say). G, Hypocyptus longicornis (Payk.). H,
Aploderus lincaris Lec.

obscured by the reduction of sclerites and the obliteration of sutures,
but several important characters are available.

The amount of inflection of the pronotum varies somewhat, but
the size of the postcoxal lobe is more important and usable. These
lobes tend to close the coxal cavities behind, being almost successful
in Leptochirus (fig. 22 F). In Lithocharis (fig. 22 B) and Xantholinus
(fig. 23 D) they are lacking entirely.

The sternum varies greatly in length. The longest exposed area
occurs in Leptochirus (fig. 22 F'), but the large posterior lobe of
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Astenus (fig. 23 A) surpasses it somewhat though covered by the
coxae. Aleochara (fig. 22 A) has the shortest and most reduced
sternum. This structure is often produced posteriorly between or
under the coxae. Trigonurus (fig. 22 D) has a very small projection,

Frc. zz—Intrafamily variation in the form and structure of the
prosternal area (continued on fig. 23).

A, Aleochara lata Grav. B, Lithocharis ochracea (Grav.). C, Osorius mundus
Shp. D, Trigonurus crotchi Lec. E, Bledius monstratus Csy. F, Leptochirus

mexicanus Er.

while the extreme development is reached in Astenus (fig. 23 A) and
Pinophilus (fig. 23 B). In these last two the prosternal lobe reaches
the lobes of the inflexed pronotum, thereby closing the coxal cavities
behind. In Pinophilus this closure is completed by the actual fusion
of the sternal lobe to the underside of the lateral lobes.
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In Xantholinus (fig. 23 D) and Metoponcus there is a pair of large
triangular sclerites anterior to the sternum and lying free in the edge
of the anterior foramen. They occur in no other group and are said
to be present in only a few genera of the Xantholinini.

The spiracles of the mesothorax normally lie in the intersegmental
membrane in the vicinity of the pronotal lobes. They usually lie in the

F1c. 23.—Intrafamily variation in the form and structure of the
prosternal area (continued from fig. 22).

A, Astenus discopunctaius (Say). B, Pinophilus parvipennis Csy. g
cingulata (Lec.). D, Xantholinus picipenni?Lec. parvipennis Csy. G, Lorinote

unsclerotized membrane as in Lithocharis (fig. 22 B) and Trigonurus
(fig. 22 D), but are incorporated into the posterior lobe of the pro-
sternum in Pinophilus (fig. 23 B). In Aleochara (fig. 2z A) they are
surrounded by the small peritremes, while in Lorinota (fig. 23 C) these
sclerites are so large as completely to close the coxal cavities behind.

The shape of the elytron is almost as individual as that of the
pronotum (fig. 24). It is impossible to classify these organs by form,
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@
Frc. 24—Intrafamily variation of the elytra.

A, Metoponcus varians Shp. B, Tanyrhinus singularis Mann. C, Trigonurus
crotchi Lec. D, Geodromicus brunmeus (Say). E, Acylophorus flavicollis
Sachse. F, Proteinus limbatus Mikl. G, Ozyporus lateralis Grav. H, Osorius
mundus Shp. I, Bledinus monstratus Csy. J, Tachyporus jocosus Say. K, Platy-
stethus americanus Er. L, Paederillus pugetensis Csy. M, Xenodusa sharpi
Wasm. N, Micropeplus punctatus Lec. O, Aleochara lata Grav. P, Liparo-
cephalus brevipennis Mikl.
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but the series shows the range from the long slender types of Meto-
poncus and Tanyrhinus to the short transverse one of Liparocephalus.

The extent of deflection of the sides of the elytra depends in great
part on the convexity of the thorax. In many species this area is rather
abruptly deflexed and of considerable size (figs. 24 D, F,K). This
area has frequently been called the epipleurae, but if this term he’
used, it should be borne in mind that it is a convenient nate for a
region rather than for a definite morphological unit. The epipleuron
is occasionally separated from the discal portion of the elytron by
a raised line as in Bledius (fig. 24 1) and Tenyrhinus (fig. 24 B). The
epipleuron may bear a distinct line parallel to the outer margin. This
is called the pleural fold by Casey but is more properly termed the
epipleural fold, although its exact significance is not known.

In most of the Xantholinini, such as Metoponcus and Xantholinus,
the so-called elytral suture or median edge of the elytron is some-
what abnormal. The thickness of the elytron along this edge is
gradually diminished so that the whole edge appears to be beveled.
This beveled surface is smooth and unclothed and usually less heavily
pigmented than the rest of the elytron. These two edges overlap one

- another when the elytra are at rest. No special morphological sig-

nificance is attributed to this feature as it 1s only a slight modification
of the normal suture.

The structure of the sterna of the mesothorax and metathorax is
influenced to a large extent by the size, shape, and position of the coxal
cavities of the mesothorax. The actual points of insertion of the coxae
may be widely separated (fig. 25C) or close together (fig. 25 B)
without changing the relation of the parts.“In these two examples
the more widely separated ones are still confluent on the midline,
whereas the approximate ones are separated by the two sternal
processes.

It should be understood that in speaking of the coxal cavities, one
is referring to the entire depression occupied by the coxae. This de-
pression is bounded anteriorly by the mesosternum and generally is
set off posteriorly by a line on the metasternum. The floor of this
depression is made up of the deflexed portions of the mesosterna and
metasterna, and it is generally more or less elevated in the middle to
form a ridge between the two coxal cavities. However, unless the
actual surface of the two sterna meet on the midline or are closely
approximated, the cavities are considered to be confluent. The pos-
terior border of the two cavities is usually marked by a line which
is common to both and delimits anteriorly the process of the
metasternum.
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Fic. 25—Intrafamily variation in the structure of the
mesothoracic and metathoracic sterna.

A, Ocypus ater (Grav.). B, Leptochirus mexicanus Er. C, Metoponcus

varians Shp. D, Hypocyptus longicornis (Payk.).

E, Oxyporus lateralis Grav.
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The most common situation in this family is for the two cavities
to be confluent on the midline. That is, the processes from the meso-
thorax and metathorax do not meet. In nearly all cases, however, the
mesothoracic process projects more or less between the coxae. This
group includes Geodromicus, Pelecomalium, Lathrimaeum, Proteinus,
Eumalus, Pseudopsis, Bledius, Oxytelus, Aploderus, Osorius, all the
Paederinae, Metoponcus (fig. 25 C), all the Staphylinini (fig. 25 A),
Xanthopygini, and Quediini, Habrocerus, and Liparocephalus.

In Stenus, Hypocyptus (fig. 25 D), and Aleochara the mesothoracic
process attains the metasternum, thereby separating the coxal cavities
without the aid of a metathoracic process.

This situation is just reversed in Platysiethus and Oxyporus (fig.
25 E), in which the metathoracic process attains the mesosternum and
separates the cavities.

Frequently, however, the two processes meet midway and take
equal part in the separation. In this group are the following species:
Micropeplus, Leptochirus (fig. 25 B), Trigowmurus, Phloeocharis,
Tachyporus, Tachinus, Erchomus, Bolitobius, Oligota, Xenodusa,
Lorinota, and Baryodma.

The mesosternum is usually very short and not separated from the
pleural areas. Considerable reduction has taken place in some of

* the pleural sclerites, but in some species they are distinct and separate.

The metasternum may be very short and transverse as in Hypo-
cyptus (fig. 25 D) or rather elongate as in Metoponcus (fig. 25 C).
In general it is deflexed anteriorly to form most of the floor of the
coxal cavities, but in Metoponcus this part is formed by the inflexed
portion of the mesosternum, and the metfsternum has a narrow
emargination at the middle which receives a slender process of the
mesosternum.

The metasternum is always completely separated from the meta-
pleurites. It is variously emarginate posteriorly to fit the coxae of
the metathoracic legs, and generally shows the articulations of the
coxae at the middle.

THE LEGS

The greater part of the large amount of variation in the legs is due
to the relative sizes of the parts rather than to any fundamental differ-
ences in structure. The presence or absence of calcaria or other
setae and the variation in number of tarsal subsegments or tarsomeres
constitute the principal structural differences.
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The musculature of the leg of Thinopinus (fig. 26 A) is very

similar to that of a typical insect leg as given by Snodgrass (1927).

It is not known whether there is any large amount of variation in
other members of the family.

The number of tarsomeres varies from three to five. In some cases
the number differs on the same individual—the so-called heteromer-
ous condition. The great majority of species in this family have five
tarsomeres in each tarsus. This condition is found throughout the
subfamilies Omaliinae, Oxytelinae (except Oxytelini), Steninae,
Paederinae, Staphylininae, Oxyporinae, Habrocerinae, and Tachy-
porinae (except Hypocyptini).

The exceptions include Micropeplus and the Oxytelini with three
tarsomeres in each tarsus, Hypocyptus and Oligota with four, Liparo-
cephalus with four in the front and middle tarsi and five in the pos-
terior tarsi, and Lorinota and Xenodusa with four in the front tarsi
and five in the middle and posterior ones. Aleochara and other aleo-
charinids have all the tarsi with five tarsomeres. Thus it can be
seen that the heteromerous condition is restricted to certain aleochari-
nids, and that five is the normal number. It might be noted that in
certain aleocharinids individuals may be found on which the two tarsi
of one pair differ. They show the actual fusion or division of the
tarsomeres taking place at the present time.

The claws are simple in all the species studied. They vary some-
what in proportions and curvature, but are all similar to the ones
shown (fig. 8 J, etc.).

Several species have been found to have a few very curiously
modified setae (fig. 26 L) along the ventral edge of certain of the
segments. In Pelecomalivm they occur on the fore legs in a long line
on the tibia and in a small group at the middle of the ventral edge of
the femur, and on the middle legs similarly on the tibia and three or
four on the trochanter. In Lathrimaeum they are situated on both
the fore and middle legs in a double row on the tibiae and a few on
the trochanters. In Proteinus they occur only on the middle legs, a
very few near the tip of the tibia and on the trochanter. These setae
are very distinct and easily recognizable. On the dorsal extremity of
the anterior tibia of Phloeocharis is situated a single seta of unusual
shape. It is short and stout, resembling considerably those of figure
26 L. The fore tibiae of Bledins are much expanded and bear a large
number of very heavy short setae (fig. 26 E).

The union of the femur to the trochanter is subject to considerable
variation. In some the trochanter is attached to the side of the femur,
and in some to the truncated end (figs. 8%, 26 B, C, D, H,K). The
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Fic. 26.—Details of the structure of the legs.

A, musculature of the middle leg of Thinopinus pictus Lec. B, trochantero-
femoral joint of posterior leg of Bolitobius cinctus (Grav.). C, posterior coxa
of Oxytelus sculptus Grav. D, posterior coxa of Erchomus ventriculus (Say).
E, group of setae from anterior tibia of Bledius monstratus Csy. F, posterior
coxa of Paederus laetus Er. G, posterior coxa of Stenus sculptilis Csy. H, pos-
terior coxa of Hypocyptus longicornis (Payk.). I, group of setae from middle
coxa of Tachimus limbatus Mels. J, anterior tibia of Lathrotropis jacobina (Lec.).
K, posterior coxa of Habrocerus schwarzi Horn, L, group of setae on middle
trochanter of Proteinus limbatus Makl.
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situation is frequently very different on different legs of the same
specimen, but the one from the same thoracic segment of different
species can be compared.

The present subfamily classification of the Staphylinidae is based
largely on the shape of the posterior coxae. These segments are
classified as globose, conical, triangular, or transverse, and a distinc-
tion is often attempted between coxae that attain the pleural pieces of
the metasternum and those that do not.

In all the species studied, and indeed almost necessarily so from a
functional viewpoint, the posterior coxae have articulations in two
places. Morphologically the more important of these is the pleural
articulation which is situated at the lateral extremity of the coxa and
at the posterior end of the metathoracic pleurites. This is the most
fundamental point in the coxal area and the articulation is probably
never lost. The coxa has also a second articulation with the sternum,
usually near the midline. Frequently the lateral parts of the coxa are
covered by the sternum and are more or less invisible from the ex-
terior. It is, then, the exposed portion which has given rise to the
above classification, but obviously this is not a fundamental separation.

The differences between coxae that are. ““ small and globose ” (fig.
26 G), those that are conical (fig. 26 F), those that are triangular
(fig. 26 K), and those that are transverse (fig. 26 C, D, H) are mat-
ters of degree and form a continuous series. It should be possible
to find a more consistent and fundamental character to express the
apparent differences.

There seem to be three distinct types of coxal structure. In many
species the coxa is conical or triangular without expansions beyond
the lines connecting the three articulations. In others the side of the
coxa is expanded laterally and caudally into a plate which lies under-
neath the femur and below (dorsad) the level of the sternum. In
the third group there is an upper lamella of the coxa which is expanded
laterally and posteriorly into a plate which is nearly at the level of
the sternum and completely covers the lower portion of the coxa.
These three are the only morphological types recognized.

The following species belong to the first group, having the coxa not
expanded laterally and caudally: Osorius, Stenus (fig. 26 G), the
Paederinae (fig. 26 F), the Staphylininae, and possibly Liparocepha-
lus. These are the ones generally said to have the coxae conical or
triangular.

The second group, those having the coxae expanded laterally and
caudally into a plate that is partly covered by the femur in repose,
frequently also have a slight expansion over the base of the tro-
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chanter but not extended laterally. It includes Micropeplus, the
Omaliinae, all the Oxytelinae except Osorius, Hypocyptus (fig. 26 H),
Tachyporus, Tachinus, Erchomus (fig. 26 D), Bolitobius, and all the
Aleocharinae except possibly Liparocephalus. These are chiefly the
forms said to have the coxae transverse.

The third group contains only Habrocerus (fig. 26 K). The coxa
is rather triangular, but the upper surface is broadly expanded into
a lamella which covers part of the femur in repose and extends laterally
clear to the pleural articulation,

Micropeplus appears to be distinct from all the others in the presence
of a narrow separate strip extending from the trochanteral articulation
to the pleural one. It may be a secondary separation from the coxa
but is entirely unique.

THE ABDOMEN

The abdomen of Staphylinidae is composed of 10 segments in all
the species studied. In all cases the first segment is represented only
by the tergite and rarely a paratergite on each side behind the spiracle .
(fig. 9 A, ptt. I).

The second segment may be entirely membranous, as is apparently
the case with Micropeplus, It may be represented by a tergite alone,
as in Trigonurus, Phloeocharis, Osorius, Stenus, Gastrolobium, Hes-
perobium, Paederillus, Paederus, Lathrotropis, Hypocyptus, Liparo-
cephalus, Xenodusa, Lorinota, Aleochara, and Baryodma. A pair of
small paratergites is present at the sides in Geodromicus, Tanyrhinus,
Lathrimaeum, Pseudopsis, Creophilus (fig. 9 A) and all the Staphy-
linini, Glenus, Acylophorus, Quedius, Oxyforus, Habrocerus, Tachy-
porus, Tachinus, Erchomus, Bolitobius, and possibly Oligata. Be-
sides these sclerites the following also have some sclerotization of
the sternite: Pelecomalium, Proteinus, Euwmalus, Xgntholinus, and
possibly Metoponcus. The greatest development of this segment, how-
ever, is in the tribe Oxytelini. The species of this tribe have all the
sclerites completely developed so as to appear identical with the suc-
ceeding segments in structure.

The third, fourth, fifth, sixth, and seventh segments are very
similar in structure. They each have a normal tergite and sternite
and usually one or two paratergites on each side. Only Leptochirus,
Eumalus, and Osorius are entirely without paratergites, and the
following have only one on each side: Micropeplus, all the Omaliinae

‘(fig. 27 D), Proteinus, Trigonurus, Phloeocharis, Pseudopsis, Stenus,

and Hobrocerus. All the other species examined have two paratergites
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on each side of the segments from three to seven. Figure g A shows
the normal form of these sclerites. Modifications are chiefly in size,
distinctness of the sutures, and vestiture. Xemoduse has the para-
tergites modified to form the hairy lobes or trichomes (fig. 27 B)
which project over the succeeding segment.

Frc. 27~Details of the structure of the abdomen, and the intrafamily
variation in the pattern of the intersegmenta! membranes.

A, ventral aspect of abdomen of Gastrolobium bicolor (Grav.). B, paratergites
and trichome of Xenodusa sharpi Wasm. C, pattern of intersegmental membrane
of Lathrotropis jacobina (Lec.). D, paratergite of Geodromicus brunncus (Say).
E, pattern of Paederus laetus Er, F, group of setae from sternite of Bolitobius
cinctus (Grav.) ; G, pattern of Xantholinus picipennis Lec. H, pattern of Stenus
seulptilis Csy. I, posterior margin of sixth tergite of Adecylephorus favicollis
Sachse. J, pattern of Osortus mundus Shp.

The membranes between these intermediate segments are usually
marked in a definite pattern with minute spots of regular shape and
deeper color. They appear to be actual sclerotizations in the membrane.
These patterns are fairly constant in the various groups. The most
frequent pattern is one of small rectangular areas arranged either
in transverse or in longitudinal rows or both, often changing from
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one to the other in a single membrane (fig. 27 C, E). This pattern is
found on Micropeplus, all the Omaliinae, all the Paederinae, Oxyporus,
and Bolitobius. ' '

Two species have a definitely hexagonal pattern (fig. 27 H). They
are Leptochirus and Stenus. In Ewumalus, Pseudopsis, and Osorius
(fig. 27 J) the areas are very small and angular in shape and grade
into elongate transverse pieces near the edges of the membrane.

The subfamily Staphylininae is characterized by a pattern of ir-
regular-sized areas arranged in longitudinal bands separated by clear
membrane (fig. 9 F). Xantholinus and Metoponcus differ somewhat
in having the areas strongly angular and frequently triangular or
lozenge-shaped. Acylophorus is more or less intermediate between
these and the typical form for the subfamily, and Quedius is marked
only with longitudinal rows of very small spots.

Oxytelus and Bledius have a pattern very similar to that shown in
figure g H except that the bands run transversely. In Aploderus and
Platystethus there is no actual pattern, as the minute dots appear like
an even stipple.

In some the membranes appear perfectly clear even under a fairly
high magnification. These include Proteinus, Trigonurus, Habrocerus,
Hypocyptus, Tachyporus, Tachinus, Erchomus, and all the Aleochari-
nae studied.

Various modifications of form and vestiture are found on the ab-
domen, but these are not very constant and are frequently modifica-
tions of ounly one sex. The large posterior lobes on the fifth seg-
ment of certain males of Gastrolobium (fig. 27 A) and the circular
or crescentic groups of setae and pores on the same species are ex-
amples of sexual modifications. These groups of setae (fig. 27 A, )
are called foveae in the literature and consist of a circle or band of
setae set in moderate sockets and completely surrounded by a large
number of pores which give a very rough appearance to the surface.

The discal setae of Bolitobius (fig. 27 F) do not have a definite
socket but are set into the apex of a U-shaped area marked only by
a fine line on the surface. [The posterior margins of the intermediate
segments of Acylophorus (fig. 27 I) are crenulate with the depressions
much deeper on the ectal surface than on the ental. A rather large
seta is set at the anterior end of each depression.

The eighth segment is composed of only a tergite and a sternite.

- The tergite bears a spiracle similarly to the preceding segments and

generally is narrower and rather strongly tapering. The eighth seg-
ment is usually considered to be part of the genitalia. In the case of
the female it is therefore treated in that connection, but in the males
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it is more convenient to restrict the discussion of the “ genitalia ”
to the consideration of the genital tube or aedeagus alone. For this
reason the eighth and ninth segments of the males will be discussed
briefly here.

The posterior border of the eighth segment is frequently modified
in the male. This modification may take the form of lobation, emar-
gination or incisure, abnormal vestiture or sculpture, etc. It is gen-
erally the last visible segment of the abdomen, though it may be so
far retracted within the preceding segments as to be invisible.

The ninth segment is represented by a tergite, a sternite, and two
small lateral plates bearing the valvulae or gonapophyses. The gona-
pophyses are present only in the subfamily Staphylininae excepting
the Xantholinini. In the other species studied the lateral plates (mor-
phologically the bases of the segmental appendages) are present, gen-
erally large, and frequently appear much like gonapophyses but with-
out any sign of basal articulation. In some species these two plates are
joined by a narrow or wide bridge on either the dorsal or the ventral
aspect. The species in which these lateral plates are thus united in-
clude Geodromicus, Pelecomalium, Tanyrhinus, Lathrimaeum, Stenus,
Gastrolobium, Hesperobium, Lathrotropis, Stilicus, Trachysectus,
Hypocyptus, Tachyporus (fig. 28 D), and Bolitobius. The species
examined in which these sclerites are not united include Trigonurus,
Phloeocharis, Bledius, Oxytelus, Metoponcus, Xantholinus, Xenodusa,
Lorinota, Aleochara, and Baryodma. The greatest amount of union
was found in Bolitobius in which the long sclerite formed is obvi-
ously dorsal. On the other hand in Tachyporus the union is said by
Muir (1920) to be ventral, and the present observations confirm this.

A very much more remarkable modification than any other is found
in the eighth and ninth segments of Habrocerus (fig. 28 E). The
spiracles of the eighth segment are the most important landmatrks and
are situated on the dorsal aspect (sp.8). According to the inter-
pretation of Muir (1920), which differs somewhat from that of
Weber (1911):

. ... the eighth segment is highly modified and consists of four pieces. A
large pair of pleural plates, on which the eighth spiracles are situated, embrace
the lateral area, and from the apex of each a large, spine-like style arises; the
dorsal aspect consists of a very short tergite, and the sternite consists of a
large plate more heavily chitinized round the edges. ... . The lateral portion
of the eighth tergite articulates with the lateral edges of the sternite and also
articulates in a depression at the base of the pleural plates. . . . The ninth seg-
ment is highly modified and shaped like an oat. The distal and visible portion
consists of a pair of pointed and slightly curved lobes connected in a V-shaped
piece on the dorsal aspect; the basal and internal portions consist of a mem-
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branous plate chitinized along the edges. On the ventral aspect at the meeting
of the lobes there is a small trident body attached to a rod which lies free
within the segment. . . .. The anus opens on a membrane between the lobes;
the rectum can be protruded.

Since Muit’s figures of H. capillaricornis agree essentially with the
structure of H. schwarzi, a discussion of his interpretation in the light
of the present material seems to be justified. The large pleural plates
are in the present species membranous except for a framework of
sclerotic rods or struts. The spiracles lie on the dorsal aspect of these
and identify them as paratergites. The transverse piece behind these
and articulating with them probably does represent the tergite, but
it is completely fused with the ventral plate by means of the sclero-
tized bars. The trident body appears in this species to be distinct from
the ninth segment, and the lateral parts seem to articulate with the
middle one and with the end of the supporting rod. The membranes
forming the aedeagus are practically invisible in this specimen.

THE GENITALIA

The male genital tube in this family is characterized by the high
state of specialization, by the modification of the median lobe for the
evagination of the internal sac by blood pressure, and by the absence
of a basal piece. Some of the most extreme modifications occur in
the lateral lobes, which are always present and usually separate.

The most frequent type of genitalia is that represented in figures
9 G and 28 J, K. It consists of a strong sclerotic tube with a bul-
bous base, and a median foramen small and situated ventrally at the
junction of the tube and bulb'and between the base of the lateral lobes.
The lateral lobes may be united into a plate basally but form two
narrow lobes which usually lie along the median lobe. This type has
been found in the following species: Geodromicus, Pelecomalium,
Lathrimaeum, Eumalus, Trigonurus, Phloeocharis (fig. 28 J), Creo-
philus (fig. 9 G), Staphylinus, Ocypus, Philonthus (fig. 28 K), Cafius,
Hadrotes, Acylophorus, and Quedius. It seems to characterize the
subfamily Staphylininae except for the tribe Xantholinini.

The Xantholinini are said by Sharp and Muir (1912) to be “one
of the most highly specialized forms of Coleoptera.” The two species
studied do not show the complicated structure of the tip of the aedeagus
of Sharp and Muir’s species but are rather simpler than many others.

"In Xantholinus (fig. 28 F), according to Sharp and Muir (1912):

. ... the bulbous median lobe is of an extreme form, being egg-shape, with a
small membranous distal portion to which the greatly reduced lateral lobes are
attached. The median lobe is formed of dorsal and ventral sclerites, round, and
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F16. 28.~Intrafamily variation in the genitalia of the male.

A, Hypocyptus longicornis (Payk.). B, Stenus sculptilis Csy. C, Micropeplus
punctatus Lec., ventral aspect. D, ninth segment and genital tube of Tachyporus -
jocosus Say, dorsal asxﬁct. E, eighth and ninth segments and genital tube of

Habrocerus schwarzi. Horn, dorsal aspect. F, Xontholinus picipennis Lec.,
dorsal aspect. G, Liparocephalus brevipennis Mikl., lateral aspect. H, Xenodusa
sharpi Wasm., lateral aspect. I, Lathrotropis jacobina (Lec.), lateral aspect.
I, Phlococharis subtilisstma Mann,, lateral aspect. K, Philonthus aeneus (Rossi),
lateral aspect.
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connected by a semi-membranous band; the median orifice is at the distal end,
and the median foramen slightly in front (or basal) on the ventral face. These
two operungs are separated only by a chitinous plate formed by the basal part
of the lateral lobes which are extremely reduced.

This description of Xantholinus glabratus (p. 499) is equally ap-
plicable to our species, X. picipennis. In Metoponcus the basal part
of the median lobe 1s much more elongate and the lateral lobes are
more slender than in Xantholinus. '

In some:forms there are more heavily sclerotized bars or struts in
the median and lateral lobes. They are apparently strengthening or
supporting structures and frequently articulate with each other. .In
Hypocypius (fig. 28 A) the lateral lobes each bear three of these
structures, articulating with each other and with a fourth pair con-
nected to the median lobe. This latter pair is thought to be the pair
of median struts mentioned by Sharp and Muir (1912). The lateral
lobes are present on all forms examined. In Xantholinus (fig. 28 F)
and Metoponcus they are very small and not specially modified. In
Cafius they are also rather short but are otherwise similar to the other
Staphylinini. Hypocyptus (fig. 28 A) represents the greatest develop-
ment of these organs in point of size. -

In Micropeplus (fig. 28 C) the lateral lobes arise from the sides
of the median lobe and unite for a short distance on the dorsal surface.
They are flat and unmodified and do not extend as far as the tip
of the median lobe.

The genitalia of the female consist of the eighth, ninth, and tenth
segments of the abdomen and their appendages. The eighth segment
is present as a distinct tergite and sternite; the ninth segment is mem-
branous except for a pair of three-segmerfted appendages and oc-
casionally a sternal sclerite; and the tenth segment is represented only
by the tergite. This is substantially the characterization given by
Tanner (1927) for beetles in general.

The members of the Staphylinidae for the most part appear to be
different from any forms studied by Tanner in the amount of reduc-
tion and loss of parts. Only a very few of the species included in the
present study have any coxites or styli, the valvifers are absent in
at least one species, and the paraprocts are frequently lacking. The
one Staphylinid studied by Tanner, Creophilus villosus, is one of
the very few which possess all the typical structures.

The eighth tergite and sternite are generally not specially modified
in the female. They are broadly rounded as in Oxyporus (fig. 29 A)
or truncated as in Aleochara (fig. 30 E). The only outstanding ex-
ceptions are in the subfamily Tachyporinae, where there are very
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Fic. 29.—Intrafamily variation in the genitalia of the female
(continued on fig. 30).

A, Oxyporus lateralis Grav., ventral aspect. B, same, dorsal aspect. C, Geo-
dromicus brunneus (Say), ventral aspect. D, Lathrimaeum pictum Fvl, dorsal
aspect. E, same, ventral aspect. F, Tachinus limbatus Mels, ventral aspect.
G, same, dorsal aspect. H, Trigonurus crotchi Lec., ventral aspect. 1, Oxytelus

sculptus Grav., ventral aspect.
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great modifications of the posterior border of both these sclerites. In
Tachinus the tergite (fig. 29 G) is divided into three lobes. The two
outer ones are slender, and each bears a very long seta at its apex.
The median process is semicircular but produced into a sharp point at
the middle. In other species this median process may be much longer
than the lateral ones, or it may itself be bifid or even trifid. The

Fre. 3o.—Intrafamily variation in the genitalia of the female
(continued from fig. 29).
A, Micropeplus punctatus Lec.; B, Stenus sculptilis Csy.; C, Pinophilus parvi-
pennis Csy.: D, Paederus laetus Er.; E, Aleochara lata Grav.; F, Pseudopsis
obliterata Lec. All ventral aspects.

sternite is even more highly modified in Tachinus (fig. 29 F). The
border is divided into six lobes of about equal length, but considerably
shorter than the lateral lobes of the tergite. The outer pair on each
side are rather slender, and each bears a long seta at the apex. The
two median lobes are wider, and each bears a brush of six very
straight short setae.

The ninth tergite and sternite are said to be nearly always mem-
branous (Tanner, 1927). The only exceptions recorded by him are
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two species with a sclerotized tergite and one with a sternite. In the
present family there are apparently several more exceptions in the
sternites. Paederus (fig. 30 D) has a distinct sagittate sternite of the
ninth segment which lies between and under the large valvifers.
Pinophilus (fig. 30 C) appears to have a large sternite also.

In practically every species examined there is a pair of large
sclerites on the ventral surface which are interpreted as the valvifers.
In most cases, therefore, it is found that the coxites are entirely
lacking. Complete coxites with styli are found in all the Staphylinini,
Xanthopygini, Quediini, and Oxyporinae studied, and also in all the
Omaliini. This latter tribe is very different from the others, however,
in that the genitalia are much elongated and have large membranous
areas between the sclerites. The first group includes Creophilus (fig.
9 B, C) and Oxyporus (fig. 29 A, B). The Omaliini examined in this
regard were Geodromicus (fig. 29 C), Tanyrhinus, and Lathrimaeum
(fg. 29D, E). In Oxyporus there are apparently no styli on the
coxites. In Geodromicus the coxites are two-segmented but lack styli.
In Lathrimaeum the valvifers appear to be fused to form an elongate
median ventral sclerite, bearing apically the two small coxites and
their styli.

The sternite of the tenth segment is entirely membranous in all
wembers of the family, but the tergite is represented by a large broad
sclerite, the proctiger (figs. 9 C, 29 B). Apparently only a few species
possess the appendages of the ninth segment called the paraprocts
by Tanner. They are present in Creophilus (fig. 9 B, C) and other
Staphylininae, in Oxyporus (fig. 29 A), in Lathrimaeum (fig. 29 D,
E), and probably others.

In Quxytelus (fig. 29 1) the entire ventral aspect of the ninth and
tenth segments is membranous. The dorsal side is composed of a wide
proctiger and a pair of narrow lobes at the sides. Micropc’ph'm (fig.
30 A) is still more reduced. At first sight the eighth tergite an.d
sternite appear to be part of the genitalia, but the tergite bears a pair
of tiny but distinct spiracles. The genitalia form a more or less cir-
cular structure without any definite sclerites.

DISCUSSION

VARIATION AND RANGE OF STRUCTURE

Though it has often been said that the beetles, and even the entire
class of insects, are characterized by a remarkable degree of uni-
formity of structure, a beetle almost always heing immediately recog-
nizable as a beetle, yet it is equally true in both the order and the
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entire class that there is an amazing variety of divergence in the less
fundamental characters. The family Staphylinidae, being one of
the largest natural families of animals, is remarkably homogeneous
in general habitus and form, but presents considerable range of varia-
tion in many of its structures.

In a group of this size it is to be expected that certain characters
which are constant in one series of species will be more variable in
others. This is found frequently to be the case. A certain subfamily
shows a regular development of a given character which thus charac-
terizes it, but the same character may occur scattered here and there
in other groups, being too variable for use in classification.

Before any character can be safely used in classification, it is neces-
sary to know the extent of variation of that character throughout the
group being classified. If it is reasonably constant and varies ouly
in definite ways and within definite limits, then it can be safely used.
If, on the other hand, it be found to be very variable within small
groups, or to vary through a large number of slightly separated forms,
it can be used only with extreme care or only in certain cases.

The range of variation in each structure or set of structures is
discussed in detail in the section on the comparative morphology of
the family. It may be seen therein that the amount of variation in
the numerous characters differs very greatly.

CHARACTERS AVAILABLE FOR CLASSIFICATION

The existing classification of the Staphylinidae, as has been pointed
out, is based almost entirely upon such characters as can be seen in
pinned specimens and with an absolute minimum of dissection, amount-
ing to no more than the removal of a leg to permit its examination
under a microscope. The study here made reveals a long series of
structures that may be added to the list of available characters.

Obviously, out of the many structures to be seen on the body of
an insect, not all will be of aid in attempting a classification of the
higher groups. Some are apparently usable only for the identification
of species; some appear only in small groups such as genera. Some
are evidently variable, and others, considered in the light of the totality
of structures, seem to have no phylogenetic significance. We are cor-
pelled, then, to exercise a certain degree of judgment, based upon an
examination of as many species as possible, in selecting those char-
acters which will probably be significant as affording bases for de-
fining the various categories. Out of the survey here presented the
following list of characters has been selected as offering probably the

6
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most significant indications of relationship. That is, they present
tangible differences between the various groups, while at the same
time they are of sufficient coustancy throughout any one or more
groups to present an appearance of reliability. It is evident, however,
that only an examination of a very large proportion of the species of
the family can permit a dependable evaluation. The following are the
structural characters suggested:

Condition of the coronal suture.

Condition of the epicranial arm or frontal sutures.

Condition of the clypeal area.

Condition of the occipital suture.

Position of the antennal fossae,

Presence of ocelli.

Absence of dorsal tentorial pits.

. Condition of the gular area.

. Segmentation of the antennae.

Presence of processes on the labrum.

Dentition of the mandibles.

. Condition of the prostheca.

. Presence of serial pores on the mandibles.

Relative size and shape of the lacinia and galea of maxillae.

. Segmentation of the maxillary palpi.

. Size and shape of the terminal segments of the maxillary palpi.

. Shape of the submentum.

. Shape of the glossae and paraglossae.

. Segmentation of the labial palpi.

. Shape of the terminal segment of the labial palpi.

21. Condition of postcoxal lobe of pronotum.

22, Condition of the prosternal area.

23. Enclosure of the front coxal cavities by various means.

24. Condition of mesothoracic peritremes.

2. Presence of corneous plates in the anterior foramen of prothorax.

26. Separation of middle coxal cavities.

27. Condition of elytral suture.

28. Segmentation of the tarsi.

20. Specially modified setae of the legs.

30. Trochantero-femoral joint.

31. Structure and position of the posterior coxae.

32. Condition of second abdominal segment.

33. Paratergites of abdomen.

34. Mosaic patterns of intersegmental membraues of abdomen.

35. Presence of gonapophyses in male genitalia.

36. Condition of lateral plates in female genitalia.

37. Modifications of the aedeagus in the male.

38. Condition of valvifers, coxites, paraprocts, and proctiger in the female
genitalia.

39. Modifications of the eighth segment in the female.

40. Condition of the ninth and tenth segments in the female.
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THE VALUE oF EXI1STING CLASSIFICATIONS AND SOME SUGGESTIONS
CoNCERNING THEM

As far as the present study is concerned, no major changes are
indicated in the existing classification of the higher categories of the
family. However, there will be numerous changes in position or in
the relative degree of isolation of certain groups.

It has been very frequently noted %hat the conventional statement
of a character used in a classification may have no precise morpho-
logical meaning except as indicating that some peculiarity exists. Some
of these characters are discussed below.

The present subfamily classification, as well as that of all the stmaller
categories, is to a large extent based on “key ” characters. - That is,
there has generally been in this family no distinction between classi-
fication and identification. This has led necessarily to a system based
on obvious and readily observable characters, rather than on the ones
particularly suited to show the fundamental relationships. Each of
these characters has been discussed by itself in the comparative section.

The differences between existing classifications are chiefly those
of the differences of opinion regarding the isolation of each group,
and the components of it, and are to a large extent due to the use
of an insufficient number of categories. Although the family un-
doubtedly contains several large and homogeneous groups, there are
also a number of very isolated and extreme forms which have no very
close relatives and are yet obviously members of the family. Some
authors tend to unite these with their nearest neighbors, whereas others
attempt to show the great divergence by separating them as distinct
tribes or subfamilies. The purpose of classtfication is to show not
only the relationships between animals but also the degree of the
difference between them.

In European catalogues the genus Micropeplus has sometimes been
united with the subfamily Omaliinae. More frequently, however,
it is given subfamily rank. It seldom shows the typical structure of
the family but has several modifications not found elsewhere. It ap-
pears to be more isolated from all the other Staphylinids than the ex-
tremes of that family are from each other. It is therefore thought
probable that it will have to be removed as a separate family. This
has already been done by some writers.

In the Leng Catalogue (1920) Proteinus, Leptochirus, Eumalus,
Trigonurus, Phloeocharis, and Pseudopsis are united in the subfamily
Pijestinae, and thereby are separated from the Oxytelinae. In the
catalogue of Eichelbaum (190g) these are all included in the Oxyteli-
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nae. They have sufficient characters in common which differ from the
Oxytelini to justify a separation between the two groups. Leng's ar-
rangement is perhaps better for this reason.

Osorius is quite distinct in many respects from the Oxytelini. Its
relationship is perhaps best expressed by an assignment as a tribe in
the subfamily Oxytelinae equal to the rest of the subfamily or the
tribe Oxytelini. 5 ‘

The members of the Xantholinini studied are very distinct from
the rest of the Staphylininae. They differ from the tribe Staphylinini
more than do the members of the tribes Xanthopygini and Quediini,
and perhaps should be more isolated in the system. It may be that
they should rank as a separate subfamily, but this would obscure the
facts of their relationship to the other Staphylininae.

Habrocerus and Hypocyptus both differ considerably from the other
Tachyporinae. Habrocerus differs perhaps more widely and is prob-
ably correctly placed as a separate subfamily, although its nearest
relatives are the Tachyporini. Hypocyptus is more distinct from the
Tachyporini and Bolitobiini than they are from each other, but per-
haps insufficiently so to be isolated in a separate subfamily.

The linear arrangement of subfamilies is unsatisfactory as it pre-
cludes the possibility of showing relationships except in special cases.
No better system has been suggested, and it is merely necessary to
bear in mind the fact that the arrangement is more or less arbitrary.

The classifications in use have been gradually improved to the
point where they seem to reflect the general facts in a true picture.
Minor refinements will probably be necessary for a long time to come,
and the judgment of individual workers will probably indicate many
changes.

LIST OF SPECIES STUDIED

Subfamily MICROPEPLINAE
Micropeplus punctatus Lec,
Subfamily OMALIINAE
Tribe OMALIINI
Geodromicus brunneus (Say)
Pelecomalium testacewm (Mann.)
Tanyrhinus singularis Mann.
Lathrimaeum pictum Fvl.
Subfamily OXYTELINAE :
Tribe PROTEININI
Proteinus limbatus Mikl.
Tribe LEPTOCHIRINI

Leptochirus mexicanus Er,
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Tribe ELEUSININI

Tribe PIESTINI

Euwmalus nigrella (Lec.)

Trigonurus crotchi Lec.

Tribe PHLOEOCHARINI

Phloeocharis subtilissima Mann.

Tribe OXYTELINI

Tribe OSORIINI
Subfamily STENINAE

Subfamily PAEDERINAE

Tribe PAEDERINI

Bledius monstratus Csy.
Platystethus americanus Er.
Oxytelus sculptus Grav.
Aploderus linvearis Lec.

Osorius mundus Shp,

Stenus sculptilis Csy. .

Gastrolobium bicolor (Grav.)
Hesperobium pallipes (Grav.)
Paederillus littorarius (Grav.)
Paederillus pugetensis Csy.
Paederus loetus Er,
Lathrotropis jacobina (Lec.)
Lithocharis ochracea (Grav.)
Stilicus angularis Er,
Trachysectus confluentus (Say)
Orus punctatus Csy.

Astenus discopunctatus (Say)

Tribe PINOPHILINI-

Pinophilus parvipennis Csy.

Subfamily STAPHYLININAE
Tribe XANTHOLININI

Metoponcus varians Shp.
Xantholinus picipennis Lec.

Tribe STAPHYLININI

Creophilus villosus (Grav.)
Staphylinus cinnamopterus Grav.
Ocypus ater (Grav.)
Thinopinus pictus Lec.
Philonthus politus (Linn.)
Philonthus alumnus Er.

Cafius canescens Mild,

Cafius seminitens Horn

Cafus lithocharinus Lec.
Hadrotes crassus (Mann.)

Tribe XANTHOPYGINI

Tribe QUEDIINT

Glenus flohrt Shp.

Acylophorus flavicollis Sachse
Quedius limbifer Horn

o1
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Subfamily OXYPORINAE

Oxyporus lateralis Grav.

Subfamily HABROCERINAE

Habrocerus schwarzi Horn

Subfamily TACHYPORINAE

- Tribe HYPOCYPTINI

Hypocyptus longicornis (Payk.)

Tribe TACHYPORINI

Tachyporus maculicollis Lec.
Tachinus limbatus Mels,
Erchomus ventriculus (Say)

Tribe BOLITOBIINI

Bolitobius cinctus (Grav.)

Subfamily ALEOCHARINAE
Tribe OLIGOTINI

Oligota esmeraldae Csy.

Tribe BOLITOCHARINI

Liparocephalus brevipennis Mikl,

Tribe MYRMEDONIINI

Xenodusa sharpi Wasm.,
Lorinota cingulata (Lec.)

Tribe ALEOCHARINI

Aleochara lata Grav.
Baryodma bimaculata (Grav.)

ABBREVIATIONS USED ON FIGURES

14, first anal vein.
24, second anal vein.
AnlA, anal arculus.
Antd, anterior arculus,
a, condyle.

ab, abdomen.

acs, antecostal suture!
aclp, anteclypeus.

of, antennal fossa.

afor, anterior foramen of prothorax.

an, anus.

anf, anal fan of wing,

annr, anterior notal ridge.

anp, anterior notal wing process.
ata, anterior arm of tentorium.
atp, anterior tentorial pit.

ax. I, first axillary sclerite,

ax, 2, second axillary sclerite.
ax. 3, third axillary sclerite.
oxc, axillary cord. '
axp, axillary process.

bp, basal piece of male genitalia.
bs, basisternum.

C, costa vein.

¢, condyle.

cal, calcar of tibia.

can, canaliculi,

cd, cardo.

¢m. I, first connecting membrane of
male genitalia.

cp, body of the tentorium.

cr, crassa,

ct, coxo-trochanteral joint.

Cu, cubitus vein.

cx, coxa.

cxa, coxal condyle.

cxc, coxal cavity.

cxla, coxal articulation.

cxp, pleural coxal process.

cxt, coxite.

dia, dorsal arm of tentorium,
dtp, dorsal tentorial pit.

. e, compound eye,

ef, ejaculatory duct.
ely, elytron,
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em, emargination.

emp, empodium.

epi, epicranium.

epm, epimeron.

epm, II, mesothoracic epimeron.
epm, I11, metathoracic epimeron.
epms, epimeral suture.

eps, episternum.

eps. 11, mesothoracic episternum.
eps. I1I, metathoracic episternum.
epsr, episternal ridge.

A, flagellum of male genitalia.

fm, femur.

for, foramen magnum (occipital fora-
men).

fr, frons.

fs, furcasternum.

fu, furca, sternal apophyses united on
median base.

fua, lateral arms of furca.

ga, galea,

ge, gena.

gl, glossa.

gony, gonytheca.
gs, gular sutures.
gu, gula.

hgw, hinge of wing.

hphy, hypopharynx.

hypo, hypomera, inflexed margin of
pronotum.

I-I1], thoracic segments.

r-10, abdominal segments.

is, internal sac of male genitalia.
ists, intersternal suture.

1b, labium,

Ic, lacinia.

{1, lateral lobes.
Im, labrum.

Ip, labial palpus.

M:, first branch of media vein.

M,, fourth branch of media vein.
mad, dorsal articulation of mandible,
maf, mandibular fold.

mat, mandibular tooth.

mav, ventral articulation of mandible.

mb, intersegmental membrane or con-
junctivum.

mbps, membranous area of prescutum,

md, mandible,

mdpp, prothoracic pleural muscle disk.

mdpt, metathoracic pleural muscle
disk.

mdsp, prothoracic sternal muscle disk.

mdss, mesothoracic sternal muscle disk.

mdst, metathoracic sternal muscle disk.

mdts, mesothoracic tergal muscle disk.

mdtt, metathoracic tergal muscle disk.

mesp, mesosternal process.

mf, median foramen of male genitalia,

ml, median lobe of male genitalia.

mls, median lobe of scutum,

mo, median orifice of male genitalia.

mp, mandibular pore.

mrn, marginal ridge of pronotum.

mé, mentum,

mtla, episternal articulation of tro-
chantin.

murc, retractor muscle of claws.

musd, muscle disk.

mx, maxilla,

maxa, maxillary articulation.

mxp, maxillary palpus.

nepm, notepimeron,

0, ocellus.

oc, occiput, ,°

ocs, occipital suture,
ol, oculata.

p, pore.

papt, paraproct,

pelp, postclypeus.

peri, peritreme.

pge, postgena.

pyl, paraglossa.

#l, pleuron,

pla, pleural apophysis.
pld, pleuradema.

plf, palpifer.

plg, palpiger.

pins, pleuro-notal suture.
plr, pleural ridge or apophysis.
pls, pleural suture,
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pn, postnotum.

pna, postnotal articulation.

pnp, posterior notal wing process.
ponr, posterior notal ridge.

pos, postoccipital suture.

pph, postphragma.

ppl, prephragmal lobe.

ppr, prephragmal ridge.

prf, prosthecal foramen.

prmt, prementum.

pral, pronotal lobe.

bron, pronotum.

prp, prepectus.

prph, prephragma,

prss, prosternal suture.

prth, prostheca.

psc, prescutum.

pscl, prescutal lobe.

pscs, prescutal suture.

pss, prescutoscutellar suture.

psss, prescutoscutal suture.

pta, posterior arm of tentorium.
ptar, pretarsus.

ptgr, proctiger.

ptp, posterior tentoria] pit (gular pit).
pts, paratergal suture,

ptt. 1, first abdominal paratergite.
ptt. 2, second abdominal paratergite.
ptt. 3, third abdominal .paratergite.
ptt. 7, seventh abdominal paratergite.
puwp, pleural wing process.

R, radius vein.
R,, first branch of radius vein.
R., second branch of radius vein.

s. I, prothoracic sternite.

s. II, mesothoracic basisternum.
s. [II, metathoracic basisternum.
s. 2, second abdominal sterpite,
s. 3, third abdominal sternite.
5.8, eighth abdominal sternite,
s.9, ninth abdominal sternite.
sa, sternal apophysis.

sart, sternal articulation.

Se, subcosta vein,

scl, scutellum.

sclp. scutellar process.

sclt, scutellum.

sct, scutum,

scts, scutal suture.

sett, scutum.

senp, sensory papillae.

sepl, sternepimeral line.

sepm, sternepimeron.

sepr, sternepimeral ridge.
seps, sternepimeral suture.

sg, subgalea.

smt, submentum.

sus, sternonotal suture.

sp, spiracle.

sp. II, mesothoracic spiracle.
sp. I1I, metathoracic spiracle.
sp. 1, first abdominal spiracle.
sp. 2, second abdominal spiracle.
sp. 3, third abdominal spiracle.
sp. 8, eighth abdominal spiracle.
spe, serial pores.

spn, spina.

sps, sternopleural suture.

§s, spinisternum,

ssr, spinisternal ridge.

s§s, spinisternal suture,

stc, sternacosta.

stca, sternal coxal articulation.
stes, sternacostal suture,

stg, stigma of wing.

st, stipes.

sts, sternal suture of abdomen.
sty, stylus.

swp, scutal wing pracess.

tar, tarsus.

th, tibia.

th, thorax.

tn, trochantin.

tnr, transverse notal ridge.

tns, transverse notal suture,

tor, tormae.

tr, trochanter.

tra, distal trochantinal coxal articula-
tion,

trla, coxal condyle of trochantin.

ts, tergal suture of abdomen.

¢, 1, first abdominal tergite.

tt. 2, second abdominal tergite.

#t. 3, third abdominal tergite.

tt. 8, eighth abdominal tergite.

tt. 9, ninth abdominal tergite.
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un, claw or ungues.
ubr, unguitractor plate.

vd, vas deferens.

ol, valvula.

vlf, valvifer.

vp, ventral piece of male genitalia,

vr, ridge between scutum and scutel-
lum (V-ridge).

wul, vulva,

vx, vertex.

we, antemedian area.
wd, pivot (distal pivot) area.

we, first costo-apical area.
wg, first anal area.

wh, principal area,

wf, jugal or axillary area.
wr, stigmatal area.

wx, first dorso-apical area.
wy, anal area,

x, point reference.
«t, tendon of retractor muscle of claws.

y, reference to vestiture.

2, reference to sculpture,

BIBLIOGRAPHY

The following list of references contains the works cited in the
text and also as complete a bibliography of the works on the mor-
phology of the Staphylinidae as could be assembled. It is believed
to contain most of the important works relating to this subject, as
well as many of the more general works on insect morphology. Refer-
ences in the text to these works are made by date. Works which have
not been seen by the writer are indicategl by an asterisk.

Aupouln, V.,
1824. Recherches anatomiques sur le thorax des animaux articulés et celui
des insectes hexapodes en particulier. Ann, Sci, Nat., Paris, Ser. —,
Zaol., vol. 1, pp. 97-133, 416-432.
Bewnick, L.
1915. Mikroskopische Studien {iber die Gattung Stenus Latr. Deutsch. Ent.
Zeitschr., 1915, pp. 235-247, 8 figs. 7
1922. Mikroskopische Studien iiber die Gattung Stenus Latr. II. Die sek-
undiren minnlichen Geschlechtsmerkmale. Deutsch. Ent. Zeitschr.,
1022, pp. 409-422, I pl.
BERLESE, A.
1909. Gli Insetti, loro organizzazione, sviluppo, abitudini e rapporti coll
'umo. Vol. 1, 1004 pp., 1292 figs., 10 col. pls.
BerNHAUER, M. and ScuHEErPELTZ, O,
1925. Coleopterorum Catalogus. Staphylinidae VI. Pars 82, 490 pp.
Bervmaver, M. and Scrusert, K.
1910-1916. Coleopterorum Catalogus. Staphylinidae I-V. Pars. 19, 1910;
29, IQI1; 40, 1912; 57, 1914; 67, 1916,
Bevins, W. ’ .
1912. Notes on the British species of the coleoptercus genus Philonthus.
Entomologist’s Monthly Mag., vol. 48, pp. 112-114.
Bonorotr, J.
1911. Note sur les genres Pteroloma et Apatetica. Ann. Soc. Ent. Belgique,
vol. 55, pp. 365-369, 9 figs.




96 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. Q4

Bogrpas, L.
* 1899. Les glands defensives ou glands anales des Coléoptéres. Ann. Faculté
Sci. Marseille, vol. g, no. 3, pp. 205-249, ill.
1900. Recherches sur les organes reproducteurs males des Coléoptéres.
(Anatomie comparée, histologie, matiére fecondante.) Ann. Sci.
. Nat., Paris, Ser. —, Zool., vol. 11, pp. 283-448, 11 pls,
BrabpLey, J. C.
1030. A manual of the genera of beetles of America north of Mexico, 360
pD., lithoprinted. Ithaca,
Buaniow, E.
1911, Les pieces buccales et le pharynx d’'un Staphylin de Ceylan (Creo-
philus villipenne Kraatz). Rev. Suisse Zool., vol. 19, pp. 135-152,
2 pls. :
BURMEISTER, H.
1836. A manual of entomology. 654 pp., 33 pls. London.

CameroN, M,
1916. Note on Tanygnathus terminalis Er. Entomologist’s Monthly Mag,,
vol. 32, p. 206.

CANDELIER, E.
1910. Beitrige zur- Kenntnis der Speicheldriisen der Coleopteren. 31 pp.,
1 pl. Bonn,
Casey, T. L. .
1886. Descriptive notices of North-American Coleoptera. I. Bull. California
Acad, Sci.,, vol. 2, pp. 157-264, 1 pl.
CuAMBERLALYN, J. C.
1931. The arachnid order Chelonethida. Stanford Univ. Publ, Biol. Sci.,
vol. 7, no. 1, pp. 1-284, 71 pls.
CeAMBERLAIN, J. C, and Ferris, G, F.
1920. On Liparocephalus and allied genera, Pan-Pacific Entomologist, vol.
5, PP- 137-143, 153-162, 5 figs.
CrmamrioN, G. C.
1925. The metallic colouring of the under surface of the elytra in certain
Coleoptera. Entomologist’s Monthly Mag., vol. 61, p. 115.
Comstock, J. H., and Kocsxi, C.
1g0oz. The skeleton of the head of insects. Amer. Nat., vol. 36, pp. 13-45,
29 figs.
CraMeTON, G, C.
1917. The nature of the veracervix or neck region in insects. Ann, Ent
Soc. Amer., vol. 10, pp. 187-197.
1917. A phylogenetic study of the lateral head, neclk and prothoracic regions
in some Apterygota and lower Pterygota. Ent. News, vol. 28, pp.
398-412, 1 pl.
1926. A comparison of the neck and prothoracic, sclerites throughout the
orders of insects from the standpoint of phylogeny. Trans. Amer.
Ent. Soc. vol. 52, pp. 199-248, pls. 10-17.
CzwaLiva, G.
1888. Die Forcipes der Staphylinidengattung Lathrobium Grav. Deutsch.
Ent. Zeitschr., vol. 32, pp. 337-354, 2 pls.

k)
NO. I3 STAPHYLINIDAE—BLACKWELDER 97

DanL, F. :

1884, Beitrige zur Kenntniss des Baues und der Funktionen der Insekten-~
beine. Arch. Naturgesch., 1884, no. 1, pp. 146-193, 3 pls.

1884. Uber den Bau und die Functionen des Insectenbeines. Zool. Anz.,
vol. 7, pp. 38-41.

Dierckx, F.

1809. Les glands pygidiennes des Staphylinides et des Cicindélides. Zool.

Anz., vol. 22, pp. 311-315, 12 figs.
*1go1. Les glands pygidiennes des Coléoptéres (seconde mémoire) : Cara-
bides (Bombardiers, etc.) Paussides, Cicindélides, Staphylinides.
La Cellule, vol. 18, pp. 255-310, ill.
Ercrersaunm, F. )

1gog. Katalog der Staphyliniden-Gattungen. Mém. Soc. Ent. Belgique,
vol. 17, pp. 71-280.

1915. Untersuchungen iiber den B#u des minnlichen und weiblichen Ab-
dominalendes der Staphylinidae. Fortsetzung. Zeitschr. Wiss. In-
sektenbiol., vol. 20 (n. s. 12), pp. 91-98, 245-248, 313-31I9, 6 pls.

1916. Untersuchungen {iber den Bau des minnlichen und weiblichen Ab-
dominalendes der Staphylinidae. Fortsetzung und Schluss. Zeitschr,
Wiss. Insektenbiol,, vol. 21 (u. s. 12), pp. 75-79, 175-180, 1 pl.

Errcuson, W. F.

1838. Bericht iiber die wissenschaftlichen Leistungen im Gebiete der. Ent-
omologie wihrend des Jahres 1838. 114 pp. Berlin

1840. Genera et species Staphylinorum Insectorum Coleopterorum familiae,
954 pp., 5 pls. Berlin.

EverTs, —.

1882, On the structure and affinities of the Staphylinidae. Tijdschr. Ent.,

vol. 25, pp. cxxxii-cxxxiii.
Fauver, A.

1875. Fauna Gallo-rhénane. Coléoptéres, III.

FEnvEs, Al » .

1918-1920. Genera Insectorum. Coleoptera, Fam. Staphylinidae. Subfam.
Aleocharinae. Fascicules 173 A, B, C. The Hague.

Ferars, G. F.

1928. The principles of systematic entomology. Stanford Univ. Publ., Biol.

Sci., vol. 5, no. 3, pp. I-169, 10 pls.
Fruersorw, H. J. .

1925. Das Problem der segmentalen Gliederung des Insektenthorax, 3-6.
Zool. Anz., vol. 62, pp. 1-26, 2 figs.; vol. 63, pp. 169-182, 273-202;
vol. 64, pp. 29-50, I1I figs. . ' ’

Forses, W. T. M.

1922. The wing-venation of Coleoptera. Ann. Ent. Soc. Amer.,, vol. 15,
pp. 328-352, 7 pls.

1026. The wing-folding patterns of the Coleoptera. Journ. New York Ent,
Soc., vol. 34, pp. 42-68, 2 figs.; pp. 91-138, 12 figs.

FowLer, C. ’

1888. The Coleoptera of the British Islands. Vol. 2, Staphylinidae. 444 pp.,

44 col. pls. London.




98 SMITHSONTAN MISCELLANEOUS COLLECTIONS VOL. 94

Ganan, C. J.

191I. On some recent attempts to classify the Coleoptera in accordance with
their phylogeny. Entomologist, vol, 44, pp. 121-125, 165-169, 214~
219, 245-248, 259-262, 312-314, 348-351.

GANGLBAUER, L.
- 180s. Die Kifer von Mitteleuropa. II., Familienreihe Staphylinoidea. 88c
pp., 38 figs. Wien. ]
*1903. Systematisch-Koleopterologische Studien. Miinchener Koleopt.
Zeitschr., vol. p. 271, etc.
GEORGEVITSCH, J.

18¢98. Die Segmentaldriisen von Ocypus. Zool. Anz., 1808, pp. 256-261,

4 figs.
GripeLLL, E.

1921, Nota sul “Remus sericeus” Holme e “R. filum” Kiesw. della
costa adriatica. Redia, vol. 14, pp. 61-04, 3 figs.

1922. Gli organi genitali degli Staphylinidae e il loro valore sistematico.
Rendiconto Un. Zool. Ital., in Monitore Zool. Ital, vol, 32, no. 2,
pp. 26-27.

GraHAM, S. A,

1922. A study of the wing venation of the Coleoptera. Ann. Ent. Soc. Amer.,

vol. 13, pp. 191-200, 5 figs.
Haves, W. P, and Kearns, C. W.
1934. The pretarsus (articularis) in Coleoptera. Ann. Ent. Soc. Amer.,
vol. 27, pp. 21-33, 2 pls.
Hgec, N. -
1930. Om Deinopsis erosa Steph. Flora og Fauna, 1930, pp. 80-82, ill.
Horn, G. H.

1877. Synopsis of the genera and species of the Staphylinide tribe Tachy-
porini of the United States. Trans. Amer. Ent. Soc., vol. 6, pp. 81-
128, 1 pl.

1884. Synopsis of the Philonthi of boreal America. Trans. Amer. Ent. Soc,,
vol. 11, pp. 177-244.

1885. A study of the species of Cryptobium of North America. Trans. Amer.
Ent. Soc., vol. 12, pp. 85-106, 2 pls. '

Imums, A. D.
1924. A general texthook of entomology. 704 pp., 607 figs. London.
1931. Recent advances in entomology. 374 pp., 84 figs. London.
JACQUELIN DU VAL, —.
1857-1859. Genera des Coléoptéres d'Europe. II.
Jorpan, K. H..C,

1913. Zur Morphologie und Biologie der myrmecophilen Gattungen Lome-
chusa und Atemeles und einiger verwandter Formen. Zeitschr.
wiss, Zool., vol. 107, pp. 346-386, 20 figs.

Karo, M.
* 1923, On the elytra of the Coleoptera. Trans. Nat. Hist. Soc. Formosa,
vol. 13, pp. 174-177.
Kemesrs, K. J. W. B.

1932. De Monddeelen der Coleoptera. Tijdschr. Ent, vol. 73, suppl, pp,

6o0-70, 18 figs.

®
NO. I3 STAPHYLINIDAE—BLACKWELDER Q9
Keys, J. H.
1oro. Winged examples of Diglotta. Entomologist's Mouthly Mag., vol.

46, p. 117.
Kirey, Wn., and Sepence, Wu.
1822-1826. An introduction to entomology. 4 vols., 2413 pp., 30 pls.
Korsg, H. J.

*1901. Vergleichend-morphologische Untersuchungen an Koleopteren nebst
Grundlachen zu einen System und zur Systematik derselben. Arch.
Naturgesch., Jahrg. 1901, Beiheft: Festschrift fiir Eduard v. Mar-
tens, pp. 89-150, 2 pl.

1908. Mein System der Coleopteren. Zeitschr. Wiss. Insektenbiol.,, vol.
13, pp. 117-123, 153-162, 219-226, 246-251, 286-294, 389-400.
Kraarz, G.
1856-1858. Naturgesch. Insekten Deutschlands. II. Staphylini.
1857, 1859. Zur Terminologie der Paraglossen. Berliner Ent. Zeitschr., vol.
I, pp. 54-50; vol. 3, pp. 343-345.
LAMEERE, A.
1900. Notes pour la classification des Coléoptéres. Ann, Soc. Ent. Belgique,
vol. 44, pp. 355-377. )
1903. Nouvelles notes pour la classification des Coléoptéres. Ann. Soc.
Ent. Belgique, vol. 47, pp. 155-165.
LecoNTE, J. L., and Horw, G, H.
1883. Classification of the Coleoptera of North America. Smithsonian Misc.
Coll., vol. 26, pp. 1-567, ill.
Leng, C. W.
1920. Catalogue of the Coleoptera of America, north of Mexico. 470 pp.
Mt. Vernon, N. Y.
Lencerken, H. v.
'1925. Zur Morphologie des Coleopteren-abdomens. Zool. Aunz., vol. 63,
Pp. 41-45, 4 figs.
MacGILLIVRAY, A. D.
1923. External insect anatomy. 388 pp., 142 ﬁ‘gs. Urbana, Il
MANNERHEIM, —.
#1830. Précis d'un nouvelle arrangement de la famille des Brachélytres.
Mém. Acad. Imp. Sci. St. Petersbourg, I.
McIwpoo, N. E.
1923. Glandular structure of the abdominal appendages of a termite guest
( Spirachtha), Zool,, val. 3, pp. 367-381, 3 figs.
MEeIngrT, F. :

* 1884-1886. Tungens Udskydelighed hos Steninerne en Slaegt of Staphylin-
ernes Familie. Vidensk, Medd. naturhist, Foren, Kjobenhavn, 1884-
86, pp. 180-207, 1 pl.

1887. Die Unterlippe der Kifer-Gattung Stenus. Zool. Anz., vol. 10, pp.
136-1390.
Mur, F. .
1920. The male abdominal segments and aedeagus of Habrdfrus capil-
laricornis Grav. Trans. Ent. Soc, London, 1919, pp. 398-403, 1 pl.
1920. On the mechanism of the male genital tube in Coleoptera. Trans.
Ent. Soc. London, 1919, pp. 404-414, 1 pl.




I00 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 94

MuLsant, E., and Rey, C.
1871-1884. Histoire naturelle des Coléoptéres de France. Brevipennes,
XXIII-XXXV. 13 vols., 4832 pp., 57 pls. Paris.

Packarp, A. S. o

1889. Notes on the epipharynx, and the epipharyngeal organs of taste in
mandibulate insects. Psyche, vol. 3, pp. 222-228.

1898. A textbook of entomology. 728 pp., 654 figs. New York.

Pero, —. .
* 1889. Studio sulla struttura e funzione degli organi di adernza nei tarsi
dei Coleotteri. Atti Soc. Ital: Sci. Nat. e Mus. Civ. Stor. Nat.
Milano, vol. 32, pp. 17-64, ill.
PevEriMAOFF, P. pE.

1933. Les larves des Coléaptéres d’aprés A. G. Bgving et F. C. Craighead
et les grands critériums de l'ordre. Ann. Soc. ent, France, vol. 102,
pp. 77-106. _

PorTeEVIN, G. :

1929. Histoire naturelle des Coléoptéres de France. Tome I.'Adephaga-
Polyphaga: Staphylinoidea. Encyclopédie Entomologique, vol. 12,
pp. 1-649, 571 figs., 5 pls.

REerrrer, E.

1909. Fauna Germanica. II.

1909. Coleoptera, Kifer. In Die Slisswasser-fauna Deutschlands. Heft 3
and 4, Coleoptera. 235 pp., I0or figs.

Scraum, H.
1861. Die Bedeutung der Paraglossen. Berliner Ent. Zeitschr., vol. s, pp.
81-91.
ScerereeLTz, O.
* 1927. Ein Einfaches Hilfsmittel zur Priparation des Oedeagalaparatus bei
Koleopteren. Koleopterologische Rundschau, vol. 13, pp. 246-251, ill.

1933. Coleopterorum Catalogus. Staphylinidae VII. Suppl. 1. Pars 129, pp.
989-1500. -

SuAre, D, )

1883-1887. Biologia Centrali-Americana. Coleoptera. Vol. x, pt. 2. Staphy-
linidae, pp. 145-747, suppl. pp. 775-802, 15 col. pls. London.

SeAre, D, and Mug, I :

1912, The comparative anatomy of the male genital tube in Coleoptera.

Trans, Ent. Soc. London, 1912, pp. 477-642, 37 pls.
SyOBERG, —.

1932. Phloeondmus punctipennis Thoms., eine verkannte Art. Ent. Tis-

ckr., vol. 53, pp. 104-107, ill.
S~oberass, R. E.

1009. The thorax of insects and the articulations of the wings. Proc. U. S.
Nat. Mus., vol. 36, pp. 511-595, 30 pls.

1926. The morphology of insect sense organs and the sensory nervous
system. Smithsonian Misc. Coll,, val. 77, no. 8, pp. 1-80, 32 figs.

1927. Morphology and mechanism of the insect thorax. Smithsonian Misc.
Coll,, vol. 8o, no. 1, pp. 1-108, 44 figs.

1928. Morphology and evolution of the insect head and its appendages.
Smithsonian Misc, Coll,, vol. 81, no. 3, pp. 1-138, 57 figs.

-~
NO. I3 STAPHYLINIDAE—BLACKWELDER I0I

1929. Some further errors in body wall nomenclature in entomology. Ent.
News, vol. 40, pp. 150-154.

1931. Morphology of the insect abdomen. Part 1. General structure of the
abdomen and its appendages. Smithsonian Misc. Coll., vol. 85, no. 6,
pp. 1-128, 46 figs.

1932. Evolution of the insect head and the organs of feeding. Smithsonian
Rep. 1931, pp. 443-489, 25 figs.

1933. Morphology of the insect abdomen. Part II. The genital ducts and
the ovipositor. Smithsonian Misc. Coll., vol. 89, no. 8, pp. 1-148,
48 figs.

SteIN, F.
1847. Die Weiblichen Geschlechtsorgane der Kifer. 139 pp., 9 pls. Berlin.
StickNEY, F. S.

1923. The head-capsule of Coleoptera. Illinois Biol. Monogr., vol. 8, no. 1,

pp. 1-104, 26 pls.

Straus-DurckEEIM, H.

1828, Considérations générales sur l'anatomie comparée des animaux arti-
culés, auxquelles on a joint l'anatome descriptive du Melolontha
vulgaris. 434 pp., 10 pls. Paris, etc.

Surg, K. )
*1922. On the osmeterium of the Staphylinidae, active during flight. Biol.
Spisy. Acad. Nat.,, Brns,, vol. 1, pp. 83-102, 6 figs.
Tavrsor, M.
1928. The structure of the digestive system in Creophilus villosus. Otio
Journ. Sci., vol. 28, pp. 261-266, ill.
Tanner, V. M.
1927. A preliminary study of the genitalia of female Coleoptera. Trans.
) Amer. Ent. Soc., vol. 53, pp. 3-50, I35 pls.
T'iKcARDE, I.
* 1907. Description of Termitomimus, a new genus of termitophilous physo-
gastric Aleocharini, with notes on its anatomy. Zool. Studier tillag
T. Tullberg, Upsala, 1907, pp. 172-190, I pl, 10 text figs.
Vergoerr, K. W. .

1893. Vergleichende Untersuchungen i{iber die Abdominalsegmente und die
Copulationsorgane der mdinnlichen Coleoptera, ein Beitrag zur
Kenntnis der natiirlichen Verwandschaft derselben. Deutsch. Ent.
Zeitschr., 1893, pp. 113-170, 147 figs.

1893. Vergleichende Untersuchungen tiber die Abdominalsegmente, insbe-
sondere die Legeapparate der weiblichen Coleoptera, ein Beitrag zur
Phyllogenie derselben. Deutsch. Ent. Zeitschr.,, 1893, pp. 209-260,
31 figs.

*1903. Uber Tracheaten-Beine. Vierter und fiinfter Aufsatz: Chilopoda und
Hexapoda. Nova Acta, Verh. Kais. Leopoldino-Carolinae Deutsch.
Akad. Naturforsch., vol. 81, no. 4, pp. 211-249, 4 pls.

1916. Studien tiber die Organisation der Staphylinoidea. I. Zur. Kenntnis
der Gattung Micropeplus. Zeitschr. Wiss, Insektenbiol.,, vol. 12,
PP. 245-249, 257-266, 7 figs.

1917. Studien tber die Organisation der Staphylinoidea. II. Primitiver und
Adaptiver Larventypus. Zeitschr. Wiss. Insektenbiol., vol. 13,

pp. 108-109.




BUID BU OPIAJDASD JBS BABD OJAY 8153

et e e e s

L

102 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL., Q4

1918, Studien iiber die Organisation der Staphylinoidea. ILI. Zur. Kenntnis
der Staphyliniden-Puppen. Zeitschr. Wiss. Insektenbiol, vol. 14,
PD. 42-47, 167-171, 12 figs,

1920. Studien ither die Organisation und Biologie der Staphylinoidea. IV.
Zur Kenntnis der Staphyliniden-Larven. V. Zur Keunntnis der
Oxyteliden-Larven. Arch. Naturgesch., vol. 85 (A, 6), 1919, pp.
I-111, 4 pls.

WaRrgenN, E.

1920, Observations on the comparative anatomy of the termitophilous Aleo-
charine Paracorotona akermanni (Warren). Ann. Natal Mus., vol.
4, pp- 297-366, 5 figs,, 5 pls.

WasMmanN, E.

1801, Zur Bedeutung der Fihler bei Myrmedonia. Biol, Centralbl., vol.
11, pp. 23-26.

1897. Zur Biologie und Morphologie der Lomechusa-Gruppe. Zool. Anz.,
vol. 20, pp. 463-471, 8 figs.

Weser, L.
* 1911. Beitrag zum Bau der Copulationsorgane der mannlichen Staphyliniden.
Festschr. Verein Naturkunde Cassel, 1836-1911, pp. 284-313, 4 pls.




	Digitalizar0001.jpg
	Digitalizar0002.jpg
	Digitalizar0003.jpg
	Digitalizar0004.jpg
	Digitalizar0005.jpg
	Digitalizar0006.jpg
	Digitalizar0007.jpg
	Digitalizar0008.jpg
	Digitalizar0009.jpg
	Digitalizar0010.jpg
	Digitalizar0011.jpg
	Digitalizar0012.jpg
	Digitalizar0013.jpg
	Digitalizar0014.jpg
	Digitalizar0015.jpg
	Digitalizar0016.jpg
	Digitalizar0017.jpg
	Digitalizar0018.jpg
	Digitalizar0019.jpg
	Digitalizar0020.jpg
	Digitalizar0021.jpg
	Digitalizar0022.jpg
	Digitalizar0023.jpg
	Digitalizar0024.jpg
	Digitalizar0025.jpg
	Digitalizar0026.jpg
	Digitalizar0027.jpg
	Digitalizar0028.jpg
	Digitalizar0029.jpg
	Digitalizar0030.jpg
	Digitalizar0031.jpg
	Digitalizar0032.jpg
	Digitalizar0033.jpg
	Digitalizar0034.jpg
	Digitalizar0035.jpg
	Digitalizar0036.jpg
	Digitalizar0037.jpg
	Digitalizar0038.jpg
	Digitalizar0039.jpg
	Digitalizar0040.jpg
	Digitalizar0041.jpg
	Digitalizar0042.jpg
	Digitalizar0043.jpg
	Digitalizar0044.jpg
	Digitalizar0045.jpg
	Digitalizar0046.jpg
	Digitalizar0047.jpg
	Digitalizar0048.jpg
	Digitalizar0049.jpg
	Digitalizar0050.jpg
	Digitalizar0051.jpg
	Digitalizar0052.jpg
	Digitalizar0053.jpg
	Digitalizar0054.jpg

