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THE ANATOMY OF THE HONEY BEE.

I. INTRODUCTION.

The anatomy of the honey bee has been for years a subject of much

interest to those engaged in bee keeping both for pleasure and for

profit. This interest is due not only to a laudable curiosity to know

more of the bee, but to the necessity of such information in order

to understand fully what takes place in the colony. All practical

manipulations of bees must depend on an understanding of the be-

havior and physiology of bees under normal and abnormal circum-

stances, and those bee keepers who have advanced bee keeping moSt

by devising better manipulations are those, in general, who know

most of bee activity. In turn, a knowledge of bee activity must rest

largely on a knowledge of the structure of the adult bee.

Studies on the anatomy of the bee have not been lacking, for

many good workers have taken up this subject for investigation.

The popular demand for such information, however, has induced

untrained men to write on the subject, and most accounts of bee

anatomy contain numerous errors. This is probably to a greater

extent true of the anatomy of the bee than of that of any other

insect. Frequently the illustrations used by men not trained in

anatomical work are more artistic than those usually found in papers

on insect anatomy, and they consequently bear the superficial marks

of careful work, but too often it is found that the details are in-

accurate. It has therefore seemed the right time for a new presenta-

tion of this subject based on careful work.

The drawings given in the present paper are original, with the

exception of figures 12, 54, and 55, and have been prepared with

a thorough realization of the need of more accurate illustrations of

the organs of the bee, especially of the internal organs. Mistakes

will possibly be found, but the reader may be assured that all the

parts drawn were seen. Most of the dissections, moreover, were

verified by Dr. E. F. Phillips and Dr. J. A. Nelson, of this Bureau,

before the drawings were made from them. An explanation of the

abbreviations and lettering is given on pages 139-147.

It is hoped that the work will furnish the interested bee keeper

with better information on the anatomy of the bee than has hereto-

fore been offered to him, that it may provide a foundation for more

detailed work in anatomy and histologj^, and, finally, that it will be
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of service to future students of the enibryolooy and physiolog:y of

the bee. AVith this hist object in view the writer lias tried to sum
up under each headino- the little that is at present known of insect

])hysiologT in order to bring out more clearly what needs to be done
in this subject.

II. GENERAL EXTERNAL STRUCTURE OF INSECTS.

A\lien we think of an animal, whether a bee, fish, or dog, we uncon-
sciously assume that it possesses organs which perform the same vital

functions that we are acquainted Avith in ourselves. We know, for

example, that an insect eats and that it dies when starved; we realize

therefore that it eats to maintain life, and we assume that this involves

the possession of organs of digestion. We know that most insects see,

smell, and perform coordinated actions, and we recognize, therefore,

that they must have a nervous system. Their movements indicate to

us that they possess muscles. These assumptions, moreover, are en-

tirely correct, for it seems that nature has only one w^ay of producing
and maintaining living beings. No nuitter how dissimilar tw^o

aninuds may be in shape or even in fundamental constitution, their

life processes, nevertheless, are essentially identical. Corresponding
organs may not be the same in appearance or action but they accom-
plish the same ends. The jaAvs may work up and down or they may
work sidewise, but in either case they tear, crush, or chew the food

before it is sw^allowed. The stomach may be of very different shape

in two animals, but in each it changes the raw^ food into a soluble and
an assimilable condition. The blood may be red or colorless, con-

tained in tubes or not, but it always serves to distribute the prepared

food Avhich diffuses into it from the alimentary canal. The situa-

tion of the central nervous system and the arrangement of its parts

may be absolutely unlike in two organisms, but it regulates the func-

tions of the organs and coordinates the actions of the muscles just

the same.

Hence, in studying the honey bee we shall find, as we naturally

expect to find, that it possesses mouth organs for taking up raw food,

an alimentary canal to digest it, salivary glands to furnish a digestive

liquid, a contractile heart to keep the blood in circulation, a respira-

tory system to furnish fresh oxygen and carry off waste gases, ex-

cretory organs for eliminating w^aste substances from the blood, a

nervous system to regulate and control all the other parts, and, finally,

organs to produce the reproductive elements from Avhich new" indi-

viduals are formed to take the places of those that die.

The study of anatomy or the structure of the organs themselves

is inseparably connected with a study of physiology or the life

functions of the animal. While physiologv' is a most interesting

and important subject, and, indeed, in one sense might be said to be
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the object of all anatomical research, yet the mere study of the

structure of the organs alone, their wonderful mechanical adapta-

tions, and their modifications in different animals forms a most fasci-

nating field in itself, and besides this it gives us an insight into the

blood relationships and degrees of kinship existing between the

multitudes of animal forms found in nature. In the study of com-
parative anatomy we are constantly surprised to find that structures

in different animals which at first sight appear to be entirely differ-

ent are really the same organs Avhich have been simply changed in

a superficial way to serve some new purpose. P^or example, the

front wing of a bee and the hard shell-like wing cover of a beetle are

fundamentally the same thing, both being front wings—that of the

beetle being hardened to serve as a protection to the hind wing.

Again, the ovipositor of a katydid and the sting of a bee are identical

in their fundamental structure, differing in details simply because

they are used for different purposes. Hence, in the study of anat-

omy w^e must ahvays be alert to discover what any special part cor-

responds with in related species. In order to do this, however, it

is often necessary to know the development of an organ in the

embryo or in the young after birth or after hatching, for many
complex parts in the adult have very simple beginnings in an imma-
ture stage.

Thus it becomes evident that the structural study of even one

organism soon involves us in the subjects of anatomy, physiolog}%

and embryology, and, if we add to this a study of its senses, its

behavior, and its place in nature, the field enlarges without limit.

The student of the honey bee realizes that a lifetime might be spent

in exploiting this one small insect.

The differences between animals are much greater on the outside

than on the inside. In the descriptions of the organs of the honey bee

anyone will know what is meant by the " alimentary canal," the
'' nervous system," or the "' respiratory system," but the external

parts are so different from those of animals with which we are more
familiarly acquainted that no general reader could be expected to

know what is meant 1)V the names applied. Moreover, the bee and its

allies are so modified externally in many ways that, at first sight,

their parts look very different even from those of other insects.

Hence, we shall give a preliminary account of the external structure

of insects in general, for it is hoped that the reader will then more
easily understand the special structure of the honey bee, and that the

application of the terms used will appear more reasonable to him.

Since all animals originate in an egg, the change into the adult

involves two different processes: One is growth, which implies

merely an increase in size, the addition of material to material; the

other is development, w^hich means change in shape and the produc-
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tion of a form with complex organs from tlio simple protoplasmic

mass of the egg. The part of development that takes place in the

eggshell is known as embryonic development; that which takes place

subsequent to hatching is known as j)Ostemhryonic develop7nent. In

insects there are often two stages in the postembryonic development,

an active one called the larval stage and an inactive one called the

fiipal stage. During the first of these the young insect is termed a

Jarra; during the second, a pupa. When there is no resting stage the

immature creature is often called a nymph. The final and fully de-

veloped form is an adult., or imago.

Since this paper is to deal only Avith the anatomy of the adult, the

attractive fields of embryonic and postembryonic development must

be passed over, except for a few statements on

fundamental embryonic structure, a knowledge

of which is necessary to a proper understanding

of the adult anatomy.

When the embryo, in its course of development,

first takes on a form suggestive of the definitive

insect, it consists of a series of segments called

mctamercs., or somites., and shows no differentia-

tion into head, thoracic, and abdominal regions.

Typically, each segment but the first is provided

w^ith a pair of latero-ventral appendages, hav-

ing the form of small rounded protuberances.

These appendages are of different sizes and take

on different shapes in different parts of the

body, for some of them nre destined to form the

antenna^, some the mouth j^arts, others the legs

and perhaps the cerci, while the rest of them

remain very small and finally disappear. What
Ave know of the embryology of insects is based

on the observations of a number of men who
have Avorked mostly on the dcA^elopment of dif-

ferent species. Their obser\^ations are not all

alike, but this is probably due in large part to the fact that the

embryos of different insects are not all alike. Embryos have a very

provoking habit of skipping oA^er or omitting little and yet im-

portant things in their development, but fortunately they do not

all omit the same things. Therefore, by putting together all the

reliable information Ave possess, Ave can make up an ideal embryo
Avhich Avould be typical of all insects. Such a generalized embryo is

represented diagrammatically by figure 2.

The first six or seven metameres very early begin to unite Avith

one another and continue to fuse until their borders are lost. These

consolidated embryonic segments form the head of the adult insect.

An
Fig. 2.—Diagram of a

generaUzed insect em-
lu-yo, showing the seg-

raentation of the head,
thoracic, and abdom-
inal regions, and the
segmental appendages.
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Observers differ concerning the fate of the seventh segment, but it

is most probable that a part of it fuses with the sixth segment, thus

taking part in the foiination of the head, and that a part of it forms

the neck or some of the neck plates of the adult.

The appendages of these first seven segments fomi the antennse

and mouth parts, except one or two pairs that disappear early in

embryonic life. It is not certain that the first segment ever possesses

appendages, but from it arise the large compound eyes and appar-

ently also the upper lip, or labrum {Lin). The appendages of the

second segment form the feelers, or antennae {lAnt) of the adult,

those of the third {2Ant) disappear in insects, but they correspond

with the second antennae of shrimps and lobsters. The appendages

of the fourth segment form the mandibles (Md). Those of the

fifth segment (Slin), when present, fuse with a median tonguelike

lobe (Lin) of the following segment, and the three constitute the

hypopharynx, or lingua of the adult. The next pair {IM.r.) form the

maxillae, while the last {2Mx)^ or those of the seventh segment,

coalesce with each other and constitute the adult labium, or lower lip.

The bodies of the head metameres fuse so completely that it is

impossible to say positively what parts of the adult head are formed

from each. The last, as already stated, possibly takes part in the

formation of both the head and the neck. Some embrj^'ologists at-

tribute the plates which usually occur in this region to the last em-

bryonic head segment, while others believe they come from the next

segment following. Sometimes these plates are so well developed

that they appear to constitute a separate segment in the adult, and

this has been called the microthorax. If this name, however, is

given to the embryonic segment from which these plates are said to

be derived, it must be remembered that it is not " thoracic " at all

and belongs partly to the head. The name cervicum has been ap-

plied to the neck region with greater appropriateness since it does

not imply any doubtful affiliation with adjoining regions. What
we really need, hoAvever, is not so much a name as more information

concerning the development of the rear part of the head and the

neck plates in different insects.

The next three segments remain distinct throughout life in nearl}^

all insects, but, since they bear the legs and the wings, they become

highly specialized and together constitute the thorax. The indi-

vidual segments are designated the profhorax, the mesoth-orax. and

the meto.thorax. The legs are formed from the embryonic ap-

pendages (fig. 2, 7Z, i?Z, 3L) of these segments, but the wings are

secondary outgrowths from the mesothorax and metathorax and

are, hence, not appendages in the strict embryological sense.

The remaining segments, nearly always 10 in number, constitute

the ahdomen: The appendages of these segments, except possibly
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those of the tenth, disappear early in embryonic life in all insects,

except some of tlie very lowest species, in which they are said to form

certain small appendages of the abdominal segments in the adults.

An adult insect is often described as being " divided " into a head, a

thorax, and an abdomen, but this is not true in most cases. While all

insects consist of these parts, the divisions of the body are usually

not coincident with them. The prothorax in the adult is separated

from the head by the neck and is very commonly separated from the

mesothorax by a flexible membranous area. On the other hand, the

mesothorax and metathorax are almost always nuich more solidly at-

tached to each other, while, in most insects, the metathorax is solidly

and widely joined to the first abdominal segment, though in the flies

these latter two segments are usually separated by a constriction. In

such insects as ants, wasps, and bees a slender, necklike peduncle

occurs between the first and second segments of the abdomen, the

first being fused into the metathorax so that it appears to be a part

of the thorax. This is the most distinctive character of the order

Hymenoptera, to which these insects belong.

The body wall of insects is hard on account of the thick layer of

chitin which exists on the outer side of the true skin. Chit in is a sub-

stance similar to horn, being brittle, though tough and elastic. It

gives form and rigidity k) the body and affords a solid attachment for

the muscles within, since insects have no internal framework of bones

such as vertebrate animals have. The skin between the segments is

soft and unchitinized and thus forms a flexible intersegmental mem-
J)rane which is often very ample and, in the abdomen, allows each seg-

ment to telescope into the one in front of it.

The chitin of each segment is not continuous, but is divided into

plates called sclentes. The most important of these are a to-ginn

above and a sternum, below, but, in the case of the thorax, these two

plates are separated on each side by another called the pleurum^ Avhich

lies between the base of the wing and the base of the leg. Pleural

plates are sometimes present also on the abdominal segments. These

principal segmental plates are usually separated by membranous
lines or spaces, which permit of more or less motion between them.

Such lines are called sutures in entomology, though strictly this term

should be applied only to the lines of fusion between adjoining parts.

The terga, pleura, and sterna of each segment are furthermore

subdivided into smaller sclerites, which may be termed tergites^ pleu-

rites, and sternites^ respectively. The sutures between them are

sometimes membranous also, but most frequently have the form of

impressed lines or narrow grooves. In such cases they are generally

nothing more than the external marks of ridges developed on the

inside of the body wall to strengthen the ])arts or to give attachment

to muscles. Since these sutures are conspicuous marks on the outside
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of an insect, they are usually re^iarded as morphologically impor-

tant things in themselves, representing a tendency of the tergum, pleu-

rum, or sternum to separate into smaller plates for some reason. The
truth about them would appear to be just the opposite in most cases

—

they are the unavoidable external marks of an internal thickening

and strengthening of the plates. In a few cases they may be the

confluent edges of separate centers of chitinization. Hence, most of

the sutural lines in insects appear to signify a bracing or solidifying

of the body wall rather than a division of it.

Since the body wall of insects is continuous over all the surface it

contains no articulations of the sort that occur l)etween the bones in

the skeleton of a vertebrate. Although insects and their allies ])e-

long to the class of animals known as the -Articulata, yet an articu-

late articulation is simply a flexibility—two chitinous parts of the

exoskeleton are movable upon each other simply by the intervention

of a nonchitinized, flexible, membranous part. While there are often

special ball-and-socket joints developed, these are always produced
on the outside of the membranous hinge and simply control or limit

the movement of the articulation.

The head of an adult insect is a thin-walled capsule containing the

brain, the ventral head ganglion of the nervous system, the pharynx
and anterior part of the oesophagus, the tracheal tubes, and the

muscles that move the antenna? and the mouth parts. Its shape varies

a great deal in different insects, being oval, globular, elongate, or

triangular. In some it is flattened dorso-ventrally so that the face is

directed upward and the mouth forAvard, but in most, including

the bee, it is flattened antero-posteriorly so that the face looks for-

ward and the mouth is directed ventrally. In a few it is turned so

that the face is ventral. The walls of the head are usually divided

by sutures into a number of sclerites, which in general are located

and named as follows: The movable transverse flap forming the

upper lip is the lahrum. Above it is a sclerite called the clypeii.9^

Avhich is a part of the solid wall of the head and carries the anterior

articulations of the mandibles. The clypeus is sometimes divided

transversely into an anteclypeus ("clypeus anterior," "epistoma '")

and into a post-clypeus ("clypeus posterior"). Above the clypeus

is the front, a plate usually occupying the upper half of the face

betAveen the compound eyes and carrying the antenna?. The top of

the head is called the vertex^ but does not constitute a separate scle-

rite. The sides of the head below the compound eyes are often sepa-

rated by sutures from the anterior and posterior surfaces and are

known as the geme. The back of the head is formed by the occiput.

which surrounds the large opening or foramen magnnm that leads

from the cavity of the head into that of the neck. The parts pos-

terior to the gena?, carrying the posterior mandibular articulations,
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are sometimes separated from both the occiput and the gena? and are

known as the posfr/ena'. In a few insects, especially beetles, one or

two median plates occur in the ventral wall of the head posterior to

the base of the labium. These are the gvlar sclerites. Finall}^ small

plates are sometimes found about the bases of the antennae and be-

tween the bases of the mandibles and the gena?. The latter have

been termed the trochantins of the m(mdihles. The term epicranium.

is often used to include all the immovable parts of the head, but is

frequently applied only to the dorsal parts. Most of these sclerites

preserve a pretty definite arrangement in the different orders, and

they are probably homologous throughout the entire insect series,

though they are in some cases very much distorted by special modi-

fications and are often in part or wholly obliterated by the disap-

pearance of the sutures. Embryologists are coming to the conclu-

sion that the sclerites of the head have no relation to the primitive

segments. The latter very earl}^ consolidate into a head with a con-

tinuous Avail, while the sutures defining the sclerites are formed

later. Some of the older entomologists w^ere led, from a stud}^ of

the sclerites, to suppose that the head consisted of a number of seg-

ments, but it has been shown that these anatomical segments do not

correspond with the embryonic ones.

The appendages growing from the front of the face are the

antennae (fig. 9A, Ant) or " feelers " and consist of a series of joints

or segments.

At the lower edge of the face is the front lip or lahrum (fig. 9A,

Zm), behind Avhich are the median epipharynx, the paired mandibles

(H/d) and ma.viJhe, the median hypoplianjn.v, and the Jabimn or under

lip. All these organs together constitute what are known as the

mouth parts or tropin. They vary greatly in shape and appearance

in dift'erent insects according to the nature of the food, but their

typical form is usually taken to be that shown by the lower insects

w^hich feed on solid food and have biting mouth parts. Figure 3,

representing the jaws and lips of the common black cricket, is given

as an example of generalized insect mouth parts.

The labrum (fig. 9A, Lm.) is usually a simple transverse flap in front

of the mouth, being developed, as already shown, from a similarly

situated lobe on the first segment of the embryo (fig. 2, Lm).

The epipharynx (fig. 19, Ephy) is a sort of dorsal tongue, and is

situated on the membrane leading into the mouth from behind the

labrum.

The mandibles (figs. 3A; 9A, Md) are typically formed for

biting, being heavy organs situated immediately behind the labrum

and working sidewise on a hinge articulation Avith the head. Their

cutting edges are usually notched and toothed, though smooth ni the

worker bee.
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The maxillae (fig. 3 B and B) are complicated appendages in their

typical form. Each consists of a principal piece called the stipes {St)
,

which is hinged to the head by means of a smaller basal piece, the

cardo {Cd). Terminally the stipes bears an outer lobe, the galea

{Ga), and an inner lobe, the lacin'm (Lc). On the outer side, at the

base of the galea, it carries a jointed appendage called the maxillary

palpus (Pip).

The hypopharynx (fig. 3 C and D, Hphy) is a median, ventral,

tonguelike organ, called also the lingua, situated either on the upper

surface of the labium or on the membrane between this organ and the

mouth. It is de-

veloped principally

from a median lobe

of the head of the

embryo behind the

mouth (fig. 2, Lin),

but some entomol-

ogists claim that it

is compounded of

this lobe and two

smaller lateral ones

developed from the

appendages of the

fifth embryonic
head segment (fig.

2, Slin), the super-

Unguce.

The labium (fig.

3 C and D) consti-

tutes the under lip

of the adult, but it

is formed from the

two appendages of

the seventh segment in the embryo, which fuse with each other. For
this reason it is often called the second maxillce. It consists of a basal

suhnventum (Snit) bearing the mentum (Mt), which in turn carries

three parts, a median ligula {Lg) and two lateral palpigers {Pig).

The latter support the labial palpi {Pip), while the ligula bears four

terminal lobes, of which the median ones are called the glossce {Gls)

and the lateral ones the paraglosscB {Pgl). If we should cut the

labium into two parts along its midline we should see that even in

the adult stage each half is very similar to one maxilla. The only

discrepancy to be noticed in the example given (fig. 3) is that there

22181—No. 18—10 2

Pip

Fig. 3.—Example of generalized insect mouth parts, from
common black cricket (Gryllus pennsylvanicus) : A, man-
dibles ; B, B, maxillae, ventral view ; C, labium or second

maxillffi, ventral view ; D, labium, lateral view.
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is no maxillary palpigor, but many insects i)()ssess a corresponding

part in the maxilla, frequently distinguished as the palfifer.

The neck or cervicum is usually a short membranous cylinder which

alloAvs the head great freedom of motion u]wn the thorax. In nearly

all insects its lateral walls contain several small plates, the cermcal

sclerites^ while, in many of the lower species, dorsal, ventral, and

lateral sclerites are present and highly developed. As already stated,

the origin of these plates is doubtful. Some entomologists would

derive them from the prothorax, others think they come from the

last head segment, while still others think that they represent a

separate segment. Only pure anatomists, however, entertain this

last view and call this supposed segment the " microthorax," for

embryologists have not yet reported a metamere between the labial

segment and the prothoracic segment. Most embryologists who have

studied the subject admit that some of the cervical sclerites may be

formed from the last embryonic head somite which carries the labium

and probably forms a part of the back of the head. Therefore, if

it is desirable to retain the word microthorax as a name for a true

segment, it can be applied only to this labial metamere."

The thorax, as has already been stated, is a distinct anatomical

region of the body rather than a " division " of tlie body, since it car-

ries both the legs and the wings and contains the large muscles for

each. Since the prothorax does not possess wings, it is not so highly

developed otherwise as the two wing-bearing segments, and is, indeed,

generally reduced in some ways, some of its parts being frequently

rudimentary. Therefore we shall base the following description of

a typical segment on the structure of the wing-bearing segments.

A typical thoracic segment, then, presents four surfaces, as does also

the entire body. These are a dorsum above, a renter below, and a

latus ^ on each side. From these names we have the terms " dorsal,"

•^In a former paper on the thorax of insects (Proc. IT. S. Nat. Mns., XXXVI,
1909, pp. 511-595) the writer probably drew a too definite conclnsion on the

subject of the "microthorax." The origin of the neclc sclerites has i)robal)ly

never yet been actually observed. Comstock and Kochi (Amer. Nat.. XXXVI,
1902, pp. 13-^5), in summarizing the segmentation of the head, accredited

the gular and cervical sclerites to the labial segment, but did not recognize the

latter as taking part in the formation of the true head capsule. Riley, how-

ever, in his study of the development of the head of a cockroach (Amer. Nat.,

XXXVIII, 1904, i)p. 777-810), states that in BUiitu the labial segment does

form a part of the back of the head and that the posterior arms of the

tentorium are derived from it. Burner (Zool. Anz., XXVI, 190:>. pp. 290-;>15)

and Crampton (Proc. Acad. Nat. Sci. Phila., 1909. pp. .S-54) believe that the

cervical sclerites are derived principally from the prothoracic segment. The
notion that they constitute a separate segment, the " microthorax," equivalent

to the maxilliped segment of the centipedes, has li(>;>n elaborated principally

by Verhoeff in his numerous writings on the Chilopoda and Derniaptera.
* The writer introduces this word here because he knows of no other term

applied to the side of the segment in this sense.
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"ventral," and "lateral/' The diitinous parts of the dorsum con-

stitute the tergum; of the venter, the sternum; and of the latus, the

pleurum.

The tergum of the wing-bearing segments usually consists of

two plates—a front one or true notum, (fig. 4, N) carrying

the wings, and a jiosterior one, which the writer has termed the

postnotum or pseudonotum (PN), having no connection with the

wings. The first is often more or less distinctly marked into three

transverse parts called the j)re.seutum (Psc), scntum {Set), and scu-

tellum {Sd). In such cases the exposed part of the postnotum is

called the postso/feUion (PscI). From either the anterior or the pos-

terior margin of the tergum, or from

both, a thin transverse plate projects

downward into the interior of the

thorax for the attachment of muscles.

These plates are the phragmas {Aph
and PpK). The notum supports the

wing on each side by two small lobes,

the anterior and posterior notal loing

processes {AA^P and PNP). Behind

the latter is the attachment of the

axillary cord (AxC) or basal ligament

of the Aving. A large V-shaped ridge

on the under surface of the notum hav-

ing its apex forward is the " entodor-

sum." (A better name would be

entotergum.)

The pleurum consists principally of

two plates, the epistermim (fig. 4, Ejjs)

and the epimerum, {Epm) lying before

and behind a vertical groove, the pleural sutvre (PS), which extends

from the pleural coxal process (CxP) below to the pleural iviiig

process (WP) above. The pleural suture marks the position of a

heavy internal ridge, the pleural ridge or entopleunnn. The epi-

merum is connected with the postnotum {PN) behind the base of the

wing. These parts occur in almost all insects. In some of the lower

ones another plate is present in front of the episternum Avhich may
be called the preepistemum. {Peps)."^ Lying along the upper edge of

Fig. 4.

/ SI PsI

TnC
-Diagram of generalized

thoracic segment, left side.

« Objection may be made to the use of the term " preepistemum " on the

ground that it combines a Latin prefix with a word compounded of Greek ele-

ments. The same may be urged against " prephragma," " postphragma," " pre-

paraptera," and •' postparaptera," words introduced by the present writer in a
former paper on the thorax (Proc. U. S. Nat. Mus., XXXVI, 1909, pp. 511-595).

However, we are barred from maliing up equivalent terms with the Greek pre-

fixes pro and meta because these are used to designate the first and the third
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the pleuruin and associated with the under surface of the wing base

are several small plates known as the paraptera (/*)." Two lie above

the episternum in front of the pleural wing process and are the

episternal paraptera or preparaptera {IP and ^P), while one or

occasionally two are similarly situated behind the wing processes

and are the epimeral paraptera or postparaptera {3P and J^P). The
preparaptera afford insertion for the muscle concerned in the exten-

sion and pronation of the wdng.

The coxa {Cx), or basal segment of the leg, is hinged to the seg-

ment by a dorsal articulation with the pleural coxal process {OxP),
and by a ventral articulation (TnC) with a plate called the trochan-

tin (Tn) lying in front of it and connected above wdth the lower

end of the episternum (Eps). Hence, while the leg is of course con-

tinuous all around its base, by means of membrane, with the body-

wall, its movement is limited to a hinge motion by these two special

articulations of the chitin.

The sternum or ventral plate of the segment is not so complicated as

are the tergum and pleurum. It is often divided transversely into

three parts, however, and some authors say tj'^pically into four. These

parts have been named the presternum (Ps), sternum proper (S),

segments of the thorax or their respective parts. Entomologists have already

established the system of referring a part to the front or back of any individual

segment by the Latin prefixes pre (or prte) and post as used in " prescutum,"
" prestei'num," " postscutellum," and " poststernellum." Furthermore, pre and
post are so indiscriminately used in English combined with Latin, Greek, and
even Anglo-Saxon words that they may be regarded as general property.

Hence, in order not to sacrifice an anatomical system, which certainly needs

to be fostered in every way, the writer has preferred to sacrifice strict gram-

matical rules by applying pre and post, regai-dless of the origin of the noun
in the case, to designate anterior and posterior i)arts of the same segment. We
already use such hybrid terms as " presternum," " mesotei'gum," and " meta-

tergum."

The name " preepisteninnr" has been applied by Hopkins (Bui. 17, Pt. I,

technical series. Bur. Eut., U. S. Dept. Agr., 1909) to a part of the mesepister-

num of Dendroctonus—a plate apparently not homologous with the preepisternal

element of the thorax in primitive insects.

'^ The name " parapterum " is taken from Audouin's term para pfere (,\nn.

des Sci. Nat., I. 1824, pp. 97-135, 416^32), and its application, as used by the

present writer, is based on Audouin's definition given in his Chapter III,

" Considerationes generates sur le Tliorax,'" where he says (p. 122) :
" Finally

there exists a piece but little developed and seldom observed, connected with

both the episternum and the wing. It is always supported by the episternum

and is sometimes prolonged veutrally along its anterior margin, or again,

becoming free, passes in front of the wing and may even come to lie above

the base of the latter. At first we designated this sclerite by the name of

Hypopiere but on account of its change of position relative to the wing base

we now prefer the name of PARAPTfeRE." The first part of his description leaves

no doubt that Audouin referred to the little i)leural plate beneath the front

of the wing which is usually very inconspicuous except in carefully dissected
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Emp'
Fin. 5.—Tyiiiral insect

stei^ellur)% (SI), and poxtxtcrncllnm (Psl). In some of the lower

insects a plate (,») occurs at each side of the presternum or of the

sternum which seems to fall in line with the preepisternum of the

l^leurum. This has been variously called a jxirt of the /n-esternum,

the coxoste/'fiuni, an accessory stomal plate, and the sternal laterale.

The inner surface of the

sternum carries a large

two- pronged process

called the furca or ento-

sternuni.

This plan of structure

for the mesothorax and

the metathorax prevails

throughout all insects.

The honey bee probably

presents the greatest de-

parture from it, but even

l.>ere the modification consists principally of a suppression of the

sutures of the pleurum resulting from a condensation of the parts.

The leg (fig. 5) of an adult insect consists of a number of joints

or segments. It is attached to the body, as just described, by a thick

specimens. In such iireparations, liowovev, one finds that there are in most

cases two sclerites here instead of one, and, fnx'thermore, that one or occa-

sionally two others are similarly situated beneath the rear part of the wing
base behind the pleural wing process. The present writer has. therefore,

made the term " paraptera " cover this whole row of little plates, distinguish-

ing those before and those behind the pleural wing process by the designations

given above.

In the latter part of Audouin's definition it would seem that he may have
confused the rudimentary tegula as it exists in some insects with the parapte-

rum, but eA'en this is not probable since he says it is always connected with
the episternum, which is never true of the tegula. In his description of the

thorax of beetles, Dijtiscus, Carabus, Buprestis, and CurcuJio, it is evident

that he regards the anterior upper part of the episternum as the parapterum
fused with the latter plate. In fact, In each case he definitely states that such

is the case and, in describing DuUscus circumflcriis, he says (p. 420) : "The
episternum, the parapterum, and the epimerum all fuse dorsally and constitute

a support for the wings and tergum." While Audouin is undoubtedly mis-

taken in this homology, especially in the mesothorax, he at least shows that

his " paraptere " is a part of the pleurum. Hence modern writers such as

Packard and Folsom who make the term " paraptera " synonymous with
" teguliiE' " are certainly wrong. The tegula is a dorsal scale or its rudiment
at the humeral angle of the wing, while the parapterum is a co-existent scle-

rite below this part of the wing base. The present writer agrees with Comstock
and Kellogg, who, in their Elements of Insect Anatomy (first edition), define

the little sclerite in front of the l)as(' of the wing in the locust, articulated to

the dorsal extremity of the episternum. as the '• parapteron," though in this

insect there are here really two of these paraptera 1 plates instead of one.



22 THE ANATOMY OF THE HONEY BEE.

basal joint called the coxa (Cr). Beyond this is a smaller joint

called the troclxititcr {Tr)^ this is followed by a long and strong

segment, the fciinir (F) , which extends ontward from the body, while

bending (h)wnward from its distal end is the long and slender flhid

(Th), followed finally by the foot, or farsiis (Tar). The tarsus itself

consists typically of five small segments of wliich the last bears a pair

of cJaws (CJa). The under surfaces of the tarsal joints are often

l^rovided with small cushions or pads called pid riU't. Those between

the claws are generally specially })roniine'nt and are called the

em podia {Kiiij)). The leg varies greatly in shape in diflerent in-

sects but usually preserves all of these parts. The segments of the

tarsus, however, are frequently reduced in munber.

The adult wing^ is a thin expanse of in( mhrane supi^orted by hollow

branching rods called veins. It originates as a hollow outgrowth of

the body-wall, l)ut soon becomes flattened out dorso-ventrally and the

,A ^ cu,
Cu,^<«

Pig. 6.—Diagram of generalized insect wing and its artieulatiou to first plate (V) of

the tergum.

contained tracheae or air tubes mark out the courses of the veins.

These veins form various patterns in different insects, but they can all

be derived by modification from one fundamental plan. This plan is

shown diagrammatically by figure G. The first vein, which usually

forms the anterior margin of the adult wing, is the costa {C). The
next vein is the suhcosta (Sc), which in typical cases divides into

two branches (Sc-^ and Sco). The third and usually the principal

vein is the radius {R). It divides dichotomously into five branches

{R^ to Rr,)^ the anterior branch of the first fork remaining single.

The next vein is the media (J/), which forms four branches (J/^ to

J/J. The fifth is the cahitus (Cu), which again is two-branched.

The remaining veins are called the amds and are designated indi-

vidually as the fi/'f<f anal (iA), second anal {'2A), etc.

Several cross- rci /is of common incurrence shoulcl be noted. The
first is situated near the base of the wing between the costal and

subcostal veins and is known as the humeral cross- vein. A second
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occurs between the radius and the media near the center of the wing

and is called the radio-medial cross-vein. Another one, the medio-

rahifal, is similarly located between the media and the cubitus,

while a fourth, called the median, occurs between the second and

third branches of the media. The areas of the wing surface inclosed

by the veins, the cross-veins, and the margins of the wing are known
as the cells.

A great many ditferent names are applied by different entomolo-

gists to the veins of the wings, both of the same and of different

insects. The nomenclature here given is the one first consistently

applied by Comstock and Needham and now used by a large number

of entomologists working in different orders of insects.

The wing is articulated at its base (except in mayflies and dragon-

flies) to the anterior and posterior wing pro>*esses of the notum

(fig. 6, AA^P and I'XF) and to the wing process of the pleurum (fig.

4, WP) by several small articular sclerites called axillaries. Two
of these, the first {lA,v) and the fourth {4Ax), form a hinge with the

anterior and the posterior notal wing processes, respectively, while

the second {^^Lr) articulates below^ with the wing process of the

pleurum, constituting thus a sort of pivotal element. The f/iird axil-

lary {3Ax) intermediates between the bases of the anal veins and the

fourth axillary—except when the latter is absent (as it is in nearly

all insects except Orthoptera and Hymenoptera), in which case it

articulates directly with the posterior notal process. The thin mem-
brane of the wing base may be called the axiUary memhrane {AxM).

On its anterior edge is a hairy pad, the tegnla (Tg), which is some-

times a large scale overlapping the humeral angle of the wing. The
posterior margin of the axillary membrane is thickened and may be

called the axillary cord {AxC) or l)as<d Ih/ament of the wing.

The base of the costa is not directly associated with any of the

axillaries, but is specially connected by tough membrane below with

the episternal paraptera. The subcosta abuts against the end of

the curved neck of the first axillary. The radius is either attached

to or touches u})on the anterior end of the second. The media and

cubitus are usually associated with each other at their bases and also

more or less closely with one or two median plates {ni) in the wing

base. These plates, however, are not of constant shape and occur-

rence as are the articulating axillaries. The anals are generally

attached to the outer end of the third axillary, which acts as a lever

in the folding of the wing,

A few insects have a generalized wing almost identical with the

diagram (fig. G), but most of them depart from it in varying degrees.

Few go so far, however, as the honey bee, whose venation is very

different, but yet the fundamental basal structure is the same even
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hei'e, as will Ix' shown in the s])ccial dcscriiitioii of the wing- of the

bee.

Tlie abdomen consists almost always of 10 segments. There are

never any more than this number well developed in adult insects, and
if there are fewer the reduction is due to a modification of the ter-

minal segments to accommodate the external organs of reproduction.

The posterior oj^ening of the alimentary canal is at the end of the

tenth segment, which carries also two small appendages at the sides of

the anus. These are called the cei'ci (fig. 8, Cei-) . In some insects they

are short, styletlike processes, in others they are long and many
jointed, while in many they are absent. The cerci are supposed to

be developed from the embryonic appendages of the tenth segment,

although, on the other segments, these appendages disappear before

the embryo hatches, except in some members of the lowest wingless

order of insects, which have a pair of cercuslike appendages on each

segment of the abdomen.

Each abdominal segment presents a tergum above and a sternum

below ; the former usually also reaches far down on the sides and
overlaps the edges of the sternum. In some insects one or more small

pleural plates intervene between the tergum and the sternum, but

the abdominal pleura are never developed in any way suggestive of

a thoracic pleurum. Very frequently there is present an upper

pleural plate, or epipleurite^ adjoining the edge of the tergum and a

lower, or hypopleurite^ adjoining the edge of the sternum. The line

sej^arating these two sclerites, however, is horizontal and can not

correspond with the vertical suture of a thoracic pleurum between the

episternum and the epimerum extending from the base of the leg

to the base of the wing.

The most complicated structures on the abdomen are the external

organs of reproduction. In the male these serve as clasping organs

and take on a great variety of forms in different species. The organs

in the female form an ovipositor and are of much more definite and

constant structure.

The ovipositor (fig. 8), in its most perfect development, consists of

three pairs of long, closely appressed bladelike processes called

gonapophyses {IG, 2G, 3G). These six pieces fit neatly together and

form an organ by means of which the female makes a hole in the

ground or in the bark of a tree, or punctures some other insect, and

then places her eggs in the cavity thus produced. An interesting fact

in this connection is that the sting of a wasp or bee is simply a modi-

fied ovipositor. This can be proved by a comparison of the organs

themselves or by a study of their development. Each is formed from

six little peglike processes that grow out from the sterna of the eighth

and ninth abdominal segments of the larva or young soon after hatch-
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ing (fig. 7, IG^ 2G^ and 3G). At first there is only one pair of tliese

processes on each of the two segments, but those on tlie ninth soon

split each into two, thus producing two pairs on this segment. The
opening of the oviduct {OoO) is on the

eighth segment between the bases of the

first gonapophyses.

The ovipositor of the longhorned grass-

hopper, shown by figure 8, may be taken as

a typical example of this organ. The
median pair of gonapophyses on the ninth

segment {'BG) remain slender and fuse at

their bases into a small bulblike swelling

open below (SkB). The pair from the

eighth segment (IG) form two long blade-

like pieces, which fit by sliding articula-

tions upon the lower edges of the corre-

sponding second gonapophyses {2G). The
first can therefore be worked back and
forth while they are braced and held in

position by the second pair. The third

gonapophyses {3G), or the outer pair of

the ninth segment (the left one in figure 8 is shown as if cut off near

its base), form two long flat blades which are closely appressed

against the outer surfaces of the others. In the detailed study of

the bee it will be shown how closely the structure of the sting corre-

sponds in every way with that of this ovipositor.

An Ig
Fig. 7.—Diagram of terminal

abdominal segments of a fe-

male insect and early stage in

development of gonapophyses
(iG, ZG, and 3G), from
which is formed the ovi-

positor of most insects and
the sting of wasps and bees.

Sp aG
Fig. 8.—Example of a swordlike ovipositor, from a longhorned grasshopper {Cono-

cephnlus sp.), illustrating the fundamental similarity of structure with the sting of the
bee, fig. 36.

Some entomologists have supposed that the original two pairs of

.'gonapophyses represent the embryonic appendages of the eighth and
ninth segments, and they would thus establish a homology between

the ovipositor or sting and the legs and mouth parts. It has been

shown, however, that the true appendages of the abdominal segments

disappear in embryonic life while the gonapophyses appear much
later, during early nymphal or larval life. Furthermore, each pair
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of <>()napophyses arises in a median depression on tlie ventral side of

the segment while the true appendages are latero-ventral. Hence,

the evidence is very much against this theory and the gonapophyses

api^ear to be special secondary processes of the body wall.

All insects do not have ovipositors of the sort described above.

Flies, beetles, moths, and butterflies do not. Such insects simply

drop their eggs from the orifice of the oviduct or deposit them in

masses upon the external surfaces of various objects. In some of

the flies, however, the terminal segments are long and tubular and .

entirely telescoped into one another. They are hence capable of

being protruded in the form of a long tapering tube having the open-

ing of the oviduct near the tip. This enables the insect to deposit its

eggs in deep crevices, but the structure is not a true ovipositor—it is

simply the abdomen itself stretched out.

Insects breathe through a series of small holes situated along each

side of the body. These breathing apertures are called spiracles and

they lead into a system of internal air tubes called trachece. There

are nearly always 10 spiracles present on each side of the body. Tw'O

are located on the thorax, the first between the prothorax and the

mesothorax, the second between the mesothorax and the metathorax,

while the other eight are situated on the first eight abdominal seg-

ments. Some embryologists believe that the spiracles of the pro-

thorax move forward in early embryonic life and unite with each

other in front of the hypopharynx to form the salivary opening, their

trachea3 constituting the salivary ducts.

After this review of the general external structure of insects we
may proceed to a more detailed account of the parts and organs of

the honey bee.

III. THE HEAD OF THE BEE AND ITS APPENDAGES.

The head of an insect, as already explained, is a composite organ

formed of six or seven primitive segments, each of which, except the

first, typically bears a pair of appendages (fig. 2). The antennae are

developed ffom the embryonic appendages of the second segment,

the mandibles from the fourth, the maxillie from the sixth, and the

second maxilUe, or labium, from the seventh. The appendages of

the third segment disappear in early embryonic life while those of

the fifth segment, when the latter is present, fuse with a median

tonguelike lobe of the next segment to form the hypopharynx of

the adult.

1. THE STRUCTURE OF THE HEAD.

The general appearance and outline of the head of a worker bee

are shown from before and behind by figure 9, A and B. In facial

view the head is triangular, with the apex below. The side angles
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are rounded and capped by the large compound eyes {E). In the

opposite direction the head is very much flattened, the greatest diame-

ter being crosswise through the middle of the eyes. The face is con-

vex, while the posterior surface is somewhat hollowed out and fits

snugly upon the anterior end of the thorax.

The large lateral eyes (fig. 9 A, E) are called the compound eyes,

because each is composed of a large number of separate eye elements

forming the little hexagonal facets visible on the surface. All of

these facets together constitute the cornea^ or the transparent outer

surface of the eye, which in the bee is densely clothed with long hairs.

The dark color of the eye is located in the deeper parts, but these w^ill

be described in the section dealing with the nervous system. On the

Vx Q Vx ten

PrbFs

Gls'l^ Pgl

Fig. 9.—A, front view of head of worker bee with mouth parts (Prl)) cut off a short

distance from their bases ; B, corresponding view of posterior surface of head.

top of the head between the compound eyes are the three simple eyes,

or ocelli {0), arranged in a triangle with the median ocellus in front.

Between the lower halves of the large eyes and near the center of the

face arise the antennae {Ant)^ each of wdiich is inserted into a small,

circular, membranous socket of the head wall, and consists of a long,

basal, 1-segmented stalk carrying a terminal 11-jointed arm movably

articulated to the stalk and generally hanging downward from it.

(In the drone the terminal arm consists of 12 joints.)

The mouth parts are attached at the lower part of the head, and

consist of the mandibles (Md) laterally and the maxilhe (Mx)
and lahium (Lb) mesially. The latter two include the set of elongate

bladelike organs surrounding the protrusible " tongue," which to-

gether constitute what is connnonly known as the proboscis {Prb).
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"V^Hien not in use the parts of the proboscis are bent back beneath

the head. By referring to figure 9B, giving a posterior view of the

head, it will be^-seen that the basal parts of both the maxillae (St)

and the labium (Mt) are susjiended in a large hollow on the back of

the cranium. This may be called the cavity or fossa of the proboscis

(PrhFs). Between the mandibles on the front of the head (fig.

9A) is a transverse movable flap, the lahnnn (Lw), attached to the

lower edge of the front wall of the head and constituting the upper

lip. The mouth (Mth) lies behind the labrum and the mandibles

close beneath it.

Below the antennal sockets is a transverse, slightly arched suture

(a) which turns downward on each side and extends to the inner

angles of the bases of the mandibles. The area bounded by this

suture is the clypeus (Clp) and the suture itself may be called the

clypeal suture.

On the posterior surface of the head (fig. 9B) is seen the pen-

tagonal foramen magnum (For) by means of which the cavity of

the head communicates with that of the thorax and through which

pass the nerves, oesophagus, blood vessel, and tracheal tubes. A
small rod (ten) inside the head arches transversely over the fora-

men magnum, cutting it into a dorsal and a ventral half. At each

side of the foramen is a large pit (c) which marks the base of an

internal chitinous beam of the head known as the mesocephalic pillar.

The opposite end of this pillar unites with the front wall of the

head on the clypeal suture below the antennae, where it produces

another smaller pit (h).

Below the foramen magnum and separated from it by a wide trans-

verse bridge of the cranial wall is seen the large fossa of the proboscis

(fig. 9B, PrhFs) having the shape of an inverted U. The side w^alls

of this cavity are chitinous and from their upper edges are suspended

the maxillpe, wdiile the base of the labiinn is contained in the mem-
branous floor of the fossa. The base of the labium projects from the

head beneath or behind the mouth opening and its dorsal surface

forms the floor of a preoral cavity surrounded by the bases of the

mouth parts and labrum.

It will be seen from the above description that the head wall of the

bee contains no suture except that bounding the clypeus and the one

which separates the labrum from the latter. Many of the 'higher

insects have the head w^all completely continuous, showing no di^'ision

at all into sclerites, but, in such forms as a grasshopper or cockroach,

and, in fact, most of the lower insects, the head as well as the other

parts of the body is made up of a number of plates. Hence this may
be regarded as the primitive condition, and it is presumed that the

head of the bee has been produced from one whose wall was divided

by sutures into a number of distinct parts. Therefore the different
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regions of the bee's head may be named according to the sclerites with

which they correspond in other insects. Thus, the part of the face

above the clypeus and between the compound eyes may be called the

front (fig. 9A, Ft),ihQ, parts below the compound eyes the geruE {Ge)^

and the top of the head the vertex

(Vx). The area on the back of the

head around the foramen magnum
may likewise be termed the occipital

region (fig. 9B, Oc) and the parts be-

hind the gena? and the lower halves

of the compound eyes the postgencB

(Pge).

The worker, queen, and drone differ

conspicuously in the shape and size of

the head, as will be seen by comparing

A, B, and C of figure 10. In these

drawings the front has been removed

in order to show various internal

parts, which will be described later.

Wliile the head of the worker (A) is

triangular in facial view, that of the

queen (B) is more rounded and wider

in proportion to its length. The head

of the drone (C) is much larger than

that of the female and is nearly cir-

cular in outline. In shape the head

of the queen is intermediate between

that of the worker and that of the

drone, but in size it is somewhat

smaller than the head of the worker.

The ej^es (E) of the worker and queen

are about equal, but those of the drone

are enormously enlarged and are

broadly contiguous on the vertex and

the upper part of the front. On this

account the ocelli (6^) of the drone are

crowded down on the front nearer the

bases of the antenna* and the front

itself is very much narrowed above.

The antennne of the drone consist of

13 segments, while those of the females

have but 12 segments. The mandibles are largest proportionatel}^ in

the queen and are very small in the drone. Those of the worker have

a smooth terminal edge, while this edge is notched in the queen and
the drone. The parts of the proboscis are much longer in the worker

iMdCl

Fig. 10.—A, anterior view of head of

worker, with front, antennro, and
proboscis removed ; n, correspond-

ing view of head of queen ; 0, same
of di'one.
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and capable of inucli more action than in the queen and drone, which

are ahnost entirely dependent upon the workers for their food.

The internal structure of the cranium may be studied best in a loniji-

tudinal section of the head (fij<>'. 11). In order to prepare a section

for this purpose imbed the head in paraffin and then carefully slice

off one side with a sharp knife or razor just outside of the bases of

the mandible and antenna. Holding the remainder in the block of

paraffin or fastening the whole in a dish of w^ater or alcohol, care-

fully dissect away the soft parts from the head cavity so as to expose

Fig. 11.—A, longitudinal s(>ction through head of worker between the uiediiui plane and

outer edges of mandibles (1/(7) and antennfe (Ant) of left side, all internal soft parts

removed ; B, corresponding section through head of drone, except that the pharynx
(Phy) and oesophagus (CE) are not removed.

the internal chitinous parts shown in figure 11 A and B. The.se

figures, however, represent a slice of the head taken from between the

median plane and the outer edges of the antennal and mandil)iilar

bases of the left side. Thus only the parts on one side of the mid-

line are shown. Figure A is from a worker and Figure B from a

drone. In the latter the pharynx and (esophagus are retained and

the neck is not removed. Figure 20 shows the head cut open from

above and the mouth parts removed. A specimen so c-ut and boiled

a short time in caustic soda or potash to remove the soft parts will

be found a valuable adjunct to this study.
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The principal parts of the internal skeleton of the head, or eato-

cranivm^ consist of two large, oblicjne, strongly chitinons bars form-

ing a brace between the anterior and the posterior walls of the liead

(fig. 11 A and B, 2\m^ showing the parts on the left side only, and

fig. 19, Ten). These bars have been named by Macloskie (1881) the

mesocephalic pillars. As already pointed out the base of each is

marked externally by a conspicuous pit (fig. 9 B, c) laterad of the

foramen magnum, and its facial end by a smaller pit (fig. 9 A, h)

in the clypeal suture near the upper end of each side of the latter.

The bases of these pillars are coiniected by the slender bar (fig. f 1 A.

ten)^ alread}^ noticed, arcliing over the foramen magnum (fig. 9 B,

ten). Tliis bar and the two pilhirs represent what is called in other

insects the tentorium.. In the embryo the tentorium is formed from

tubular ingrowths of the head wall which unite internally and

assume different shapes in different insects. Since the air tubes of

the body also first appear as tubular ingrowths of the body wall,

some entomologists have supposed that the hollow tentorial in-

growths of the head represent the spiracular tubes of the head

which are, otherwise, lacking. However, there is not sufficient evi-

dence to support such a view as this, and there is no reason why the

tentorium should not have been originally designed simply to give

greater rigidity to the walls of tlie liead where tlie latter support the

appendages.

The usual form of the tentorium in the lower insects is that of an

X, with a large central body, situated like a brace across the lower

part of the head, having two of the arms directed anteriorly and

laterally and two directed posteriorly and laterally, and while the

former are said to be ingrowths from the mandibular segment, there

is some dift'erence of opinion concerning the segment to which the

latter belong. Riley states that they are formed in the labial seg-

ment of the cockroach and Carriere and Burger describe the same

thing for the mason bee. Other authors have ascribed them to the

maxillary segment, but they may, in later stages, lie in this segment

and thus appear to belong to it, while they originated in the one

following, having moved forward on account of the condensation

of the back part of the head. The tentorium of the honey bee,

consisting as it does of the two great mesocephalic pillars (fig. 11

A and B, Te7i) and the small arched bar {ten) is so highly modified

that it is hard to see just how its parts are to be homologized with

the parts of an X-shaped tentorium. Probably the two pillars repre-

sent the separated halves of the X, while the slender arch is an addi-

tional structure. In any case we have not enough evidence to war-

rant us in regarding the tentorial invaginations as modified trachese,

or their external pits as rudimentary spiracles. Similar processes

extend inward from the walls of the thorax to strengthen it or to

give attachment of muscles. Such processes in general form the
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eiitoskeleton and are individually called apodemcs. Those of the

head constitute the cntocraniuin^ those of the thorax the eidotliorax.

The side walls of the fossa of the proboscis form two high, thin,

vertical jDlates, as seen from the interior of the head (fig. 11), in

front of the mesocephalic pillars. The posterior edge {d) of each

of these plates is so much thicker than the rest of it in the worker
that it appears at first sight to be a separate rod. Its upper end
projects above the body of the plate as a free arm (e) to which is

articulated the basal j^iece of the maxilla {Gd). It thus constitutes

the maxillary susjjensorium. (Macloskie includes under this term

both the arm of the cranial wall and the cardo of the maxilla.)

The head of the drone (fig. 11 B) presents, besides the parts de-

scribed, a thin plate (/) depending from the vertex of the craniun:.

along the line between the compound eyes.

Besides these apodemes of the cranial wall itself there are others

which project into the head cavity from the bases of the appendages
to afford points of insertion for their muscles. These are specially

developed in connection with the mandibles and will be described in

the discussion of these organs. Still other internal chitinizations are

developed in the walls of the pharynx, but these likewise will be

described later.

2. THE ANTENNAE AND THEIR SENSE ORGANS.

The antennae of the bee are the two slender, jointed appendages
movably attached to the center of the face, where each is inserted

into a circular membranous area or socket just above the upper part

of the clypeal suture. Their general shape and position are shown
by figures 9 A, 11 A, and 19, Ant. Each is seen to consist of two
parts, forming a prominent elbow with each other, and usually so

held that the first or proximal part extends outward and upward
from its frontal attachment and carries the other in a pendent posi-

tion from its distal end. The first part thus forms a basal stalk,'

called the scape (figs. 9 A; 19, Sep), consisting of a single joint

inserted into the antennal socket of the front by a prominent basal

condyle bent toward the face. This articular knob is attached to

the rim of the socket by a circle of membrane, but it is also pivoted

on a slender peglike process projecting upward from the lower edge

of the socket. Hence, while the flexible membrane allows each

antenna to revolve freely in any direction, the latter is at the same
time held firmly in position by the pivot. The antennae are moved
by special sets of muscles inserted upon their bases within the head.

The second or distal division of the antenna is cylindrical and longer

than the first, forming a flexible facjelhnh (fig. 9 A; 19. Fl^ hanging

downward from the dist:U end of the scape. It is composed of 11
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small joints in the worker and queen and of 12 in the drone. The
male antenna thus consists of 13 joints in all, while that of the female

has but 12. The first joint of the flagellum is freely articulated to

the scape, but the others do not have much play upon one another,

though they give flexibility to the flagellum as a -whole.

Each antenna is a hollow tube containing the large antennal nerve,

minute extensions of the tracheal system, and the small muscles which

move the segments upon one another.

Popularly the antennae of insects are known as the "' feelers,'' be-

cause they are constantly moved about in all directions with a nervous

kind of motion as if the creature were feeling its way along by means
of theni. In fact " feelers " is a better name for these appendages

han the scientific term, for there can be no doubt that the sense of

touch is very highly developed in them and that by means of them
insects acquire a great deal of information concerning their surround-

ings and their companions. Moreover, a large mass of evidence

derived from experiments shows unquestionably that the organs of

smell also are located upon the antennae in a great many if not all

insects, while some investigators believe that in some species they

carry in addition the organs of hearing.

The study of the senses of insects is a most elusive subject, and

becomes more so the more we ponder on the results of experiments.

In the first place,! it is manifestly impossible for us to acquire any

real knowledge of an insect's sensations, for what is to us an odor,

a taste, a color, or a sound may be something quite different to such a

differently organized creature. We can, however, by experiments

determine that some things Avhicli give us the sensation of an odor

are perceived also by insects when placed near them. Also it can be

shown that some of them distinguish substances of different taste in

their food, and likewise that they perceive movement and distinguish

the colors and in a vague w^ay the outlines of objects. Furthermore,

it is known that some of their perceptions are more delicate than ours,

and that some insects at least see color where we see none. They may
even possess senses of which we have no conception.

Hence, while it can be positively stated that insects perceive differ-

ences of touch, taste, smell, sound, and light, and act accordingly, we
can not say what the sensations they acquire are like. In fact we

do not know that they have conscious sensations at all. What looks

like an action due to intelligent perception may be purely a reflex one,

unaccompanied by any sensation. This of course involves the ques-

tion as to whether such creatures (H:.insects are possessed of conscious-

ness or not—a question which can not be answered one way or the

other.

I^nderstanding, then, that our knowledge of insect senses amounts

only to this, that what gives us the sensation of light, sound, taste,

22181—No. 18—10 3
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touch, or smell makes also some sort of an impression on the insect

and varies in degree and kind much as it does in us, we may go on to

a study of the senses located on the antennae.

Here, again, however, we are confronted by a difficulty, for while,

at first thought, it seems very easy to hold some strong-smelling sub-

stance near the antennae of a beetle, ant, or bee and observe the evident

displeasure with which the creature turns away, yet we may be en-

tirely wrong if we conclude that the insect " smells " the substance

that repels it. Strong-smelling, volatile liquids may simply produce

pain in some of the delicate nerve endings of the antennae. Some

other kind of a being, experimenting on our senses, might close up

our nose and mouth and prove that we smell by means of our eyes

on observing the blinking we should perform when strong formalin

or ammonia was held close to the face. Furthermore, irritant gases

and volatile liquids affect the mucous membranes of our noses and

throats in a way quite independent from the odor that we perceive,

and there is no reason why the same may not be true of insects. As
pointed out by Forel, experiments on the sense of smell should be

made with odorous substances that the insect meets with in a state of

nature, which would be principally the materials it feeds on. In-

sects are indifferent to almost every mildly odorous substance not

used as food, which, however, does not prove that they do not smell

them.

Again, in many cases, it would be difficult to decide whether the re-

sults of an experiment should be accredited to smell or sight. For

example, every bee keeper knows that hungry bees are attracted to

honey a long distance from their hives, and it would seem almost self-

evident that they are guided by a sense of smell. Yet one might con-

tend that they find the honey by sight, as, indeed, is claimed by a

tuimber of entomologists who have made experiments on the olfactory

powers of bees. This question has been decided in some other insects

by painting the eyes with some opaque substance or by removing the

antennae, but tha evidence is not conclusive on either side in the case of

bees.

Experiments made by a large number of competent investigators,

including Lubbock, Schiemenz, and Forel, have proved conclusively

that the organs of the sense of smell in insects are located principally

on the antenna'. The most interesting of these experiments are per-

haps those which Forel (1903) made on carrion-feeding beetles. He
found the dead and putrid bodies of a hedgehog and a rat infested by

a swarm of these beetles belonging to several genera. He collected

more than 40 specimens from the carcasses and removed their an-

tenna'. Then he placed them all at one place in the grass and moved

the dead bodies to a distance of l28 paces from the Ix'etles where he

concealed them in a tangle of weeds. Examination the next day
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revealed the fact that not one of the miitihited beetles had found the

carcasses. Repeated experiments gave the same results—no beetle

without its antenmv was ever found on the dead animals, although at

each examination new individuals of the several species w'ere present.

It might be supposed that the mutilation itself distracted the beetles

to such an extent that they did not care to eat. In order to test this

point Forel next cut off all the feet on one side of the body from a

dozen intact beetles and changed the location of the dead bodies again.

The next day five of this lot were found on the carcasses.

The same results have been obtained from experiments on other

insects. Ants distinguish betw^een their comrades and enemies by

means of their antennal sense organs. Males of the silkworm moth

and many other moths and iMitterflies perceive the presence of

the females and are guided to them by, an evident sense of smell

located on the antenna^, for they fail completely to find them v\dien

these appendages are removed, although one immediately recognizes

a female Avhen placed in contact with her.

Similar experiments have been made on the bee, testing the ability

of the workers to find honey hidden from their sight. The results,

according to Forel, seem, curiously enough, to indicate that bees can

perceive odors but a very short distance from their heads. Forel

found that hungry bees in a cage would pass and repass hundreds of

times within a few millimeters of some honey concealed from their

sight by a lattice without discovering it. They ate it greedily, how-

ever, when the lattice was removed, though it had been perfectly

accessible to them all the time. Forel believes that '' bees guide them-

selves almost exclusively by vision,"' and Lubbock holds the same

opinion. At the same time it would probably be a very difficult mat-

ter to convince many practical bee keepers that bees do not *' smell "

from long distances. It is a well-known fact that at times when nec-

tar is scarce bees are attracted in large numbers to the houses of an

apiary where honey is stored, though, when the natural flow is suf-

ficient, they pay no attention to it. Tests of the olfactory sense should

undoubtedl}^ be made under natural conditions. Bees inclosed in a

box with some honey concealed from their sight might not be able to

locate it in such close quarters though they might be smelling it all

the time. An odor in a room may so fill the air that it does not seem

to come from any particular direction and we ourselves would have

to exert our intelligence to discover its source.

While, then, it does not seem probable that bees have such limited

olfactory powers as some investigators claim their experiments indi-

cate, it may be accepted as proved that the organs of smell are located

])rincipally on the anteuna'. It has already been stated that the sense

of touch also is very highly developed on these organs, ahhough in a

less sensitive degree it is distributed over most of the other parts of
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the body. It is again specially clevel()i)e(l on the palpnslike append-

ages of the sting. (See tigs. 'M\ and ;5T. StitPJp.) Sections of a bee's

antenna show that there are

on its surface a great number
of minute structures of sev-

eral dilferent kinds, though

all apparently are to be re-

garded as modified hairs,

which are undoubtedl}^ the

sense organs. Now the diffi-

culty arises of deciding which

of these to assign to the sense

of touch and which to the

sense of smell. Different au-

thors have made such differ-

ent interpretations of the

sense organs of insects that

the student attempting to get

information on the subject

from books must soon be dis-

couraged by their conflicting

statements. But it must be

realized that onl}^ intelligent

guessing is possible where

several senses are located on

the same part. In the case of

the bee some authors have

ascribed even a third sense,

that of hearing, to the an-

tenna^, but there is little evi-

dence that bees possess the

power of hearing. The senses

of taste and touch are pos-

sessed by the mouth parts,

and some entomologists think

that they contain organs of

smell also. Thus, the organs

of sight are apparently the

only ones that can not be con-

fused Avith some other sense.

The best account of the

antennal sense organs of the

Avhose drawings are here reproduced

basis of the following descrijDtions.

Fig. 11!

(after

hairs

liavinj

—Antennal hairs and sense organs

Schiemenz). A, example ol" antennal

(Hr) imbedded in cuticle {Ctl) but

no nerve connection ; B, hollow hair

containing prolongation of special cell (t'/i ;

C, D, straight and curved tactile hairs con-

nected with basal cells (CI) and nerve libers

(j>iv) ; E, conical hair (Hr) sunken in a pit

(Pi) of the cuticle, probably an olfactory

organ ; F, closed sac shut in by thin disc

(hr) on surface of antenna and containing a

delicately poised cell (CI) with nerve con-

nection (Vr).

bee is that of Schiemenz (1888).

(fig. 12) and whose text is the

The organs consist, as before stated, of modified hairs and their basal
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insertions which are connected Avith the ends of nerve fibers. Some
of them stand exi)osetl on the surface of the cuticle while others

are sunken into, or entirely concealed within. })its of the integument.

In addition to these, there are two other kinds of special hairs on

the antenna? which have no nerve connections, while, finally, the ordi-

nary hairs, such as are found on all parts of the body, occur also on

them, especially on the scape.

The special hairs not provided with nerve endings are of two

sorts. One is a solid curved or hooked hair (fig. 12 A, Hr) which

is simply articulated into a socket of the cuticle (Cfl), while the

other (B) is hollow and is situated over a channel through the cuticle,

and contains a prolongation of a specially enlarged epithelial cell

(CI) lying beneath it. These hairs can not be regarded as sensory,

since they have no comminiication with the central nervous system,

and it is not clear just what purpose they do serve.

The simplest sensory organ is a short, hollow, conical hair (C,

Hr) arising directly from the surface of the cuticle, over a wide

opening through the latter, and containing the end of a sensory cell

(CI) connected with a nerve fiber (Nn), which goes into the main
trunk of the axial antennal nerve. A modified form of this organ

consists of a curved hair (D, ///) set into a small depression over

the cuticular channel. Such hairs are probably tactile in function;

that is to say, by means of them the bee can perceive that its antennae

are in contact with some surface. The general integument is too

thick and dense to allow of any sort of delicate touch sensation being

communicated through it, l)ut if one of these movable hairs brushes

against an object the nerve within it must be at once stimulated.

Tactile or touch hairs are distributed especially over the outer sur-

face of the antenna^ and at its apex, but occur also scattered over

the other parts of the body and on the mouth parts.

Microscopic sections of the antenna^ reveal still other organs

Avhich are not so ap]:)arent on the surface as the hairs just described.

One of these is shown at E of figure 12. It consists of a small pit

(Pf) in the integument, widened basally, and having a small papilla

on its floor, in whose summit is the opening of a still deeper cavit^^^

which also expands toward its deeper end. This inner cavity is

almost filled up by a conical plug (11)') which arises from its floor

and ends just below the aperture into the outer pit. The j^hig con-

tains a thick nerve ending which arises from a ganglion cell con-

nected with the antennal nerve by a nerve fiber. Ten or more of

these sense organs occur on the terminal and the first three segments

of the flagellum. It is evident that each is simply a sensory hair

which has been doubly sunken into a cavity of the integument.
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As before stated, it has been conclusively proved by several investi-

gators that bees perceive odors, and it is said that if the antenna?

are covered with shellac, bees can distinguish between distasteful

substances only by means of the proboscis. Schiemenz and most

other writers on the subject therefore conclude that the sunken cones

are the organs of smell, since, being below the surface, they could not

be organs of touch. Some other authors, however, among whom are

Cheshii-e. regard these inclosed cones as hearing organs. They sup-

pose that the sound waves of the air enter the pit, as into an ear

cavity, and these set up a vibration in the cone wdiich stimulates the

attached nerve ending. However, the appearance of one of these

cones would suggest that it is too stable a structure to be affected

by sound weaves, so the olfactory theory seems much more probable.

Finally, Schiemenz describes the most specialized of all the anten-

nal sense organs as a closed cavity (Pt) in the cuticle {Ctl) extend-

ing into the hollow of the antenna as a long, curved, tapering sac.

This is shown at F of figure 12. A nerve (Xv) enters the lower

extremity of the pouch, exj^ands slightly into a nucleated ganglion

cell (67), and then ext-ends toward the top as a delicate spindle

drawn out into a fine tapering point. The surface covering of the

pit is a thin layer of chitin presenting several concentric light and

dark rings surrounding a central disc (h?'). Sections show that this

aj^pearance of rings is due to circular thickenings of the membrane.

and Schiemenz points out that the central disc is probably a modi-

fied hair, while the whole structure is to be regarded simply as a

modification of a tactile organ such as that shown at D with the

nerve-ending and its ganglion inclosed in a sac. These organs are

most abundant on the antennae of the drones, where they are situ-

ated, especially on the under surface, so close together that but little

space is left between them for the tactile hairs, while in the workers

and queens they are farther apart and are interspaced Avith many
tactile hairs. Hence, whatever sense they accommodate must be

much more highly developed in the males than in the females.

Schiemenz described these organs, as well as the sunken cones, as

organs of smell. He ascribed only the senses of touch and smell to

the antennae, and both Cheshire and Cowan concur in his view of the

closed pits. Arnhart (1906), however, argues that an organ of smell

must be open to the air in order to permit the ingress of odor par-

ticles. Such an organ is constituted by the sunken cones, but the

closed pits have nothing to recommend them for an olfactory func-

tion. Arnhart then further points out that the buried sacs, inclosing

a delicately poised nerve-ending and covered by an external tym-

panum, have all the mechanical elements of an organ of hearing.

He finally argues that bees must hear, since they produce special

sounds such as the piping of the queens, and that, since no possible
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organs of hearino- have been discovered on any other part of the body,

some of the antennal sense organs must be auditory in function. His
conchision from these premises is, of course, inevitable that the

closed sacs on the antenna^ are the hearing organs of the bee. What
invalidates the argument, however, is the fact that no one has yet

produced any actual evidence that bees perceive sound.

The following, then, may be stated as a general sumnuiry of the

evidence concerning the antennal senses and their sense organs in

the bee: (1) The antenna> are highly sensitive to touch and are the

seat of the sense of smell. (2) The}' are covered by several kinds

of minute structures which are modified hairs containing special

nerve-endings. (3) By inference, it would seem certain that these

are the sense organs, but we can only form an opinion, based upon
their structure, as to which are tactile and which olfactory. (4) One
set of organs does not appear to belong to either of these categories

and their structure suggests an auditory function, but, in the absence

of evidence that bees hear, the purpose of these organs must be re-

garded as problematical.

3. THE MANDIBLES AND THEIR GLANDS.

The mandibles (fig. A, Md) are the dark, strongly chitinous

appendages of the head, commonly called the jaws, situated at each

side of the mouth, anterior to the base of the proboscis. In all in-

sects with biting mouth parts the jaws work sidewnse, each being

attached to the head by an anterior and a posterior articulation.

They can thus swing in and out on a longitudinal axis in such insects,

as the bee, that carry the head with the mouth directed downward,

or in the same way on a vertical axis in those that carry the head

with the mouth forward.

Both mandibular articulations are of the ball-and-socket type,

although in the bee the socket is a very shallow one, the anterior

consisting of a condyle on the outer angle of the clypeus fitting

against a facet on the mandible, and the position of a facet on the

lower edge of the postgena receiving a condyle from the mandible.

The motion of the mandible is thus reduced to a hinge-joint move-

ment, and, on this account, insects can only bite and crush their

food: they can not truly chew it, since their jaws are incapable of

a grinding motion. Each mandible is, of course, as pointed out in

the introduction, really suspended from the head by a continuous

membrane between its base and the cranium, being simply a modified

saclike outgrowth of the head wall. The two articulations are pro-

ductions of the chitin on the outside of this membrane.

Figure 9 A shows the location and shape of the mandibles {Md)
of the worker as seen in a facial view of the head. Fiafure 11 A
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shows the appearance of the left inaiulible in side view, Avliile the

r\(yhi one is shown detached from the head in ficrnre 1-i A. The
mandibles differ conspicuonsly in size and shape in the three forms

of the bee as already described and as shown in figure 10 A, B. and C
That of the worker is hollowed out somewhat on the distal half of

its inner face (fig. 13 A, Md) forming a spoon-shaped organ, the

edge of which is smooth and rounded. The mandibles of both the

queen (fig. 10 B) and the drone (C). however, are pointed at the

apex and have a consincuons subajiical notch. Those of the drone

nw
I

are smaller than those of

either form of the female,

but appear to be especially

small on account of the

great size of the drone's

head. The mandible of the

woi'ker is undoubtedly to

l)e regarded as the special-

ized form, since the notched

mandible of the drone and

queen is of the ordinary

Hymenopteran type. Both

the drone and the queen

are, under normal circum-

stances, fed almost entirely

liy the Avorkers, and they

probably never have any

use for their jaws as feed-

ing organs. The queen

needs her large, sharp-

jiointed mandibles for bit-

ing her way out of the

thick wax cell in which

she is reared, but the

drone, on the other hand,

being reared in an ordinary coll resembling that of a worker, except

in size, is easily able to cut through the thin cell cap with his com-

paratively weak jaws. The workers, however, have numerous uses

for their mandibles, such as biting through the cell caps, eating

pollen, and modeling wax. The last is the especial function of

the worker mandible, and probably it is to acconnnodate this pur-

pose that it has acquired its specialized spoonlike shape.

Each mandible is moved by two sets of muscles within the head.

The outer one constitutes the extenso)' nnisrJe (fig. 13 A, EMcl) and

the inner the fexor muscle {RMcl). The latter is the stronger of

Fig. 13.—A, right mandible of worker, anterior

view, with extensor and li<'xor muscles (EMcl
and RMcl) and mandibular glands (iMdOl) at-

tached ; B. corresponding view of mandible of

drone, with muscles cut off a short distance from

their bases.
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the two. since all the work of the mandible falls upon it, the extensor

being used simply to ojien the jaw. While these muscles have their

orio^ins on the walls of the head, they are not inserted directly upon

the mandibles, but on lar<>:e apodemes (fig. 13 A, EAp and RAp)
attached to the edges of the mandible.

A gland opens at the inner margin of each mandible between the

anterior articulation and the base of the apodeme of the flexor

muscle (fig. 1?) A and B. JMdGl). In the worker it consists of a

large sac covered with secreting cells lying within the front part of

the head between the clypeus and the compound eye (fig. 10 A,

1M<](t1). These niandil)ular glands may be most easily studied by

removing the front as shown in figure 10 A, V>. and C. In order to

do this, pull the head from the thorax and allow the prothoracic legs,

which will usually come off with the head, to remain attached to it.

Next melt a small hole in the bottom of a paraffin dish with a heated

needle and fasten the head face upward into this, the attached legs

helping to anchor the head in the parafiin. Cover the specimen with

weak alcohol and by means of sharp needles remove the part of the

front on either side between the clypeus and the lower half of the

compound eye in the worker and drone and the entire front of the

queen. In figure 10 the whole froht is removed in all three forms in

order to expose other internal parts of the head.

The mandibular gland {IMdGl) is of greatest size in the queen

(fig. 10 B), though it is large in the worker (fig. 10 A and fig. 13 A),

but it is reduced in the drone (fig. 13 B) to a very small oval sac,

which is hidden by another gland {'2G1) in front (fig. 10 C). It was

first described by Wolff (1875) as an olfactory mucous gland {Rieeh-

schlcimdrilsse) and was supposed by him to secrete a liquid which

was poured upon the roof of the mouth in order to keep this surface,

on which Wolff thought the olfactory organs were located, in a moist

condition capable of absorbing odor particles. There is absolutely

no evidence, however, of the presence of organs of smell in the mouth,

and furthermore, as pointed out by Schiemenz (1883), the gland

varies in the three forms of the honey bee according to the size of the

mandible, which is proportionately largest in the queen and smallest

in the drone. Of the three, we should ex]:)ect the drone or the Avorker

to have the sense of smell most highly developed, and hence, even if

we did not know that the sense of smell is located in the antenna",

it would seem more reasonable to suppose that the glands of the

mandibles are connected in some way with the functions of these

organs themselves.

The mandibles, as already stated, are used for eating pollen and as

tools for manipulating and modeling wax. Therefore, according to

Arnhart (lOOG), since the queen does not eat raw pollen, the product
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of the maiiclihuhir glands must be intended for softening the Avax

when it is "worked in the jaws. The secretion of the ghmds is said

to be very vohitile and strong smelling and to have an acid reaction.

It is probably entirely possible that it may have a solvent eft'ect npon
the wax, or even, when mixed with it, change somewhat the chemical

composition of this snbstance: in fact, some investigators claim that

the wax of the comb ditl'ers chemically from that freshly taken from

the wax plates. Even this explanation, however, does not seem en-

tirely satisfactory, for the only occasFons on which the qneen has any-

thing to do with wax is when she gnaws her way out of her cell after

hatching or bites her way into the cells of young queens in order

to sting them. However, these occasional uses by the queen of her

mandil)]es appear to be important enough to maintain the large size

of these organs in the queen, and it mav be reasonable to assume that

the demand upon their glands is likewise a large one wdien it does

occur. Yet the mandibles of the

queen are toothed and sharp

pointed, which should provide her

with sufficient cutting power both

to emerge from her own cell and to

enter the cells of other queens, and

so, on the whole, the opinion of

Schiemenz that the secretion of the

mandibular glands is merely sali-

vai'v in function would seem to be

the simplest explanation and the

most logical one. However, an

actual test should certainly be made
to determine whether the worker's

manipulation of the Avax with her mandibles produces any change in

it, and to discover whether the queen simply bites her way mechan-

ically through the wall of the cell or at the same time softens the wax
by a secretion from her mouth. The male in any case has little use.

for his mandibles, and the glands are so small that they must certainly

be functionless.

A second mandibular gland (fig. 14, 2MdGl) is present in the

worker. It consists of a delicate, flattened, racemose mass lying

against the internal face of the wall of the fossa of the proboscis,

whose duct opens into the mouth cavity at the posterior inner edge

of the mandible. This gland was first described by Bordas (1805) as

the internal inandihular (/land. According to him, it corresponds

with a similar gland in the Bombida^ (bumblebees) and in the Ves-

pidje (yellow jackets) and to the maxillary glands of other Hy-
menoptei'n. Nothing is known of its secretion.

2MdCI
Fig. 14.—Internal mandibular shmtl

(2M(Ull) of worker, lying against inner

wall of postgena (P(jc) and opening
(Del) at inner edge of liase of man-
dible.
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4. THE PROBOSCIS.

The conspicnons group of month apiDendages in the honey bee,

forming what is commonly known as the proboscis (fig. 9 A, Prh),

Hr-

Fig. 15.—Mouth parts of the worker: A, tip of s'l"ssn, showiui:- laliellum (Lhl), guard

hairs (Hr), and ventral groove (A:); P., same, from above; (', small piece of glossal

rod ()-) with adjoining parts of walls ( r/ 1 of glossal canal attached, showing ventral

channel (0 guarded liy rows of hairs. I), parts forming the proboscis, labium in middle

and maxilla; at sides, flattened out, ventral view ; li, cross section of glossa showing its

invnginated channel (hum) and position of rod (r) along its dorsal wall, and likewise

position of channel (Z) of rod along median line within the glossal channel ; F, end of

mentum (Mt) and bases of ligula [Ly) and labial palpi (IJtPlp), showing opening

of salivary duct (SalDO), dorsal view; G, lateral view of proboscis showing parts on

left side; II, lateral view of glossa (Gls) with its rod (y ) torn away at base showing
attachment of retractor muscles {211Mel).

by means of which the bee takes np liquid food, consists of what cor-

respond with the maxilhe and the labium of insects that feed on solid
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food alone. By separatinof the parts of the proboscis a little (fig.

}) B) it will be seen that, while there are five terminal pieces present,

thr<'e of them arise from one median basal sclerite {-^/f), the two
wider lateral appenda<ivs {J/,t') bein^- carried each l)v a se])arate lat-

eral basal piece (^7). The median group constitutes the hihium and
the separate lateral parts the ^ncuT'dlw.

If the reader will now turn again to figure ?> C (p. 17), Avhich may
represent any generalized insect labium, and compare with it the

drawing of the bee labium, forming the median series of parts in fig.

15 D, he will at once be able to identify the parts of the latter. The
principal elongate median basal plate is the mentiim (Mf), the small

triangular plate at its base is the suhmcntiim (Smt), and the two
jointed lateral appendages of the mentum are the labial palpi

(LbPlp), each carried by a basal paljrif/er (Pig). It is only the parts

of the bee's labium that lie between the palpi which are actually

different from those in the generalized diagram where they consist

of the four lobes of the ligiila {Gls and Pgl). But even here it will

be seen that the two small lobes {Pgl) in the bee's labium, partly con-

cealed within the bases of the palpi, correspond with the paraglossa-.

Hence we have only the long median appendage to account for and it

is unquestionably the representative of the glossa^ (Gls) which are

here fused together and draAvn out into this flexible tonguelike organ.

In fact, a comparison with the mouth parts of other Hymenoptera in

which the elements are much less modified leaves no doubt of this

being the true interpretation of the bee's labium. It is simply an

example of how^ nature constantly prefers to modify an already exist-

ing part to serve some new purpose rather than to create a new organ.

If, then, we bear in mind that the slender median appendage of

the bee's labium represents the glossa? of other insects, we may for

convenience call it the " tongue," as it is popularly termed, or, since

it is a single organ, there is probably no grammatical objection to

calling it the glossa. The word ""' tongue,'" however, to use it prop-

erly, should be applied to the true lingua or hypopharynx (fig. 3 C
and D, llphy) which arises from the upper surface of the labium.

Many of the older" entomologists, adopting the notion from Kirby

and Spence, Avho defined the term in 182(5, regarded the glossa of

the bee as the homologue of the lingua in other orders. Even Pack-

ard in his Text-book of Entomology calls the glossa the " hypo-

pharynx." Cheshire named it the "ligula," and his mistake has been

perpetuated by several other writers on bee anatomy, including Cook
and Cowan. The term ligiila properly includes both the glossa and

the paraglossfe, or should signify the basal piece from which these

four lobes arise (fig. 3 C, Lg), so that it can not be applied to the

glossa alone.
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The derivation of anatomical names counts for nothing in their

application—this must be determined by scientific usage and priority.

Thus, glossa is the Greek word for " tongue," but it was first applied

in entomology to the median lobes of the labium ; Jingua is its equiva-

lent in Latin and was first given to the true tongue or hypopharynx
in insects; ligula is a diminutive derivative from "lingua" and has

come to be applied collectively to the terminal parts of the labium

beyond the mentum but not including the palpi. Hence, all these

words mean the same thing by their origins, but their anatomical

applications should be carefully distinguished. In this paper there-

fore the slender median appendage (6-76) of the labium will be

called the glossa, or, for convenience, the tongue, but with the strict

understanding that the organ in question is not the true tongue.

This latter should be called the "* hypopharynx," but, as will be shown
later, it is absent in the bee.

The glossa of the bee (figs. B; 11 A and B, and 15 D, F, and G,

(ris) is covered with long hairs which increase in length toward the

end. The tip is formed of a small spoon-shaped lobe, the laheUum or

houton {LhJ), which is covered by short delicate processes branched

at their ends (fig. 15 A and B, LhJ). The long hairs of the glossa

are arranged in circles and the transverse rows of hair bases give

the tongue a multiarticulate appearance. Surrounding the dorsal

side of the base of the labella and forming two short subterminal

rows on the ventral side of the glossa are a number of stiff, out-

wardly curved, spinelike hairs (Hr). These hairs have been de-

scribed as taste organs, but their appearance would suggest that they

are simply protective spines guarding the delicate tip of the tongue.

Between the two ventral rows of these spines is the termination of

a groove (A, k) which extends along the midline of the under sur-

face of the glossa (D, k) to its base (fig. 9 B, k). The cleft of this

groove is covered by two fringes of converging hairs whose tips are

inclined also toward the tip of the tongue.

Let us noAv return to a study of figure 15 D. The series of lateral

pieces as already explained are the maxilla\ A comparison Avith

figure 3 B representing a generalized maxilla will show that these

organs in the bee have suffered a greater modification than has the

labium, but the parts can yet be quite easily made out. The main

basal plate {Sf) is the combined stipes, suhgeiJea, and palpifer, the

basal stalk is the cardo (Cd), and the little peglike process {MxPlp)
at the outer end of the stipes is the greatly reduced maxUlary palpus.

Hence, we have left only the terminal bladelikc lobe {Mx) to account

for, and it is evident that it must be either the galea or the lacinia

(see fig. 3 B, Ga and Lc) or these two lobes combined. Here again

a comparative knowledge of the mouth parts of Hymenoptera comes
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to our aid and shows clearly that the part in question is the outer

lobe or <jalca, for the inner one becomes suialler and smaller in the

higher members of the order and iinally disappears.

The base of the submentum is connected in the l)ee with the upper
ends of the cartlines by a flexible, widely V-shaped band, the loi-iim

(L/'). The posterior angle of the sulimentum rests in the apex of the

lorum. while the tips of the loral arms are movably articulated with

the distal ends of the cardines. The name " lora " was given to this

structure by Kirby and Spence, but "lorum"' is more correct, since

this is the Latin form of the word (meaning a thong or lash). Some
recent entomologists have spoken of the structure as consisting of

two rods, .thus making the word do duty as a plural, but the thing

itself is all one piece. Cheshire and some others have incorrectly

applied the name to the submentum.

The lorum is peculiar to theTIymenoptera, and the reason for it

is clear when we examine the attachments of the parts of the proboscis

to the head. As already stated, the maxilkr and labium are sus-

pended in a large cavity on the back of the head wdiich may be called

the /V;.s'.s7/ of the prohoscis (fig. 1) B, PrhFs). The maxilhp are articu-

lated by their cardines {Od) to the maxillary suspensoria (fig. 11

A, e) at the upper edges of the side walls of the fossa. The labium,

on the other hand, is not attached to the solid walls of the cranium
but is suspended in the membranous floor of the fossa. This is to

afford it freedom of movement during feeding, but, in order to

give it more substantial support and to make the regulation of its

motions possible, the submentum is slung to the ends of the cardines

by the lorum.

The terminal lobes of the labium and maxillte when not in use

are ordinarily folded down beneath the head against the mentum
and stipites (fig. ID). When, however, the bee wishes to imbibe a

thick liquid such as honey or sirup in large quantity, these parts are

straightened out and held close together so as to form a tube between

them leading into the mouth, the terminal joints of the labial palpi

alone diverging from the rest (fig. 11 A).

The action of the mouth parts while feeding may be observed quite

easily if some bees are given a small amount of honey and then

watched through a lens while they are eating. A most convenient

method is to put a few^ workers in a small screen-covered cage, such

as are used for queen nurseries, spread a small drop of honey on the

wire, and then place the cage under a simple microscope. It will be

seen that the maxilke are held almost stationary but that the base

of the labium slides back and forth between the n_iaxillary bases

w4th a very regular to-and-fro movement as if the honey were being

either pumped or sucked up into the mouth. It is i)robable that there

is a sucking force exerted by the pharynx (fig. 11 B, Phf/) but not
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by the honey stomach (fig. -W, IIS), which hitter, as Cheshire re-

marks, could no more siiclc honey tlirongli tlie (esophagus than a

balloon could suck gas from a pipe. The liquid undoubtedly runs

up the temporary tube between the blades of the mouth parts first

by capillary attraction, but it must be greatly assisted along its way
to the mouth by the retraction of the labium. The load brought up

when this is pulled back is then sucked into the mouth by the

pharynx while the labium inunediately goes out again after more.

It acts thus as a sort of mechanical feeder and this function is prob-

ably derived from the lapping motion of the under lip in wasps and

hornets.

The mentum (fig. 15 D and (x, Mf) is hinged freely upon the

submentum {/S}nf), the latter, as already described, is set into the

socketlike angle of the lorum, while, finally, the arms of the lorum

are articulated to the distal ends of the cardines of the maxillse.

Now, when the labium is retracted by means of muscles attached to

the mentum. the submentum turns in the loral socket and assumes a

position at right angles to the mentum while the lorum itself turns

somewhat on its articulations with the cardines. This great freedom

of motion is permitted by the loose membrane of the fossa in which

both the maxilhr and the labium are suspended.

The observer, however, can not fail to- note that beside this motion

of the entire labium the tongue itself, or glossa (^r/.y). performs a

conspicuous independent movement of its own. It is by far the most

active member of the mouth parts during feeding, l^eing actively

thrust out and retracted while its tip is constantly moved about in

a way suggestive of its being delicately perceptive of taste or touch

or perhaps to both of these senses. So great is the retractile power

of the tongue that its tip, which normally extends far beyond the end

segments of the labial palpi, can be drawn back entirely within the

latter. This contractile activity appears at first sight to be due to

elasticit}^, but a closer examination will show that the entire ligula,

i. e., the paraglossse {Pgl) as well as the glossa {(tJ)<). moves back

and forth and that the action is due to a retraction of the base of the

ligula (fig. 15 F, L(j) into the anterior end of the mentum {Mt).

The ligula is supported on a membranous cone at the end of the

mentum whose walls are strengthened by three thin chitinous plates,

two above (F, p) and one below (D, o). By the contraction of

muscles situated within the mentum (fig. 16, iRMcJ) and inserted

upon the base of the ligula the latter is pulled into the end of this

cone whose Avails, including the chitinous plates, simph' turn iuAvard.

But the tongue does possess also a contractile power of its own by

means of which it actually shortens its length. A flexible rod arising

from the median ventral sui)porting ])late (fig. 15 I), o) of the ligula

extends throughout its length. The base of this rod is curved down-
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ward and has two muscles attached to it. This is shown by figure

15 H, where the rod (/') is torn from the <>;h)ssa {(ris) basalh^ so as

to show tlie muscles {2RM<1) inserted upon it and its connection

with the ph\te {o) . By the contraction of the nuiscles the rod bends

at its base and is drawn back into the mentum. The glossa thus

shortens and becomes bushy just as does a squirrel's tail when one

attempts to pull the bone out of its base.

The protrusion of the parts is due to the pressure of blood driven

into the ligula from the mentum, while probably the glossa extends

also by the straightening of its rod as the nuiscles relax. Wolif

described a protractor muscle at the base of the ligula. The rod of

the tongue is certainly not in itself contractile, as supposed by

Cheshire, avIio looked for evidence of muscular striation in it. It has

mostly a transparent and cartilaginous appearance, but is presumably

chitinous.

The mouth parts, their action in feeding, and the muscular mech-

anism by which the}^ are moved have been elaboratel}^ described

and illustrated by Wollf (1875) in his monograph on the organs of

smell in bees. Most unfortunately, however, Wolff's paper was

written to show that the seat of the sense of smell is in the mouth,

a most erroneous notion, and the title of his paper based on this

notion has caused little attention to be paid to this work on the mouth
parts of the bee, which is one of the best anatomical treatises ever

produced on the mouth parts of any insect.

It still renuiins for us to describe the details of the glossa and its

particular function in feeding. The tongue is not a solid appendage

nor yet is it truly tubular. A compromise is effected by the longi-

tudinal groove (fig. 15 A and D, k) on its ventral surface which

expands within the tongue into a large cavity occupying half of its

interior (E, Lum). The glossal rod (/), which has already been

mentioned, lies in the dorsal wall of this channel and is, hence,

really not an internal but an external structure. The rod is itself

grooved along its entire ventral length (E, /) and this groove again

is converted into a tube by two rows of short hairs Avhich converge

from its margins. The lips of the ventral groove of the glossa are

so deeply infolded that its cavity is almost divided along the midline.

Hence, the glossa might be described as containing three channels

—

a small median dorsal one (/) and two large latero-ventral ones

{Lum).

The glossal rod (fig. 15 C, r) is very flexible but not contractile, as

already stated, and is mostly clear and cartilaginous in appearance,

its ventral groove (/) alone being lined by a deposit of dark chitin

(fig. 15 C and E). Its shape in section is sufficiently shown by the

figures. The walls of the large channels of the proboscis consist of

a delicate membrane (C and E, q) covered with very small hairs.
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The entire ventral cavity {Lma) with the rod (/') can be evaginated

through the ventral cleft {k) by blood pressure from within. Ah
Cheshire points out, this permits of the channels being cleaned in

case of clogging by pollen or any foreign matter.

It is supposed that these glossal tubes are of especial service to the

bee bj^ enabling it to take up the smallest drops of nectar- -quantities

that would be lost in the clumsy tube formed between the parts of

the iabiujn and the maxilla?. The suction must be in large part

capillary attraction, but liere again the shortening of the glossa by

the retraction of its rod nuist squeeze the contained nectar out of the

upper ends of the channels where it is received upon the ventral flaps

of the paraglossa) (fig. 15 F, Pgl) , from which it runs around the

base of the tongue (OIs) within the paraglossa? to the dorsal side of

the mentum {3/f) and so on to the mouth.

The maxilla? and labium of both the queen and the drone (fig. 11

B) are smaller and weaker than those of the w^orker, and neither of

these two forms is capable of feeding itself to any extent. If a

hungiy queen be given some honey she attempts to eat it and does

imbibe a small quantity, but at the same time she gets it veiy much
smeared over her head and thorax.

The mouth is hard to define in insects; practically it is the space

surrounded by the bases of the mouth parts, but strictly speaking it

is the anterior opening of the alimentary canal situated behind the

bases of the mouth parts (fig. 19, Mth). Yet the enlargement of the

alimentary canal (Phy) immediately following this opening is never

sj^oken of as the mouth cavity but is called the pharynx. On the

other hand the so-called epipharynx {Ephy) and hypopharynx

(absent in the bee) are located in front of this opening and are con-

sequently not in the pharynx at all, the former being attached to the

under surface of the labrum and clypeus, while the latter is situated

on the upper surface of the base of the labium. These and numerous

other inconsistencies in the nomenclature of insect morphology have

to be endured because the parts were originally named for descrip-

tive purposes by entomologists who were not familiar with scientific

anatomy. In this paper the term mouth will be applied to the true

oral opening (fig. 19, Mth). The space in front of it between the

bases of the mouth parts may be called the preoral carity.

The duct of the salivary glands of insects in general opens upon the

base of the labium in front of the hypopharynx. In the honey bee

the salivary opening is on the dorsal side of the base of the ligula

between the paraglossa? (fig. 15 F, SalDO). This alone would show

that the glossa is not the hypopharynx of the bee, as many authors

have supposed, for otherwise the opening of the salivary duct should

be ventrad to the base of the glossa. In fact, this makes it clear that

221S1—No. 1«—10 4
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the bee does not possess a hypopharynx. There is, however, a con-

spicuous chitiiious phite located on the anterior part of the floor of the

jjharynx (fig. 19, s) having two terminal points hanging downward
over the lower lip of the oral aperture, but, although this plate is truly

hypopharyngeal in position, it is not the honiologue of the organ

called the hypopharynx in other insects. It is variously developed

in all Hymenoptera, being siuiply a chitinization of the floor of the

pharynx, and should be called the phai'i/n(/cal plate {Sclilundhein of

Wolff). It will be more fully described in connection with the ali-

mentary canal. If a hypopharynx Avere present it should be situated

on the upper side of the labium (see fig. 3 D, IIphy) but there is here

present only a plain arched membranous surface in the honey bee

and other typical Hymenoptera.

The external location of the salivary opening enables the saliva

to be mixed with the food before the latter enters the mouth. This

is necessary in insects since the jaws are also on the outside of the

SaD

f--iRMcl

Lum r, 'i

^̂ ^r"^g5a5^^^-=:_i^;^-=::^^=^=^^^^^-- 2 RMcl

Fig. 16.—Median section through distal half of mentum (Mt) and base of liguhi {L(j)

of worlcer, showing opening of salivary duct (SaWO), and muscles connected with

liguhi and the "salivary syringe" (t).

mouth, and Avhatever chewing or crushing the food receives from

them is consequently done in the preoral cavity.

In some insects the saliva is used for other purposes than diges-

tion. For example, the saliva of some predaceous insects with pierc-

ing mouth parts belonging to the order Hemiptera is poisonous, and

when one of these insects " bites," the saliva is injected into the

wound by a special pump. The bite of the mosquito is made painful

likewise by an irritant secretion from a part of the salivary glands.

Bees appear to have the power of letting their saliva run down the

tongue when necessary to dissolve a hard substance like sugar and

render it capable of being taken up in solution, for they do not eat

sugar with their mandibles. Moreover, there is even a sort of pump
or so-called " salivary syringe " at the termination of the salivary

duct in the ligula, by means of which the secretion can be forcibly

ejected from the opening.

The salivary opening on the base of the ligula (fig. 15 F, SalDO)
leads into a deep transverse pit Avith collapsible cartilage-like walls

having its deepest part turned horizontally toward the base of the
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labiiini (fig. 10, t). The salivary duct {Sail)) bends downward in

the anterior part of the nientum {Mt) and opens into the posterior

end of the pit {t). When the retractor muscles {IRMd) of the

ligula pull the latter back into the mentum the lips of the salivary

pit nnist necessarily be closed. The simultaneous contraction of the

elevator muscle {u) attached to the roof of the horizontal part of the

pit must expand the latter and suck the saliva from the salivary duct.

When, finally, these nuiscles relax and the ligula is driven out by

blood pressure in tile mentum, probably produced in part by the

contraction of its dorsal transverse muscles {TMcl)^ the saliva in

the temporarily formed bulb must be squirted out upon the base of

the tongue. Wollf (18T5) calls each dorsal longitudinal muscle of

the mentum {IRMcl)—the two inserted upon the basal hooks {n) of

the glossa (fig. 15 H and fig. 10)—the retrdctor lingua' lonr/us. The
large ventral retractor muscle of each side {2RMcl) he calls the

retractor lingufe biceps since its anterior end divides into two parts,

one of which is inserted by a tendonous prolongation upon the base

of the glossal rod (fig. 15 H and fig. 10, ;) and the other upon the

base of the ligula. The use of the Avord " lingua " in these names is

objectionable because, as already explained (page 45), the lingua is

properly the true tongue or hypopharynx. " Ligula? " should be sub-

stituted for " lingua\" The dilator muscle (fig. 10, u) of the salivary

pit (t) is termed the protractoi' Ungacv. by Woltf because, as he sup-

poses, when the ligula is pulled back into the mentum the position

of this nniscle is reversed, sa that a contraction of its fibers would
help to evert the ligula.

The glands that furnish the saliva lie Avithin the head and the

thorax and will be descril)ed later in connection with the alimentary

canal and the process of digestion.

^:^»yr
"i'" -*-.^l ''i^'

B
Ephy

Fig. 17.—Epipharynx {Ephji) aud lalirum {Lm) of worker : A, ventral view; B,
anterior view.

O. THE EPIPHARYNX.

The epipharynx of insects in general may be described as a dorsal

tongue, it being a median lobe develo])ed on the roof of the preoral

cavity from the under surface of the clypeus or labrum and situated

opposite the hypopharynx.
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The epipliaryiix of the bee is a hirge three-h)l)ed ai)pendage de-

pending from the roof of tlie preoral cavity just in front of the mouth

(fig. 19, Ephy). Seen from below it is trianguhir (fig. 17 A) with

the apex forward. Its median k)be has the form of a

high, vertical, keel-like plate, Mdiile the lateral lobes

are rounded but have prominent elevated edges con-

\erging toward the front of the keel. The appearance

in anterior view is shown by figure IT B. Situated

on the i^osterior parts of the lateral lobes are a num-
ber of sense organs, each consisting of a small cone

with a ijit in the summit bearing a small hair (fig. 18).

These are regarded as organs of taste.

Woltf (1875) made a most thorough study of the epipliarynx,

which he called the "palate sail" {Gaumensegel) on account of the

high median crest. His drawing is the standard illustration of the

organ found in nearly all books on the anatomy of the honey bee

% It

I''iG. IS.—Sense
organs, prob-

ably of taste,

from e p i -

pharynx.

- Lbpip

Fig. 19.—Median longitudinal section of Iioad of \vorl;cr, but with entire labium attached,

showing internal organs except muscles and brain.

and in most works on general insect anatomy and the sense organs.

Wolff, however, regarded the sensory cones as having an olfactory

function, and this led him to erroneous conclusions regarding the

functions of seA'eral other organs. For example, he thought that

the mandibular glands poured a licjuid upon the surface of the



THE THORAX AND ITS APPENDAGES. 53

Ant
ten

epipharynx which kept it moist and capable of absorbing odor

particles, while he ex-

plained the inhalation

of the latter into the

preoral cavity as

brought about through

the contraction of the

air sacs situated about

the mouth. Wolff's

anatomical researches

are without doubt

some of the best ever

made on the bee, and

it is due to his mis-

taken idea of the loca-

tion of the sense of

smell, which, as al-

ready explained, is on

the antenna\ that we
have received from

him a most excellent

account and detailed

drawings not only of

the epipharynx but of

the mandibular glands,

the mouth parts, the

salivary " pumi),"" and

the respiratory organs.

IV. THE THORAX AND /^:^'^^^^VS"^fc:r_ --'- ^'^^L^V^^T
ITS APPENDAGES.

----
- -

--

1. THE STRUCTURE OF

THE THORAX.

The apparent thorax

of the bee (fig. 20,

T^-IT, and fig. 21)

and of most other

Hymenoptera is not

exactly the equivalent

of the thorax in other

insects. The middle

division of the body,

so conspicuous in this

order, consists not only of the three leg-bearing segments, which alone

-VT

Fig -Dorsal viow of ventral walls and internal skele-

ton of body of worker.
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constitute tlic thorax of all other insects, but also of the first ab-

dominal segment. The conspicnous necklike constriction posterior to

the base of the hind legs (fig. 21, Pd) is, therefore, between the first

and the second abdominal segments (fig. 1, IT and 11 J").

The thorax of the honey bee at first sight looks entirely diti'erent

in structure from that of all other insects except related Hymenoptera,
in the higher families of which group it is more highly modified than

in any other order of the whole series of insects. When, however, we
examine the thorax of one of the lowest members of the Hymenop-
tera, such as a sawfly, we are surprised to find that, in each segment,

the structure agrees very closely with our ideal diagram of a general-

ized thoracic
segment (fig, 4),

The three seg-

ments are per-

fectly distinct,

and the first

abdominal seg-

ment, while it

may be clearly

separated from

the rest of the

abdomen, is not

fused into the

thorax so as to

appear to be a

part of it. If,

now, we exam-

ine representa-

tives of several

families inter-

mediate between

the sawfiies and

the bees, the line of specialization that has produced the bee thorax

becomes perfectly CA'ident. The j)rincipal features in these modifi-

cations are the following:

(1) The lateral and ventral parts of the prothorax (figs. 20 and 21,

Eps^ and S^) are suspended loosely in a large membranous area

which is continuous anteriorly as the neck. They thus form a sort

of suspensorium for the front legs, which appears detached from the

rest of the thorax. (2) The jDrotergum (7\) is solidly attached to

the anterior edge of the mesothorax and its lateral parts extend

downward till they meet on the venter behind the prosternum (figs.

20 and 21). (3) The postnotum (postscutellum) of the mesothorax

(figs. 22, PN ; 23 A, PN^) is entirely invaginated into the cavity of

the thorax and is reduced to the form of two lateral arms of the large

Fic. 21.—Tliora.x of worker, left side, with iutersegmental lines

somewhat exaggerated, showing prothorax {T^, EpSi, Cx{),

mesothorax (To, Ep82, Epni-2, /S„, dp^), metathorax (T3, Pis,

pl:>,, CiTs) and propodeum or first alidominal segment (IT).
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internal pos.phra2^ni!i {Pph) which has no median tergal connection

at all. (4) The nietaterginn (tigs. '21 and 23 A, T..) consists of a

single narrow plate. (5) The nietapleurnni (fig. 21, Pl.^ and pl^)

shows no trace of a division into episternuni and epinieruni, but is

divided into an npper {Pl-^) and a lower (/^Z.,) pleural plate. (6)

The first abdominal tergum (fig. 21, IT) is solidly attached to the

metathorax and forms an intimate part of the thoracic mass.

We shall now proceed with a more detailed account of the thorax,

and the reader should occasionally tnrn back to figure 4 (p. 19) in

order to keep clearly in mind the parts that make up a generalized

thoracic segment.

The parts of the prothorax are so separated from each other that

they appear to belong to difl'erent segments. The protergnm (fig. 21.

7\) forms a collar completely encircling the front of the mesothorax.

On each side a large lobe {w) projects posteriorly as far as the base

of the front wing and constitutes a protective shield over the first

thoracic spiracle. The tergum ])resents a median transverse groove,

dividing it into an anterior and a posterior part, which parts may
be called the scutum (fig. 23 A, T^, Set) and scutellum {Scl). The

propleurum (figs. 20, 21, Eps^) consists of a large plate presenting

both a lateral surface (fig. 21) and a ventral surface (fig. 20). On
account of the position of the coxal articulation (fig. 21) this plate

would seem to be the anterior pleural plate alone (see fig. 4), which

is the episternuni. In some Hymenoptera the epimerum is repre-

sented by a very small plate on the rear edge of the episternuni.

The anterior ends of the two episterna form knobs which loosely

articulate with the occipital region of the head (figs. 11 B, 20, and

21). Lying just ventrad of each is a slender cervical sclerite (fig. 21,

mi). The prosternum {S^) is shown by figure 20. It carries a large

entosternum (Fi/^), forming a bridge over the nervous system behind

the prothoracic ganglion (fig. 52).

The mesotergum, as seen in its natural position (fig. 21, 7'.,), consists

of a large anterior scutum (Set.,) and of a smaller but very prominent

posterior scutellum (Scl,), separated by a very distinct suture (r).

The scutellum has two latero-anterior areas partially separated from

the median area by sutures. When the mesotergum is detached from

the rest of the thorax (fig. 22) it is discovered that there is attached

laterally to the scutellum a large posterior internal part, which does

not show on the surface at all. This is the representative of the

postscutellum {Pscl) and its phragma {Pph) constituting the post-

notum (PX) of our diagrammatic segment (fig. 4). The proof of

this, again, is to be derived from a study of the lower Hymenopteran

families. In some of the horntails (Siricida?) the postnotuni or

postscutellum is a prominent plate on the surface of the dorsum be-

hind the scutellum. In S/rcc (Siricida') this plate is sunken below
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the general surface and mostly concealed between the niesothorax

and the juetalhorax. In hi^iier families such as the l^onipilida' the

j)ostnotuni of the mesotergum is entirely concealed by invaiiinaticn,

but it still carries a very large phra<i,ina. AVhen, now, we come to

the highest members of the order we find that the median part of the

postnotum in the niesothorax is gone entirely and that it is repre-

sented only by the lateral arms (figs. 2'2, PX ; 2P> A, PN.,) carrying

the large, purely internal postphragma (Pph).

The mesopleurum is large iind consists principally of the episternum

(fig. 21, Eps.,)^ which, however, is continuously fused with the meso-

sternum (figs. 20 and 21, /S',). The pleural suture (fig. 21, P8.?i is

short and sinuous and does not reach more than half way from the

wing process to the base of the middle leg. The epimerum is reduced

to a small double plate lying above the episternum and posterior to

the wing process (figs. 21, Epm.^^ and 24 A, Eprn, and Epin). The
pleural ridge (fig. 24 B, 7^^)

is weak, l)ut the wing process

{^VP) is well braced by a num-

ber of accessory internal ridges.

One preparapterum {'2P) and

one postparapterum {SP) are

present. Lying behind the

postparapterum is another

larger sclerite (fig. 24 A and

B, pn), Avhose anterior end is

Fig. 22.—Lateral view of mesotergum of articulated to the edge of the
worker, removed from the rest cf thorax to .

^
.

show large internal postscutellum (post- epimerUUl and whoSe pOSteFlOr
notum, py) and its phragma {Pph) not taperiuo" end is looselv asso-
visible normally in the bee from exterior. . - *^

. , .
"'

ciated with the terminal arms

of the postnotum (fig. 22, PX and pii). This sclerite might be

regarded as the fourth parai)teriim, l)ut it is much more probably

the representative of a small terminal bar of the postnotum present in

other Hymenoptera, such as PepsLs, which connects this tergal plate

W'ith the epimerum, though in this genus it is not detached from the

main postnotal sclerite.

Both the mesosternum (fig. 20, /S.^) and the metasternum (*S'.,) con-

tribute to the formation of a large entosternum {Fi(.^+.^), which forms

a ]:)rotecting In'idge over the combined mesothoracic and metathoracic

ganglia (fig. 52) and affords attachment for the ventral longitudinal

muscles of the thorax (fig. 27, Imcl).

The metathorax consists of a very narrow series of plates (fig. 21,

7^3, Pl^, and pl^) compressed between the niesothorax and the first

abdominal tergum {IT). Its back plate is a single, narrow, transverse

sclerite (figs. 21 and 2.'iA, T^) widening on the sides, where it carries

the wings by the two wing processes (fig. 23 A, ANP and PNP) . The
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ordinary tergal divisions seem to be entirel}^ obliterated. The meta-

plenrum consists of a dorsal plate (fig. 21, PI,,) supporting the hind

wing and of a ventral jilate {p^-,.) carrying the hind leg. These two

functions certainly identify these two plates as constituting together

the mctapleuruni, but there is absolutely no trace of a (livii?ion into an

episternum and an epimennn. Once more, therefore, we have to go

back to the generalized Hymenoptera to find out what has happened.

Aph

Fig. 23.—A, thoracic terga of worker spparated from ono another, showing protergum

(7'i), mesotergum (7'2» and ilh inlcrnal postseiitclluni (
posliiotiim J'Nn) and phragma

{Pphn), metatergum (Ts) and propodeum or first abdominal tcrgum (IT) ; B, ventral

view of principal or notal plate of mesotergum.

The answer is simple. Sircv has a typical metapleurum consisting of

an episternum and eijimerum separated by a complete pleural suture.

In the higher forms this suture simply disappears, and consequently

the pleurum shows no traces of its original component plates. The
division into a wdng-bearing and a leg-bearing plate is, therefore, a

purely secondary one.

None of the Hymenoptera has separate trochantinal sclerites (see

fig. 4, Tn), but, since the coxw are articulated ventrally to knobs
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( lios. 20 and 21. 2) ai)i)areiitl_v helonoinnr to the sterna, it mig^ht be

supposed that the troehantins have fused with the hitter phites.

The posterior part of the thoracic mass (fig. 21) consists of the

first abdominal terg-um (IT), which fits into the deeply concave pos-

terior edges of the nietathorax and forms the peduncle (Pd) that

carries the rest of the abdomen (fig. 32). It consists of a single large,

strongly convex sclerite (figs. 21 and 23 A, IT) bearing the first

abdominal spiracles laterally {ISp) and having its surface divided

into several areas by incomplete sutures.

Many entomologists find it difficult to believe that this plate, which
so apparently belongs to the thorax, is really derived from the abdo-

men. But the proof is forthcoming from a number of sources. In

the first place, the thorax is complete without it and the abdomen is

incomplete without it, the latter having otherwise only nine seg-

ments. Again, if the plate is reckoned as a part of the thorax we

WP WP.

B
Fig. 24.—A, uppor part of left mesopletinim of workor, oxtornal ; P., inner view of same.

should have the anomaly of a thorax with three pairs of spiracles

—

there being the normal two on each side situated, as they always are,

between the true thoracic segments. Furthermore, comparative anat-

omy shows us that in some of the sawflies (Tenthredinidse) the first

abdominal tergum, while separated by a wide membranous space

from the second, is not at all incorporated into the thorax. In a horn-

tail such as Sirex (Siricida?) the entire first abdominal segment is

fused to the posterior edge of the nietathorax and is only loosely

joined to the next abdominal segment by membrane. This insect

affords, therefore, a most complete demonstration of the transference

of this segment from the rest of the abdomen to the thorax. Finallyj

we have absolute proof of its abdominal origin based on a knowledge
of development, for it has been shown by Packard from a study of the

bumblebee that the first abdominal segment of the larva is trans-

ferred during the pupal metamorphosis to the thorax and forms the



THE THORAX AND ITS APPENDAGES. 59

part under discussion. AVe hence see that not onl}' the first abdomi-

nal tergum but the entire segment has undergone transposition,

though the ventral part has disappeared in all the higher families.

This transferred part has been named both the median segment and

the propodeum by writers who recognize it as belonging to the abdo-

men and not to the thorax.

The names current among systematists for the back plates of

H^^menoptera afford an excellent example of the errors that ento-

mologists may be led into through an ignorance of the comparative

anatomy of insects. They recognize the protergum as such and then,

knowing that there are yet two segments to be accounted for, they

call the mesoscutum the " mesonotum," the mesoscutellum the

" scutellum," the metatergum the " postscutellum " (being unaware

that the true postscutellum is deeply concealed within the thorax),

while the first abdominal tergum is called the metathorax. Such

a nomenclature assigns both pairs of wings to the mesothorax. Too

many systematists working in only one order of insects do not care

whether their names are applied with anatomical consistency or not.

2. THE WINGS AND THEIR ARTICULATION.

In the study of insects the wings always form a most interesting

subject because by them insects are endowed with that most coveted

function—the power of flight. It has already been stated that the

wings are not primary embryonic appendages, but are secondary out-

growths of the body wall from the second and third thoracic seg-

ments. Therefore it is most probable that the early progenitors of

insects were wingless, yet for millions of years back in geological time

they have possessed these organs in a pretty well developed condition.

Xearly all of the insect orders have some characteristic modifica-

tion of the wing-veins and their branches. Xone of them, however,

departs nearly so far from the normal type as do the Hymenoptera,

even the lowest members of this group possessing a highly specialized

venation. Before beginning a study of the Hymenopteran series

which leads up to the bee the student should first turn back to figure

f) (p. 22) and again familiarize himself with the generalized condi-

tion of the veins and the articular elements of the wing. By com-

paring, now, with this diagram the basal parts of the wing of a

sawfly {Itycorsia discolor^ fig. 26 A) it will be easy to identif^^ the

parts of the latter. Vein C has two little nodules (T, C) cut off from

its basal end which lie free in the axillary membrane. Vein Se articu-

lates by an enlarged and contorted base {Sc) with the first axillary

{lAx)^ while vein R is continuous with the second {2Ax). The next

two veins that come to the l^ase and unite with each other are appar-

ently not the media and cubitus but the first and third anals {lA and
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SA), since they are associated with the third axilhiry {SAa)). In this

species the siihcosta (/S'c) is entirely normal, but in the related horntail

{Sirex ffavicornis, fig. 20 B) the enlarged basal part of the subcosta is

almost separated from the shaft of the vein, while the latter (fig. 2.-)

A

Sc) is short and weak, A study of the venation of this wing leads

us to believe that the vein which arises from the radius a short dis-

tance from its base is the cubitus (Cu). Therefore the basal part

Fig. 25.—Wings of nymeuoptera and their basal articular sclerites (lAx-.iAx) : A, Sircx
flavlcornis, front wing; B, Pcpsis sp., front wing; C, honey bee, front wing; D, honey
bee, hind wing.

of the media is either gone or is fused with the radius. Since we dis-

cover its branches in the distal field of the wing, arising from the

trunk of the radius, we conclude that the latter is the case. By this

sort of reasoning we may arrive at the Comstock and Needham inter-

pretation of the Aving illustrated at .1, fig. 2."). From this it is evident

that the branches of both the radius and the media have been bent

]:>ack toward the posterior margin of the wing.
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Fig 26—Basal elements of winus of Hymenoptera : A, base of front wing of a sawHy
{'itucomia (lisnilur) showiim comparatively wnerali/.ed arransx-ment of veins and

axillaries; B, bases of anterior "veins of front wing of a horntail (,Sirea: ftavtcorms),

showing detachment of liase of snlicostai vein (.Sc) from its shaft; C, corresponding

view of anterior veins in front wing of a tarantnla killer [Prnsis sp.), showing com-

plete absence of shaft of subcosta, but presence of basal part (.S'c) fused with base of

radius (li) ; D, axillaries of anterior wing of honey bee worker; K. legula of worker;

F Ijase of anterior wing of worker showing absence of shaft of subcosta but presence

of scale (.s'c) derived from its base; (i. axillaries of Hind wing of worker, the fourth ab-

sent in bee • IT base of bind wing of worker, showing absence of costal and subcostal veins

and fusion of bases of subcosta iSr) and radius {/{) into large humeral mass; I attach-

ment of front wing to scutum (,S'i/0 and scutelliiin iSch) of mesotergum :-J, under view

of end of mesoscutellum {Sfl<) showing attachment of both first (/.la-) and fourth

axillaries (M-r) to posterior wing process (PiV/'), an unusual connection for first axillary.



62 THE ANATOMY OF THE HONEY BEE.

Takiiiii- this Avin<>: of Sirex as a foundation let us proceed a little

hiii'lier and examine the wing- of a Fonipilid, such as PepHtH (fi|^^-

20 C and 25 B). We observed that in Sircx. (fig. 20 B) the basal

part of vein AV- is almost separated from the distal shaft. In Pepsh
(fig. 20 C) it is entirely a separate piece, to which is fused also the

base of vein R. Moreover, the shaft of So has disap})eared entirely

(fig. 25, B). Thus there is at the humeral angle of the wing a large

chitinous mass (fig. 20 C, Sc and R) rej^resenting the fused bases

of both the subcosta and the radius, which is associated with

both the first axillary [lAx) and the second axillary {2Ax).

If now we proceed to a study of the front wing of the bee we
find that its basal characters (fig. 20 F) are more similar to those of

iSirex (B), while its venation (fig. 25 C) resembles more closely that

of PepHis (B). The subcostal scale at its l)ase (fig. 20 F, /Sr) is

not fused with the base of the radius, but the distal part of the

subcosta is gone (fig. 25 C), as in Pcpsh. In the hind wing of the

bee (fig. 20 H) the bases of the subcosta and radius are fused into

one large humeral mass articulating Avith the first two axillaries

{lAx and 2Ax), The third axillary {oAx) is well developed but

the fourth is absent. The venation (fig. 25 D) is reduced to a very

simple condition, but to one just the opposite from primitive.

The details of the axillaries in the two wings ai'e shown by figure

20 D and G. The fourth {Ji.Ax) is well developed in the front wing
(D) and has a large accessory sclerite (?/) connected with it, upon
Avhich is inserted a long slender muscle (fig. 28, cc). A very small

accessory sclerite {(ix) occurs close to the muscle plate of the third

axillary {3Ax). These are called "accessory" sclerites because

they are of irregular occurrence in the wing bases of insects generally

and are developed in connection with the muscle attachments. Simi-

lar ones occur in the hind wing (G, (ix) in connection with the

second {2Ax) and third axillaries {3Ax).

The front wing is attached to the posterior half of the side of

the mesonotum. The anterior notal wing process is bilobed (figs.

22, 28 A, T.,.1 ANP) and is carried by the scutum, while the pos-

terior process {PNP) is carried by the scutellum and is mostly

hidden beneath the anterior wing process. The two wing processes,

in fact, are so close togetlier that the first axillary articulates not

only with the first but also with the second (fig. 26 J). The axillary

cord (fig. 20 F, AxC) arises from a lobe of the scutellum over]ap})ed

by the lateral margin (I and J, AxC). In the hind wing, where the

fourth axillary is absent, the third articulates directly Avith the

posterior notal wing process of the metatergiun (fig. 23 A, T.^., PXP).
The base of the fi'ont wing is overlapjx'd by a large scale (fig. 20,

E and I, 77/) calletl the tegula. It is carried by the axillary mem-
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brane, to which it is attached between the humeral angle of the wing

base and the edge of the notuni. The teguhe are present in most in-

sects, generally on the base of each wing, but they usually have the

form of small inconspicuous hairy pads, as ^hown in the diagram

(fig. ('», Tg). In the flies, moths, butterflies, and Hymenoptera,

however, the tegula^ of the front wings develop into large conspicu-

ous scales overlapping the humeral angles of the bases of these

wings.

The motion of the wing in flight consists of both an ujj-and-down

movement and a forward-and-backward movement, which two com-

bined cause the tip of the wing to describe a figure-eight course if

the insect is held stationar}^ Corresponding with these four move-

ments are four sets of nmscles. In the dragonfiies nearly all of the

wing muscles are inserted directly upon the base of the wing itself,

but in other insects, excepting possibly the mayflies, the principal

nmscles are inserted upon the thoracic walls and move the wing

secondarily. In the lower insects, such as the grasshoppers, crickets,

stonefiies, net-winged flies, etc., the two wing-bearing segments are

about equal in their development and each is provided with a full

equipment of muscles. In these insects the wings work together by

coordination of their muscles, although each pair constitutes a sepa-

rate mechanism. In such insects, however, as the true flies and the

wasi)s and bees the metathorax, as we have seen in the case of the

bee, is greatly reduced, and what is left of it is solidly attached to

the mesothorax. In the flies the hind wings are reduced to a j^air

of knobbed stalks having no function as organs of flight, while in

the bees the hind wings, which are very small, are attached to the

front wings by a series of booklets on their anterior margins (fig.

25 D, Ilk) which grasp a posterior marginal thickening of the

front wings. JNIoreover, when we examine the interior of the bee's

thorax we find that the muscles of the metathorax are greatly

reduced or partly obliterated and that the great mesothoracic mus-

cles serve for the movement of both wings, thus assuring a perfect

synchrony in their action. Hence, it is clear that the union and

consolidation of the thoracic segments in the higher insects is for

the purpose of unifying the action of the wings.

The muscles of flight in the bee may be very easily studied by cutting

the thorax of a drone into lateral halves. The cavity of the thorax

is occupied almost entirely by three great masses of muscles. One
of these is longitudinal, median, and dorsal (fig. 27, LMcl„)^ extend-

ing from the mesoscutum {Set..) and the small prephragma [Aph)
to the large mesothoracic postphragma {Pph„). A small set of

muscles (LMrl.,) then connects the ])osterior surface of this phragma
with the lower edge of the propodeum {IT). On each side of the
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LMcl,

anterior end of this great longitudinal nniscle is a thick mass of

dorso-ventral fibers (VMcl) extending from the lateral areas of the

mesoscutuni {Sct.^) to the lateral parts of the mesosternuni (aS'J. A
contraction of the vertical muscles nuist depress the tergal parts,

at the same time expanding the entire thorax in a longitudinal direc-

tion and stretching the longitudinal nniscles. A contraction, then,

of the latter muscles (LMcl) restores the shape of the thorax and

elevates the tergal parts. Reniembering, now, that the wings are

supported from be-

low upon the

})leural wing proc-

esses and that each

is hinged to the

back by the notal

wing processes, it

is clear that a de-

pression of the

dorsum of the

thorax must ele-

vate the wings and

that an elevation

of the dorsum de-

presses them—the

pleural wnng proc-

esses acting as the

fulcra. Hence, the

chief up-and-down

movements of the

wings are pro-

duced by these

great thoracic mus-

cles acting upon

the shape of the

thorax as a whole

and not directly

upon the wings

themselves. The vertical muscles are the eleratois and the longi-

tudinal the dcprcsHors.

But besides being moved up and down the wings can also, as before

stated, be extended and flexed, i. e., turned forward and backward in

a horizontal plane upon the pleural wing process. The muscles

which accomplish these movements lie against the inner face of the

pleurum (fig. 28), and each wing is provided with a separate set.

The extensor muscle {PMcl) is the most anterior and is inserted by

a long neck upon the preparapterum {2P). The latter is closely

^3 Cx
VMcl 2 CX2 ^

Fig. 27.—Median section through thorax of drone, showing

longitudinal muscles (LMch) of mesothorax going from

mesotergal scutum (Scto) and small anterior phragma
(Aph) to posterior phragma {Pph.^} of internal postscutel-

lum (postnotum) of same segment, also showing vertical

mesothoracic muscles (VMcl), and ventral longitudinal mus-

cles {Imcl), and longitudinal muscles of metathorax

{LMcJs) going from postphragma of mesothorax {Pph^} to

posterior edge of propodeum or first abdominal tergum (77').

By alternate contraction of dorsal longitudinal muscles and

vertical muscles, roof of thorax is elevated and depressed,

causing wings to beat downward and upward respectively,

being supported on fulcra formed by pleural wing processes

(lig. 28, WP2) of side walls of thorax.
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WP, 2AX 3AX

connected with the anterior part of the base of the wing so that a

contraction of the muscle turns the wing forward and at the same

time depresses its anterior margin. For this reason the parapterum

and the extensor muscle have been called the pronator apimratiis, and

the muscle is known also as the pronator Tnuscle. In some insects

which fold the wings back against the body this muscle is a great

deal larger than in the bee. The f.exor muscle {RMcl) consists of

three parts situated upon the anterior half of the pleurum and in-

serted upon the third axillary {3Ax) bv long tendonlike necks.

These muscles are antagonistic

to the extensor and by their

contraction pull the wing

back toward the body.

The mechanism which pro-

duces the wing motion thus

seems to be a very simple one

and may be summarized as

follows: Each wing rests and

turns upon the wing process

of the pleurum (figs. 24 and

28, WP) by means of the

pivotal sclerite or second axil-

lary in its base (figs. 2G F and

28, 2Ax). It is hinged to the

back by the first and fourth

axillaries (fig. 2G F, lAx and

IfAx) which articulate with

the anterior and posterior

notal wing processes (fig. 23

A, r„ AXP and PXP), re-

spectively. The large vertical

muscles (fig. 27, VMcl) of

the thorax depress the ter-

gum, which pulls down Avith

it the base of the wing and

hence elevates the distal part

—

the fulcrum being the pleural wing process. The dorsal longitudinal

muscle {LMci) restores the shape of the thorax, elevates the tergum,

and consequently depresses the wing. Extension and flexion of the

wing are produced by special muscles (fig. 28. PMd and RMcl) acting

upon its base before and behind the pleural wing process, respectively.

Besides the.se muscles there are several others (fig. 28) associated

with the wing whose functions are less evident. Most conspicuous

of these is a muscle occupying the posterior half of the mesopleurum

{aa) and inserted upon the outer end of the scutellum. This may
22181—>'o. 18—10 5

Fig. 28.—luternal view of right ijleurum of

mesotLorax of drone, showing muscles in-

serted upon parapteral plates (2P and 31')

and upon third axillary (3Ax). The wing
rests upon wing process of pleurum (IFP2)

by second axillary (2Ax) ; it is turned for-

ward and downward by the pronator muscle

(PJ/c7). insert''J upon anterior parapterum

(iP) which is attached to costal head of

wing, and is turned bacli toward body by

flexor muscle (RMcl) inserted upon third

axillary (3Ax).
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be simply accessory to the large vertical sterno-sciital muscle (fig. 27,

VMcl). Another is a long- slender muscle {hh) attached to.the upper

end of the mesocoxa and inserted upon the postparapterum {-JP).

This is sometimes termed the coxo-axillarij iiihscIc. A third {cc) is

inserted upon the tip of the accessory sclerite {y) of the fourth

axillary and is attached to the lateral arm of the large entosternum

of the mesothorax and metathorax.

3. THE LEGS.

The legs of the honey bee are highly modified for several special

purposes besides that of walking, but they are so well known and

have been so often described that it will not be necessary to devote

much space to them here.

The front legs (fig. 29 A) have a structure formed by the adjoining

ends of the tibia and the first tarsal joint, which is called, on account

of its use, the antenna cleancv. It consists (fig. 29 C) of a semi-

circular notch K^dd) in the base of the first tarsal joint {ITar) pro-

vided with a comblike row of bristles. A specially modified, flat,

movable spur (ft), shown in ventral view at B, is so situated on the

end of the tibia tltat it closes over tlie notch when the tarsus is bent

toward the tibia. By grasping an antenna between the notch and

the spur and drawing it through the inclosure the bee is able to re-

move from this sensitive appendage any pollen or particles of dirt

that may be adhering to it.

The middle legs (fig. 29 D) present no special modifications of any

importance. It will be observed, however, that they, as well as the

other legs (A and F), have the first joint of the tarsus (ITar) very

grea t ly en 1 a rged

.

The hind legs of all three forms, the worker (F) , the queen (E) , and
the drone (H), lune both the tibia and the large basal segment of

the tarsus very much flattened. In the queen and drone there seems

to be no special use made of these parts, but in the worker each of

these two segments is modified into a very important organ. The
outer surface of the tibia (F, Th) is fringed on each edge by a row of

long curved hairs. These constitute a sort of basket {('h) in which

the pollen collected from flowers is carried to the hive. The struc-

tures are known as the poUen hasket.s. or corh'n-ida. The inner sur-

face of the large, flat, basal segment of the tarsus {ITar) is pro-

vided with several rows of short stift' spines (G) forming a brush by

means of which the bee gathers the jiollen from its body, since it

often becomes covered with this dust from the flowers it visits for

the purpose of getting nectar. When a sufficient amount is accumu-

lated on the brushes it is scraped off from each over tlie edge of the

tibia of the opposite hind leg and is thus stored in the pollen baskets.

Hence the vrorker cften flies back to the hive with a oreat mass of
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F'iG. 20.—A, left front leg of worker, anterior view, showing position of notch {dd) of
antennii cleaner on base of lirst tarsal joint (iTur) and of closing spine (cc) on end
of tibia (Th)

; B, spine of antenna cleaner (tc) in Hut view; C, details of antenna
cleaner ; D, left middle leg of worker, anterior view ; E, left hind leg of i]ueeu, anterior
or outer view ; F, left hind leg of worker, anterior or outer view, showing the pollen

basket (Ch) on outer surface of tibia (Tb) ; (i, inner view of first tarsal joint of hind
leg of worker showing rows of pollen-gathering hairs and the so-called " wax shears

"

(tf) ; II, left hind leg of drone, anterior or outer view.
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pollen adhering to each of its hind legs. The })()llen l)asUets are

also made use of for carrying propolis.

Between tlie ends of the hind tibia {Th) and the first tarsal jinnt

{iTai-) is a sort of })incerlike cleft (F and (}, ff) guarded by a row

of short spines on the tibial edge. This is popularly known as the

"wax shears" and it is supposed to be used for picking tlie i)lates

of wax out of the wax pockets of the abdominal segments. The

writer, however, has watched l)ees take the wax from their abdoiuen

and in these observations they always poked the wax plates loose

Fig. 30.—A, dorsal view of end of last tarsal joint of first foot (Tar), the claws {Cla),

and empodium [Enii)) of worker; B, ventral view of same; C, lateral view of same,'

showing empodium in ordinary position when not in use.

with the ordinary hairs or spines of tlie tibia? or tarsi and then by

means of the feet passed them forAvard beneath the body to the

mandibles.

The last tarsal joint of each leg bears a pair of claws (E, Cla"^ and

a single median empodium {E?np). Each one of the claws is bi-

lobed, consisting of a long tapering outer point and a smaller inner

one (figs. 30 and 31). The claws of the worker (fig. 31 A) and the

queen (B) are only slightly difi'erent in details of outline, although

the claws of the queen are much greater in size than those of the
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worker, but the drone's claws (C) are laro;e and very strikingly

different in shajje from those of either the Avorker or the queen.

The enipodium (fig. 30 A, B, and C, Enip^ consists of a terminal

ioix', bent 11Inward between the claws (C) and deeply cleft on its

dorsal surface (A), and of a thick basal stalk

whose walls contain a number of chitinous

plates. One of these plates is dorsal (xV and

C, hli) and bears five very long, thick, curved

hairs projecting posteriorly over the terminal

lobe, while a ventral plate (B and C, n) is

provided with numerous short thick spines.

A third plate (A, B, and C, gg) almost

encircles the front of the terminal lobe, its

upper ends reaching to the lips of the cleft.

When the bee walks on any ordinary sur-

face it uses onh' its claws for maintaining a

foothold, but when it finds itself on a smooth,

slippery surface like glass the claws are of no

avail and the empodia are provided for such

emergencies as this. The terminal lobe is

j)ressed down against the smooth surface and
its lateral halves are flattened out and adhere

bj^ a sticky liquid excreted ujoon them b}'

glands said to be situated in front of them,

the muscle that flattens the empodial lobes the latter spring back

into their original position by the elasticitj^ of the chitinous band

{gg) in their walls.

Fio. .'!1.—A, outer view of

hind claw of worlver ; B.

same of queen : C, same
of drone.

On the relaxation of

V. THE ABDOMEN, WAX GLANDS, AND STING.

The abdomen of the worker and queen appears to consist of six seg-

ments (figs. 1, 32, 33, //-F//), but it must be remembered that, as

has already been explained, the thoracic division of the body in the

Hymenoptera includes one segment, the propodeum or median seg-

ment, which really belongs to the abdomen and is its true first seg-

ment according to the arrangement in all other insects. Hence,

counting the propodeum (figs. 21 and 32, IT) as the first, we find

seven exposed abdominal segments in the worker and queen and

nine in the drone. Each one except the first consists of a tergum

(7") and a sternum (>S'), the former reaching far down on the side

of the segment, where it carries the spiracle {&p) and overlaps the

edge of the sternum. The two plates of the last or seventh segment

in the worker and queen are separated by a cleft on each side, and

if they are spread a^jart it is seen that the tip of the abdomen
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incloses a cavity which lodges the sting and its accessory parts. The
end of the abdomen of the male (fig. 56 D) is quite different frou)

that of the female, while in it parts at least of nine segments are

m
IV

Sp Stn

Fig. i)2.—Lateral view of alidoraen of worker, showing the propodeiim (IT) as a part

of the alKlomen. of whicli it is the true first segment.

visible, the last is very much modified and is exposed only on the

sides and below.

An internal view of the ventral plates and the lateral parts of the

Stn Pip

Stn''

'

Fig. .".'•.—Veutral view of abdomen o/

worker, showing tip of sting (Stn) and
palpuslike appendages (StnPlp) pro-

jecting from sting chamber within
seventh segment (17/).

zCisp-'

Fig. 34.—Dorsal view of .ili

dominal sterna of drone,

showing clasping appendages
(JChp and SClsp) of ninth

segment.

terga in the worker is shown by fignre 20, wliile a corresponding
view of the male sterna is shown by Hgnre -U. It will be seen that

each sternum is very widely underlapped (viewed from above) by the
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one next in front of it and that the intersegmental membrane {Ml))

is reflected from the middle of the dorsal snrface of each to the

anterior edge of the following sternum. By removing an individual

plate (fig. 35 A) this is more easily shown. It is also clearly seen

that the transverse line of attachment of the membrane {Mh) divides

the sternum into a posterior part {Rd), which is merely a prolonged

reduplication underlapiMug the following sternum, and into an an-

terior part underlai^ped by the preceding sternum. The posterior

half is, hence, purely external while the anterior half forms the true

ventral wall of the segment, its dorsal face being internal and its

ventral face external. The anterior part is also very smooth and

shiny and somewhat bilobed and for this reason it is sometimes called

the '' mirrors." Its edge is bounded by a thickened ridge giving off a

short apodeme {Ap) on each side. The mirrors of the last four

sterna are also, and more aj^iiropriately, called the wax plates because

the wax is formed by a layer of cells lying over them. It accumu-

lates on the ventral side in the ]iocket lietween the wax plates and the

posterior underlaiiping pi-olongation of the jireceding sternum. Wax
is formed only on the last four visible segments, i. e., on segments

IV-VII, inclusive.

In studying any part of the body wall of an insect it must always

be borne in mind that the chitin is originally simply an external cutic-

ular layer of a true cellular skin or epidermis (erroneously called

" hypodermis " in insects), but that in the adult stage the latter

almost everywhere disappears as a distinct epithelium. Thus the

chitin comes to be itself practically the entire body wall, the cell layer

being reduced to a very inconspicuous meml)rane. However, in cer-

tain places the epithelium may be developed for special purposes.

Tills is the case with that over the wax platen which forms a thick

layer of cells that secrete the wax and constitute the so-called wax
glanih. The wax is first secreted in a liquid condition and is ex-

truded through minute pores in the wax plates of the sterna, harden-

ing on their under surfaces into the little jilates of solid wax with

which every bee keeper is acquainted.

The secretion of the wax lias been studied l)y Dreyling (1903), who
made histological sections through the glands at different times in

the life of the bee. He found that in young, freshly emerged workers

the ejiidermis of the wax plates consists of a simple layer of ordinary

epithelial cells. As the activities of the bee increase, however, these

cells elongate while clear spaces appear l)etween them and, when the

highest development is readied, the epithelium consists of a thick

htyer of very long cells with liquid wax stored in the spaces between

them. In old age most of the cells become small again and in those

bees that- live over the w^inter the epithelium degenerates to a simple

sheet of nucleated plasma showing no cell boundaries. It is thus

evident that the secretion of Avax is best performed (hiring Iho prime
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of life, which in bees is at about 17 days of age or before, and that

old bees can only gather honey and ])ollen. Bees do not normally

secrete wax while performing the other more ordinary duties of tlieir

life. ^Vlien comb is needed a large number of young bees or bees

that have not passed their prime hang together in vertical sheets

or festoons within the hive and are fed an abundance of honey. After

about twenty-four hours they begin to construct comb. During this

time the wax is excr{^t(Ml through the Avax plates and accumulates in

the external wax pockets below.

Tt is poked out of these pockets by

means of the spines on tlie feet

and is passed forward beneath the

body to the mandibles. By means

of these organs it is manipulated

into little pellets and modeled

into the comb. Dreyling describes

the pores of the wax plates as ex-

cessively fine, vertical, parallel

canals onl}^ visible in very thin

sections and under the highest

power of the microscope.

Corresponding abdominal sterna

present quite different shapes in

the three forms of the bee (fig. 35

A, B, and C). In the queen (B)

the sterna are much longer than in

the worker (A), while in the

drone (C) they are shorter and

liave ver}^ long lateral apodemes

(Ap).

The last three abdominal seg-

ments—the eighth, ninth, and

tenth—are very different in the

two sexes on account of their

modification in each to accom-

modate the external organs of re-

production and egg laying. In the female these segments are entirely

concealed within the seventh, but, in the male, parts of both the

eighth and ninth segments are visible externally.

The seventh segment of the drone (counting the propodeum as

the first) is the last normal segment, i. e., the last one having a com-

plete tergum and sternum resembling those of the anterior part of

the r.bdomen (fig. 56 D, VIIT and VI/S). Behind the seventh ter-

gum and partly concealed within it is the eighth tergum {VIIIT)

carrying the last abdominal spiracles {ISp). The eighth sternum is

Fig. 35.—Dorsnl surfaco of sixtli nhdomin.Tl

sternum : ,\. worker ; B, qiieon ; C, drone ;

showinij; division of plate by Une of at-

tachment of intersegmental membrane
(Mb) into anterior part with polished

internal snrfac(\ in worker bearin.i; wax
glands, and into large posterior ext(^rnal

part (R(1) iinderlnjii^ing anterior half of

succeeding sferniini.
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almost entirely concealed Avithin the seventh. It is very narrow

below, but is expanded at the upper parts of its sides {VIIIS), where

it is partly visible below the .eighth terguni and behind the seventh

sternum. The dorsal part of the ninth segment is membranous except

for a small apodeme-bearing plate on each side hidden within the

eighth terginn. The ninth sternum, on the other hand, is a well-

developed semicircular band (IXS) forming the ventral and ventro-

lateral parts of the ninth segment. It bears on each side two con-

spicuous lobes—one a small, darkly chitinized, dorsal plate (IClsp)

carrying a large bunch of long hairs, the other a large, thin, ventral

plate {'2Cl^p). Between these four appendicular lobes is ordinarily a

deep cavity, which is the invaginated penis (fig, 5G E), but in

figure D this organ is shown partly evaginated {Pen). While the

penis is really an external organ, the details of its structure will be

described later in connection with the internal organs of reproduction.

The tenth segment is entirely lacking in segmental form. The anal

opening is situated in a transverse membrane beneath the eighth ter-

guni {VIIIT), and below it is a thin chitinous plate, which may
belong to the tenth segment.

In many insects the modification of the terminal segments of the

males in connection with the function of copulation is much greater

than in the bee. The ninth segment often forms a conspicuous

enlargement called the hyjwpygium, which is usually provided with

variously developed clasping organs in the form of appendicular

plates and hooks.

The development of the external genital parts of the drone has been

described by both Michaelis (1900) and Zander (1000). A small

depression first appears on the under surface of the ninth segment of

the larva shortly after hatching. Soon two little processes grow

backward from the anterior wall of this pouch and divide each into

two. The part of the larval sternum in front of the pouch become

;

the ninth sternum of the adult, while the two processes on each sido

form the upper and lower appendicular lobes (the vnlva externa and

the valva interna of Zander). The penis at first consists of two little

processes which arise between the valvar interna?, but is eventually

formed mostly from a deep invagination that grows forward between

them. These four processes arising on the ventral side of the ninth

segment of the male larva are certainly very suggestive of the similar

ones that are formed in the same wa}^ on the same segment of the

female and which develop into the second and third gonapophyses

of the sting. If they are the same morphologically we must homol-

ogize the two clasping lobes of the ninth sternum in the male with

the two gonapophyses of this segment in the female. Zander (1000)

argues against such a conclusiou on the ground tliat the genital pouch

is situated near the anterior edffe of the segment in the female and
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posteriorly in the male, while the jiarts in the two sexes develop

later in an absolutely diti'erent manner. These arguments, how-
ever, do not seem very forcible— in the carlie-^t slai2:es the processes

certainly look alike in the tw'O sexes.

The sting of the bee is situated in the sting cavity at the end of the

abdomen, from which it can be quickly protruded when occasion de-

mands. This sting chamber contains also the reduced and modified

sclerites of the eighth, ninth, and tenth abdominal segments. In
fact, the sting chamber is formed by an infolding of these three seg-

ments into the seventh. It is consequently not a part of the true in-

terior of the body or body cavity which contains the viscera, but is

simply a sunken and inclosed part of the exterior, in the same sense

that the oven of a stove is not a part of the real inside of the stove.

Consequently the parts of the sting, though normally hidden from
view, are really external structures.

A very gentle pull on the tip of the sting is sufficient to remove it

from its chamber, but a sting thus extracted brings along with it the

ninth and tenth segments, most of the eighth segment, the poison

glands, and the terminal part of the alimentary canal. This is due

to the fact that the inclosed segments are attached to the surround-

ing parts by very delicate membranes. For the same reason they so

easily tear from the living bee as the latter hurriedly leaves its victim

after stinging. The w^orker thus inflicts a temporary wound and

pain at the cost of its own life. Undoubtedly, however, nature re-

gards the damage to the enemy as of more importance to the bee

community as a whole than the loss of one or a dozen of its members.

The entire stinging apparatus wMth a bag of poison attached is thus

left sticking in the wound while the muscles, which keep on working
automatically, continue to drive the sting in deeper and deeper and

at the same time pump in more poison. Such a provision certainly

produces much more effective results than would a bee giving n thrust

here and another there with its sting nnd then rapidly flyina' away
to escape from danger.

The sting itself, Avhen extracted from its chamber, is seen to con-

sist of a straight tapering shaft with its tip directed ]:iosteriorly and

its base swollen into a bulblike enlargement. In superficial appear-

ance the shaft appears to be solid, although we shall presently show
that it is not, but the bulb is clearly hollow and is open below by
a distinct median cleft. Several plates of definite shape and arrange-

ment always remain attached to the sting and overlap its base. The
entire apparatus, including the base of the large poison sac, is shown
somewhat diagrammatically in side view by figure oG. The bulb of

the sting (S/iB) is connected with the latiM'al plates by two arms

which curve outward and u]~>ward from its base. (Oidy the left side

is shown in the figure.) Between these arms the two poison glands
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(PsnSc and BGl) open into the anterior end of the bulb. From the

posterior ends of the pLates two whitish fingerlike processes {StnPlp)

Droiect backward. When the sting is retracted these he at the sides

of the shaft (figs. 33 and 37), but in fignre 3G the sting is shown in a

partly protracted position. These appendages, often called the sting

palpi nndonbtedly contain sense organs of some sort by means of

which the bee can tell when her abdomen is in contact with the object

uTDon which she desires to use her sting.

V close examination of the sting shows that it is a much more com-

plicated structure than it at first sight appears to be. The shaft for

example, is not a simple, solid, tapering, spearlike rod, but is a hollow

orcan made of three pieces which surround a central canal. One ot

these pieces is dorsal (fig. 30, ^hS) and is the true prolongation of

the ]3ulb (ShB), while the other two {Let) are ventral and slide

lengthwise on tracklike ridges of the dorsal piece. Moreover, each

basal arm of the

sting is double, con-

sisting of a dorsal

or posterior piece

(^/i/1), which is like-

wise a prolongation

of the bulb, and a

ventral or anterior

piece {Lct)^^\\\ch is

continuous with the

ventral rod of the

shaft on the same

side. Hence the sting

may be analyzed into

three elements, which
7 ^i

are characterized as follows: The dorsal piece, known as ihe sheath,

consists of a prominent basal swelling or Ulh (ShB) containing a

large cavity, of a terminal tapering shaft {ShS), and of two curved

hasal arms (ShA). The ventral part consists of two long slender

rods called the laneets or darts {Let), which slide freely upon two

tracks on the ventral edges of the sheath and diverge upon continua-

tions of these tracks along the basal arms of the latter {ShA). ihe

bulb is hollow, containing a large cavity formed by invagination

from below, where it is open to the exterior by a lengthwise cleft^

This cavity continues also through the entire length of the shaft ot

the stincr as a channel inclosed between the dorsal sheath and the

latero-ventral lancets. This channel, as will be explained later, is

the poison canal of the sting.
i j. .i i.

Each arm of the sheath {ShA) is supported at its end farthest

from the bulb by an ohlong plate (fig. 3G, Oh), which normally over-

Pif, ;>fi—Somidiagrammatic viow of left side of sting of

worlvor accessory plates (Tri. Oh, QdU sting palpus

(l-iluPJp). alkaline poison gland {BOD, and base of large

poison sac (f'suSc) of acid gland.
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l;il)s (lie side of the hull), and which carries distally the palpi of the

sting {St/iPlj)). Each lancet is attached at its base to a trianf/ular

phite (Ti'-i) which lies hitero-dorsad to the base of the oblong i)late

and articnlates with a knob on the dorsal edge of the latter by its

ventral posterior angle, liy its dorsal posterior angle the triangular

plate is articulated to a much larger quadrate plate (Qd) which

overlaps the distal half of the oblong plate. A thick membranous

lobe (/X/S), concave below, where it is thickly set with long hairs,

overlaps the liulb of the sting and is attached on each side to the

edges of the oblong plates. All of these parts are shown flattened out

in ventral view by

.-Brb fig"i'^ '^<'-

The presence of

the two basal arms

of the sheath might

suggest that this

part is to be re-

garded as made np

of fnsed lateral

halves. In this case

we shonld have six

appendicular ele-

ments, viz, the two

lancets, the two

halves of the sheath,

and the two pal-

pnslike organs. If

now we turn back to

figure 8, showing

the component parts

of the ovipositor of

a longhorned grass-

hopper, we can not

fail to be struck at

once by the great similarity between this organ and the sting of

the bee (fig. 30). The first gonapophyses (10) of the ovipositor are

identical with the lancets (Let) of the sting, and their sliding connec-

tion, by means of longitudinal tracks, with the second gonapophyses

(3(?) suggests at once that the latter represent the sheath of the

sting (ShS). The identity is still more strongly suggested when we
observe the small bulb (SltB) formed by the fused bases of these

gonapophyses. The third gonapophyses {3G), Avhich inclose betAveen

them (he other parts of the ovipositor, represent the palpi of the

sting {/SfnPt/)). If. finally, we study the development of the parts of

the sting we are convinced that this similarity between the sting and

an ovii)ositor means something more than an accidental resemblance

Fu;. i'.T.—Ventral view of stinsj of worker and accessory parts,

(lattennfl out.
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between two ditferent organs—in fact we can not donbt that the sting

is simply an ovipositor which, being no longer needed for egg-laying

purposes, has been modified into a poison-injecting apparatus. Zan-

der (1899, 1900) and others have shown that the sting of the bee

arises from six little abdominal processes of the larva, two of which

arise on the eighth segment and four on the ninth. Those of the first

pair develop into the lancets, those of the middle pair on the ninth

segment fuse to form the sheath, while those of the outer pair be-

come the palpi. The ovipositor, it will be remembered, develops in

the lower insects from two pairs of processes arising on the eighth

and ninth abdominal sterna, the second pair of which very soon

splits into four processes. The simultaneous appearance of six on

the bee larva is simply an example of the hurrying process or accelera-

tion that the embryos and young of most higher forms exhibit in

their development.

It is only the higher members of the Hymenoptera, such as the

wasps and the bees and their close relatives, that possess a true sting.

The females of the lower members have ovipositors which closely re-

semble those of such insects as the katydids, crickets, and cicadas, but

which, at the same time, are unquestionably the same as the sting of

the stinging Hymenoptera. It is said that the queen bee makes use

of her sting in placing her eggs in the cells, but both the wasps and

the bees deposit their eggs in cells or cavities that are large enough to

admit the entire abdomen, and so they have but little use for an egg-

placing instrument. But the females of the katydids and related

forms like Conocephalus (fig. 8) use their ovipositors for making a

slit in the bark of a twig and for pushing their eggs into this cavity.

The cicada and the sawfiy do the same thing, while the parasitic

Hymenoptera often have extremely long and slender piercing oviposi-

tors for inserting their eggs into the living bodies of other insects.

An examination of the sting in place within the sting chamber, as

shown by figiire 41, will suggest what the accessory plates represent in

other less modified insects. It has already been explained that the last

external segment of the female abdomen (fig. 32, VII) is the seventh.

Within the dorsal part of the sting chamber is a slight suggestion of

the eighth tergum (fig. 41, VIIIT)^ which laterally is chitinized as a

conspicuous plate bearing the last or eighth abdominal spiracle {Si)) .

The triangular plate {Tn)^ as Zander has shown by a study of its

development, is a remnant of the eighth sternum, and the fact that it

carries the lancet {Let) shows that even in the adult this appendage

belongs to the eighth segment. The quadrate plate {Qd)^ since it is

overlapped by the spiracle plates of the eighth tergum, might appear

to belong to the eighth sternum, but Zander has shown that, by its

development, it is a part of the ninth tergum. In many other adult

Hymenoptera, moreover, the quadrate plates are undoubtedly tergal.
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for they are sometimes connected by a bridge behind the eighth

tergiun. The oblong phite {Oh) and its stalk represent the ninth

sternum, and since it carries both the arm of the sheath {ShA) and
the palpus (StnPl) it still maintains its original relationships to the

gonapophyses. The membranous lobe arising from between the

oblong plates and overlapping the bulb of the sting (figs. 3C and 37,

/XS) must belong to the median part of the ninth sternum.

The tenth segment (fig. 41, X) consists of a short, thick tube having
the anus (Ail) at its tip. It takes no part in the formation of the

sting, but is entirely inclosed in the dorsal part of the sting chamber
beneath the seventh tergum.

In the accessory jjlates of the bee's sting we have a most excellent

illustration of how the parts of a segment may become modified to

meet the requirements of a special function, and also an example

of how nature is ever reluctant to create any new organ, preferring

rather to make over some already existing structure into something

that will serve a new purpose.

There are four glands connected Avith the sting, two of wdiich

are known to secrete the poison, which is forced through the canal

between the sheath and the lancets and ejected into the w^ound made
by the latter. It is this poison that causes the pain and inflammation

in the wound from a bee's sting, which would never result from a

mere puncture. The other tw^o glands have been described as " lubri-

cating glands," being supposed to secrete a liquid which keeps the

parts of the sting mechanism free from friction. They lie wdthin

the body cavity, one on each side against the upper edge of the

quadrate plate, where they are easily seen in an extracted sting, each

being a small oblong or ovate whitish cellular mass. Transverse

microtome sections through this region show that each of these

glands opens into a pouch of the membrane between the quadrate

plate and the spiracle-bearing plate of the eighth tergum. Each

gland cell communicates with this pouch by a delicate individual

duct. The secretion of the glands is thus poured upon the outer sur-

faces of the quadrate plates and might easily run down upon the

bases of the lancets and the arms of the sheath, but, for all that, the

notion that it is lubricative in function is probably entirel}^ conjectural.

The large, conspicuous poison sac (figs. 30, 37, -11, and 57, PsiiSc)

that opens by a narrow^ neck into the anterior end of the bulb of the

sting is well known to everyone at all ac(iuainted with bees. The

poison which it contains comes from the delicate branched thread

attached to its anterior end (fig. 57), a minute tube Avhich, if traced

forward a short distance from the sac, will be seen to divide into two

branches, which are long and nnich coiled and convoluted, each ter-

minating finally in a small oval enlargement (AGl). These terminal

swellings are generally regarded as the true glands and the tubes
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{AOID) as their duels, but the epithelium of the tubes appears to be

of a secretory nature also, and, if it is not, it is hard to see any reason

for their great length. It also does not look

probable that the tAvo little end bodies could

form all the poison that fills the comparatively

enormous sac.

The walls of the poison sac (fig. 38) are lined

by a thick coat of laminated chitin {Int) thrown

into munerous high folds. In the neck i)art of

the sac the folds are arranged very regularly in

a transverse direction and form interrupted

chitinous rings, holding the neck rigidly open.

The epithelium {Epth) contains nuclei (A^'O^

but the cell boundaries are very slightly marked.

There is a distinct basement membrane (BJI), fi,:. 38. — Section oi

forming a tunica propria externallv, but there ^^^^^ p'''^^'' °^ ^'^•^ ''^

^
, ,., ,,

'
poison sac of sting.

are no muscle fibers or any sort present except

a few which are inserted upon the sac from some of tlie surrounding

organs and which apparently act as suspensoria.

The poison found in the sac has an

acid reaction and is supposed to consist

principally of formic acid. Hence its

gland is known as the acid gland (AGl)
of the sting.

The other sting gland is a short, very

inconspicuous, and slightly convoluted

whitish tube (figs. 3G, 37, 41, and 57,

BGI) opening directl}' into the base of

the bulb ventracl to the opening of the

poison sac. Its walls consist of a thick

epithelium of distinct cells (fig. 39,

EptJi) lined wath a thin chitinous in-

tima {Int) and surrounded by a distinct

basement membrane (BJI), but, as in

the other gland, there are no muscles

present. The secretion of this gland is

said to be alkaline and the gland is

therefore known as the alkaline gland

{BGl) of the sting.

Experiments made by Carlet (1890)

show that it is only the mixture of the

products from the two poison glands

that is fully effective in stinging properties. Carlet 's experiments were

made upon houseflies and blowflies. He shows (1) that flies stung by a

bee die almost instantly, (2) flies artificially inoculated with thesecre-

BM

Epth -^

Fig. .39.— Sections of alkaline Rlaud
of stinK.
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tion of either gland alone do not die for a long time even in spite of

the necessary mutilation, while (3) successive inoculations of the

same fly first from one gland and then from the other produce death

in a much shorter time than when inoculated from one gland alone

—

presumably as soon as the two liquids mix within the body.

The two secretions, one acid and the other alkaline, are poured

together into the base of the sting bulb and mix within the cavity

of the latter. The resulting poison is then driven through the chan-

nel in the shaft to near the tip of the latter, where it makes its exit

into the wound. Since the large poison sac is not muscular, the poison

is not forced through the sting by it, as is often supposed. A glance

at figure 57 (see p. 135) w^ill show that the accessory plates of the sting-

support several very comj^act sets of muscles on their inner faces.

These muscles so act during the process of stinging that the triangular

plates (figs. 3() and 37, Tri) turn upon their hinge-joint articulations

with the oblong plates {Oh). By this motion of the triangular

plates the attached lancets {Let) are moved back and forth along

the tracks on the lower edges of the sheath and its arms (*S7<.i),

Each of these tracks consists of a ridge with a constricted base which

dovetails into a correspondingly shaped groove on the dorsal surface

of the lancet. This structure, as seen in cross sections through the

shaft and bulb of the sting, is shown by fig. 40 A, B, and C. The
lancets are thus held firmly in place, while at the same time they may
slide back and forth with perfect freedom. The figures show also

that all three parts of the sting are hollow, each containing a pro-

longation {I)() of the bodj^ cavity. Between them, however, is in-

closed another cavity through which the poison flows. This is the

poison canal {PsnC). In the bulb (fig. 40 C) the body cavity is

reduced to a narrow cleft {be) by the great size of the invaginated

poison canal {PsnC).

It will noAv be most convenient to describe the apparatus b}' means

of which the poison is ejected from the sting. As before pointed out,

the large poison sac can have no functions in this connection because

its walls are entirely devoid of muscle fibers. On the other hand,

there is an actual pumping apparatus situated within the bulb. This

consists of two pouchlike lobes, having their concavities directed

posteriorly, attached to the upper edges of the lancets (fig. 40 D and

G, VI r) on the anterior ends of the parts of the latter which slide

within the loAver edges of the bulb chamber. The lobes lie side by

side within the bulb (fig. 40 C, VI v), when the lancets are in the same

position, and each has an accessory lamiiui against its own inner wall.

When the lancets are pushed backward the walls of the lobes flare

apart against the poison contained in the bulb and drive this liquid

before them into the channel of the shaft, while at the same time they

suck more poison into the front of the bulb from the glands. When,
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PsnC-,

PsnC'

or! the other hand, the hmcets are retracted the pouches collapse so

that they may be drawn back through the poison-filled bulb without

resistance, l)iit they are ready for action again as soon as the move-

ment of the lancets is reversed. The whole apparatus thus consti-

tutes an actual force pump in which the lobes on the lancets alter-

nately act as a piston and as valves. The lancets need not work

together ; in fact,

they more often >
-^^^

perhaps work al-

ternately, the lobes

being of such a

size as to be ef-

fective either when
acting together or

separately.

The reader ac-

quainted with
other Avorks on

the anatomy of

the bee, such as

those of Cheshire

(18 8 6), Cook
(1004), Cowan
(1004), and Arn-

hart (lOOG), will

see often repeated

the statement that

the poison leaves

the sting both by

a ventral opening

between the lan-

cets near their tips

and by several lat-

eral pores near the

ends of the lancets

opening from the

poison canal upon
the bases of the barbs. The writer, hoAvever, has never been able

to observe the exit of the poison from any such lateral pores, while,

on the other hand, it is very easy to watch it exude from between

the lancets on the ventral side of the sting near the tip. If an

excited bee is held beneath a microscope and the tip of the sting

observed, the poison will be seen to accumulate in little drops near

the tip on the ventral side. If, also, the bulb of an extracted sting

22181—No. IS—10 G

Fit;. 40.— Di'lails of slinj; of worker: A, section through tip of

stiug sliowiug lancets (Let) and sl-afl of sheath (tfhS) sur-

rounding central poison canal (fs/if), and each containing

a iirolongation of the body-cavity (tic) ; B, section of same
near base of bulb ; C, section of sting througb basal bulb,

showing poison canal as large invaginatod cavity (PsnC)
in bulb of sheath {8hB) containing the two valves {Vlv)

of lancets {Let) ; D, part of loft lancet carrying valve {Vlv),

dorsal view ; E, tip of lancet showing pores opening on
bases of barbs {oo) coming from body-cavity {be) of lancet

—

not from poison canal ; F, dorsal view of shaft of sheath

showing lateral series of pores {oo) from prolongation of

body-cavity {be) ; G, lateral view of left valve and part of

lancet.
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be squeezed <jently between a pair of forceps the poison will l)e seen

to emerge in the same way. In fact, it can be actually scpiirted out

by a sudden compression when the bulb is Avell Hlled with [xjison, but

there is newr any e\'idence of its escape through the sides.

An examination of the end of each lancet tloes reveal a number of

oblique pores (fig. 40 E, oo) which have bt'en figured l)y other writ-

ers, and they certiiinly open on the bases of the barl)s as described,

but their inner ends apparently connnunicale with the body cavity

(be) of the lancet instead of passing clear through the lancet and

opening into the poison canal. Furthermore, a paired series of

exactly similar pores extends the entire length of the shaft of the

sheath (fig. 40 F, oo), opening on its dorsal surface from the body

cavity (he). No one could possibly claim that the j)oison emerges

ShA Tri Ob kk

Fig. 41.—Tip of abdomen of worker with left side removed, showinj; rlj^lit halves of sev-

enth tersum (VHT) and sternum {VII8), containinj; the stlnv' chamber {kk) cut open

alons the line bir, exposing the eighth tergum (VIIIT), the rudimentary tenth segment

(X) carrying the anus (.1/0- :iud the sting and accessory parts shown by lig. oO.

also through these pores, which, very curiously, do not appear to

have been described before, although they are even more conspicuous

as well as more numerous than those of the lancets. The writer has

not been successful in preparing histological sections of the sting

which show these pores, but they probably constitute the ducts of

some kind of subcuticular glands.

A cross-section through the sting a short distance in front of its

tip shows that the lancets are here separated by a narrow cleft (fig.

40 A), while elsewhere (B and C) they are contiguous. This cleft

betAveen the ends of the lancets forms the exit for the poison from the

channel.

The sting of the queen is much longer than that of the worker

Mid is more solidly attached within the sting chamber. Its shaft is
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s(rono;ly decurved beyond the bulb. The hincets huve fewer and

smsdler barbs than those of the worker, but the two poison ij^lands

are well developed (fi<^. 57, AGl and B(rl), while the poison sac

(Psti/Sc) is especially large.

A number of minute unicellular glands open upon the interseg-

mental membrane between the seventh and eighth terga of the ab-

domen. These are sometimes called the glands of Nassanoff, after

their discoverer. Nassanoff suggested that they are sweat glands,

while Zoubarelf thought that they form small drops of liquid said

to be excreted by bees during flight derived from the excess of water

in the newly collected nectar. Their function, however, has been

much more carefully investigated by Sladen (1902), who found that

they are scent organs producing a strong odor even wdien the part

of the back to which they are attached is removed from the rest

of the abdomen. lie furthermore identified this smell as the same

that bees give off when a lot of them are shaken from a frame on

the ground close to the front of the hive. Under such circumstances

also, as in natural sw arming or during the first flights in the spring

or after a period of bad weather, bees are well known to produce a

peculiar sound called the '^ joyful hum." Sladen observed that this

^Yas produced, in the case of bees shaken before the hive, by those

individuals who first found the hive entrance, then bv those next to

them, until very soon all the others were informed of the location

of the entrance and proceeded to make their w^ay in. Also, when a

swarm loses sight of its queen, thoseHhat find her first set up this

" joyful hum " and inmiediately the rest of the swarm is attracted

to the spot. In the springtime the young bees seem to be guided

in their flights by this same hum of the old ones. Sladen, however,

observing the odor emitted at the same time, thinks that this and

not the sound is the real means of information, the sound being

simply incidental to the special movement of the wings produced

for the purpose of blowing the odor away from the body. He argues

that we have no evidence of an acute sense of hearing in bees, while

it is well known that they possess a delicate sense of smell located on

the antenna,'. This argument certainly seems reasonable, and we
may at least accept Sladen's theory as the best explanation of the

function of the inlands of Nassanoff.
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VI. THE ALIMENTARY CANAL AND ITS GLANDS.

1. THE (iKNKKAl. I'llVSlOLOGY OF DlCiESTlON, ASSI.AIILATION, AND
EXCRETION.

It is no exaggeration to say that eating is the most important thing

that any animal does and that its alimentary canal is the most im-

portant organ it possesses. The entire system suffers when there is a

deficiency in the food supply or an impairment in the digestive appa-

ratus. Every other function is either subservient to or dependent

upon that which furnishes nourishment to the cells. The senses of

sight, smell, and taste are all more or less concerned in the acquisition

of food. The muscular system enables the animal to hunt for it, to

dig for it, to climb for it, or to chase living prey either on the ground,

in the water, or in the air, and to kill, tear, and chew it when ob-

tained. The blood is the servant of the stomach, for its entire func-

tion in insects is to carry the products of digestion to the body cells.

The heart furnishes the motor power of the blood. The respiratory

function is accessory to that of digestion, inasmuch as it furnishes the

oxygen which unites with the waste materials ejected from the cells

and renders them capable of being removed from the blood. This

removal is accomplished partly by the respiratory system itself and

partly by special excretory organs. Thus we see that the sense organs

and the nuiscular system are the agents that cooperate in obtaining

the raw food, the digestive tract is the kitchen of the body in which

the food is prej^ared for use, the blood is the waiter tliat distributes

it, while the respiratory and excretory systems are the refuse gath-

erers that remove waste products. The nervous system holds the con-

trolling power over all these organs. It regulates them in the per-

formance of their duties and coordinates tlieir actions so that they

all work together. It makes a unified organism out of what would

otherAvise be simply a complex mass of variously specialized cells.

The reproductive function alone contributes nothing to the indi-

vidual. In fact, the i3roduction of spermatozoa by the male and of

eggs by the female and the nourishing of the embryo and the young
create a demand upon all the other organs for material which is

separated from the individual that produces it. But this is what the

organism exists for; this is its reason for being. At least this is

what it amounts to in the case of the individual, though from a wider

philosophical standpoint the real truth is probably just the reverse,

viz, any species exists because its individuals reproduce themselves.

The writer has already made frequent use of the word " cell,"

assuming that the reader is familiar with the meaning of this word
as used in anatomy and physiology. The entire body of an animal

or plant is made up of cells or their products. The word, however, is

misleading, for a cell is not a small sac or empty space, as was at
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Slnr

Vent

Fig. 42.—Alimentary canal of worker (Phy-Rcct), togothor with pharyngeal glands (101),

and salivary glands of head (2G1) and of thorax (SGI), as seen hy cutting body open
from above and pulling the ventriculus (Vent) out to left.
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first supposed from the study of plants, but is a little protoplasmic

body or corpuscle, visible only under the microscope, surrounded by

a membranous cell wall and containin*:: a small internal body called

the nucleus. The diti'erent cells of the body are specialized in groups

to do some one particular thing—the salivary cells secrete saliva, the

muscle cells contract, the excretory cells pick out waste substances

from the blood, and so on. But this specialization does not signify

that each cell does not perform its own vital processes in addition to

its specialty. The fact that it remains alive and works means that

the complex chemical components of its body substance or protophti^in

are constantly being reduced to simpler compounds which are ex-

pelled, while new protoplasm is built up from the supply of food

material brought by the blood. This double process of destruction

and reconstruction is known as metaholism^ wdiile its tw^o phases, the

breaking-down process and the building-up process, are known as

katahoJt.^m and rniahoJism, respectivel3^

Now, while all the cells of the body must have nourishment, none

of them, except those of the alimentary canal, is capable of utiliz-

ing the raw food materials that an animal obtains in a state of nature.

These materials must therefore be changed into some other form in

order that they may be asshnilated by the cells. This change is called

digestion.

The single cell composing the body of a Protozoan, living free in

nature, digests its own food and then assimilates the products of its

own digestion. But, of the cells constituting the body of any mul-

ticellular animal, only those of the alimentary canal are capable of

digesting rcnv foodstuffs, and, moreover, as digestion is the specialty

of these cells, they have also to digest the food for all the other cells

of the body.

The two most important changes that must be brought about in

the natural food by digestion are those which make it soluble in the

blood and which render it capable of passing through animal tissues.

In the first place, the food must diffuse through the walls of the

alimentary canal as a liquid which mixes with the blood, for there

are no pores or openings of any sort from the alimentary canal into

the body cavity; and in the second place, it must pass through the

walls of the cells themselves. The digestive changes result chiefly in

a breaking down of the complex molecules of the raw food materials

into more simple chemical substances. These are taken up by the

cells and reconstructed into complex protoplasmic molecules which

can not escape through the cell meml)rane until they are again broken

down into simpler forms.

The waste products of the cells consist principally of carbon, \\y-

drogen, and nitrogen. These are converted by the oxygen supplied

by the respiratory system into carbon dioxid, water, and compounds of
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urea. The first, being: a ^as, mixes with the air in the tracheal tubes

and so reaches the exterior during exhahition. Much of the water is

also o-iven oil" through the tracheal system in the form of vapor which

exhales from the spiracles, but, since insects are covered by their

hard chitinous shell, it is probable that they do not " sweat."' The

compounds of urea, and probably also some water, are separated

from the blood by the excretory glands, called Malpighian tubules

in insects, which empty their products back into the alimentary

canal, whence they are discharged with the fseces from the intestine.

Digestion is brought about by substances called enzymes Avhich are

contained in the various liquids mixed with the food in the alimentary

canal. These liquids are secreted by the salivary glands and by the

cellular walls of the stomach.

2. THE SALIVARY GLANDS.

The opening of the salivary duct on the base of the proboscis has

already been described (see pp. 49-51). The true salivary glands, or

those corresponding with the salivary glands of other insects, are

arranged in two pairs, one situated within the head (figs. 19 and 42,

2GI) and the other within the thorax (fig. 42, 3GI). The four ducts

unite into one median tube, which enters the base of the labium (fig.

19. SalD) and opens upon the upper surface of the ligula (fig. 15 F,

and fig. 10, SalDO). The large and conspicuous glands lying within

the anterior and upper parts of the head and opening into the

pharynx will be described hiter in connection with this organ. They

are special pharyngeal glands in no way homologous with the salivary

glands of other insects, and are by many supposed to secrete the

brood food instead of a digestive liquid like saliva.

The salivary glands of the head {Si/stem No. 2 of Cheshire, post-

cerehral e/Jamh of Bordas) lie against the posterior walls of the

cranium. In the worker each consists of a loosely arranged mass of

pear-shaped follicles or acini whose individual ducts unite irregu-

larly with one another and eventually form a common duct on each

side (figs. 19, 42, and 43 F, 2GI). Their two ducts unite with the

median duct from the thoracic glands just before the bases of the

mesocephalic pillars (fig. 19). In the drone these glands have a

quite different appearance from those of the female, each consisting

of a compact mass of very small follicles connected by minute ducts

and flattened against the posterior walls of the head (fig. 43 B and C,

2GI). A large lobe of this gland in the drone extends forward on

each side against the face, between the compound eye and the clypeus

(fig. 10 cIy/Z), thus occupying the position of the large mandibular

ghiiid in the worker (A, hldOl) and in the queen (B, IMdGl).

There is also a prominent triangular mass of glandular cells in the

drone situated just above the ocelli (fig. 10 C, 2GI) which has been
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described by Bordas (1895) as a separate gland opening by two ducts

into the resophagus just behind the pharynx. The Avriter, however,

has been utterly unable to discover any such ducts, though two sus-

pensorial ligaments of the anterior end of the oesophagus are at-

tached to the wall of the head at the posterior ends of these glands

(fig. 11 B, r/) and might easily be mistaken for ducts. These '' post-

ocellar glands '' of Bordas, moreover, appear to be simply detached

lobes of the postcerebral glands. They arc prominent also in the

queen (fig. 10 B, 2GI) and are represented b}' a few follicles in the

worker.

Fig. 43.—A, small piooo of Inrjro latoral pliarynsi'al i^lnnds in lioail of worker; R, piocp of

postcerebral salivary glands in head of drone; V, posteereliral glands (2(77 ( in normal

position ajiainst posterior wall of head in drone; D, pharyngeal plate (.si of worker,

ventral view, showing l)ases of latoral pharyngeal glands (IGI) and their receptacula

(mm), and median ventral pharyngeal gland ('/(77) ; E, corresponding view of pharyngeal

plate of drone, showing entire absence of lateral pharyngeal glands, and greater devel-

opment of small median glands (40/ » ; F, part of postcerebral gland of worker.

Bordas describes the follicles of the postcerebral glands in the

worker as hollow sacs, each having a large lumen lined with a chiti-

nous intima. Their secretion, he says, is a thin viscid liquid, pale

j^ellow in color and having a slightly alkaline reaction. According to

Schiemenz (1883) each gland is developed as an outgrowth from the

common duct of the thoracic glands.

The salivary glands of the thorax in the bee {System No. 3 of

Cheshire, thorneir salivary glands of Bordas) are the ones that cor-

respond with the ordinary salivary glands of other insects. They

are described bv Schiemenz (1883) as being formed inside of the
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outer coverinor (tunica propria) of the first part of the larval silk

glands. But it is of common occurrence in insects that the salivary

glands are temporarily specialized as silk-producing organs in the

larva. In the adult Avorker these glands lie in the ventral part of

the anterior half of the thorax (fig. 42, 3GI). The two are widely

separated anteriorly, but their posterior ends are contiguous. Each
consists of a mass of small, many-branched, glandular tubes opening

into several collecting ducts which empty into a sac near the ante-

rior end of the gland (7Z) . From each of these reservoirs, then, a duct

(Det) runs forward and fuses with the one from the opposite side

just Avithin the foramen magnum of the head. The common duct

thus formed turns downward within the head, receiving the two ducts

of the postcerebral salivary glands and then enters the base of the

mentum (figs. 19 and 43 C, SalD)^ to open as already described on the

upper side' of the ligula at the root of the glossa and between the

bases of the two paraglossia (fig. 15 F and IC), SalDO). The
secretion of the thoracic glands is said also to be weakly alkaline.

Therefore the entire salivary fluid poured out upon the labium is

alkaline, and it must be designed to act especially upon the food

taken through the proboscis. This action, furthermore, on account of

the location of the salivary opening, may take place before the food

enters the mouth.

The food of the bee consists normally of pollen, nectar, and honey.

The first is eaten entirely with the mandibles, while the other two are

taken through the proboscis. The pollen is to the diet of the bee what
meat is to ours; that is to say, it contains the fvoteid or nitrogen-

containing ingredient of the food which is necessary to the sup-

port of any animal, and also substances comparable with fat, called

in general hydroearhons. The nectar and honey consist principally

of grape sugar, fruit sugar, and cane sugar, which belong to the class

of chemical substances known as carbohydrates. Now, all of these

foodstuifs, except the grape and fruit sugars, have to be changed

chemically by the digestive process before they can be absorbed into

the blood. The pollen, which contains the proteids and hydrocarbons

of the food, is taken directly into the mouth by means of the man-

dibles and apparently is not digested until it reaches the small in-

testine, and therefore it would seem that it is the cane sugar which

must be affected by the saliva. The change, or inversion, as it is

called, of cane sugar, which has a very large molecule (CjoHooO^i),

consists of its reduction to grape and fruit sugars which have smaller

molecules (CfiHi„Oo). Starch (C,.HjoOr,) must also be reduced to

simpler and more soluble compounds before it is capable of absorp-

tion. Its inversion is effected in us partly by the saliva, but starch

appears to form a very inconsiderable element in the bee's diet.



90 TTTE ANATOMY OF TTIK 1TONEY REE.

3. THE AITIMENTAIJY CANAL.

The alimentary canal is a tube Avhioh extends throuo^h the entire

length of the body and, on account of beings more or less coiled, it is

generally considerably longer than the length of the body in insects.

It has no openings of any sort into the body cavity. The internal

organs are packed closely about it, and the interstices are filled Avith

the blood, there being no special arteries or veins in insects. The
amount of space occupied by the alimentary canal varies according to

the amount, of food it contains, and for this reason it seldom looks

exactly alike in any two individuals examined.

The part of the canal immediately following the mouth forms an

enlargement (fig. 42, PJnj) called the pharyn.r. Succeeding this, is

a slender tube which leaves the head by the foramen magnum above

the small transverse tentorial bar and traverses the entire length

of tlip thorax. This is the wsophagus {(E). In the anterior part of

the abdomen the (esophagus expands into a large thin-walled sac

which is ordinarily called the croj) or ingh/ries, but which, in the

bee, is known as the honey stomarh {IIS). Behind this is a short,

narrow, necklike division, with rigid walls constituting the pfo-

ventricnhts {Pvent). Then comes a large U-shaped part, with thick,

spongy-looking walls containing numerous annular constrictions.

This is the ventrieulns {Vent), or stomach, of the bee, frequently re-

ferred to as the " chyle stomach." Following the ventriculus is a

short, narrow, coiled small intestine {SIvt) having a circle of about

one hundred long, greatly coiled, blind, threadlike tubes opening into

its anterior nMid. These latter are called the Mutphjhhin tiil)iilps

{Med). Functionally they do not belong to the digestive tract, since

they are excretory organs, corresjKwding with the nei:)hridia of other

invertebrates and with the kidneys of vertebrates. Following the

small intestine is the J(f)r/e intestine, or reetirm {Rert). wliich is often

distended by its contents into a great sac occupying a large part of

the abdominal cavity. Six whitish bands on its anterior end are

called the reetal glands {RGl). The rectum opens to the exterior

through the anus, which is situated, as already described, at the end of

the rudimentary tenth or last segment of the abdomen (fig. 41, An).

After this brief general survey of the parts of the alimentary

canal, we shall proceed with the description of each in detail, and at

the same time give what is known of the role each plays in the

process of digestion. ^\liat is known, however, about digestion in

the bee, or in any insect, for that matter, really amounts to nothing,

but the views of various writers on the subject must be discussed

briefly, in order to show how little has actually been demonstrated.

The pharynx (figs. 11 R, 19, and 42, Ph;/) lies in the anterior part

of the head close behind the clypeus, extending from the mouth
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dorsally to above the antenna:', where it turns posteriorly and con-

tracts into the much narrower esophagus {(E). Attached to its

walls are numerous suspensorial muscles, whose contraction must

expand the pharyngeal cavity, while the latter may be contracted

by the sheet of muscles surrounding its walls. In this way the

pharynx is undoubtedlv able to perform a sucking action, by means

of which the liquid foods are taken into the mouth. Its lateral

walls are strengthened by two long, chitinous rods (figs. 11 B and

19, /,) , which arise from a median anterior plate in its floor (fig. 10, .s).

The anterior end of this plate is prolonged into two free, tapering

lobes which hang down over the lower rim of the mouth. The plate,

in the worker, and the leases of the rods are shown in ventral view,

removed from the pharyngeal wall, in figure 43 D. Near where the

rods join the plate are two long, chitinous pockets (mm), opening

above which receive the ducts of the two large glands {]G1) lymg

within the anterior part of the head. Between these two pockets is a

transverse row of cells (4^/), which have l)een described by Bordas

(1895) as the "sublingual glands,'^ but this name is not appropriate

in insects, for, while the gland in question may be suggestive of the

sublino-ual salivary gland of vertebrates, it does not he beneath the

tono-ue^or lingua 'of the bee. Although the pharyngeal plate lies

upon the floor of the true mouth, it is not, as already explained (p.

44) the equivalent of what is properly called the tongue, lingua, or

hvpopharvnx in other insects-this organ being absent m most

Hymenoptera. The onlv suggestion the writer can make, however

is'to call this group of cells the ventml or median ventral pharyngeal

qlamJ in distinction to the large lateral glands. A comparative view

of the pharyngeal plate and its accessory parts in the drone is given

in flexure 43 E. The plate itself (n) is shorter than m the worker,

audits anterior lobes are smaller. The lateral glands and their

receptacula are entirely absent, but the median glands (4<^?).«re

much larger than those of the worker. Bordas says that each acinus

of the latter o-lands in both the worker and the drone is provided

with a fine, sinuous canaliculus, and that these tmy ducts open

separately in two bundles on the lateral parts of the pharyngeal

plate. The lateral glands are present in the queen, but are very small

and rudimentary.
•, , j i?

Fspecial interest attaches to the large lateral pharyngeal glands ot

the worker {Ry^tem No. 1 of Cheshire, the .upraccrelral glands

of Bordas), because they are regarded by many as the source of the

brood food and the so-called " royal jelly," which is fed to the larva,

and to the adult queens and drones by the workers. Each consists

of a long coiled string of small ovate follicles attached to one median

duct (fio- 43 A) and the two are intricately packed into the anterior

.nd upper parts of the head (figs. 10 A, 19, and 42, IGl), Each
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acinus consists of a solid mass of several small cells, which are pene-

trated by a large number of fine, chitinous ducts, arising in the neck

of the acinus from the common duct of the gland. These follicular

ducts can be very clearly shown by treating a part of the gland with

weak caustic potash, which dissolves the protoplasm of the cells

and bruigs out the bnnch of ductules very clearly.

The fact that these glands are entirely absent in the drone and at

best rudimentary in the <]ueen shows tlint they must in some way be

conjiected with the special functions of the worker. Schiemenz (1883)

and Cheshire (1880) have shown that their development in the dif-

ferent species of bees is in proportion to the social specialization.

They vary from a group of cells opening by separate ducts upon the

pharyngeal plate to the highly developed condition they present in

the honey bee. The writer questions, however, whether these authors

did not mistake the median pharyngeal glands of these lower genera

of bees for rudimentary representatives of the lateral glands. Bordas

states that tlie former occur in all Hymenoptera. l)ut Schiemenz and

Cheshire did not seem to recognize them. The bumblebees i^Bombus)

have them almost as well developed as the honey bee {Ajns)^ espe-

cially the large females. In the genus Psn/thiiiis they are similar to

those of Bomhvs but are smaller, while in such genera as Andrena
and Anthophora they are rudimentary or consist of a few scattered

cells. Both Schiemenz and Cheshire have thus argued strongly that

these glands of the pharynx are the organs that produce the brood

food. On the other hand, Schonfeld (188G) has made an equally

strong plea in favor of the ventriculus as the producer of this impor-

tant material. He believes that the brood food, especially royal

jelly, is regurgitated chyle. Both Schonfeld and Cook (1904) fed

bees in a hive some honey containing powdered charcoal and later

found this in the brood food in the comb cells, thus apparently con-

firming its ventricular origin. However, the charcoal that got into

the cells might have come from the mouth, the oesophagus, or the

honey stomach. It, of course, could not have gone through the

stomach walls and entered the pharyngeal glands, as proved by Dr.

J. A. Nelson, of this Bureau, from microtome sections of bees fed on

lampblack. The arguments, then, in favor of the stomach and the

pharyngeal glands seem equally strong, and perhaps the truth is, as

occurs in so many such cases, that both sides are right—that the brood

food is a mixture of chyle from the stomach and of secretion from

the pharyngeal glands.

Arnhart (190G) seems to adopt the position that the brood food

is chyle which has been acidified by the addition of an acid from the

glands. He states that the acid reaction of the royal jelly is due to

the presence of three-fourths of 1 per cent of tartaric acid. The
contents of the ventriculus, on the other hand, and for that matter
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of all the parts of the alimentary canal, are alkaline. Hence, it

seems very logical to suppose that if the brood food comes from the

stomach, its acid constituent is furnished by the glands in the head.

But the ditference between the brood food found in the cells and the

contents of the ventriculus is so great that it would seem as if a very

substantial addition of something more than a mere preservative acid

must be made to the latter.

The brood food given to the queen larva', known as royal jelly, is a

gummy i^aste of a milky-white color when fresh, but when taken out

of the cell it soon acquires a darker tone with a yellowish tint. Under
the microscope it appears to be a homogeneous, very minutely granu-

lar mass. It is very acrid and pungent to the taste, and must be

strongly acid. Samples examined by the writer taken from cells

containing queen larva:' two and four days old contained a number of

fresh undigested pollen grains but no bits of hairs such as occur in

the stomach.

The possible ventricular origin of a part of the brood food and its

regurgitation will be further discussed wdien we treat of the stomach

(page 98). The Avriter does not advocate any personal view regard-

ing the origin of this larval food—the fact is, there is not enough
known about it to enable one to formulate any opinion worth while.

We know only that the whitish paste conies out of the mouths of the

Avorkers, but we know nothing of where it is made or of how it is

made. Hence we can but await the evidence of further investigation.

The brood food is fed to the larva? by the workers and is produced

in greatest abundance by the younger individuals. The larvie of the

queens are said to receive nothing but pure royal jelly throughout

their entire developmental period, while the larva' of the drones and
the workers are given the pure product only during the first three

days of their life. From the beginning of the fourth day on, honey
is said to be mixed with the diet of the drones and workers and, in

the case of the former, undigested pollen also. Moreover, the adult

queens and the drones receive a certain amount of prepared food

throughout their lives ; if they do not get it they become weak. While
they can feed themselves with honey they apparently can not eat

jiollen, and consequently are not able to obtain the proteid element of

diet unless fed this in a predigested condition by the workers. Dur-
ing egg-laying activity the queen especially demands this food, and
by furnishing or withholding it the workers probably have the power
of stimulating or inhibiting her production of eggs. Arnhart (1906)

says that the Avorkers feed it to weak or starved members of their own
class, the material being accumulated upon the upper surface of the

mentum of one bee Avhence it is sucked up through the j^roboscis b}^

the other. All of these statements, however, concerning the feeding

of the brood and the ditferences in the diet need to be verified. They
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Vfent

are based chiefl^y on the work of Planla, published in 188S. Cheshire
(188(')) states that the stomachs of queens contain a substance which
is " microscopically indistinguishable from the so-called royal jelly,'*

scarcely a pollen grain being discoverable in it. If this is so, it would
seem to prove that the queen is fed this substance by the worker, for

the stomach of the latter is inAariably filled with a dark-brown slime

containing a vary-

ing amount of pol-

len and in no way
resembling roA^al

jelly. Cheshire
further says that

before impregna-

tion the stomachs

of the queens al-

ways contain pol-

len, the royal jelly

being found in

them tAvo or three

days after impreg-

nation, when all

traces of pollen

have disappeared.

The n a r r o av

oesophagus (fig. 42,

CE) is a simple tube

with a thick chiti-

nons lining and
muscular walls.

The epithelium ( fig.

45) is very rudi-

mentary, its cell

boundaries being

lost and its nuclei

{Nti) appearing as

if imbedded in the

lower laj^ers of the

thick transparent

intima (Int). The muscles are disposed in an outer layer of trans-

verse fibers {TMcl) and an inner layer of longitudinal ones (LMcl).
The honey stomach (fig. 42, IIS) is simply an enlargement of the

posterior end of the esophagus lying Avithin the anterior part of

the abdominal cavity. It is best developed in the Avorker (fig. 44 A),
but is present also in the queen (B) and in the drone (D). The
organ should perhaps have been named the nectar stomach, for its

Fig. 44.

—

X, honey stomach (J/S) of worker with posterioi- end
of oesophagus (ffi), proventriculus (Pvent). and anterior

pnd of ventriculus (Vent); B, same of qiioen ; C, huuoy
stomach (118) cf worlicr mostly cut away exposing the

stomach-mouth (nn) of proventriculus (Pvent) leading into

ventriculus (Vent) ; D, honey stomach of drone.



THE ALIMEWTAKY CANAL AJS'D ITS GLANDS. 95

principal function in the bee is to hold the nectar as it is collected

from the flowers and to allow the worker to accumulate a consider-

able quantity of this liquid before goin^ back to the hive. Hence,

since the honey stomtich is a sac with very distensible walls, its

apparent size varies greath'. When empty it is a suuiU flabby pouch,

but when full it is an enormous balloon-shajjed bag with thin tense

walls. The histological structure of the honey stomach (fig. 45, H/S)

is exactly the same as that of the oesophagus. The numerous high

folds into which its epithelium (Epth) is throAvn permit the enor-

mous expansion of which the sac is capable. When a Avorker with

its honey stomach filled with nectar reaches the hive, the nectar is

either stored directly in a cell or is given up first to some other

worker, Avho places it in a cell.

It would appear that all the food swallowed by a bee must go first

into the honey stomach, and since the bee's diet consists of pollen and

honey as well as nectar, one would suppose that in regurgitating the

latter the bee would also disgorge the pollen it might have recently

eaten. Honey which is made from the regurgitated nectar does

indeed contain some ])ollen, but most of the pollen eaten by the bee

is undoubtedly retained in the stomach as food. The apparatus by

means of which the pollen is supposed to be separated from the nec-

tar belongs to the following division of the alimentary canal, but it

is not knoAvn that the worker takes nectar, and pollen for food, into

its honey stomach at the same time.

The proventriculus (figs. 42 and 44, Pvent) forms the necklike stalk

between the lumey stomach {IIS) and the true stomach or ventricu-

lus {Vent), but a very important part of it also projects up into the

honey stomach (fig. 44 C). If the honey stomach be slit open, a

short, thick, cylindrical object will be seen invaginated into its j^os-

terior end and having an X-shaped opening at its sunnnit (fig. 44 C,

nn). This opening is the mouth of the proventriculus, and its four

triangular lips, which are thick and strong, mark four longitudinal

ridges of the proventricular tube. This structure is commonly known
as the '" stomach-mouth " and is supposed to be an apparatus de-

signed especially to enable the worker to pick out pollen grains from

the honey stomach and swallow them on down into the true stomach

or ventriculus, while the nectar is left to be stored in the hive.

Cheshire says: ''While the little gatherer is flying from flower to

flower her stomach-mouth is busy separating pollen from nectar."

This notion is so prevalent among bee writers in general that it

jiasses for a knowni truth. Yet it has really never been shown that

the Avorker eats pollen Avhile she is gathering nectar. Probably no

more pollen is ever mixed Avith the nectar in the honej'^ stomach than

is found in the honey itself. Furthermore, under normal conditions

pollen never accumulates in the honey stomach, eA^en when the bee
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is not collect ini;- nectar—or, at least, the writer has not observed it

—

while, tinally. both the proventriculus and its mouth are just as well

developed in the (|ueens and drones as in the workers, thoui^h neither

of the former are known to eat pollen, and they certainly do not

gather nectar.

If the honey stomach be cut open in a freshly killed bee, the

proventricular mouth ma}^ be seen still in action. The four lips

spasmodically open wide apart with a (juivering motion and then

tightly roll together and sink into the end of the proventricular

lumen. This, of course, suggests their picking pollen out of the

nectar, but it is probably simply the ordinary process by means of

which the proventriculus passes any of the food in the honey stomach
on to the ventriculns. Nearly all insects have some such proventricu-

lar apparatus, which simply takes the stored food from the crop as

it is needed by the stomach. In some insects it forms apparently a

straining apparatus, which prevents coarse, indigestible fragments
from entering the stomach, Avhile in some the proventriculus may be

a triturating organ comparable Avith a bird's gizzard. Bees, how-
ever, do not crush the pollen either in their mandibles or in the

proventriculus, for it occurs in perfect condition in the ventriculus.

Hence, before the current notion that the " stomach-mouth " is

for the special purpose of taking pollen out of the nectar in the

honey stomach can be accepted it must be first demonstrated that

the workers eat pollen Avliile the honey stomach contains nectar to

be stored in the cells, i. e., any more than is disgorged along with

the nectar; and, secondly, a reason must be shown why the queens

and drones should have a ^ stomach-mouth " as well developed as

that of the worker. In the meantime it appears most logical to

regard the proventricular mouth as simply the ordinary apparatus,

possessed by insects in general, by means of which all of the food is

passed from the crop to the stomach.

A longitudinal section through the honey stomach, the jiroventric-

ulus, and the anterior end of the ventriculus is shown in figure -15,

which is made from a queen. The proventriculus does not differ from
that of a worker, but the honey stomach is smaller and not so much
turned to one side (cf. fig. 4-1 A and B). The two muscle layers of

the a'sophagus continue dowai over the Avails of the honey stomach

{TMcl and LMcl). The outer layer of transverse fibers, however,

ceases at the posterior end of this organ, while the longitudinal fibers

continue posteriorly over the proventriculus and the ventriculus as

an external layer {LMcl). A new layer of internal transverse fibers

begins on the proventricular walls and extends backward on the

ventriculus (TMrl) beneath the longitudinals. Hence the muscles

on the cpsophagus and crop are in reverse order from those of the

proventriculus and ventriculus. The proventriculus is deeply in-
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vaginated into the posterior end of the honey stomach. Each lobe

of its mouth forms a thick trianguhir ridge on the walls of its

lumen, in which lies a special mass of longitudinal muscle fibers

{LMcl). The epithelium of the lumen is lined by a thick, smooth,

chitinous intima {Int), while the lobes of the mouth {nn) are pro-

vided with bristles point-

ing inward and backward

into the mouth opening.

The posterior opening

of the proventriculus into

the ventriculus is guarded

by a long tubular fold

of its epithelium (fig. 45,

PventVlv), the proventric-

ular valve. This would

appear to constitute an

effective check against the

escape of any food back

into the proventriculus. It

looks like one of those traps

which induces an animal to

enter by a tapering funnel

but whose exit is so small

that the captive can not

find it from the other side.

Yet Schonfeld has elab-

orately described experi-

ments by means of which

he induced the ventriculus

to discharge its contents

through the proventriculus

into the honey stomach and

even into the end of the

oesophagus. He says that

he did this by gently tap-

ping on the honey stomach

and the ventriculus at the

same time. The experiment

was repeated many times with unvarying results and Schonfeld de-

scribes so minutely what happened that we can not disbelieve his

statements. From these experiments he argues that the larval food-

stuff is prepared in the stomach and regurgitated through the proven-

triculus directly into the oesophagus by a contraction of the honey

stomach which brings the stomach-mouth against the base of the o^soph-

22181—No. 18—10 7

\€nt LMcJ

-TMcl

Fig. 45.—Longitudinal median section of base of

oesophagus (CB), honey stomach (//S), proventricu-

lus (Pvcnt) and ventriculus (Vent) of a queen.
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agus. We shall have to post})oiie a further discussion of this subject

to pa<>:e i)!). aftci' the ventriculus and its contents have been described.

The ventriculus (fig. 42, Vent) is the largest part of the alimentary

canal in the bee and is bent into a U-shaped loop of which the pos-

terior arm is dorsal. It is cylindrical and does not vary so much in

shape and diameter according to its contents as do the other parts of

the canal, although the numerous transverse constrictions which give

it a segmented appearance are not at all constant. When examined

under alcohol the ventriculus has an opaque whitish appearance, but

^n the natural condition—that is, as seen when examined in a freshly

killed or asphyxiated bee—it is of a dark-brown color with lighter

rings corresponding to the constrictions. The latter represent in-

ternal folds where the walls are really thicker than elsewhere, the

color being due to the contents which naturally show more plainly

through the thin parts.

The contents of the ventriculus invariably consist of a dark brown

mucilaginous slime and generally also of a varying amount of pollen.

The latter is most abundant in the posterior arm of the ventricular

loop and is often densely packed in its rear extremity, while the an-

terior arm may be almost entirely free from it. The pollen in the

ventriculus is always fresh-looking, the native color showing dis-

tinctly through the enveloping slime while most of the grains yet re-

tain all of their contents. The Avriter has examined many samples

of pollen from the stomachs of workers and, in all, the great mass of

it showed no evidence of digestion, the color being fresh and the

contents perfect—only a few had the latter shrunken and seldom was

an empty shell observed. On the other hand, the pollen contained

in the small intestine has invariably lost its bright color, the contents

of the majority of the grains are more or less shrunken, while a num-

ber of empty shells are to be found. That in the rectum, finally, con-

sists in large part of empty shells or of grains having the contents

greatly shrunken and apparently mostly dissolved out, although a

few perfect and bright-colored grains are always present, looking as

if entirely unaffected by the digestive liquids. From these observa-

tions the Avriter would conclude that the digestion of pollen takes

place principally in the intestine. In all parts of the alimentary

tract there occur numerous bits of feathered bee-hairs, but these seem

to be especially numerous in the ventriculus.

We are noAv in a position to discuss the possibility of the production

of the brood food in the stomach. Sch()nfeld (1886), as has already

been stated, argues that this substance is regurgitated "chyle" from

the ventriculus. Arnhart (1906) adopts this view and elaborates

consideral)ly upon the chemical process by means of which the trans-

formation of " chyle " into this larval food is etfected through the

addition of tartaric acid from the pharyngeal glands of the head.
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The ventricular contentis do become slightly milky when treated with

a solution of tartaric acid, but they are not changed into anything

at all resembling royal jelly. Moreover, a transformation of the

brown slimy contents of the ventriculus into the white gummy paste

on which the larva? are fed does not seem possible without the addi-

tion of much other material. In fact the added material must make
up the conspicuous part of the larval foodstuff and, from a purely

argumentative standpoint, it would not seem necessary to assume that

it contains any " chyle " at all. Again, if it were not for Schonfeld's

experiments one could not easily believe that the food could be dis-

gorged through the proventricular valve. The conspicuous action of

the proventricular mouth is a swallowing motion, and the writer has

not been able to induce the ventriculus to disgorge its contents

through it in the way that Schonfeld describes, although perhaps

sufficient care was not observed in exposing the organs. Cheshire

states that the proventricular tube (fig. 45, PventVlv) in the ventricu-

lus " rather makes regurgitation improbable than impossible," while

he argues that the down-pointing bristles of the stomach-mouth would

further interfere Avith this process. Cowan adopts the view^ of

Dufour and Schonfeld that the brood food is of ventricular origin,

and says in this connection : ''Although saliva from the glands

(especially System I) is probably added to the food, this can not,

from its great variabilitv, be entirely a secretion, as stated by

Schiemenz. The work of Doctor Planta, we think, conclusively proves

that the food is not a secretion, and that the nurses have the power
of altering its constituents as may be required for the different bees."

If the variation of the food is under the control of the workers pro-

ducing it, it does indeed look impossible that it should be produced

entirely by glands. Cowan illustrates by a diagram how" regurgita-

tion through the proventriculus may be possible in spite of the pro-

ventricular tube projecting into the ventriculus. Since this tube is

simply a cylindrical fold its walls, as shoAvn in figure 45, PvenfVh^
consist of two layers, and Cowan says that " when the bee washes to

drive the chyle food from the chyle-stomach (Vent) into the cells

it forces the stomach-mouth (nn) up to the oesophagus {(E) and the

prolongation {PventVlv) unfolds, extending the chyle-stomach to the

a'sophagus, making a direct communication through which the food

is forced by compression of the chyle-stomach by its muscles." The
honey-stomach of the worker is much larger than that of the queen,

shown by figure 45, in wdiich there is not enough space for the unfold-

ing of the proventricular tube. This mechanism suggested by Cowan
looks simple and conclusive in a diagram, but when one attempts to

unfold the proventricular tube by grasping the stomach-mouth in a

pair of fine forceps and pulling the top of the proventriculus upward
it is found that, while the tube can be entirely straightened out, doing
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SO involves the tearing of all the fine muscle fibers and tracheal

branches uniting the honey-stomach to the upper end of the ventricu-

lus (fig. 45). If, then, the organ itself can not be made to work
according to this scheme, it might be supposed that the inner wall of

the proventriculus and the tube are evaginated through the stomach-

mouth {an), but the walls of the former certainly appear to be en-

tirely too rigid to permit of any such performance as this. Finally,

it is not clear how ani/ eversion of the tube could be produced by the

proventricular muscles as they exist.

The various facts and arguments bearing on the origin of the

brood food may be sunmiarized as follows:

1. The brood food itself is a milky-Avhite, finely granular, and
gummy paste having a strong acid reaction said to be due to the

presence of tartaric acid.

2. The pharyngeal glands of the head are developed in proportion

to the social specialization of the various species of bees; they are

always largest in those individuals that feed the brood, and they

roach their highest development in the workers of the honey bee.

From this it would seem that they are accessory to some special

function of the worker.

3. The contents of the stomach in the workers consist of a dark

broAvn, slimy, or mucilaginous substance in no way resembling the

brood food, even when acidulated with tartaric acid. Pollen is

present in varying ({uantity, mostly in the posterior end of the

stomach, and shows little or no evidence of digestion. Since the

brood food is highly nutritious, it must contain an abundance of

nitrogenous food material which is derived only from pollen in the

bee's diet. Therefore it is not clear how the stomach contents can

alone form brood food.

4. The constituents of the food given to the different larvje, at

different stages in their growth, and to the adult queens and drones

show a constant variation apparently regulated by the workers pro-

ducing it. A variation of this sort can not be explained if it is

assumed that the brood food is produced by the glands alone.

5. Powdered charcoal fed to a hive of bees appears after a short

time in the brood food in the cells, and this has been urged as proof

that the latter is regurgitated " chyle." But it is certainly entirely

possible that the charcoal found in the food might have come only

from the honey stomach or even from the (esophagus or mouth.

6. We have Schonfeld's word for the statement that a regurgita-

tion of the stomach contents may l)e artificially induced by irritation

of the honey stomach and ventriculus in a freshly dissected bee, but

all explanations offered to show how this is nieclianically possible

in s})ite of the pi'oventricular valve are unsatisfactory when the

actual anatomical structure is taken into consideration.
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The only conclusion, then, that we are really warranted in draw-

ing concerning the origin of the royal jelly or of any of the larval

food paste is that we do not know anything about it. Cheshire is

probably responsible for the widespread opinion that it is formed

by the pharyngeal glands, though Schiemenz (1883) published a

large paper containing this theory three years before Cheshire's

book was printed. The " chyle " theory, which also has many advo-

cates, originated with Dufour but was principally elaborated b}'

Schonfeld. Arnhart would derive the brood food from both the

stomach and the glands. But we are still absolutely in the dark,

since we lack definite and conclusive information. A satisfactory

study of the subject would involve the chemical investigation of

very minute quantities of substances, and it may be a long time before

any interested person is found capable of undertaking a work of thi-t:

sort. The writer of the present paper is professedly preparing an

account only of the structure of the organs, but is doing this with

the hope that it may furnish a basis for some future investigator who
shall have time to devote himself to a study of the chemistry and
physiology of the digestive organs and their glands.

In vertebrate animals the digestive secretion of the stomach is acid

and its enzymes bring abont especially the digestion of proteids. The
resulting acid mixture is called cliymc. In the intestine the contents

are flooded with various alkaline liquids whose enzymes then take up
the digestion of the other food elements. The final prepared product,

which is absorbed by the lacteals, is called cltyle. These names have

been applied to the contents of the alimentary canal in insects—espe-

cially by Arnhart (lOOG), who speaks of the material undergoing

digestion as '' chyme "" and the completed products as " chyle." But
absolutely nothing is known of the digestive process in insects beyond

the fact established by Plateau (187-1) that the contents of all parts of

the alimentary tract are alkaline during digestive activity and either

neuti-al or weakly alkaline at other times. Hence, if we make use of

these words in insect physiology, it must be w^ith the understanding

that no chemical significance is implied. The ventriculus is very

commonly called the '* chyle stomach " but there is probably no reason

for calling it a " chyle stomach " any more than a " chyme stomach,"

and like^^ ise there is no reason for supposing that the intestine does

not contain chyle—in fact, it almost certainly does. The w^ord
" chyle " may be used with entire propriety in insect physiology to

signify the completed products of digestion, but to designate a part

of the alimentary tract as the " chyle stomach " is applying the term
without an adequate basis of facts.

The contents of the ventriculus are surrounded by several concen-

tric layers of thin filmy membrane which form an interior tube ex-

tending the entire length of the stomach and reaching down into the
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anterior end of the intestine. This tube can be very easily seen by

carefully cuttin<ii: open the outer walls of the ventriculus, but it is

best demonstrated by transverse microtome sections of a specimen

prepared for histological purposes. Such a section is shown by figure

46 A. A small amount of solid food matter {q(j) is seen in the cen-

ter of the specimen, surrounding Avhich are numerous irregular con-

centric rings of membrane {Pmh)^ some adhering to each other in

places, others entirely free, most of them structureless, but others

partly cellular. These are known as the pcritropli'ic m< mhi'dius

{Ptnh). They keep the solid contents of the stomach away from the

epithelial walls, from which, as will be presently explained, they are

given oil' from time to time.

The walls of the ventriculus (fig. 40 A) are thick and consist of

numerous cells (Epfh) apparently very irregularly arranged. On
their inner surfaces is a thin intima {Iiif) and on their outer surfaces

a still finer basement membrane (BM). Outside of the last are two

layers of muscles, the external layer consisting of longitudinal fibers

(LJ/cI) and the inner of transverse ones {TMcl). Numerous an-

nular depressions of the w^alls form internal folds (fig. 4r)), but any

part of the ventricular wall can be stretched out into a flat sheet,

which is then seen to be full of little pits, giving the whole a screenlike

appearance. Sections show that the pits result from circular invagi-

nations of the basement membrane (fig. 46 B, BM), and that at the

bottom of these pockets the cells are very small and convergent, while

those on their lips are very large. Figure 46 B is a very perfect

example of this structure of the epithelium, which is usually more

or less obscured, as in figure 46 A, by a great proliferation of small

cells from the lips of the cups—and then a large section seldom gives

a symmetrical view- of all the parts. The cups are all filled to over-

flowing by a gelatinous mass {pp) which fuses over their edges into

a xjontinuous coating beneath the intima over the entire inner surface

of the epithelium. This mass appears to be formed mostly by the

cells at the bottoms of the cups, for the outermost of these (fig. 46 B,

7t) often insensil)ly fade into it.

Figure 46 E shows an opposite condition of the epithelial cells.

Here the lip cells of the cups appear to be very actively dividing,

and proliferating a great number of small cells {Enz) wdiich float

off into the gelatinous covering. These discharged cellules are all

nucleated, but their protoplasm does not stain in preparations and

consequently they appear clear and transparent as compared with the

cells they apparently come from. The writer has not been able to find

any of these cells actually in the process of division, but a comparison

of figures B and E (which are camera lucida drawings and not dia-

grams) would certainly suggest that the condition of the cells in E
has resulted from a very active division of the cells of the walls and
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lips of the cuj)s, which are quiescent in B. Comparing this with

what is known to take place in other insects during digestion, there

is every reason for believing that the proliferated cellules are filled

with the digestive secretion, and that E represents a stage immedi-

LMcl

p Ymci
Fig. 46.— Histological details of alimentary canal of worker : A, cross section of ventriculus

showing peritrophic membranes (Piiih) ; B, section of wall of ventriculus showing
epithelial cups with cells in resting condition and covered by gelatinous mass (pp) ;

C, section of Malpighian tubule ; D, cross section of small intestine ; E, section of

ventricular epithelium after formation of numerous small digestive or enzyme colls

(Enz) given off into gelatinous matrix (pp) ; F, section of anterior end of rectum
through rectal glands (ItOl) ; G, part of slightly oblique section through posterior end
of ventriculus and anterior end of small intestine, showing openings of Malpighian
tubules (Mai) into the latter.

ately subsequent to one of greatest secretive activity, in which there

is a large number of little cells {Em) highly charged with the

enzyme-containing digestive juices imbedded in a gelatinous matrix

covering the inner surface of the epithelium. This matrix next
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separates itself from the ends of the remaining epithelial cells, which
at the same time secrete a new intima over their inner surfaces. The
lower part of figure 4G A shows this indisputably. The whole thing,

then, finally contracts about the food and, as the digestive cellules

give up their contents, shrivels and shrinks and becomes a peritrophic

membrane. In figure A the outermost peritrophic layer is still in

both conditions—its dorsal part is shrunken to a thin membranous
form, while its lower part is gelatinous and filled with secretion

cellules, though it is separated from the epithelium by a new intima

and is detached at intervals from the latter. Beneath the new intima,

furthermore, is seen at places the formation of a new gelatinous mass.

Some of the inner peritrophic layers shoAvn in A also retain remnants
of cells.

Figure 46 A is drawn from a specimen which is typical of all in

several series of sections through the ventriculus. The peritrophic

layer partly adhering to the epithelium is no artifact, because the

same condition may often be directly observed in dissections of fresh

specimens. In the opposite end of the series from which the specimen

was selected this layer is entirely free from the epithelium.

The peritrophic membrane has been described in some insects as

being a prolongation from the intima of the pxoventriculus, the ven-

triculus itself being supposed never to secrete an intima. It is per-

fectly conceivable that the anterior end of the membranes might be

generated by the outer cellular layer of the proventricular funnel and
remain attached to it after the rest of it had become free from the

ventricular wall, and thus give the appearance of belonging to the

proventriculus. The writer, however, has several sets of longitudinal

sections through these parts in the bee, but none of them nor any dis-

sections made show such a condition.

Absorption is commonly supposed to take place largely in the ven-

triculus. If so, the food must pass through the several peritrophic

membranes and then through the thick epithelium. It is entirely

possible that it may do so, but the pollen contained in the ventriculus,

as already stated, shows little or no evidence yet of digestion and does

not begin to do so until it reaches the small intestine. On the other

hand, the dark mucilaginous slime of the ventriculus does not appear
in any quantity in the much drier contents of the small intestine.

Therefore it may be supposed that this slime contains the sugar ele-

ments of the food and that the latter are principally digested in, and
absorbed from, the ventriculus. The absorption of the proteids and
hydrocarbons must take place in the intestine and rectum since these

food elements in the bee's diet are derived only from the pollen.

However, these conclusions are ])urely tentative, being based on the

writer's observation of the contents of the different parts of the ali-

mentary tract, which, while fairly extensive and continued through
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most of a year, are confessedly not nearly adequate to serve as a

basis for conclusive statements on the digestive process. They are

sufficient, however, to show the utter lack of a basis in facts for many
other opinions on this subject.

Cheshire (188G) describes two kinds of cells in the ventricular

epithelium, ''•one secreting a digestive fluid (gastric juice) from the

surrounding blood into the stomach, so that the pollen grains may be

made fit for assimilation by a transformation not unlike that lique-

fying gluten in our own case; the other absorbing the nutrition as

prepared and giving it up to the blood." Though Cheshire refers

to his figures to show these two kinds of cells, he does not point out

which are which—in fact, he does not even designate two different

kinds in his drawings nor even represent two kinds.

The small intestine (fig. 42, SI iit) forms a loop upon itself and con-

stitutes a narrow tube connecting the stomach {Vent) with the large

intestine or rectum {Rect). Its anterior end is somewhat enlarged

and carries the circle of malpighian tubules {Mai). Its epithelium

(fig. 46 D, Epth) is very simple and is thrown into six longitudinal

folds that jjroject into its lumen. On the outside is a thick sheath

of transverse muscle fibers {TMcl) with distinct nuclei (.V?^). The
latter are designated by Cheshire (1886) as "longitudinal muscles"

(see his figure 14 D), but this is a very evident mistake—the small

intestine has no longitudinal muscles at all. It is evident that the

folds of the epithelium permit the ordinarily narrow tube to expand

very considerably when necessary to allow the passage of a large

amount of food. The contents of the small intestine are usually

drier than those of the ventriculus, consisting principally of masses

of partly digested pollen, that is to say, the contents of the grains are

partly dissolved out—presumably signifying that they are under-

going digestion. There is usually only a small amount of the brown
slime present such as fills the ventriculus.

The Malpighian tubules (fig. 42, Mai) are wa^apped and coiled about

one another and about the viscera of the abdominal cavity. There

are about 100 of them in the honey bee and they all open separately

into the anterior end of the intestine. Each is a very long thread-

like tube consisting of a single layer of epithelial cells provided with

a very delicate basement membrane and intima (fig. 46 C). The ends

of many of the cells are clear and bulge into the lumen. Figure

46 G shows a section through the junction of the ventriculus and the

intestine where the tubules open by narrow necks penetrating the

epithelium. The wall of the ventriculus forms a short double-lnyered

fold {VentVJv) projecting backward into the anterior end of the

intestine, behind which are the orifices of the Malpighian tubules.

The section from which figure G was drawn is cut somewhat obliquely

and takes in this fold only on one side.
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The Mal})ifyhian tubules are regarded as excretory in function and

are supposed to remove from the blood the nitrogenous waste prod-

ucts resulting from metabolism. Minute crystals of urates are often

to be found in them and they probably perform the work of the

kidneys in vertebrate animals.

The large intestine (fig. 42, Rect)^ called the rectum in insects, is

an enormous sac which may lie limp and flabby in the rear part

of the body or it may be so immensely distended by the amount of

its solid and liquid contents as to occupy a large part of the abdomi-

nal cavity. The recognizable elements of the material within it

consist mostly of the empty shells of pollen grains or of grains hav-

ing their contents greatly shrunken and distorted—presumably as

a result of the absorption of the protoplasm, although a considerable

number are usually present which are only slightly digested, while

there are always to be observed a few perfect and fresh-looking

grains showing no evidence at all of digestion. The rest of the in-

definite mass of solid rectal material consists of some unrecognizable,

finely triturated substance, probably derived in part from fragments

of the peritrophie membranes. There are always present a few bits

of feathered bee hairs.

The epithelium of the rectum is, like that of the oesophagus, rudi-

mentary, being distinguishable only by the nuclei (fig. 40 F, Nv)
remaining in the outer layer of the thick transparent intima (Int).

Outside of this is an external layer of longitudinal muscle fibers

{LMel) and an inner layer of transverse fibers {TMcl). The intima

{Int) is thrown into numerous folds wdiose edges converge, forming

pocketlike grooves between them in which are lodged small masses

of the rectal contents. This is very suggestive that absorption takes

place in this part of the alimentary tract, although it is not com-

monly supposed to do so, but if the pollen is not fully digested until

it reaches the rectum, how can it be absorbed by the anterior part

of the alimentary canal ?

The so-called rectal glands (fig. 42, RGl) consist of six hollow

epithelial tubes (fig. 4G F, RGl) and are the only parts of the rectal

epithelium in which the cells are well developed. The cells on the

outside of each " gland " are small, but the inner ones are very large

and are covered by a thick layer of dark chitin {Int). The lumen

is intercellular and does not communicate with that of the rectum.

"V\Tien the rectum is distended the " glands " bulge out on the surface

as six short opaque ridges (fig. 42, RGJ). but when it is empty they

sink into the walls as in figure 40 F. Nothing is known of the

function of these organs, and their glandular nature is entirely con-

jectural. If they are glands, it is not clear why the intima should

be so especially dense on their inner faces.
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VII. THE CIRCULATOIIY SYSTEM.

The liquid modiiiin thai distributes the digested food from the

alimentary canal to the cells of the body tissues is called the hlood^

and the contractile organ that keeps the blood in motion is the heart.

In vertebrate animals the blood is contained entirely within tubes

called arteries and veins, but in insects and most other invertebrate

animals the blood simply fills the empty sjiaces between the viscera

of the body-cavity, which spaces may, however, constitute definite

channels or sini/se.'^, and may even be shut in by special membranes.

Besides carrying and distributing the digested food that is absorbed

into it in solution, the blood of animals generally has also to dis-

tribute oxygen to the tissue cells and carry off their waste products.

Oxygen is obtained from the air and, like any other gas, is soluble

in liquids. Hence it is present in the blood not in the form of small

bubbles of gas but in solution, just as it is in all water exposed to the

air. The respiratory system (see page 116) is simply a special con-

trivance for bringing air into close proximity to the blood so that

its gases maj^ diffuse into the latter, but many soft-bodied* animals

like earthworms absorb air directly through the skin. Vertebrate

animals have a substance in their blood called hemoglobin which is

contained in the red corpuscles and has a great capacity for absorb-

ing oxygen. It, therefore, enables the blood to carry much more of

this gas than could be dissolved simply in its plasma. Invertebrate

animals do not need so much oxygen as vertebrates, and, therefore,

most of them can get along with that which dissolves in the color-

less blood plasma Avithout the special aid of hemoglobin. Most
insects, however, being excessively active creatures, must have a

rapid metabolism in their cell tissues, and consequently they need

much oxygen to consume the product of this metabolism, but they

belong to the class of animals without red blood and, hence, nature

has provided them with another means of obtaining a special supply

of air, namely, a set of air-tubes branching minutely over nearly all

the internal organs, the tissues, and even most of the cells in the

body. (See "The Respiratory System,"' page 112, for discussion of

oxidation and removal of waste products.)

The blood of insects is usually a colorless liquid containing opaque

granular cells or corpuscles floating in it. There are no special blood

vessels, but there are very definite channels between the muscles and
viscera through which the blood flows, while conspicuous membranes
stretched across the dorsal and ventral walls of the abdomen (fig. 1,

DDph and VDph) inclose special dorsal and ventral sinuses which

play an important part in the circulation. These membranes, called

diaphragms^ are rhythmically contractile, and contribute much to
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iiuiintaining the circulation of the bhx)d. The heart (fio;. 1, lit) is

located in the dorsal sinus, which latter is therefore often calleel the

pericardial chamber. The pulsations of the diaphragms are produced

by fine muscle fibers lying in their walls. These are usually ar-

ranged in a number of fan-shaped bunches on each side radiating

from the edges of the diaphragm (fig, 47, DphMcl) toward the mid-

dle, where most of them are continuous with the fibers from the oppo-

site side. It used to be supposed that those of the dorsal diaphragm

produced the expansion of the heart, and they were for this reason

called the " wing muscles of the heart," but the latter organ is now
known to be a nuiscular tube and to contract and expand by its own

Fig. 47.—Dorsal diaphragm of drone, from one segment and adjoining parts of two
neigliboring segments, sliowing median heart (Ht) as seen through transparent dia-

pliragm (DDph), fan-shaped I)unches of diaphragm muscles {DphMcD, and lateral

tracheal sac (TraSc) giving off sac-bearing trunks into pericardial chamber above
diaphragm.

power. In some insects the muscles of the dorsal diaphragm form a

meshwork of fine fibers surrounding numerous large and small holes

in the membrane, which probably permit the entrance of blood into

the sinus above, but in most species the diaphragm is imperforate

and the blood enters the pericardial chamber above its scalloped edges

(figs. 1 and 47).

The heart of insects in general is a long narrow tube (fig. 1, Ht)
situated in the dorsal sinus or pericardial chamber of the abdomen
along the midline of the body. It is swollen toward the middle of

each segment into a heart ehamhev (ht) which presents a vertical

slitlike opening or ostium (Ost) on each side. Theoretically^ in
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generalized insects, there should be a chamber to each segment, but

the heart is variously shortened from both ends so that the chaml^ers

are always fewer than the segments. The posterior end of the heart

is closed, but its anterior end is produced into a long narrow tube

called the aorta (fig. 1, Ao) which extends through the thorax and
ojjens by a few simple branches into the cavity of the head.

The heart of the bee (fig. 1, lit) consists of only four chambers

{Iht-Jfht) lying in the third, fourth, fifth, and sixth segments of the

abdomen. In the front of this part of the body it bends downward
and forms a large convoluted loop {i) of about 18 folds where it

passes through the abdominal constriction. All of this convoluted

part really belongs to the abdomen, since it lies in the propodeal part

of the apparent thorax, which is the true first abdominal segment.

The aorta {Ao) extends forward from here as a very fine tube making
a large arch between the muscles of the thorax and then enters the

back of the head. According to Pissarew (1898) the convolutions

of the anterior end of the heart are peculiar to the honey bee, being

absent in its nearest relatives such as Bomhus and Megachile. The
heart walls, as before stated, are muscular and produce a rhythmical

contraction of the tube whose pulsations follow each other from be-

hind forward. Thus the contained blood is driven out of the anterior

end of the aorta into the head, where it bathes the brain and the other

organs of this region, and then flows backward, percolating through

the spaces between the organs of the thorax.

From the thorax it enters the cavity of the ventral sinus—not the

general abdominal cavity, at least in the bee—and is pumped back-

ward by the pulsations of the ventral diaphragm and dorsally over

the inner walls of the thorax and through definite channels about all

the viscera, finally collecting in the dorsal sinus where it again enters

the heart through the lateral ostia. The lips of the ostia are pro-

vided with small membranous lobes Avhich project inward and con-

.

stitute valves that prevent the expulsion of the blood, A similar

valve is placed at tlie anterior end of each chamber of the heart to

prevent a possible backward flow.

In the bee, both the dorsal and the ventral diaphragms are well

developed, the former (fig, 1, DDph) extending from the third

abdominal segment to the seventh, inclusive, while the latter (VDph)
extends from the abdominal constriction to the eighth segment.

The ventral diaphragm is much more muscular than the dorsal and
its pulsations, which are very strong, follow each ether from before

backward. They may easily be observed by removing the top of

the alidomen from an aspliyxiated bee. The ventral sinus is very

ample, inclosing tlie nerve cord of the abdomen, and I'eceives into

its anterior end the blood channels of the thorax, so that the latter
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coniniuiiicate willi (lie ooneral cavity of the abdomen only through

the ventral sinus.

The dorsal diaphraoni (fig;, 1, DDph) ends by a free transverse

edge near the front of the third abdominal segment. A part of it is

shown by figure 47 extending aci'oss our segment and the adjoining

parts of two others. The fan-shaped bunches of muscle fibers

(Dp/uVcJ) are seen radiating from the anterior edges of the terga

toward the midline, where they are mostly continuous with those

from the opposite side, only a few^ of the anterior and posterior ones

ending free in the membrane of the diai)hragm. The latter is imper-

forate, but its edges are deeply scalloped between the points where

the muscles are attached, allowing free entrance to the blood from
the intervisceral channels of the abdomen. The dorsal surface of

the diaphragm is covered by a network of cells (figs. 47 and 48,.

DphCls) arranged in flat branching and fusing bands. These cells

PphMcI

Fig. 48.—Small part of dorsal diaphragm of drone, showing bands of flat diaphragm cells

(DphCls), the diaphragm membrane itself {Dphnib), and the muscle fibers (DphMcl).

may be called the dlaphrarjm cells to distinguish them from the

pericardial celjs to be described later.

The abdominal circulation is very easy to observe in a living

bee. The best way to demonstrate it is to pin an asphyxiated bee

to a block of cork or paraffin and remove the top of the abdomen
by making an incision with a small pair of scissors clear around it.

Gently pull the alimentar}^ canal to one side so as to expose the

ventral diaphragm, which Avill be observed pulsating strongly back-

ward. Xext cut a small hole in the top of the thorax and insert

into it a drop of some stain in a water solution (the Avriter used

carmalum). Almost immediately this will appear in the ventral

sinus of the abdomen, in Avhich it is pump(Ml backward by the dia-

phragm, and from which it goes ui)ward through invisil)le channels

between the air sacs aiid the alimentary canal and especially up
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wide channels against tlie lateral walls of each segment. It does not

run out free into the abdominal cavity, however, unless through a

rent, nor does it enter the latter from the thorax except by way of

the ventral sinus. The dorsal circulation of course can not be

observed in this specimen because the back is removed. Therefore,

take another bee and fasten it in the same manner, but make simply

a shallow median slit along the back, thus exposing the dorsal sinus

and the heart from above. Now insert a drop of stain into the

thorax as before. After about two minutes this will appear in per-

ceptible amount in the dorsal sinus, very much diluted, to be sure,

with the blood, but there will be enough to give white blotting paper

a distinct red tint. In a short time the heart becomes filled with

the stained blood and appears as a red tube along the median line.

The dorsal sinus contains not only the heart but also two pairs of

pericardial air sacs in each segment. These are seen entering the

Fig. 49.—Pericardial chamber of one segment In worker, seen from below looking through
transparent dorsal diaphragm (l)I)i)h), showing median heart (Ht), lateral pericardial

air sacs [HtTra^c) given off from large lateral sacs {Tratic), and the padding of

pericardial cells (HtCls) against inner surface of terguni (T).

sinus from the large lateral air sacs of the abdomen {TraSc) in

figure 1 and also in figure 47. In the latter the heart {/It) is seen

along the median line as it shows through the diaphragm. Figure

1:9 gives a view of the i:)ericardial sinus as seen from below, in one

segment, by focusing through the transparent diaphragm [DDph).
In the middle lies a chamber of the heart {Ht) with the slitlike

ostium on each side. Laterally are the four pericardial air sacs

(llfTraSr) giving off branches that ramify j^rofusely upon the

heart. Above the heart and the air sacs is a thick bed of large

granular cells {IltCh) which make a soft padding between the hard
tergal wall and the delicate organs of the sinus. These are called

the 'periiardial cells. They may have some physiological function,

as has often been supposed, but if so no one has decided Avhat it is.



112 THE ANATOMY OF THE HONEY BEE.

VIII. THE RESPIRATORY SYSTEM.

The lives of all iininials depend upon a constant distribution of

free oxyi^en gas throujjhout their bodies. This oxy^jen, continually

inhaled and exhaled, is not used in the formation of tissues, it does

not become a part of the living protoplasm of the animal—it is the

physiological scavenger that eats up certain waste products of me-

tabolism Avhich are deadly to the system unless constantly removed or

changed into less harmful compounds. The action of oxygen upon
these waste substances within the body is comparable with ordinary

combustion in that it results in the formation of carbon dioxid gas

and water and in the generation of heat. Since the air, which is com-

posed of both oxygen and nitrogen, is the source of the oxygen supply,

the ordinary breathing processes involve an inhabit i(m also of nitro-

gen gas, and the tissues become permeated with it as well as with

oxygen. The nitrogen of the air, however, is not known to serve any

physiological purpose in the body, its presence being simply unavoid-

ably incidental to the inhalation of oxygen. While oxygen and nitro-

gen are two most important food elements, the tissues of animals can

not make use of either in the gaseous condition, but must be supplied

with substances containing these elements in combination with others

in the form of solid and liquid food stuffs taken into the alimentary

canal. Hence, air is not a food, and the respiratory system is to be

regarded as chiefly excretory in function.

The means by Avhich different animals receive oxygen into

their systems are various. All aquatic breathers of course use

tluit which is naturally dissolved in water. Many of the lower ani-

mals absorb air directly through their skins and into their tissues,

while the carbon dioxid escapes the same way. Others that live in

the water and whose bodies are covered by an impervious skin or

shell have thin-walled, hollow^, branching appendages, called giJls^

through which the blood circulates freely and through whose walls

the necessary exchange of gases takes place. Land animals very

commonly have some sort of an invagination from the exterior which
allows the air to enter thin-walled tubes or cavities and be absorbed

into the blood. Land vertebrates have a tube opening from the back

of the mouth whose inner end branches profusely and forms a pair of

organs called the lungs, through which the blood circulates freely in

delicate tubes that allow the transfer of gases. Insects, finally, have
a system of internal air tubes, called tracked', opening to the exterior

by a number of small orifices, called spimrle.'^, situated along the sides

of the thoi'ax and abdomen, which give off branches that ramify
minutely to all parts of the organism, tluis virtually making a lung
of the entire body. The trachea^ are thin tubes nuule of fiat epithelial
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TraSc

HtTraSc

Fig. 50.—Tracheal system of worker as seen from above, one anterior pair of abdominal

sacs (fig. 1, 9) removed and transverse ventral commissures of abdomen not shown.

22181—No. 18—10-
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cells lintnl with a (It'lirati' layi'r of chit in. The lattei', however, is

strengthened 1)V circular thickenings which give the appearance of

an internal spii-al thread, but a closer examination shows that each

thickening nudges only a few turns and that several lie in parallel

bands. This structure is for the pur])ose of maintaining an open

passageway for the air through the very thin-walled tubes. The

tracJKW branch into fine capillaries and these terminate in excessively

delicate end-tubes. In some cases it is easy to see that a great

number of capillary branches surround the cells of a tissue, if

they do not actually enter the cell walls, but in others it can not be

shown that the tracheae really penetrate below the surface of a mass

of cells.

Gases in solution, like solids, pass freely back and forth through

moist animal membranes, going in the direction of the least pressure

of each particular gas. By this simple method the gases go back and

forth through the walls of the gills, lungs, or air tubes and permeate

the tissues themselves. Vertebrate animals, as already explained,

have a red substance in the blood called hemoglobin which has a

very great oxygen-absorbing power and wdiich greatly increases the

oxygen-carrying power of the blood, but still a certain amount of

oxygen is carried in solution by the li(iuid or plasma of the blood.

Now, the blood of insects has none of this hemoglobin and all the

oxygen it can carry is that which dissolves in its plasma, but, on

account of the extensive ramification of the air tubes, it is not neces-

sary for the blood to distribute the oxygen to the organs. It is usually

stated that the blood in insects does not carry oxygen at all, except

for its own use, but it would seem physically impossible that the gases

should not diffuse out of the fine terminal air-tubes into the blood

when they do so in all other cases. If the blood of a crab or crayfish

is capable of carrying enough oxygen in solution to supply the wants

of the body, there is no reason Avhy that of an insect, which has much

better facilities for obtaining air, should not do the same. Further-

more, we can not suppose that the products of katabolism have to

accumulate about the end tracheae in order to be oxidized. They are

produced wherever metabolism is going on, which is everywhere in

the living cell substance, and, hence, the latter must be permeated

with oxygen in solution, which nuist also be in the blood along Avith

the carbon dioxid formed. The carbon dioxid diffuses back into the

end trachea^ from the blood. Therefore, while the great extent of the

tracheal system in insects relieves the blood of the work of distribut-

ing the oxygon, the blood nnist neverthek^ss serve as an intermediary

medium foi- both the oxygen and the carbon dioxid between the fine

terminal traclieal branches and the cells.

It has sometimes been suggested that certain large cells called

cenocytes^ found especially in connection Avith the tracheal system,
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function as intermediaries between the tracheae and the cells, but

Kosclievnikov (1900) has shown that these cells appear to be tem-

})orary storehouses for waste products from the tissues—presunuibly

uric acid compounds which have been already oxidized. Even the

fat-body has been regarded as a sort of lung in which oxidation takes

place, but there is no evidence to support this theory, although, for

that matter, there is little evidence in favor of any theory in insect

physiology.

The process of metabolism, or the vital activity of the cells them-

selves, results in a breaking down of the complex and highly unstable

protoplasmic molecules into chemical substances of much simpler con-

struction, and it is these by-products of metabolism that are attacked

by the oxygen in the blood furnished by the respiratory system. Pro-

toplasm consists principally of the elements carbon, oxygen, hydro-

gen, and nitrogen, and the oxidation process results, as before stated,

in the formation of carbon dioxid (CO^,) and water (H^O), while

the residuary products are mostly organic compounds of nitrogen

related to uric acid (C^H.N.O;,,) and urea (CON.H,). The carbon

dioxid is a soluble gas which diffuses into the end tubes of the tracheae

and is exhaled. A part of the water at least is given olf with the

" breath " in the form of water vapor, for drops of it can be collected

by inclosing bees or any insects in a tube for a short time. The nitro-

gen compounds and probably a part of the water are dissolved in the

blood and removed by the Malpighian tubules, which are the kidneys

of insects.

Besides this oxidation of waste products, which allows the process

of metabolism to go on unhindered, the inhaled oxj-gen serves also

another purpose, namely, that of maintaining the body heat. Al-

though insects are usually classed as " cold-blooded " animals, they

nevertheless maintain a temperature which is always higher than

that of the surrounding air and is often a number of degrees above

it. It is well known that the temperature of a beehive during the

brood-rearing season is almost as high as that of the human body,

and that even during winter it remains at nearly SO'' F. ; but this is,

of course, due to the accumulation and condensation of the warmth
from the bodies of a great many bees, and is much higher than the

temperature of any bee outside of the hive. In our own bodies

certain substances are consumed by oxidation in the blood simply

to i^roduce the necessary heat energy for maintaining metabolism,

and hence it seems reasonable to suppose that the same thing takes

place in insects, although of course to a much less degree.

There are generally ten pairs of spiracles or breathing apertures

in insects, two being situated on the sides of the thorax between

the segments, but probably belonging to the mesothorax and the
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metathorax (although the first is often regarded as prothoracic),

Avhile the other eight are situated on the sides of the first eight

abdominal segments—in the bee on the lateral parts of the terga

(figs. 32 and 33, Sp). The breathing apertures are usually pro-

vided with a closing apparatus of some sort consisting of the swollen

lips of slitlike spiracles, of a small lid, or of a flexible and collapsible

chitinous ring, each with special occlusor muscles attached. In the

bee a chitinous band surrounds the tracheal tube opening at each

spiracle, a short distance from the aperture, and has two opposite

loops projecting on the same side, connected by a muscle whose con-

traction approximates the two halves of the band so as to close the

lumen of the trachea." It is supposed that after an inhalation the

spiracles are closed momentarily, so that the first force of the ex-

})iratory contraction of the abdomen is exerted against the air shut

in the trachetc. with the result of driving it into the extreme tips

of the latter—the spiracles then opening, the rest of the contraction

is expended in exhalation.

The internal tracheal system consists, among insects generally,

of a large tracheal trunk lying along each side of the body, connected

by short tubes with the spiracles and by transverse commissures Avitli

each other, while they give off segmental branches into the body

cavity which ramify minutely upon the organs and tissues. In the

thorax specially large tubes are given off on each side to the legs

and to the bases of the wings, while in the head others go to the

eyes, antennae, and mouth parts. The whole body is thus virtually

a lung with ten pairs of openings along the sides.

The tracheal system of the bee (figs. 1, 50, and 51) is best developed

in the abdomen, where the longitudinal trunks are enlarged into two

enormous lateral air sacs (TraSc), Avhich are of greatest diameter in

the anterior end of the abdomen. They are segmentally connected by

large transverse ventral commissures (fig. 51, TraCorn), most of which

are themselves distended into small air sacs. Dorsally the lateral

sacs give off in each segment a large tube which divides into two sac-

culated branches (figs. 49 and 50, HtTraSc) that enter the pericardial

chamber and supply the heart and pericardial cells with trachea^. In

the thorax a large sac lies on each side of the propodeum (figs. 1 and

50, 7), which bears a short tube opening to the first abdominal

spiracle (figs. 21 and 50, ISp). Above these sacs is a narrow trans-

verse median one (figs. 1 and 50, cS') occupying the large cavity of

the turgid mesoscutellum (fig. 21, ScJ.,). In the ventral part of the

thorax there is a large median posterior sac (figs. 1, 50, and 51, 5)

Tor a detailed doscription of the spiracles in the bee and their occlusor

apparatus see Djathchenko (1906).
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IraSc

TraCom

Fig. 51.—Tracheal system of worker showing lateral and ventral parts as seen from
above, with dorsal sacs and trunks removed in both thorax and abdomen.
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which gives off trunks to the middle and hind legs and a large sac

on each side (tig. ;")!, and 6') to the vent ro- lateral Avails of the thorax.

Two hirge strong tubes (figs. 1, 50, and 51, Tia)—the only tracheie

in the bee's l)ody well developed as tubes—extend backward from the

head through the neck and prothorax to the first thoracic spiracles

(figs. 50 and 51, ISp) . Each of these gives off a branch which divides

into the trachea for the first leg and into another that connects with

the posterior ventral thoracic sac (-T). An anterior median thoracic

sac (4) is connected with the two large anterior tubes near Avhere these

enter the neck. In the head are a number of large sacs which are

situated above the brain (see figs. 1, 50, and 51, i), about the bases

of the eyes and optic lobes (see figs. 1 and 50, ^), and above the bases

of the mandibles (see fig. 1, 3).

Nearly all of the tracheae in the bee's body are excessively delicate

and their walls mostly lack the spiral thickening that ordinarily holds

a tracheal tube open. They are consequently very distensible and,

when inflated, they show as opaque glistening white vessels, Avhich,

hoAvever, Avhen empty, are extremely difficult or actually impossible to

see. The smaller liranches are so numerous and flabby in the thorax

and the legs (fig. 1, LTra) that they appear to form everywhere

meshworks or sheets of tiny glistening air-cavities imbedded between

the muscle fibers. Only the large trunks in the anterior part of the

thorax have the normal tracheal appearance.

The body of the bee is thus most abundantly aerated, probably

more so than that of any other insect. The numerous large and

small sacs form great storehouses of air—tanks containing reserve

supplies of oxygen. They are not present for the purpose of lighten-

ing the weight of the body, because inflation with air does not

decrease the weight of any object surrounded by air.

The respiratory movements are limited to the abdomen in the bee

on account of the solidity of the thorax. They vary a great deal

according to the activity of the individual. While sitting quietly

at the entrance of the hive or walking slowly about, bees usually

exhibit almost no respiratory motion, only a very slight vibratory

trembling of the abdomen being noticeable. Others that are walk-

ing hurriedly about lengthen and shorten the abdomen very percepti-

bly, the motion being specially pronounced at the tip. A bee that

has just alighted after flying exhibits still more pronounced abdomi-

nal movements, not only a contraction and expansion but an up-

and-down motion as well. When a bee is becoming asphyxiated in

a killing l)ottle the extension and contra("ti()n of the abdomen is most

pronounced, although much slower than in the ordinary breathing

movements.

The nniscles of the abdomen that ])roducf> i-espiration have been

described by Carlet (1881), who distinguishes seven different sets of
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them as follows: There are two dorsal sets: (1) The internal dorsal,

going from the anterior edge of one terguni to the anterior edge of

the next following tergum, and {'2) the external dorsal, going from

the lateral edge of one tergum to the corresponding edge of the fol-

lowing tergum. Both of these are expiratory, since their contrac-

tions bring the two segments together. On the sides are three sets:

(3) The external ohliqxe, going from the anterior edge of each tergum

to the side of the corresponding sternum; (4) the internal ohliqae,

crossing under the last from the anterior edge of each tergum to the

side of the i^receding sternum. These two sets are likewise expira-

tory, because their contractions approximate the terga and sterna.

The third set of lateral muscles is (5) the trans oerse, lying between

the overlai^ping surfaces of each tergum and its corresponding

sternum and being, therefore, inspiratory, because the contraction

separates the terga and sterna. Finally, there are two sets of ventral

muscles: (G) The external ventrals and the internal ventrals, forming

a letter M between the anterior edge of each sternum and the one

following, and (7) the inter ventral, situated between the overlap-

ping surfaces of consecutive sterna and causing their separation by

contraction. These last are therefore also inspiratory.

It would thus seem that the abdomen is much better equipped with

expiratory than with inspiratory muscles. Perhaps the expansion

is partly due to elasticity, and perhaps, also, it is true that the abdo-

men contracts upon the full trachese and air sacs, before the spiracles

open to allow exhalation, in order to drive the air into the farthest

recesses and terminal tubes of the tracheal system, wdiich necessitates

an extra contractive force.

IX. THE FAT BODY AND THE CENOCYTES.

The fat tissue of insects is not miscellaneously distributed through

the tissues, imbedded beneath the skin and packed between the

muscles, but is disposed in sheets and strands within the body

cavity, especially in the abdomen, or forms a definite mass, the

fat hody. The fat cells are large and extensively vacuoled with

clear globules of fatty oils. In some insects the fat bodies have a

brilliant yellow, golden, or orange color. Associated with the fat

cells are other much larger and often gigantic cells, called mnocytes,

attaining the largest size of all the cells in the l)ody except the eggs.

They were first discovered in segmental clusters attached to the

tracheae near the spiracles, but they are now known also to be scat-

tered through the depths of the body cavity, where they occur im-

bedded especially between the fat cells. The term " oenocyte " signi-
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fies merely that those cells first observed by Wielowiejski, who gave

them this name, were slightly wine-colored.

Both the fat cells and the oenocytes of the honey bee have been

specially studied by Koschevnikov (1900), who gives the history of

the fat body as follows: In the larva it consists of gigantic lobes, the

cells of which are in general all alike and so closely packed in 30

or more layers that, in the younger stages, most of them assume

angular forms. Many of them are binucleate, and the protoplasm

is strongly vacuolated except for a small area about the nuclei. In

the full-grown larvae the fat cells become globular and filled with a

number of round granvdes, which, during the early part of the pupal

stage, are set free by a dissolution of the cell walls and float free in

the body cavity. In pupse a little older, having even but a very

thin chitinous covering, the adult fat body is fully formed, and yet

neither the disappearance of the larval granules and nuclei nor the

formation of new adult fat cells is to be observed. It seems that

the granules of the larval fat cells, set free at the beginning of

histolysis, are reassembled about the nuclei to form the fat cells of

the adult. In the very young imago the cells of the fat body are

very distinct, and each possesses a considerable amount of protoplasm,

with enormous vacuoles which press upon all sides of the nucleus.

In old bees the vacuolation is much reduced and may even be entirely

lacking, while the cells become filled with a solid granular plasma.

Old workers examined in the fall show the fat cells united into

syncytia or masses in which the cell boundaries are lost, although

the nuclei remain distinct. A queen does not appear to form these

syncytia in old age.

The function of the fat body is still unsettled, but we do not

know of any reason why it should not be comparable physiologically

with the fat of vertebrate animals and constitute a reserve supply

of materials which can be used both as food and as a source of heat

oxidation. It has already been stated (p. 115) that insects main-

tain several degrees of body temperature. Some entomologists have

supposed that the fat body gives rise to the corpuscles of the blood,

others have believed it to be an excretory organ because concretions

of uric-acid salts are often found associated with its cells, while

still others have regarded it as the seat of the combustion of waste

products l)y the tracheal oxygen.

The oenocytes of the bee are described by Koschevnikov (1900) as

enormous cells imbedded in the fat bodies. He says that those of

the larva persist into the pupal stage where they undergo dissolu-

tion and disappear, while new imaginal o'liocvtes are formed from

proliferations of the ectodermal epithelium. The new ones are at
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first small and increase about five times in diameter before reaching

their adult proportions. The fat cells and the oenocytes, although

closely associated with each other, are easily distinguishable by their

size and by their reaction in life to staining solutions. Koschevnikov

fed some bees hone}^ or sugar sirup containing sesciuichlorate of iron

and then, after a few hours, removed the fat body, washed it in ferro-

cyanide of potassium, and placed it in alcohol acidulated with hydro-

chloric acid. He found a precipitate of Berlin blue in the fat cells

while the oenocytes remained perfectly colorless. Thus he showed

conclusively that the two classes of cells are physiologically different

in life, although, he says, if a piece of dissected fat body be placed

in the staining solution the color diffuses alike throughout all the

cells.

The oenocytes have a golden brown pigmentation but no differen-

tiated contents in young workers and queens. In old workers, to-

ward the end of the summer, yellow granules begin to appear in

them. During winter and especially in early spring the oenocytes

of the workers contain a great number of these granules, but they are

present in greatest quantity in queens several years old, wdiile in the

latter the fat cells also contain similar granules. Although

Koschevnikov admits that the chemistry of these granules is entirely

unknown, he thinks that they are undoubtedly excretory substances,

that the waste products of metabolism are first taken up by the oeno-

cytes and then delivered to the blood, and that the accumulation of

the granules in the cells during old age means the loss of power

to discharge them, which brings on the decline in the life activity of

the bee. If this is so, then the oenocytes are, as he states, excretory

organs without ducts—cells which serve as depositories for waste

products.

According to this theory of Koschevnikov, the oenocytes might be

likened in function to the liver of vertebrate animals, which, accord-

ing to the present views of physiologists, is the seat of the splitting

up of the immediate nitrogenous products of katabolism, discharged

into the blood from the tissues, into those final compounds of nitro-

gen excreted by the kidneys.

AMieeler" also describes the fat cells and oenocytes of insects

as perfectly distinct in their origins, the fat cells arising from the

mesoderm, which is the embryonic cell layer between that which

forms the outer body wall and that which forms the embryonic ali-

mentary canal, while the oenocytes are derived from internal pro-

liferations of ectodermal cells.

"Couceriiins the Blood Tissue of Insects. Psyche, VI, isn2, pp. 216-220,

233-230, 253-258, PI. VII.
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X. THE NERVOUS SYSTEM AND THE EYES.

We have leariieil so far that the bee is a complex animal made up
of a large number of tissues and organs all definitely interrelated, and

we speak of these tissues and organs as j^erforming their own special

functions. Yet, in itself, a mass of cells, even though a living mass,

is incapable of doing anything—it is inert unless stimulated into ac-

tion. The legs would not move, the heart would not beat, the glands

would not secrete, the respiratory movements would not be produced,

and the animal would cease to live were it not for a vital force that

incites them all into activity. This force is generated by certain

cells of the nervous system and is sent out to the other organs along

the nerve cords, but we know nothing more about it than simply that

it exists in living animals and is dependent upon the maintenance of

the nerve cells.

Now, in order that an animal may be '' alive," it is not only neces-

sary that the muscles should be made to contract, the glands to secrete,

and all the other organs induced to perform their individual roles,

but it is equally imjiortant that they should all work together and

accomplish definite results. The muscles must perform harmonious

inovements to jiroduce walking, flying, breathing, or swallowing, the

heart must beat in proj^er rhythm, the glands must secrete their juices

at the right time and in needed amounts. Hence, the functions both

of stimulation and coordinatiov devolve upon the nervous system.

The nerve-cells generate a force which, delivered through the nerve-

fibers to the various organs, irritates the tissues into activity, but, at

the same time, the cells send out this force in such a methodical man-

ner that the activities produced in the different organs are definitely

correlated and cooperate in maintaining the necessary condition for

the life of the cells.

The nervous system, however, is more than simply the source of

these physical and chemical processes that constitute the visible phe-

nomena of life, for it is also the seat of all sense perceptions and, in

the higher animals, of consciousness. We do not know, however, that

insects possess consciousness—that they are actually aware of their

own existence, and we therefore do not know that they have conscious

sense perceptions. We do know that they are affected by external

objects—by light, heat, taste, odor, pressure, and perhaps sound

acting upon specially sensitized cells of the ectoderm called sense

organs, but we do not know that the reaction of the individual is

anything more than the exhil)ition of a very highly develojMHl re-

flex nervous system. It is most probable that bees do all that they

do—make the conib, store up honey and ])()llen, feed the young, attend

to the wants of the queen, and so on—without knowing why, and we

have no evidence that thev are even conscious of the fact that thev do
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Fig. 52.-—Nervous system of worker, dorsai view.
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these thin<2:s. Some authors luive tried to prove that insects reason,

but the burden of proof is still with them. We can admit that in-

sects 7nay he possessed of very slight conscious intelligence, but we

can not admit that any one has ever pro red it. Of course, a great

deal of very interesting insect literature owes its readableness to the

fact that the author endows his subjects with human emotions and

some intelligence, or makes it appear that they consciously do things

from a blind sense of obligation. The bee of literature is often quite

a different creature from the bee of science.

If, then, we are forced to admit that we have no proof of intelli-

gence or of conscious sensations in insects, we have, on the other

hand, all the more evidence of a very high degree of nervous coordi-

nation. The body of a bee can be very greatly mutilated and the

creature will still remain " alive " as long as the nervous system is

left intact. The segments can be cut apart and each will yet be able

to move its appendages as long as its nerve center is not destroyed.

This shows that there are numerous vigorous centers of nervous

stimulation, but proper coordination results only wlien all the parts

are together and intact.

The nervous system of insects (figs. 1 and 52) is comparatively

simple, consisting of a series of small nerve masses called ganglia

{Gng) lying along the mid-ventral line of the body, each two con-

secutive ganglia being connected by a pair of cords called the com-

missures. The ganglia contain the nerve cells, which are the source

of the stimuli sent out to the other tissues, while they also receive the

stimuli from the ectodermal sense organs. Thus there are incoming

or afferent stimuli and outgoing or efferent stimuli. The commis-

sures and the nerve-trunks that branch to all parts of the body con-

sist of fibers which are fine prolongations of the nerve cells. These

fibers are the electric wires that convey the stinndi to and from the

nerve centers and are of two kinds, aiferent and efferent, according

to the direction of the stinuilus each transports.

In a generalized embryo we should theoretically find a nerve gan-

glion developed from the ventral wall of each segment, making seven

head ganglia, three thoracic, and at least ten abdominal ones. In

the adult, however, many of these fuse with one another. In the

head, for example, in place of seven ganglia there are only two, one

situated above the oesophagus, called the hrahi, and one situated

below it and called the suhcesophageal ganglion. The connecting

cords are konwn as the circumoesophageal eotmnissures. The

brain is composed of three embryonic ganglia, and in the adults

of many lower insects these are still evident as three well-marked

cerebral divisions or swellings, called the protoeerehnim, the deato-

cerehrvw, and the f)'itorerehri/?n. The first carries the opfie lohes

and innervates the compound and simj^le eyes, the second bears
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two large antcnnal lohes, from which are given off the autennal

nerves. The third innervates the lower part of the face and the

labrum, while it gives off also a pair of nerves which unite in a small

swelling, the frontal ganglion^ that lies between the pharynx and the

front of the head. A nerve runs posteriorly from this on the dorsal

side of the jjliarynx or oesophagus to behind the brain, Avhere it

divides into several branches, some of which bear small ganglia while

others extend backward on the oesophagus to the stomach. These

nerves, originating in the frontal ganglion, constitute the stomato-

gastric system^ sometimes called also the '' sympathetic system."

O
iBr^^

"li^I^fr^

^-AntNv

SoeGng ^

Fig. 53.-—Brain and suboesopliageal ganglion of worker and their principal nerves,

anterior view.

The suboesophageal ganglion consists of at most four ganglia Avhich

innervate the mandibles, the hypopharynx, the first maxillae, and the

labium or second maxillae. In adult insects the body ganglia also

very commonly fuse with one another in varying combinations, for

the number present is always less than the number of segments, vary-

ing from eleven to one.

The brain of the bee (fig. 53, Br) is distinctly composed of two

parts, the protocerebrum (IBr), carrying tlie large optic lobes (OpL),
and the deutocerebrum {2Br). which consists principally of the con-
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spicnous juitennal lobes {AntL) that give oft' the laro;e antennal

nerves {AntX r). The tritocerel)ruiii is not present as a distinct brain

division, and its nerves, the labral {LmNv) and the frontal {FWom),
a|)pear to arise from the deutocerebi'uni at the base of the antennal

lobes. The frontal ganglion {FtG/t(/), formed at the union of the

two frontal nerves, gives off a very small, anterior, median nerve and

a much larger, posterior, stomatogastric trunk {Sf(/Xr^ represented

in the drawing as cut oft' a short distance behind the frontal ganglion)

which goes backward on the dorsal side of the pharynx beneafh the

brain. Behind the latter, and just where the pharynx contracts to

the tubular (esophagus, the stomatogastric nerve bears a pair of small

ganglia which are connected by short nerves with the brain, and

then it breaks up into branches that go posteriorly along the oesopha-

gus but have not been traced.

The circumoesophageal commissures are so short in the bee that

the subciesophageal ganglion appears to be attached directly to the

lower ends of the brain, while the cBsophagus appears to penetrate

the latter between the antennal lobes. The three principal pairs of

nerves from the lower ganglion {MdNv^ MxN v^ and LhX c) go to the

mouth parts.

A most thorough study of the internal structure of the brain of

the bee has been made by Kenyon (189G), to Avhose paper the reader

is referred if interested in this subject. Kenyon \s descriptions have

never been verified, but his work has an appearance of thoroughness

and carefulness. He applies the term " brain " to both of the nerve

masses of the head, distinguishing the upper as the " dorsocerebrum "

and the lower as the " ventrocerebrum," being led to do this from

physiological considerations, the separation of the two being merely

incidental to the passage of the oesophagus.

In the thorax of the Ijee (figs. 1 and 52) there are two large ganglia

{IGng and 2Gng). The first is prothoracic, being situated above

the prosternum, in front of the entosternum (fig. 52, Fu^), and it

innervates the prothorax and the first pair of legs. The second,

vrhich is situated in front of the middle legs and is protected above

by the arch of the common entosternum of the mesothorax and meta-

thorax (fig. 52, Fi/z+s), is a combination of the mesothoracic and

metathoracic ganglia and the first two abdominal ganglia. This

composite structure is evident from the fact that it innervates both

the middle and the hind legs, the bases of both pairs of Avings, the

mesothorax, the metathorax, the propodeum, and the first abdominal

segment behind the constriction (the true second segment). The first

and second ganglia of the abdomen (fig. 52, oGng and .'iGiig) lie in

the first tAVO segments (// and ///) behiud tlie constriction, which

are the true second and third segments. But since the nerve trunks

of these ganglia go, in each case, to the segments behind them, we
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assume that they really belong to these latter .segments, that is, to

segments /// and IV. The next three ganglia {5Gng.^ GGiig., and

7G'ng) lie in the segments they innervate (F, F/, and VII) and,

hence, belong to the fifth, sixth, and seventh abdominal segments.

The last, that is, the seventh ganglion, supplies all of the segments

behind it with nerves and is therefore probably a compound of the

ganglia originally belonging to the seventh, eighth, ninth, and tenth

segments.

In connection with the nervous system it is most convenient to

give a description of the simple and compound eyes. The other

nner ch.

Fig. 54.—Horizontal section of compound eye and optic lobe of worker (after Piiillips) :

BM, iDasement membrane ; Cor, cornea ; fmi, fm-^, /wis, outer, middle, and inner fibrillar

bodies of optic lobe; innvr ch, inner chiasma ; Oiii, ommatidium ; Oi)L, optic lobe; outer

ch, outer chiasma.

sense organs will be found already described along with the parts

on Avliich they are located (see })p. 3(5 and 52). All the sense organs,

to be sure, are of ectodermal formation and are only secondarily

connected with the nervous S3'stem, but the eyes are so intimately

associated with the optic lobes of the brain that their description

here seems most ap})ro2)riate.

The compound eye of the bee (figs. 9 A, 10, 52, and 53, E) has been

specially studied by Phillips (1005) and figures 51 and 55 are re-

produced from his drawings, while the following statements are

based on his paper: The convex outer surface or cornea of the eye
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prosoiits a lioneycoiiil) appearance iiiuler the microscope, and each

little hexagonal facet is the outer end of an eye tube called an omnia-

*# l.ret.n

H '

Fig. 55.—Histological dotails of compound eye of worker (after Phillips) : A. entire

ommatidlum (somewhat diagrammatic), adult; B, entire ommatidium, as if dissected
out, without outer pigment cells (diagrammatic I, adult; C, section of entii'e om-
matidium, showing distribution of pigment, adult ; D, cross section just proximal to

lens, slightly oblique ; E, cross section through extreme distal ends of retinuhr and
proximal ends of cones, slightly oblique ; F, cross section through retinula', showing
relation of outer pigment cells in this region ; G, cross section through retinuire in
region of nuclei ; H, cross section through retinulse in region of proximal nucleus ; I,

cross section of eye. cutting basement meml)rane parallel (the distinctness of nerve
fibers of each ommatidium is shown) : Bil. basement membrane; CC, crystalline cone;
CL, crystalline lens; c.-p.c, corneal pigment cell ; he, hair-c(Ml ; l.ret.n., lower retinular
nucleus; n.f., nerve fiber; Xr, nerve; o.-p.c. outer pigment cell; rrl . retinula; ict.ii.,

retinular nucleus; r)tb, rliabdome.

tidiu///, all of which converge toward the internal base of the eye,

since each is vertical to the outer surface. Figure 54 is a horizontal
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section through the eye and the optic lobe of the brain. The omnia-

tidia (Om) are seen converging upon the basement Tnembrane {BM)
which is penetrated by the nerve fibers from the optic lobe {OpL).

The outer ends of the ommatidia are transparent, forming the

facets which together constitute the cornea {Cor) of the eye. The
nerve fibers, by a complicated course through the optic lobe, reach

the nerve cells of the brain, which are the true seat of sight percep-

tion, as of all other sensations, whether conscious or otherAvise.

The ommatidia (Otn), or eye tubes, are separated from one an-

other by cells containing a dark coloring matter and known as the

pujment cells. Each tube (fig. 55 A) consists of several ])arts, as fol-

lows: First, on the outside, is a clear six-sided, prismatic structure,

with convex outer and inner surfaces, called the crystalline lens {CL).,

and which forms one of the facets of the cornea. Beneath the lens

is a crystalline cone {CC) having its apex directed inward and

follow^ed by a crystalline rod or rhahdome (rhh) which extends to

the basement membrane {BM) through the middle of the omma-
tidium. (The rhabdome is represented black for the sake of distinct-

ness in figure 55 A ; its natural appearance is more as shoAvn in B
and C.) Surrounding the rod is a circle of eight or nine long re-

tlnulm cells {ret)., each containing a conspicuous nucleus {ret. n)

above its middle and continuing basally into an optic nerve fiber {iVv)

penetrating the basement membrane. The arrangement of these

cells about the rhabdome is shown in cross section at F and G. The
inverted apex of the crystalline cone (A, B, and C, CC) is sur-

rounded by the corneal pigment cells {c.-p. r.) , while the entire omma-
tidium below the lens—the base of the cone, the corneal pigment

cells, and the retinuloe—is surrounded by the long outer pigment

cells {o.-p. c), forming a packing between all the ommatidia, as

shown in cross section at E.

The entire compound eye is simply a modified part of the epidermis

(so-called " hypodermis " of insect histologists) in which the cuticle

is transformed into the lenses or cornea, the cones, and the rods, the

epithelium into the pigment and retinulw cells, and the basement

membrane into the floor of the eye perforated by the optic iierve fibers.

According to Phillips the ommatidia arise from the ectoderm of the

bee larva as groups of epithelial cells which become arranged in the

form of spindles surrounded by smaller cells. The cells of the

spindles become the retinuhe, while the surrounding small cells become

the pigment cells and the cone cells. The cone cells come to occupy

a position external to the retinula' by an invagination of the latter,

and, through a transformation of most of their protoplasm into a

crystalline substance, they form the crystalline cone of the eventual

ommatidium. The approximated edges of the retinuUe cells are

221S1—No. 18—10 9
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transformed into the crystalline rod. The cornea is secreted by the

corneal pigment cells, which at first lie distal to the cone, and possibly

also by the outer pigment cells. The nerve fibers are formed as

differentiated parts of the retinnhc which ])enetrate through the base-

ment membrane (fig. 54, BM) and enter the retinular ganglion be-

neath it at the outer end of the optic lobe of the brain. Hence the

retinulae are simply sense end-organs of the skin comparable at an

early stage of their development with other sensory epidermal cells,

and we thus see how a simple laj'er of epithelium may be transformed

into such an immensely complex organ as tlie compound eye.

There has always been a great deal of discussion as to how insects

see by means of the compound eyes. The weight of opinion now
favors the theor}^ that they see a part of the object or field of vision

w4th each ommatidium. But it is most certain that, at best, most

insects see very indistinctly, and, in fact, it is often questioned

whether they really see the shape of objects at all or not. A few of

them, however, such as dragonflies, appear to have a very acute

vision. In the case of the honey bee there is yet much difference of

opinion as to wdiether the workers discover nectar by the bright color

of the flowers (i. e., by the sense of sight) or by the sense of smell.

The sense of sight in bees and in insects generally, however, may be

found elaborately discussed in many books dealing with the senses of

insects.

The simple eyes t)r ocelli (figs. 9 A, 10, 52, and 53, 0) are con-

structed on quite a different plan from that of the compound eyes,

each consisting of a lenslike thickening of the cuticle back of which

the epithelial cells are specially elongated, and sensitized by nerve

connections. The ocelli of the bee, however, have never been care-

fully studied.

XI. THE REPRODUCTIVE SYSTEM.

The reproductive organs are those that produce the cells from

wdiich new individuals are formed. All animals grow from at least

one cell called the egg and almost all from a combination of the egg

with another cell called a spermatozoon. The uniting of these two

cells is called the fertUhation of the egg. In a few animals the two

different kinds of reproductive cells are formed in the same individ-

ual, but in most of them, including all insects, the sperm and the eggs

are produced in different individuals—the males and the femcdes.

In the honey bee the males are called drones, while the females are

called queens or workers., according to their functions in the hive.

The queens have the egg-producing organs or ovaries greatly devel-

oped, while these organs are rudimentary in the workers. The single

active queen in each hive, therefore, normally produces all the eggs

of the colony, while the work of rearing and iH'oviding for the bi'ood
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falls to the lot of the workers. Most other female insects lay their

eggs at some place where the young will be able to find food Avhen they

hatch out, and the mother never in any way feeds or protects her

offspring; in most cases she dies before her brood emerges from the

eggs. But the wasps and bees are different in that nearly all of them

make a nest of some sort for the protection of the young larvae when

they hatch, in which also they store up food for them to eat. In many
species of wild bees all the work of constructing the nest, laying the

eggs, and collecting and storing food for the young devolves upon

the single female, as it naturally should, since insects do not ordinarily

have servants, and the males of most species are utterly irresponsible

in such matters. In some of the higher wasps, such as the hornets

and yellow jackets, however, the first females that hatch out as adults

in the spring help their mother provide for a still larger family by

increasing the size of the house and collecting more provisions.

Nature designed them for this purpose, moreover, by making them

all sterile, allowing them to retain the maternal instincts, but de-

priving them of organs capable of producing offspring of their own.

Thus there is here a beginning of that division of labor which reaches

its highest development in the honey bee, wdiere one form of the fe-

male is specialized entirely to produce the young and the other to

rear the brood, keep the home in order, gather the food, and ward
off enemies. The difl'erences between the queens and the workers

are supposed to result from the different diet on wdiich larvae designed

to be queens are brought up, but a more thorough investigation of the

food given to the different larvae of the brood is yet needed before

we can decide on the merits of this explanation. The work of numer-

ous investigators seems to have demonstrated conclusively that the

drone of the honey bee is always produced from an Qgg cell alone

—

that is, from an unfertilized egg—while the queens and workers are

produced from fertilized eggs. The production of eggs that develop

normally without the addition of the male element is called partheno-

genesis. In a number of insects, such as some species of scales, a fcAv

beetles, and some of the gall-forming Hymenoptera, there are no males

known, although the females are extremely abundant. Such cases

are often regarded by entomologists as examples of parthenogenesis,

and, if they are such, the result of the development of unfertilized

eggs is here the formation of females only. A few other insects, such

as some of the plant lice, produce eggs that develop Avithout fertiliza-

tion into females or into both males and females, but such cases nearly

always occur in a cycle of alternating generations in which, at some
stage, all the eggs are fertilized. As far as is known the production

of males alone from parthenogenetic eggs is confined to the order

Hymenoptera.
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1. THE MALE ORGANS.

The reproductive organs of the drone are shown by figure 56 A,

They consist of the testes (Tes), the vasa deferentia (VDef), the

vesiculm semifiales (Ves), the accessory or mucous glands (AcGl),

the ductus ejacidatorius {EjD)^ and the penis {Pen).

The testes of the bee {Tes) are said to be best developed in the pupa,

at whicli stage they form the spermatozoa. Each consists of a large

number of small tubules opening into a collecting reservoir at the end

of the vas deferens. The spermatozoa pass down through the coiled

vas deferens {VDef) and collect in the saclike enlargement of this

duct, which constitutes the vesicula seminalis {Ves). In the mature

adult drone these elongate sacs are densely packed with the active

spermatozoa, while the testes that produced them become rudimentary.

The vesiculae when freshly dissected appear to be alive, for they

bend and twist themselves about like small worms. Each opens by a

short duct into the base of the accessory mucous gland {AcGl) of the

same side. These organs have the form of two great sacs and are

filled with a thick, white, homogeneous, finely granular liquid, which is

supposed to mix with the spermatozoa as the latter are discharged.

The two open at the bases into the single median ejaculatory duct

{EjD) which opens into the anterior end of the penis {Pen) . This last

organ, shown in lateral view by figure 50 E, is an unusually large

structure in the bee and is deeply invaginated into the cavity of the

abdomen from the end of the ninth segment (D, Pen) as already de-

scribed (see page 73). While the penis is simply an ectodermal tube,

its walls present a number of very curious differentiations. The upper

part is enlarged into a bulb (fig. 50 A and E, B and PenB) having

two large irregular but symmetrical chitinous plates {tt) in its dorsal

wall, beneath which is a large gelatinous thickening (B, ss).

Near the base of the bulb is a double pinnate lobe (A and E, uu)

projecting from the dorsal wall. Below this, on the ventral side,

is a series of close-set, transverse plates (E, /'^'), followed again by

large dorsal and ventral plates {win and xx). The terminal part

makes a thin-walled chamber (A and E, yy), from which project

backward two very large membranous pouches {sz) ending in blunt

points. The whole tube of the penis is capable of being turned

inside out, and it is said that copulation is effected by its eversion

into the oviduct of the queen, the basal pouches of the penis {zz)

being forced into corresponding pouches of the oviduct, and the

spermatozoa in the bulb placed near the opening of the spermatheca

in the vagina. By their own activity probably the spermatozoa now

make their way up into this receptacle of the female, the spermatheca,

where they remain until ejected upon eggs passing down the oviduct.

The sjjermatozoa received from one drone normally last the queen
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Pen AcGl

VES' YinS DCS

Fig. 56.—A, reproductive organs of di'one, dorsal view, natural position : P., inner surface

of dorsal wall of bulb of penis (B, PenIS), showing gelatinous thickening (ss) ; C,

group of spermatozoa and intermixed granules ; D, terminal segments of male abdomen,

'showing the seventh terguni (VIIT) removed from its sternum (VITS) and the penis

(Pen) partly protruded ; E, lateral view of penis as invaginated within abdomen, and

ejaculatory duct {EjD).
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throughout her life, so that after mating she goes into the hive never
again to emerge except with a swarm, and her entire life is devoted
to egg laying. The drone, on the other hand, dies immediately after

mating, while those that do not mate are driven out of the hive in

the fall and left to starve.

The spermatozoa (fig. 50 C) are minute threadlike cells, capable of

a vibratory motion. As found in the vesiculse, they are usually bent

into closely compressed loops, although many are extended to their

entire length. One end is blunt, but not noticeably enlarged, the

other is tapering, while the half toward the tapering end seems to

be the part chiefly endowed wdth the power of motion. The sperm
threads are contained in a liquid within the vesicula\ in which float

also a great number of minute granules. The vibrations of the

spermatozoa keep these granules in constant motion.

2. THE FEMALK ORGANS.

The organs of the female that produce the eggs are called the

ova7%es (fig. 57, On). In insects they consist of a varying number of

egg tubules or ovarioles {ov) forming two lateral groups, in each of

which the tubules converge at both ends, the anterior ends being

drawn out into fine threads whose tips are connected, while the poste-

rior ends are widened and open into the anterior end of the oviduct

{OvD) on the same side of the body. An egg is simply a very large

cell whose size is clue to the great accumulation of yolk in its proto-

plasm, which serves as food for the future embryo. The eggs are

formed in the terminal threads of the ovarioles and are at first appar-

ently ordinary undifferentiated cells, but as they pass downward in

the tubule they increase in size at the expense of some of the other

ovarian cells. Hence the ovarioles usually have the form of a string

of beads arranged in a graded series from very tiny ones at the upper

end to others the size of the mature egg at the lower end. The two

oviducts converge posteriorly and unite into the common median duct

or raghia {Vag) which in most insects opens to the exterior upon

the eighth sternum, as already described in the general account of the

external anatomy of insects (see page 25), but in the bee and many
other insects the eighth sternum is entirely lacking as a distinct

sclerite, and the genital opening is therefore behind the seventh ster-

num and below the base of the sting. The posterior part of the

vagina is very large, forming a bursa copulatrix {BCpx). In addi-

tion to these parts there is nearly alw^ays present in insects a special

recej^tacle for the spermatozoa called the Hpevniatheca (Spm). This,

in most insects, opens directly into the vagina as it does in the bee, but

in some it opens into the roof of the genital chamber above the eighth

sternum, when this is present, by a separate orifice behind that of the
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Pig. 57.—Reproductive organs, sting, and poison glands of queen, dorsal view.
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vagina. In the bee the tAvo poison ghinds {xiGl and BGl) do not

open into the vagina but, as already described, into the base of the

sting. They are. hence, probably special organs having no homo-

logiies in nonstinging insects.

The ovaries of the queen bee form two large gourd-shaped masses

(fig. 57, Ov) whose posterior or basal ends are enlarged and whose

anterior ends are narrowed, curved, and attached to each other.

Since the queen lays eggs continuously during her entire life the

ovaries always contain eggs in all stages of growth, and conse-

quently do not vary so much in appearance as the}^ do in those insects

that ripen only one lot of eggs and deposit these all at one time.

The structure of the ovarioles and the formation of the eggs in the bee

have been si^ecially studied by Paulcke (1900) and the following is

a resume of his paper : The terminal threads of the ovarioles are

covered by a thin tunica propria and are^ filled with a protoplasmic

mass containing transversely elongate nuclei in a single close series,

but no cell outlines. Farther down, in the upper end of the ovariole

proper, the nuclei become arranged in two rows, while here also the

cell boundaries begin to appear; still farther along, where the cells

are clearly defined, the latter become differentiated into epithelial

cells and germ cells. Next, the germ cells themselves divide into

^gg cells and food or nurse cells. When first formed the Qgg cells

occur in any part of the diameter of the tube, but they soon become

arranged in a row down the middle of the ovariole and are separated

by groups of nurse cells. The epithelial cells at this time arrange

themselves on the periphery just within the tunica propria, but

farther down they form a capsule or follicle about the &gg and, less

definitely, about the group of nurse cells at its upper end. The upper

end of the Qgg becomes narrowed by a constriction of the epithelial

capsule, which, however, does not shut it off from the nurse cells,

a connection being retained with the latter in the form of a neck

from the Qgg abutting against them. There are 48 of these nurse

cells to each Qgg. which fact is accounted for by supposing that each

original germ cell divides into 4, one of which ceases further divi-

sion and becomes the Qgg cell, while each of the other 3 divides into

16 by four consecutive divisions. The latter are the nurse cells and

their function is to nourish the o-gg cells. They persist down to

the time when the egg is fully formed, when they suddenly disappear

by being absorbed bodily into its yolk. Toward the end of the

growth of the egg the follicle cells become thinner and thinner, so

that when the Qgg is ready to go into the oviduct it has but a thin

membrane to break through.

The organs of most especial interest to the student of the bee are the

spermatheca and the a]:)paratus by means of Avhich the queen is able

to dole out the spermatozoa to the eggs as she deposits the latter.
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The si:)ermatheca consists of a globular seminal sac (fig. 57, /Spin),

of a pair of tubular accessory glands (SpmGl), and of a duct whose

upper end is connected with the sac and receives also the duct of the

glands, and whose lower end opens into the anterior part of the

dorsal wall of the vagina just caudad of the united bases of the

oviducts.

The spermatozoa are discharged by the male into the upper end

of the vagina, and in some manner they make their w^ay up into the

sperm sac through the duct. Cheshire (1885) described the latter

as forking toward its lower end into an anterior l)ranch which opens

into the vagina and into a posterior branch Avhich turns backward

and becomes lost in the lower end of the vaginal wall. This second

branch he believes is open in the young queen and is the one through

which the spermatozoa enter the sac. Breslau (190G) has shown, how-

ever, that Cheshire was entirely wrong in his supposed observation

of the forking of the duct, that the latter is a single tube, and that

consequently the spermatozoa must both enter and leave the sac by the

same conduit. It used to be sujiposed that the sperm sac had muscular

walls and that it forced the spermatozoa out as from a compressed

bulb, but Breslau has shown that this also is a mistaken notion,, that

the walls of the sac are entirely devoid of muscular fibers, and that

the spermatozoa are sucked out by a muscular apparatus in the wall of

the duct, Avliich structure he names the sperm jmmp. Cheshire (1885)

had previously described this apparatus in a very imperfect manner
Avithout recognizing any pumping function, for he supposed that

by the relaxation of certain muscles the spermatozoa simply passed out

of the sac and went down the tube. Breslau says, however, that

the spermatozoa have not enough energy of their own to come out of

the sac and, hence, do not need to be kept in by a special sphincter

muscle, as described by Leyclig.

The upper end of the spermathecal duct makes an S-shaped bend
just beyond the opening of the sac, and a number of muscles dis-

posed upon this part constitute Breslau's sperm-pump. Breslau shows

that a contraction of certain of these muscles flattens the bend of

the S and causes an enlargement of the lumen of the upper end of

the loop. This, therefore, sucks into itself a small bundle of sperma-

tozoa from the sac. The contraction then of other muscles forces

the rest of the sperm-threads back into the mouth of the sac and

drives the small bundle thus cut off down through the duct and into

the vagina. Moreover, Breslau claims that this explanation is not

theory only, for, by preparing histological sections from queens

killed at different moments of egg-laying, he procured specimens

showing the various stages in the pumping process and in the passage

of the sperm through the duct. Cheshire calculated that a normal

queen lays 1,500,000 eggs in her lifetime and that the spermatheca
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holds about 4,000,000 spermatozoa, and therefore, allo\yiiig; for drones,

he conchides that there can not be more than four sperm-threads given

to each female egg. But Breslau, figuring from the size of the sperm-

bundle taken into the duct for each egg, states that each egg is

actually given 75 to 100 spermatozoa. We feel that the latter calcula-

tion must be much more reliable than that of Cheshire because it

is based on an actual observation of the size of the sperm mass de-

livered to the egg. Moreover, the myriads and myriads of tiny

spermatozoa contained in the spermathecal sac make any attempt

at a calculation of the number look absurd, and we can not believe

that it is possible to even approximate the number present. Fur-

thermore, as Breslau states, 100 spermatozoa make such an excessively

small bundle that it requires a most effective and perfect apparatus to

deliver even this number with anything like exactness—it is incon-

ceivable that a mechanism could be perfect enough to give out only

4 or 5 or even 7 at a time.

On the floor of the vagina, opposite the opening of the spermathecal

duct, is a free flap provided with muscles, which is so situated

that when elevated its end fits into the opening of the duct above.

Leuckart (1858) explained this flap as a contrivance for holding the

passing egg tight against the upper vaginal wall so that its aperture

through wdiich the spermatozoa is received, called the micropyle, would

come against the opening of the duct and thus insure fertilization.

Breslau, on the other hand, does not think the flap in question has

any such function and he regards it as a valve wdiich by fitting into

the orifice of the spermathecal duct closes the latter and so prevents

the pump from sucking up the contents of the vagina at the same time

that it sucks a bundle of spermatozoa out of the sac. Since, however,

the flap is on the floor of the vagina and is pressed down by the passing

egg it is not clear how it can at such a time act as a valve to close the

orifice of the duct in the dorsal wall, since the pump is supposed to

work by reflex action as the egg is entering the vagina, though, of

course, it may so function before the egg has gone far enough to

intervene between it and the duct opening; but it would certa.inly

seem that a valve to close the latter, if needed at all, would be de-

veloped in the dorsal wall of the vagina in connection with the orifice

itself. Furthermore, a collapsible tube like the spermathecal duct,

even though lined with chitin, should automatically close at its

lower end when a suction force is applied at the upper end.

Finally, Breslau attriV)utes to the sperm pump not only the func-

tion of delivering a definite mass of spermatozoa to each egg, but also

that of sucking the spermatozoa up from the vagina of a newly fer-

tilized queen into the spermathecal sac. He does not seem now to see

in the valve any obstacle to such an action. The spermatozoa are

usually supposed to make their way up the duct by their own vibra-

tory motion.
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The anatomy of the spermatheca and the muscular apparatus of its

duct for delivering the spermatozoa to the egg does not, as Breslau

points out, throw any light on the determination of sex in bees. It is a

common notion that all eggs of an unfertilized female develop into

drones, but this is by no means proved; in fact, there is just as good

reason for believing that, while no females develop, there are also no

more than the normal number of drones produced—the eggs that

might otherwise have developed into females, if laid by a fertile queen,

all dj'ing in the cells of the comb, from which they are removed by the

workers. Modern investigation of the determination of sex shows that

there is probably just as much reason in many cases for supposing that

sex is established in the egg of the ovary before fertilization, as there

is for believing it to result from fertilization or from subsequent en-

vironment of the egg or young embryo. Hence, it is not only very

doubtful that the queen determines the sex of her offspring by con-

trolling the fertilization of the eggs, but it is also very uncertain that

fertilization itself has anything to do with it. Parthenogenesis in

the bee may amount simply to this, that the male eggs, predetermined

as such in the ovary, are capable of developing without fertilization,

while the female eggs are incapable of such a development and die if

they are not fertilized.

Each unlaid egg of insects in general has a small hole in the upper

end of its shell, called the micropyle, which admits the spermatozoa to

its interior. One or several spermatozoa may enter the egg through

this aperture, but the nuclear part of onl)^ one unites with the egg

nucleus, this constituting the fertilization of the egg. After this the

micropyle closes and the egg is deposited in a cell of the comb by the

queen. The nucleus and a part of the protoplasm of the egg then

begin to split up into a number of small cells which—-but this is

taking us into the development of the next generation, which is

beyond the limits of our subject, and so here we must stop.

EXPLAISTATION OF THE SYMBOLS AND LETTERS USED ON THE
ILLUSTRATIONS.

The writer has made an attempt to work out a set of convenient

symbols for all the principal external and internal parts in the anat-

omy of an insect. It has been found, however, that entire consistency

is incompatible with practicability, especially in making compound
abbreviations, and, therefore, the latter has been given first considera-

tion in many cases. For example, the symbol Dct suggests the word
" duct " when standing alone much better than simply the letter D,

but such combinations as SalDct and OoDct are unnecessarily long

and the shortened forms of 8alD and OvD are sufficiently suggestive

of " salivary duct " and " oviduct." The abbreviation Sc is used,

in such compound symbols as PsnSc for " poison sac " and TraSc
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for " tracheal sac,'" notwithstanding that So alone means " siibcosta."

The symbol T is used for " tergum," and T^, T._, etc., and IT, IIT,

etc., indicate individual thoracic and abdominal terga, but TMcl is

used to signify " transverse muscle.'*' And so, in several other cases,

it has been found expedient to sacrifice strict uniformity to practical

considerations.

A combination of lower-case letters duplicating one entirely or

partly of capitals signifies that the part so designated is a part or sub-

division of the other. For example, Ten refers to the principal part

of the tentorium and ten to a minor part; PI and pi are subdivisions

of the same pleurum; Lmel and Jmrl are both longitudinal muscles.

The most logical method of referring symbols to any particular

segment of the body would l)e, perhaps, to prefix them with either a

Eoman or an Arabic numeral corresponding with the number of the

segment. A common objection, however, to both would arise from

the fact that entomologists are not at all agreed as to how many seg-

ments there are in any region of an insect's body. Furthermore,

Roman numerals prefixed to all the symbols necessarily used on a

drawing of the thorax, for example, would occupy entirely too much
space. Finally, it is very desirable to have a method of referring to

repeated structures without implying any segmental connection, and

prefixed Arabic numerals are certainly most convenient and sug-

gestive for such a purpose. A system often adopted to indicate the

segment to which a part belongs, especially in the thorax, is the use

of one, two, or three accents in connection with the abbreviation.

But accented symbols lack artistic unity, and some of the accent,

marks are too easily lost in the engraving and printing. For these

several reasons the writer has adopted the following system

:

Numerical order of any repeated structure is indicated by an

Arabic numeral placed before the abbreviation, and has no segmental

significance. Thus IP, 2P, etc., mean simply " first parapterum,"

"second parapterum," etc; lGn(i, ^Gnq, etc., mean "first ganglion,''

" second ganglion," etc., without implying that the ganglion belongs

to any particular segment.

Sj'mbols are referred to the prothorax, the mesothorax, or the meta-

thorax, respectively, by the figures 1, 2, and 3 placed below and
after them, except on the wings, where such numbers designate the

l)ranches of the veins according to the Comstock-Needham system.

The abdominal segments, counting the propodeum as the first, are

indicated by the Roman numerals / to X, and, when any one of these

is placed before an abbreviation, it refers the S3nnbol to that indi-

vidual segment.

The lower-case letters are used, singly and in pairs, to refer to

miscellaneous parts having, in most cases, no individual or general

anatomical names.
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1. SYMBOLS.

A,

AcGl,

AGl,

AGIO,
An,

ANP,
ANR,
Ant,

AntL,

AntNv,

Ao,

Ap,

Ai)h,

Ax,

ax,

AxC,

AxM,

B,

BG,

be,

BCpx,
BGl,

BM,
Br,

IBr,

2Br,

SBr,

Brh,

BW,
C,

Cb,

CC,

Cd,

Cer,

CL,

Gl, CIS,

Cla,

Glp,

Clsp,

IClsp,

2Clsp,

Com,
Cor,

Ctl,

Cu,

anal vein ; lA, first anal, 2A, second anal. etc.

accessory gland of male reproductive organs.

acid gland of sting, opening into poison sac (Psntic).

duct of acid gland of sting.

anus.

anterior wing process of notum.

anterior marginal ridge of notum.

antenna.

antennal lobe of brain.

antennal nerve.

aorta.

apodeme, any internal chitinous process of body-wall.

anterior pbragma of any tergum, prepbragma.

tbe axillaries or articular sclerites of tbe wing base, designated

individually as lAx, 2Ax, 3Ax, and ^Ax.

accessory axillary sclerites of irregular occurrence in connection

witb tbe principal axillaries (Ax).

axillary cord, or ligament-like tbickening of i)osterior edge of basal

membrane of wing, attacbed to posterior angle of scutellum.

axillary membrane, the tbin membrane of wing base, containing

tbe axillary sclerites and forming in some cases tbe lobes called

alulae,

bulb (bulb of penis or of sbeatb of sting).

body-cavity,

any particular part of body cavity such as that prolonged into tbe

mouth parts, legs or pieces of the sting.

bursa copulatrix.

alkaline gland of sting,

basement membrane,
brain.

protocerebrum.

deutocerebrum.

tritocerebrum.

barb.

body-wall.

costa, first vein of wing.

pollen basket or corbiculum on hind tibia of worker,

crystalline cone of compound eye.

cardo.

cercus.

crystalline lens of compound eye.

ceil, cells,

claw,

clypeus.

clasping lobes of ninth segment of male, perhaps equivalent to the

four gonapopbyses of ninth segment of female,

upper or outer clasper.

lower or inner clasper.

commissure (of either nervous or tracheal system),

cornea.

cuticle, the chitinous layer of tbe epidermis,

cubitus, fifth vein of generalized wing.
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Cv, cross-vein.

Cx, coxa.

CjP, pleural coxal process.

Dct, duct.

DDph, dorsal diaplirasm.

/>/>//, diapbragm.

DphCls, diaphragm cells.

Dplimb, membrane of diaphragm.

DphMcI, muscle fibers of diaiihragm.

E, compound eye.

EAp, apodeme of extensor muscle.

EjD, ejaculatory duct.

Em, lateral emargination of notum.

EMcl, extensor muscle.

Emp, empodium.

Enz, digestive vesicles formed by ventricular epithelium.

Ep, epicranium.

Ephy, epipharynx.

Epm, epimerum.

Eps, fplsternum.

Epth, ei)ithelinm.

F, femur.

Fl, ftagellum.

Fo7-, foramen magnum.
Ft, front.

FtCoiit, frontal commissure.

FtGng, frontal ganglion.

FtNv, frontal nerve.

Fti, furca or median entosternal apodeme of thoracic sterna.

O, gonapophysis.

Ga, galea.

Ge, gena.

Gl, gland.

iGl, large pharyngeal gland in anterior part of head of worker.

^GI, salivary gland in posterior part of head.

SGI, thoracic salivary gland.

J/Gl, small median gland below pharyngeal plate (s).

Gls, glossa.

Gnff, ganglion.

Gu, gula.

H, head.

Hk, hooks on front edge of hind wing.

Ilphy, hypopharynx.

Hr, hair.

Jir, surface disk of "auditory" organ of antenna, probably modified

base of sensory hair.

HS, honey stomach.

Ht, heart.

ht, individual chamber of heart.

TItCl.1, pericardial cells.

HtTraSc, pericardial tracheal sac.

Int, intima, the chitinous lining of any internal organ.

IT, tergum of first abdominal segment, the iiicdinii scginciif, or pro-

podeum, incorporated into thorax.
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first to fourth branches of

L, leg.

Lb, labium.

Lhl, labellum.

LbNv, labial nerve.

LbPlp, labial palpus.

Lc, lacinia.

Let, lancet of sting, equivalent to first gonapophysis (IG).

Lg, ligula.

LUJ, "lubricating" gland of sting (not shown in figures).

Lin, median lobe of lingua or hypopharynx.

Lm, labrum.

LMcl, longitudinal muscles.

Imcl, ventral longitudinal muscles of thorax.

LmNv, labral nerve.

Lr, lorum.

LTra, trachea of leg.

Lum, lumen, the cavity of any hollow organ, whether the glossa, sting,

alimentary canal, or gland.

M, media, fourth vein of wing. M^-M^
media.

rn, median plate or plates of wing base.

Mai, Malpighian tubules.

Mb, intersegmental membrane.

mb, membrane.
ni-cu, medio-cubital cross-vein.

MD, disclike muscle apodeme.

Md, mandible.

IMdGl, outer saclilve mandibular gland.

2MdGJ, inner racemose mandibular gland.

EldNv, mandibular nerve.

Mes, metathorax. designated by figure

thoracic symbol.

Met, metathorax. designated by figure

thoracic symbol.

Mi, the chitinous plates of the neck collectively, the " microthorax,"

individually designated mi.

mi, cervical (microthoracic) sclerites.

m-m, median cross-vein.

Mps, mouth parts or trophi.

Mt, mentum.
Mth, mouth.

Mx, maxilla.

MxPlp, maxillary palpus.

MxNv, maxillary nerve.

N, notum.

tin, nucleus.

JVv, nerve.

O, ocellus.

06, oblong plate.

Oc, occiput.

(E, oesophagus.

CEConi, circuuKesophagcal commissures.

Om, ommatidium.
OpL, optic lobe.

placed after and below any

placed after and below any
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Ost,

Ov,

ov,

OvD,
OvO,

P,

IP, 2P,

3P, J,P,

PA,

Pel,

PD,

Pd,

Pen,

PeiiB,

Peps,

Pge,

PgU
Pgu,

Ph,

Phy,

PI,

vh
Plf,

Pig,

Pip,

Pmb,
PMcl,

PN,

piv.

PNP,
PNR,
Pph,

PR,

Pib,

PrhFs,

PS,

Ps,

Psc,

Pscl,

Psl,

PsnC,

PsnSc,

ostium or lateral aperture of heart.

ova I'.v.

ovariole, imlividual ovariau tube.

oviduct.

opeuing of vagina or median oviduct.

paraptera, small pleural plates below base of wing, tyi)ically two
episternal paraptera or preparaptera (IP and ^P)hefove pleural

wing process (WP), and two epimeral paraptera or postparap-

teni (SP and -JP) behind wing process,

episternal paraptera, preparaptera.

epimeral paraptera, postparaptera.

arm of pleural ridge,

postclypeus.

muscle disc of episternal paraptera, giving insertion to i)ronator

muscle (not present in the bee),

peduncle,

penis.

bulb of penis,

preepisternum.

postgena.

paraglossa.

pregula.

phragma.

pharnyx.

pleurum.

subdivision of pleurum.

palpifer, palpus-carrying lobe of maxilla,

palpiger, palpus-carrying lobe of labium,

palpus.

peritrophic membrane.

pro««tor muscle,

postnotum or psendonotum, the second or postalar tergal plate of

the wing-bearing segments of most insects, the " postscutellum "

of higher orders,

small rod connecting postscutellum (postnotum PN) with upper

edge of epimerum, probably a detached piece of the former (see

figs. 22 and 24).

posterior notal wing process,

posterior marginal ridge of notum.

posterior phragma or postphragnin of any terguui, carried by the

second notal plate or postnotum (/'.V), the "postscutellum" of

higher forms,

infernal pleural ridge, the entopleurum, marked externally by

l)leui-a] suture (PS).

proboscis,

fossa of proboscis,

pleural suture, external line separating episternum and epimerum,

marking site of internal pleural ridge,

presternum.

])rescutum.

postscutellum ( postnotum )

.

poststeruellum.

poison canal of sting,

poison sac of sting into which t)pens the acid gland (AGl).
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Pt, sensory pit.

Ptr, peritreme, spiracle-bearing sclerite.

Pvent, proventriculus.

Pvent Vlv, proventricular tube or valve in ventriculus.

Qd, quadrate plate of sting.

R, radius, third vein of generalized wing. lii-Ro, first to fifth branches

of radius, i?,,, radial sector.

RAp, apodeme of flexor muscle.

Rd, posterior extension or reduplication of any tergal or sternal plate

overlapping plate following it.

Red, rectum, the large intestine of insects.

RGl, rectal glands.

r-m, radio-medial cross-vein.

RMcl, flexor nuiscle of mandible or wing.

IRMcl, dorsal retractor muscle of ligula.

2RMcl, ventral retractor muscle of ligula.

Rs, radial sector, or second branch of radius at fii'st forking.

8, sternum.

SalD, salivary duct.

SalDO, external opening of salivary duct.

Sc, subcosta, second vein of generalized wing.

Scl, scutellum.

Sep, scape.

Set, scutum.

Sga, subgalea.

SJi, sheath of sting, equivalent to the second gonapophyses (20) or

middle pair on ninth abdominal segment.

8hA, basal arm of sheath of sting.

ShB, bulb of sheath of sting or ovipositor.

ShS, shaft of sheath of sting.

SInt, small intestine.

SI, sternellum.

SUii, superlingua, embryonic lateral lobes of hypopharynx, true append-

ages of fifth head segment.

Smt, submentum.
SceGng, suboesophageal ganglion.

Sp, spiracle.

Spm, spermatheca.

SpmOl, spernia thecal gland.

St, stipes.

StgNv, stomatoga stric nerve.

Stn, sting.

StnPlp, palpuslike appendages of the sting, equivalent to the third gona-

pophyses (30r) or the outer pair on ninth abdominal segment.

T, tergum.

IT, first abdominal tergum, the propodeum, incorporated into thorax.

IIT, second abdominal tergum.

Tar, tarsus.

Tb, tibia.

Ten, large tentorial arms of head, the mesocephalic pillars.

ten, slender tentorial arch over foramen magnum,
Tes, testes.

Tg, tegula.
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TMcl, transverse muscle.

Tn, trocbantin (not separated from sternum in bee).

TnC, coxal condyle of trocbantin.

Tr, trocbanter.

Tra, tracbea.

TraCom, transverse ventral tracbeal commissures of abdomen.

TraSc, tracbeal sac.

Tri, triangular plate of sting.

Vag, vagina.

VDef, vas defei'ens.

VDph, ventral diapbragm.

Vent, ventriculns.

VentVlv, ventricular fold or valve in small intestine.

Ves, vesicula seminalis.

Vlv, valve of sting carried by lancet.

VMcl, large vertical muscles of tborax.

VNR, internal, median V-sbaped notal ridge, tbe " entodorsum.'

Vx, vertex.

W, wing.

W„Nv, mesotboracic wing nerve.

W Nv, metatboracic wing nerve.

WPf wing process of pleurum.

2. ALPHABETICAL LETTERING.

a, clypeal suture.

&, anterior tentorial pit, in clypeal suture.

0, posterior tentorial pit, in occiput beside foramen magnum.

ci, tbickened posterior edge of lateral wall of fossa of proboscis.

e, process at upper end of d articulating witb cardo of maxilla and

forming maxillary suspensorium.

/, internal median keel of vertex in cranium of drone.

g, suspensorial ligaments of anterior end of cesopbagus.

h, pbaryngeal rod.

i, convolutions of dorsal blood vessel.

/, anterior articular knob of mandible.

Jc, ventral groove of glossa.

1, ventral groove of maxillary rod.

m, median plates of wing base.

n, basal books of glossa.

o, median ventral plate of ligula.

p, dorsal plates of anterior end of mentum, supporting ligula.

q, inner wall of canal of glossa.

r, cbitinous rod of glossa.

s, pbaryngeal plate, on anterior part of floor of pbarynx.

t, salivary poucb opening on dorsal side of base of ligula, receiving

common duct of salivary glands (SaW).

u, oblique muscles inserted upon dorsal side of salivary poucb of

ligula.

V, transverse or V-sbaped suture on surface of mesonotum or motano-

tum, formed by tbe internal V-sbaped ridge or " entodorsum

"

(VNR).

to, lateral lobe of prouotum projecting posteriorly over tbe first

spiracle.
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X, thoracic plate lyiiif? laterad of anterior part of steriiiuu, often

regarded as a part of prestermmi.

y, accessory sclerite of fourth axillary i'lAx) of front wing, affording

insertion for slender muscle (fig. 2S, cc) attached below to

common apodeme of mesosteruum and metasternum.
z, coxal condyles of mesothoracic and metalhoracic sterna, probably

really the coxal condyles of trochantins (fig. 4, TnC) fused en-

tirely with the sterna and episterna in each segment.

aa, muscle arising from inner wall of mesothoracic pleurum and in-

serted ui)on outer end of corresponding scutellum, probably ac-

cessory in function to the great vertical muscles (fig, 27, VMcl)
between the mesothoracic sternum and scutum.

&6, coxo-axillary muscle, extending from upper end of coxa to third

parapterum {3P).

cc, muscle inserted upon accessory sclerite (//) of fourth axillary

i'lAx) from common entosternum of mesothorax and meta-

thorax.

(hi, notch of antenna cleaner on first tarsal joint (ITar) of front leg.

ee, spine of antenna cleaner situated on distal end of tibia (Tb).

ff, so-called " wax shears " or " wax pincers."

f/ff, ti'ansverse chitinous band of empodium (Emp),- which compresses

its two lobes when not in use and spread out by muscular effort.

/'//, dorsal plate supporting empodium.
a, ventral ])late supporting empodium.

jj, dorsal groove of lancet interlocking with ventral ridge of sheath of

sting.

kk, sting chamber within end of seventh abdominal segment, lodging

sting whose accessory plates are derived from eighth and ninth

segments.

U, reservoir of thoracic salivary gland.

invi, receptacular chitinous pouches on ventral side of pharyngeal plate

is) receiving ducts of large lateral pharyngeal glands of head
(IGl).

nn, " stomach-mouth " at summit of proventricular projection within

honey stomach (//S).

00, pores on lancets (fig. 40 E) and shaft of sting sheath (F) open-

ing to exterior from prolongation of body-cavity (6c) contained

In each.

pt), gelatinous layer secreted upon inner surface of ventricular epi-

thelium.

qq, food contents of alimentary canal.

rr, cells of ventricular epithelium apparently forming the internal

gelatinous layer.

ss, cartilaginous mass on inner surface of dorsal wall of bulb of

penis (fig. 5G E, PcnB).

tt, dorsal plates of bulb of penis.

KU, fimbriated dorsal lobes of penis at base of bulb.

vv, ventral scalariform row of plates on tube of penis.

ivw, dorsal basal plates of penis.

XX, ventral basal i)lates of penis.

yy, basal i)ouch of penis.

sz, copulatory sacs of penis.
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Paga

Abdomen, defined 13-14

general structure 24-26

of honey bee 69-71

muscles 118-119

wax glands and sting 69-83

Absorption 104-105

Accessory sternal plate in generalized thorax 21

Acid gland of sting 79

Alimentary canal 90

and its glands 84-106

Alkaline gland of sting 79

Anabolism 86

Anal veins of generalized wing 22

Hymenoptera 59

Andrena, pharyngeal glands 92

Anteclypeus 15

Antenna cleaner 66

Antennae and their sense organs 32-39

defined 16

of honey bee 27, 32-33

sense organs 36-39

Antennal lobes 125

Anterior notal wing process, defined 19

of mesothorax of honey bee 62

metathorax of honey bee 56

Anihophora, pharyngeal glands 92

Anus 78

Aorta 108-109

Apodomes - 32

Appendages 12-13

Assimilation 84-87

Axillaries, defined 23

of front wing of honey bee 62

hind wing of honey bee 62

Hymenoptera 59-62

Axillary cord, defined 19

of generalized wing 23

honey bee 62

membrane of generalized wing 23

honey bee 61

Basal ligament of wing. {See Axillary cord.)

Basement membrane 129

Blatta, development of head 18

Blood 107

Body wall 14-15

151
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Page.

Bombus, pharyngeal glands 92

Bouton 45

Brain, general (lescri{)tion 124

of honey bee 125-126

Brood food 92-94

production of, and summary of facts known concerning it 98-101

Bursa copulatrix 134

Carbohydrates 89

Cardo, defined 17

of honey bee 45

Cells of body, defined 84-86

wing, defined 23

Cerci, defined 24

Cervicum 13

Chiasma, inner 127

outer 127

"Chyle" 101
'

' stomach " 90
'

' Chyme " 101

Circulation of the blood 107-111

Circulatory system 107-111

Circumoesophageal commissures, defined 124

in honey bee 126

Clasping organs, defined 24

of drone 73

Claws of tarsus 22, 68-69

Clypeal suture 28

Clypeus, defined 15

of honey bee 28

Cockroach, Blatta, development of head 18

Commissures 124

Compound eyes 27

detailed structure 127-130

Conocephalus, ovipositor 25

Corbicula 66-68

Cornea 27, 127-129

Corneal pigment cells 129

Costa of generalized wing 22

Ilymenoptera 59

Coxa, defined 20,22

of honey bee fi7

Coxo-axillary muscle oi wing of honey bee '66

Coxosternum 21

Cranium, internal structure 30-32

Cricket, Gryllus pennsylvanicus, mouth parts 16-18

Crop, defined 90

of honey bee (honey stomach) 94-95

Cross veins of generalized wing 22-23

Crystalline cone 129

lens 129

rod 129

Cubitus of generalized wing 22

Ilymenoptera 60
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Darts. (See Lancets.) Page.

Dendroctonus, '
' preepisternum " '.

.

20

Depressor muscles of wing of honey bee 64

Determination of sex in honey bees 139

Deutocerebrum, defined 124

in honey bee 125-126

Development, defined 1 1-12

Diaphragm cells 110

Diaphragms, defined 107-308

dorsal 109-110

ventral 109

Digestion 86, 89

assimilation, and excretion, general physiology 84-87

Dorsal diaphragm 109-110

sinus 107-108, 111
'

' Dorsocerebrum " 126

Dorsum, defined ,18

Drones, defined 130

Ductus ejaculatorius 132

Egg, defined 130

fertilization 137, 138, 139

formation 136

Elevator muscles of wing of honey bee 64

Embryo 12-14

Embryonic development, defined 12

Empodium, defined 22

of honey bee 68, 69

Entocranium 31, 32

Entodorsum, defined 19

Entopleurum, defined 19

of mesothorax of honey bee. (See Pleural ridge.)

Entosternum (furca), defined 21

of prothorax of honey bee 55

mesothorax and metathorax of honey bee 56

Entotergum, defined 19

Entothorax, defined 32

Enzymes 87

Epicranium, defined 16

Epimeral paraptera (postparaptera), defined 20

of mesopleurum of honey bee 56

Epimerum, defined 19

of mesopleurum of honey bee 5G

Epipharynx, defined 16

of honey bee 51-53

sense organs 52-53

Epipleurites, defined 24

Episternal paraptera (preparaptera), defined 20

of mesopleurum of honejf bee 5G

Episternum, defined , 19

of mesopleurum of honey bee 56

Excretion 84-87

Extensor muscle of mandible of honey bee 40

External genital organs of drone honey bee 72-73

development 73-74
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Page.

External mandibular glands 41

Eye, compound 27, 127

simple 27, 130

Facets of compound eye : 27

Fat body 119, 120

and cenocytes 119-121

Female organs of reproduction 134-139

Femur, defined 22

of honey bee 67

Fertilization of egg, defined 130

of honey bee 137-139

First abdominal segment (propodeum) 58-59

Flagellum 32-33

Flexor muscle of mandible of honey bee 40

wing of honey bee 65

Food of adult honey bees 89

larvae. {See Brood food and Royal jelly.)

Foramen magnum, defined 15

of head of honey bee 28

Fossa of proboscis 28, 46

Frontal ganglion 125

Front, defined 15

of head of honey bee 29

Furca (entosternum), defined 21

of prothorax of honey bee 55

mesothorax and metathorax of honey bee 56

Galea, defined 17

of maxilla of honey bee 46

Ganglia, defined 124
'

' Gaumensegel " 52

Gense, defined 15

of head of honey bee 29

General physiology of digestion, assimilation, and excretion 84-87

Gills, defined 112

Glands, external mandibular 41

internal mandibular 42

lateral pharyngeal 91, 92

median pharyngeal 91

mucous glands of male organs 132

of Nassanoff 83

sting 78-80

acid 78-79

alkaline 79
'

' lubricating " 78

postcerebral 87-88

rectal 90, 106

salivary, of head 87-88

thorax 88-89

sublingual ; 91

supracerebral 91

Glossa, defined 45

details, in worker of honey bee 48

Glossse, defined 17

of labium of generalized insect 17, 44



INDEX. 155

Page.

Glossal rod 48

Gonapophyses, defined 24

of ovipositor of longhorned grasshopper 25

sting of honey bee 76

Grasshopper, longhorned
(
Conocephalus), ovipositor 25

Growth, defined 11

Gryllus pennsylvanicus, mouth parts 16-18

Gular sclerites, defined 16

Head, defined 15

of honey bee and its appendages 26-53

external structure 26-30

internal structure 30-32

worker, queen and drone, compared 29-30

Heart, chambers 108

general description 108

of honey bee 109

Honey stomach 90, 94-95

Horntail, Sirex flavicornis, first abdominal segment 58

metapleurum 57

wing veins 60-62

Humeral cross-vein, defined 22

Hydrocarbons 89

Hypopharynx, confusion with glossa of honey bee 44

defined 16,17

Hypopleurites, defined 24

Hypopygium, defined 73

Imago, defined 12

Ingluvies, defined 90

Insects, general external structure. 10-26

Internal mandibular glands 42

Intersegmental membrane, defined 14

in abdomen of honey bee 70-71

Intestine 90, 105, 106

Itycorsia discolor, wing veins 59-61

Joyful hum 83

Katabolism 86

Labella 45

Labial palpi, defined 17

of honey bee 44

Labium, defined 16

of generalized insect 17

honey bee 27, 44

Labrum, defined 15

of generalized insect -. 16

head of honey bee 28

Lacinia, defined 17

Lancets of sting 75

Large intestine 90, 106

Larva, defined 12

Larval stage, defined 12

Lateral pharyngeal glands 91-92

Latus, defined 18

Legs of generalized insect 21-22

worker, queen, and drone 66-69
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Page.

Ligula, defined 17

of honey bee 44^5
Lingua, confusion with other terms 44, 45

defined 17

Lorum 46
'

' Lubricating '

' glands of sting 78

Male organs of reproduction 132-134

Malpighian tubules, defined 90

of honey bee 105-106

Mandibles, defined 16

of generalized insect 16

honey bee 27, 39-41

Mandibular glands, external 41

internal 42

Maxilla', defined 16

of generalized insect 17

honey bee 27, 44

Maxillary palpus, defined 17

of honey bee 45

Maxillary suspensorium 32

Median pharyngeal glands 91

plates of generalized wing 23

segment (propodeum) of Ilymenoptera 59

Media of generalized wing 22

wings of Ilymenoptera 60

Medio-cubital cross-vein, defined 23

Mentum, defined 17

of labium of honey bee 44

Mesocephalic pillars 31

Mesopleurum 56

Mesosternum 56

Mesotergum '. 55

Mesothorax, defined 13

of honey bee 55-56

Metabolism, defined 86

process 115

Metameres, defined 12

Metapleurum 57

Metasternum ' 56

Metatergum 56

Metathorax, defined 13

of honey bee 56-58

Micropyle of egg, defined 139

Microthorax, defined 13

of generalized insect 18

Motion of wings in flight 63

Mouth, defined 49

of honey bee 28

parts, defined 16

of generalized insect 16-18

honey bee 27-28, 39-53

action in feeding 46^9
Mucous glands of male organs 132

Muacles of flight 63-66
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Page.

Neck or cervicum, defined 13

of generalized insect 18

Nervous system and the eyes 122-130

general description 124-125

physiology 122-124

of abdomen of honey bee 126- L27

head of honey bee 125-126

thorax of honey bee 126-127

Notum, defined 19

Nymph, defined 12

Oblong plate of sting 75-76

Occiput, defined 15

of head of honey bee 29

Ocelli 27, 130

(Enocytes 114-115, 120-121

(Esophagus, defined 90

of honey bee 94

Ommatidia of compound eye 128

Optic lobes of brain 124

Ostia of heart 108

Ovaries, defined 134

structure in queen bee 136

Ovarioles, defined -. 134

structure in queen bee 136

Oviducts, defined 134

Ovipositor 24-26

Palpifer, defined 18

of maxilla of honey bee 45

Palpiger, defined 17

of labium of honey bee 44

Palpi, labial, defined 17

of honey bee 44

maxillary, defined 17

of honey bee 45

of sting of honey bee 76

Paraglossse, defined 17

of labium of honey bee 44, 47

Paraptera, defined 20

of mesopleurum of honey bee 56

Parthenogenesis 131

Penis 132

Pepsis, wing veins 60-62

Pericardial air sacs Ill

cells Ill

chamber, defined 108

of honey bee (dorsal sinus) 107, 111

Peritrophic membranes 101-102, 104

Pharyngeal glands, lateral 91-92

median 91

plate 50, 9

1

Pharynx, defined 90

of honey bee 90-91

Phragmas, defined 19

of mesotergum of honey bee 55-56
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Pigment cells of compound eye 129

Pleural coxal process, defined 19

ridge (entopleurum), defined 19

of mesopleurum of honey bee 5G

sutiu-e, defined 19

of mesopleurum of honey bee 56

wing process, defined 19

of mesopleurum of honey bee 56

Pleurites, defined 14

Pleurum, defined 14

of generalized insect 19-20

mesothorax of honey bee 56

metathorax of honey bee 57

prothorax of honey bee 55

Poison glands of sting of honey bee 78-79

sac of sting of honey bee 78-79

Pollen baskets of worker bee 66

Postcerebral glands 87-88

Postclypeus, defined 15

Postembryonic development, defined 12

Posterior notal wing process, defined 19

of mesothorax of honey bee 62

metathorax of honey bee 56

Postgena, defined 16

of head of honey bee 29

Postnotum (pseudonotum), defined 19

of mesotergum of honey bee 55-56

Postparaptera, defined 20

of mesopleurum of honey bee 56

Postscutellum, defined 19

of mesotergum of honey bee 55

Poststernellum, defined 21

Preepisternum, defined 19-20

Preoral cavity 49

Preparaptera, defined 20

of mesopleurum of honey bee 56

Prescutum, defined 19

Presternum, defined 20

Proboscis 27, 43-51

Pronator apparatus of wing 65

Propodeum 58-59

Proteids 89

Prothorax, defined 13

of honey bee 55

Protocerebrum, defined 124

in honey bee 125

Protoplasm 86

" Protractor lingua; " 51

Proventricular valve 97

Proventriculus, defined 90

of honey bee 95-98

Pseudonotum, defined ' 19

Psithyrus, pharyngeal glands 92
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Pulvilli, defined 22

Pupa, defined 12

Pupal stage, defined 12

Quadrate plate of sting of honey bee 76

Queens, defined 130

function in hive 130-131

Radio-medial cross-vein, defined 23

Radius of generalized wing 22

wings of Hymenoptera 59-62

Rectal glands, defined 90

of honey bee 106

Rectum , defined 90

of honey bee 106

Reproductive system 130-139

of drone bee 132-134

queen bee 134-139

Respiration, movements 118

muscles 118-119
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PREFACE.

In the course of more than three years' work with the parasites

and natural enemies of the gipsy moth and brown-tail moth, nearly all

imported from Europe or Japan, it has been necessary to work with a

number of species new to science and to make the most careful life-

history observations upon all the species concerned in order to

ascertain points of possible importance in the practical handling of

the material. It is proposed in this Technical Series No. 19 to include

a series of short papers giving some of the systematic and biological

results of this work, the practical deductions for the most part being

reserved for consideration in the bulletins of the general series.

Technical Series No. 12, Part VI, entitled "A Record of Results

from Rearings and Dissections of Tachinidae," by Charles H. T.

Townsend, published September 18, 1908, really should have started

this Technical Series No. 19, since it directly concerns itself with

results of work at the gipsy-moth parasite laboratory.

The laboratory in question, it should be stated, is now stationed at

Melrose Highlands, Mass. (No. 17 East Highland Avenue). It is

conducted with the cooperation of the State of Massachusetts and

the United States Department of Agriculture.
L. O. Howard.

January 28, 1910.
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PREFACE TO BULLETIN.

In the course of rather more than three 3^ears' work with the para-

sites and natural enemies of the gipsy moth and brown-tail moth,

nearly all imported from Europe or Japan, it has been necessary to

work with a number of species new to science and to make the most

careful life-history observations upon all the species concerned in

order to ascertain points of possible importance in the practical

handling of the material. It is proposed in this Technical Series No.

19 to include a series of short papers giving some of the systematic

and biological results of this work, the practical deductions for the

most part being reserved for consideration in bulletins of the general

series.

The present paper, therefore, forms the first of such a series. It

describes several new egg-parasites and gives some consideration to

others already described. It also includes a brief consideration of

other forms supposed to have been reared from gipsy moth eggs.

Technical Series No. 12, Part YI, entitled ''A Record of Results

from Rearings and Dissections of Tachinidse," by Charles H. T.

Townsend, published September 18, 1908, really should have started

this Technical Series No. 19, since it directly concerns itself with

results of work at the gipsy moth parasite laboratory.

The laboratory in question, it should be stated, is now stationed at

Melrose Higlilands, Mass. (No. 17 East Highland avenue). It is con-

ducted under the joint cooperation of the State of Massachusetts and
the U. S. Department of Agriculture. The rental of the building, all

construction work, nonexpert assistance, and the expendable sup-

plies, together with the compensation of foreign agents, are charged

to the State of Massachusetts. The Bureau of Entomology of the

Department of Agriculture is charged with the salaries and expenses

of all expert assistants and with all nonexpendable supplies and
apparatus.

L. O. H.
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TECHNICAL RESULTS FROM THE GIPSY MOTH PARASITE LABORATORY.

On Some Parasites Reared or Supposed to have been Reared from the

Eggs of the Gipsy Moth.

By L. O. Howard, Ph. D.

INTRODUCTORY.

No native American egg-parasites have ever been reared from

the eggs of the gipsy moth (Porthetria dispar L.) since its introduc-

tion into this country in the late sixties. This seems strange, since

native Lepidopterous eggs are very frequently attacked by egg-

parasites of several genera, notably by Trichogramma and Telenomus,

as well as occasionally by Anastatus and Ooencyrtus. Nonparasi-

tism of dispar by native species is probably due to the character of

its egg-mass, which is so compact and so thoroughly protected by
the scales of the parent as possibly to disguise its character from

species unacquainted with it for many generations, while actual

experiments with TrichogramTna seem to show that it is unable to

pierce the shell of the gipsy moth egg.

In the course of the extensive importations of parasites of this

species from Europe and Japan, however, carried on cooperatively

by the State of Massachusetts and the Bureau of Entomology of

the U. S. Department of Agriculture, several primary and secondary

parasites have been reared from these eggs at the Gipsy Moth Para-

site Laboratory at Melrose Highlands, Mass., where they have

been studied in greater or less numbers by Mr. W. F. Fiske, of the

Bureau of Entomology, in charge of the laboratory, and by the

corps of assistants working under his direction, and have in some

cases been colonized in the open. In the following pages descrip-

tions are given of the new forms, together with brief notes concerning

their habits, the notes being the result of the observations of Mr.

Fiske and assistants. Only two of the species, namely, Anastatus

hifasciatus Fonsc. and Schedius Icuvanse How., appear to be of

primary importance, but it is obvious that once acclimatized these

two species will perform a very considerable part in the reduction

in numbers of the gipsy moth in the United States.

The parasites so far reared have all come from Japan, southern

Russia, and Hungary. The Anastatus has a wider range, occurring

1
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in many parts of Europe, l)ut has otlier hosts. Shipments of dispar

e^gs received at the Parasite Laboratory from Switzerland and
northern Germany have given out no parasites whatever. Silvestri

states that he has never been able to secure parasites from the eggs

of dispar in Italy, but there is a reasonable chance that he did not

keep his material long enougli to have secured the summer-issuing

forms had they been present. There is no evidence as yet that gipsy

moth egg-parasites occur in western Europe—that is, France or

Spain.

Other insects are occasionally sent to this country accidentally

with these egg-masses, one of them, a small Dermestid beetle, really

feeding upon the eggs. This insect was found in considerable num-
bers in a large shipment of dispar eggs, sent by Prof. Trevor Kincaid

from Japan, which were collected after the caterpillars had emerged.

This species has been examined by Mr. E. A. Schwarz, who states

that it is probably an undescribed species and genus of the group

Attageni. The larvee of Anthrenus verhasci L. are constantly found in

the old cocoon masses of the white-marked tussock moth {Hemero-

campa leucostigma S. & A.) in this country and under the batches of

eggs already hatched, where they are engaged in feeding upon the dry

remains of pupae and eggs. The writer "• has pointed out that these

larvae also eat the healthy eggs, and that Trogoderma tarsals Melsh.,

another Dermestid, has the same habit. This has since been seen

to be the case with the white-marked tussock moth in Massachu-

setts, and one of these species has several times been reported as

destroying the eggs of the gipsy moth in Massachusetts.

The cocoons of Glyptapanteles have also been sent in on bits of

bark attached to the egg-masses; and other small miscellaneous

insects, including several species of small moths which had sought

the protection of the egg-masses for pupation, have come in, indicating

not only the great possibility of error in rearing insects from large

masses of material, but also the necessity for great care to avoid the

introduction of new insect pests.

Family ENCYRTID.E Walker.

Subfamily KlSTCYRTIlSr^K Howard.

Trit.fcj MIRINI ^^shmeaci.

Genus SCHEDIUS, ne^A^ genus.

Female.—Mandibles broad at apex, very obscurely tridentate;

outer tooth rather short, acute; middle tooth rounded, inner tooth

flat and with a straight edge. Antennae inserted just above border

of the mouth; facial depression well marked; clypeu^ well rounded
and elevated; vertex rather narrow, head well produced in front;

a Technical Series No. 5, Bur. Ent., U. S. Dept. Agr., p. 46, 1897.



PARASITES REARED FROM EGGS OP GIPSY MOTH. 3

ocelli at angles of slightly acute-angled triangle, lateral ocelli nearer

eye-border than to each other; occipital margin somewhat roimded;

eyes large, well rounded, rigid (keeping their shape after death), very

faintly hairy. Antennal scape slender, subcylindrical; pedicel nearly

three times as long as broad; funicle subcylindrical, joint 1 short,

about one-half length of pedicel, remaining joints increasing slightly

in length and width to club, except that joint 6 is slightly shorter than

5; club ovate, flattened, nearly as long as last three funicle joints

together, basal joint longest. Body stout; mesonotal axilla? well

separated at tips; mesoscutellum well rounded; abdomen shorter

than thorax, short-ovate. Wings long and broad; marginal vein

punctiform; stigmal rather long, slender, slightl}" enlarged at tip>

extending into the wing-disc at an angle of about 35 degrees with the

costa; postmarginal evident, but not so long as stigmal; wing-disc

with an oblique hairless streak extending from stigmal vein toward

the base of the wing; hind wings rather narrow, but densely and

uniformly ciliate.

Male.—Differs from female principally in the shorter abdomen and

in the antennae. Antennae with scape slightly widened below; pedicel

obconical, very shghtly longer than width at tip; first funicle joint

slightly longer than pedicel; funicle joints 1 to 5 subequal in length

and width, 6 somewdiat shorter; all funicle joints somewhat convex

on outer side, nearly straight on inner side ; club ovate, rather broadly

flattened, somewhat longer than funicle joints 5 and 6 together; all

of flagellum beyond pedicel rather closely furnished with hairs averag-

ing about two-thirds the length of the respective sclerites that bear

them.

Type.—The following species:

SCHEDIUS KUVANi^E, new species.

(Figs. 1^3.)

Female.—IjewgiXi, 0.99™'"; expanse, 2.39'"'"; greatest width of fore

wing, 0.43"^'". Vertex and cheeks very faintly shagreened; mesoscu-
tum nearly smooth, shining, with minute, rather sparse punctures;

mesoscutellum densely and rather coarsely shagreened, well rounded
at tip; propleura very faintly shagreened, somewhat shining. Gen-
eral color black; mesoscutellum with a bronz}^ luster; trochanters,

tips of femora, apical half or a little more ot front and middle anil

hind tibiae yellowish; all tarsi lighter; antennae dark brown; dark

parts of the legs more brown tlian ])lack. Wings hyaline.

IMg.—Length, 0.9'""^; expanse, 2.28'""^; greatest width of fore

wing, 0.43'"'". Resembles female, except that the flagellum of tlie

antenna is light brown, and except for the structural characters men-
tioned in the generic diagnosis.

Described from numerous male and female specimens reared Sep-

tember, 1908, at the Gipsy Moth Parasite Laboratory of the State of

17215—No. 19—10 2
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Massachiisotts and tlie Bureau of Entomology, at Melrose High-

lands, Mass., from the eggs of Porilietria dispar received from Tokyo,

Japan, from Prof. S. I. Kuwana, Entomologist of the Imperial Agri-

cultural Experiment Station at Nishigahara, Tokyc^, after whom the

species is named in pai'tial recognition of his great services to the

United States in sending parasites from Japan.

Type.—No. 12158, U. S. National ]\Iuseum; Gipsy Moth Laboratory

No. 1698.

This species appears to be an important parasite of the gipsy

moth. It has been imported in verv large numbers through the

courtes}' of Piofessor Kuwana. The great majority of the specimens

have been dead upon arrival, but small numbers have emerged living

at the Gipsy Moth Parasite Laboratoiy at Melrose Highlands. The

species appears to be more common in the vicinit}' of Tokyo than

Fig. l.-Srliednin huvana': Vemale. Hiizlily iriufjnified. (Orisiual.)

in other parts of Japan. This parasite in the lield issues froui dispar

eggs in the autumn after they have been deposited. For some

reason it has not been reared freely from Japanese eggs collected and

forwarded during the winter. The possible inference that it does

not hibernate in the eggs of this host in Japan is not in accord with

its behavior in America. There is ami)le time for two and possibly

three generations in the same autumn after the gipsy moth has laid

its eggs. The species is easily controlled in the laboratory, as deter-

mined b}'- Mr. Fiske, and more than twenty thousand have been

reared and liberated from a total importation of about twenty living

individuals. The early stages have been worked out at the laboratory

by Messrs. Fiske and H. F. Smith, and are very remarkable. It

attacks the eggs of its host when freshly deposited and with equal
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freedom those which contain the fuhy devekiped caterpihai' all really

to hatch.
Genus TYNDARICHUS, new genus.

Female.—Mandibles like those of Schedius. Antennae short; scape

rather short, with a rather broad leaflike extension below; pedicel

long, obconical, two and one-half times as lonj; as width at tip and
half as long as funicle ; first funicle

joint narrower than tip of pedicel

and rather shorter than broad; fu-

nicle joints 2, 3, and 4 each about

as long as 1, but gradually widen-

ing; 5 and 6 somewhat longer and

considerably wider, thus making the

width increase from 1 to 6; club

very broad,, somewhat flattened,

haAung three segments subequal in

length, but with the dividing sutures

slightly oblique, tip obliqueh^ trun-

cate from a point immediately before

the last suture ; flagellum with sparse
hairs, and scape and pedicel with a

few bristles. Body short, stout, re-

sembling Schedius in general appearance. Antennae inserte<l slightly

above mouth border; facial depression and clypeus resembling
Schedius; vertex narrower than with Schedius, but ocelli placed in

the same manner; oc-

Fig. 2.

—

Schedius kuvanx:

9 , antenna of female.

(Original.)

, Antenna of male;

Highly magnified.

'^^^

cipital margin acute;

eyes naked, not rigid

(falling in after death).

Axilh« of mesonotum
barely meeting at tip

;

abdomen fl a 1 1 e n e d

above, triangular,
nearly as long as

thorax. Fore wings

broad; disc closely

ciliate though not so

densely as with Sched-

ius, oblique hairless

line below stigma
faintly indicated, but

the entire disc below

sidjmarginal vein only
sparsely ciliate; marginal vein punctiform, stigmal much as witli

Schedius; submarginal vein with a pronounced and curious break beyond
middle as illustrated in figure .5 ; hind wings broader than with Schedius.

FiQ. ^.—Schedius i^uvanse: Fore and hind wings of female

magnified. (Original.)

Highly
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Fig. A.—TyndarUhus navx: a. Antenna of female; b, club of same,
from below; f, antenna of male. Highly magnified. (Original.)

Male.—Body short, slout; inesonotuiii hi<;lily arched; alxlomen
flat, broadly ovate. Antenna^ h)no;, submonihform, ventral outhiie

of funicle joints nearly

straio;ht, dorsal out-

lines somewhat round-
ed ; scape short, subcy-

lindrical, very slightly

w i d en e d ventrally
;

pedicel shorter than

fir.st funicle joint; all

funicle joints svibequal

in length and width,

the sixth rather
shorter; club slightly

flattened, long-ovate,

pointed at tip, one and
one-half times longer

than sixth funicle
joint ; the wdiolo fla-

gellum beyond pedicel

rather abundantly
furnished with long,

slightly curvmg bristles, having no marked tendency to form defi-

nite whorls, each bristle about as long as its sclerite.

Type.—Tlie following spe-

TYNDARICHUS NAV^, new
species.

(Figs. 4, 5.)

Female.—Length, 1.08'""^;

expanse, 2.19""™; greatest

width of fore wing, 0.39"^"\

Entire body black, shining;

head and mesonotum A^ery

faintly shagreened; vertex

and cheeks with steel-blue

reflections ; mesoscutellum

with coppery reflections;

antennae dark brown, with

light brown pile; all legs dark

brown, nearly black except

at tips of tibiae and all tarsi.

Male.—Length, 0.93'"™; expanse, l^.U)'"'"; greatest width of fore

wing, 0.44™"". Differs from female, aside from characters mentioned

in generic description, very slightly. Antennae brownish, with black

- Tyndarichus navx: Fore and liind wing.s of female.

Highly magnified. (Original.)
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hairs. General appearance of body more opaque than with the

female and metallic reflections less distinct ; leg- coloration identical.

Described from seven female and four male specimens reared from

the eggs of Porthetria dispar, June, Jul}', and August, received from

U. Nawa, Gifu, Japan, after whom the species is named.

Type.—Xo. 12159, U. S. National Museum; Gipsy Moth Labora-

tory Nos. 1625, 1020, and 1039.

This parasite has also been imported from Japan in eggs collected

by Professor Kuwana, and seems to follow Schedius in distribution

in Japan. It is very much less common, but varies in abundance in

different lots of eggs. Unlike Schedius, it has been reared freely

from the eggs collected and forwarded during the winter, emerging

at various times in the spring and summer. So far as indicated by a

considerable number of dissections made bA' ]\Iessrs. Fiske and

Fig. 6.

—

Anastatus bifasciatus: Femalo. Highly magnifi

Smith, it is invariably secondary. Its host is usually Schedius, occa-

sionally Pachyneuron, and possibly Anastatus.

SubfaixLily ETJPEi.M:i3Sr.2E; Howard.
Tribe EUF»EL]MINI Aslimeacl.
Genus ANASTATUS Motschulsky.

ANASTATUS BIFASCIATUS (Fonscolombe).

(Fig. (k)

Cynips bifasciata Fonscolombe.

Eupelmus bifasciatus Forster, 1860.

Eupehnus bifasciatus Wachtl, 18cS2 (from eggs of Ocneria dispar).

This very widespread parasite is an important enemy of the gipsy

moth. It has been reared at the Parasite Laboratorv at Melrose
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Highlands by Mr. Fisko and assistants from egg-masses received from
all parts of Japan, but more commonly from those collected in

Fukuoka, these egg-masses ha^dng been sent in by several of the ener-

getic Japanese correspondents of the Bureau, but principally by ^Ir.

U. Nawa and Prof. S. I. Kuwana. It has also been reared from eggs

sent from the Crimea by Prof. S. Mokshetsky, and in especial abun-

dance from eggs sent from Hungary by Prof. J. Jablonowski. The
species appears to be much more common in European countries,

but is apparently local in its European distribution. Dalla Torre

records it from France and from lower Austria, ^lany thousands of

specimens of this species have been reared at the Parasite Laboratory.

It attacks the egg of dispar very shortly after the latter is deposited,

and requires a full year for a generation—a fact which, while it would

seem to reduce its possible value as an effective parasite of the gipsy

moth, really enhances it as an introduced species, since it is independ-

ent of other insects for alternate hosts at seasons when eggs of the

gipsy moth are not available. The accompanying figure was drawn
from a museum specimen. In life the abdomen is not sunken dorsally.

Family PTEROMALIDiE Ashmead.

Sialafaixiily SFHEGJ-IGJ-^STElRIIvr^?!; .^slimead..

Tribe F»-A.CHYNE:URINI ^^s^shnnead.

Genus PACHYNEURON Walker.

PACHYNEURON GIFUENSIS Ashmead.

rachyneuroa gi/uensis Ashniesid, Journ. N. Y. Ent. Soc, xii, No. 3, p. 158, Sep-

tember, 1904.

This species, described by Ashmead as above, was part of a collec-

tion referred to the U. S. National Museum some years ago by Pro-

fessor Mitsukuri, of Tok3^o. It has recently been imported from

Japan in eggs of dispar collected by Prof. S. I. Kuwana, and is appa-

rently common in the vicinity of Tok^^o. In habits it is like Tynda-

richus navx, as determined by Messrs. Fiske and Smith at the Para-

site Laborator}^, but it is a little less common and issues in the spring.

It is a hyperparasite, and attacks Schedius Icuvanse and Tyndarichus

navse as well; in the first instance being secondary and in the other

instance tertiary. In one instance at the laboratory it was reared

from an egg which originally contained Anastatus hifasciatus. The
type and two other specimens were reared by Mr. Y. Nawa from an

aphis at Gifu, Japan, undoubtedly parasitic on some primary parasite

of the Aphidid.
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Family EULOPHID^ Ashmead.

Subfainily EI-iT^CHKIiTIIsru^ ^sliTneaci.

TrilDe ELACHERTINI J^^invrxeaci.

Genus ATOPOSOMOIDEA, new genus.

Female.—Apparently this genus comes near Atoposoma Masi, as

the proposed name suggests, and is distinguished chiefly by the solid

thorax, naked eyes, somewhat less elevated vertex, slightly different

dentation of the mandibles, low insertion of the antennse, different

proportions of the antennal sclerites, and greater length of post-

marginal vein—all of which are indicated in the accompanying illus-

tration (fig. 7). Atoposoma is closely related to Zagrammosoma
Ashmead, also parasitic on a Lepidopterous larva.

Fig. 7.

—

Atoposomoidea ogimse: a. Female; b, head of same, anterior aspect; c, antenna of same; d, man-

dible of same, a, Very much enlarged; 6-d, highly magnified. (Original.)

Male.—Differs from female in its shorter antennae, which are

furnished with rather dense pile which is shorter than with female.

It also has a shorter abdomen.

Type.—The following species

:

ATOPOSOMOIDEA OGIMSE, new species.

(Fig. 7.)

Female.—Length, 1.65™'"; expanse, 2.66'"'"; greatest width of fore

wing, 0.5'""', Pronotum and entire niesonotum finely shagreened.

Mesopleura also finely shagreened. General color lemon-yellow.

Head with a large, black occipital spot; a large, nearly circular,

black spot on pronotum and niesonotum, dividetl in about its middle

by the pronotal suture; central portion of mesoscutellum black, and
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the sides as well, below middle; metanotuni black; abdomen with a

black, rounded spot dorsally just below middle, abdomen also black

at tip; antennas brownish, with a whitish pile; all legs light yellow.

In the markings the species is extremeh" A^ariable. A frequent

variation from what we ma}'^ call the typical markings as shown in

the illustration, is the absence of the black spot on mesoscutellum,

although sometimes it is represented b}' a minute central dot; the

occipital black spot is frequently lacking; the pronotal and meso-

scutal spots frequently become greatly reduced in size. On the

other hand, in many specimens the black spots become greatly en-

larged so as to make black almost the predominant color of the

insect.

Male.—Length, 1.26'""^; expanse, 2.4.3'^'"; greatest width of fore

wing, 0.43'"™. Antennae yellowish, with abundant, long, white pile.

Color as with female, except that entire apical half of dorsum of

abdomen is black, and entire pronotum is black. There is almost

the same range of variation in size of black spots as with the

female.

Described from 43 female and 8 male specimens reared from

cocoons of Gliiptajpanteles japonicus Ashmead, received from Trevor

Kincaid during the summer of 1908 from various localities in Japan,

and from other cocoons of the same species received from S. I. Kuwana
during the summer of 1909 from different localities in Japan. Named
after Prof. G. Ogima, Assistant Entomologist, Kyushiu Experiment

Station, Kumamoto, Japan, in recognition of his valuable services.

Type.—No. 12681, U. S. National Museum; Gipsy Moth Labora-

tory Nos. 1623 and 1074.

There is a single female of this species, labeled ' "Kumamoto, Japan,

reared 10th of May, 1907, by G. Ogima, egg-parasite of P. dispar.'^

This specimen was not sent to the writer by Professor Ogima himself

directly, but either through Professor Kuwana or Mr. Kincaid, and

it is the receipt of this specimen which justifies the description of

this new genus and species in a paper on the egg-parasites of the

gipsy moth. Very large numbers of this parasite, however, have

been reared at the Parasite Laboratory at Melrose Highlands, by
Mr. Fiske, from the cocoons of the Glyptapanteles, and it is very pos-

sible that a mistake has arisen in Japan through the rearing of this

species apparently from an egg-mass of dispar which had been laid

over a mass of Glyptapanteles cocoons. Similar instances have

occurred before, notably in the case of Ashiae&d'sAhlerus clisiocampse,

which apparently came from an egg-mass of Olisiocampa but in

reality from Chionaspis furfura on the bark of the twig under the

egg-mass of the Lepidopterous insect. Similarly the writer's Iso-

dromus iceryse was apparently reared by Mr. D. W. Coquillett from

egg-masses of Icerya purchasi but in reality came from a Chrysopa
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cocoon hidden among the egg-masses and so covered with wax as

probably to be inchstinguishable.

Several species of Elachertines of this general type, including at

least one undescribed genus in addition to Atoposoma and Zagram-
mosoma, have been reared from Microlepidopterous larvae. The first

one that the writer ever saw was reared from Lithocolletis fitchella

in Washington in 1879. Others were reared from leaf-miners from
Florida, but none of these striking forms was described until Ash-

mead'* described the genus Hippocephalus for a species, multiline-

atus, reared by Mr. C. L. Marlatt from Lithocolletis ornatella. On
account of the preoccupation of the name FlippocepJialus, Ashmead,
in his monograph of the Chalcidoidea, changed the name to Zagram-

niosoma. Masi's type of Atoposoma (A. variegatum) fed in the

larval state exteriorly on a larva of the Lepidopter, (EcoplujUembius

neglectus. The present genus, Atoposomoidea, appears to be the first

Chalcidid of this markedly beautiful and peculiar facies to have been

reared from a Braconid cocoon, and we must assume from the great

numbers in which these rearings have been made that the habit is

normal for this species.

Siabfamily .A.FHELIN'IN'^gB Howard.

Tribe APHELININI Ashn^ead.

Genus PERISSOPTERUS Howard.

PERISSOPTERUS JAVENSIS Howard.

Perissopterus javensh Howard, New Genera and Species of Aphelininae, Tech.

Ser. 12, Pt. IV, Bur. Ent., U. S. Dept. Agr., Washington, p. 88, July 12, 1907.

The type series of this beautiful little parasite was reared in Feb-

ruary, 1900, by A. Koebele from a scale insect of the genus TacJiardia

on an ornamental plant at Singapore, Straits Settlements. All of

the other species of the genus have been reared invariably from scale

insects and nothing else. A record of the issuance of P. javensis

from gipsy moth eggs is therefore open to doubt, and one's first im-

pression is that it must have come from some scale insect over wliich

a dispar egg-mass had been laid. Nevertheless, according to Mr.

Fiske, the single female submitted to the writer for determination

came from a dispar egg received from Professor Kuwana from near

Tokyo. The apparent great discrepancy between this statement

and the previous records renders it desirable to give an explicit state-

ment of the facts as observed by Mr. Fiske. From his original notes

it is found that December 9, 1908, a lot of 250 egg-masses of dispar,

collected in Tokyo November 5, 1908, by Professor Kuwana, was
received. One of these egg-masses was thin, with the hairy covering

badly weathered, and many of the eggs exposed. Critical examina-

oBuUetin 3, Kans. St. Exp. Sta., 1888.
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tion of this mass indicated that 181 of the eggs were apparently

healthy. Parasites had emerged from 108, while the dead or douhtful

eggs numbered 35. Mr. Fiske thinks that the parasites that had

emerged were probably Schedms. On December 14 the 35 eggs of

the third category were assorted into those which appeared to contain

parasites and those which were dead. They were emptied into a

watch glass, and a single, small, living parasite (the Perissopterus

under consideration) was found. Careful examination of the eggs

showed two which had very small round holes in the side, from either

of which the parasite might have come. These holes were smaller

than those usually made by any of the other known parasites. These

eggs were separated from the others, and on March 4 one of them

was boiled in caustic potash (KOH) and its contents examined.

Fragments of the pupal exuvium of a small Chalcidid different from

that of any other parasite studied was found and mounted. There

was no other indication of any other parasite in the egg, and the

one which emerged appeared to have fed upon the caterpillars pri-

marily. No parasite remains were found in the other pierced egg.

The parasite found on December 14 was placed in a small vial with

a variety of eggs, including some of dispar that contained larvje of

Anastatus, others that contained healthy dispar caterpillars, and

some of the tussock moth. The Perissopterus (which was a female)

lived for some days, but showed no interest in any of the eggs.

Family PROCTOTRYPID^ Ashmead.

Snbfamily SCELIOISTIT^JE; Howard.

Tribe XE^LENONIINI Ashmead.
Genus TELKNOMUS Haliday.

TELENOMUS, new species.

In the autumn of 1897 there was received from Prof. S. Mokshetsky,

of Simferopol, Russia, a single specimen of a new species of Telenomus,

which he reared during September, 1906, from the eggs of the gipsy

moth. As probably Professor Mokshetsky will describe tliis species

himself, it is given no name at this time. Curiously enough, it belongs

to the same group of the genus to which Telenomus cultratus Mayr

belongs much more closely than to any of the species reared from

Lepidopterous eggs. T. cultratus lives both as larva and pupa in

the eggs of the Pentatomidee, from which it has been reared by

Rogenhofer and Hofmann. This new species does not appear to be

an important parasite of dispar eggs, since tliis is the only rearing

known to us, and none has been recorded.

O
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TECHNICAL RESULTS FROM THE GIPSY MOTH PARASITE LABORATORY.

n. Descriptions of Certain Chalcidoid Parasites.

By J. C. Crawford,
Assistant Curator, Division of Insects, U. S. National Museum.

INTRODUCTION.

The new species described in this paper came from material

imported from Japan and Europe for the purpose of rearing parasites

of the gipsy moth and the brown-tail moth. The work of rearing

these parasites is conducted at the Gipsy Moth Parasite Laboratory,

now situated at Melrose Highlands, Mass.

In the study of these parasites a Zeiss binocular microscope has

been used with magnifications of from 24 to 35. In cases where the

description states that the series includes more than one specimen of

each sex the description is drawn from one specimen of each sex, and

any variations in the other specimens, which are designated as para-

types, are cited.

In considering the genus CTialcis it has been deemed desirable to

display in a synoptic table not only all of the species of this genus

which have been introduced purposely as parasites of the gipsy moth
or the brown-tail moth or accidentally included in shipments of para-

site material, but also all of the species of the genus known to occur

in the United States. In the same way it has been deemed desirable

to publish a table separating the common American form from the

two species of the genus HypopteroTnalus accidentally included in

shipments of parasite material, and also to separate in a synoptic

table the different Japanese species of the genus Pleurotropis which

have three funicle joints. As pointed out, P. atamiensis belongs

probably to an undescribed genus.

Family CHALCIDID^E Walker.

STabfainily CH^^LCIUIN^gC Howard.

Tribe CHALCIDINI Asl-in:veaci.

Genus CHALCIS Fabricius.

Since some of the species of CTialcis from Europe and Japan are

being introduced into this country, it appears best to give a table of

all of the species of the genus known to occur in the United States

and to include in this table the exotic species which are involved.

13
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In the following table and descriptions of species the term " tubercle

of hind coxae " refers to a small projection on the ventral side of certain

species (fig. 9). The tubercle of the hind femur is the small elevation

on the imier side near base and on the lower margin of the femur

(fig. 20).

In all of the figures showing the carina which separates the malar

space from the face, the drawings are made facing the left.

Table of Species of the Genus Chalcis.

1. Hind femora on outer side black or black and yellow 2

Hind femora on outer side red, or red and yellow, or red and black 12

2. Carina at front of malar space not branched, running direct to eye 3

Carina at front of malar space branched or directed backward before reaching

eye 5

3. Hind femora closely punctured, tooth nearest base on lower margin of hind

femora triangular. (America) ovata Say.

Hind femora almost impunctate, especially the inner side, tooth nearest base

of hind femora massive 4

4. Hind femora on outer side yellow at base and apex. (America) . . robusta Cresson.

Hind femora yellow only at apex. (America) incerta Cresson.

5. Scape in front with a yellow spot 6

Scape in front entirely dark 7

6. Hind femora mostly yellow. (America) tegularis Cresson.

Hind femora mostly black. (America) <? coloradensis Cresson.

7. Inner side of hind femora distinctly, closely punctured 8

Inner side of hind femora almost entirely impunctate 11

8. Posterior tibiae behind mostly black 9

Posterior tibiae behind yellow except basally 10

9. Hind femora entirely black, hind tibiae black with a small yellow spot at

apex. (America) tarsata Dalla Torre.

Hind femora with a yellow spot at apex; hind tibiae with a yellow annulus

near base. (Japan) Jiskei, new species.

10. Hind tibiae at base black; a small area beneath antenna smooth; pupal skin

light colored. (Japan) obscurata Walker.

Hind tibiae at base yellow or reddish; no smooth area beneath each antenna;

pupal skin dark brown. (Europe) Jlavipes Panzer.

11. Wings hyaline; tooth of metathorax less prominent, the outline more obtuse,

the front edge directed backward. (Japan) paraplesia, new species.

Wings dusky; tooth on metathorax more prominent, the outline more acute,

the front edge almost vertical. (Europe) minuta Linnaeus.

12. Mesonotum red. (America) belfragei Crawford.

Mesonotum black 13

13. Face with a distinct carina between antennal fossa and eyes, originating back

of anterior ocellus; antennal fossa carinate. (America) peo?aZis Cresson.

Face not so carinate 14

14. Antennal fossa very wide, separated from eyes by about length of first joint of

funicle 15

Antennal fossa narrow; separated from eyes by more than length of first joint

of funicle 16
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15. Small; abdomen basally red; tooth nearest base of hind femora not larger than

rest; hind coxse of female not toothed. (America) columhiana Howard.
Large; abdomen black; tooth basad on hind femora very large; hind coxse of

female toothed. (America) slossonx Crawford.

16. Scape in front with a yellow spot. (America) coloradensis Cresson.

Scape in front black 17

17. Small, about 4™™, wings milky hyaline, lateral teeth on metathorax not promi-

nent. (Europe) fonscolombei Dufour.

Larger, about 6™™, wings dusky, lateral teeth on metathorax prominent,

acute. (Japan) callipus Kirby.

CHALCIS OVATA Say.

(Figs. 8-10.)

Chalcis ovata Say, Keating's Narrat. Exped., ii, app., p. 326, 1824.

This native species is separated from all the exotic species dis-

cussed in this article by the fact that the carina at the front of the

Fig. 8.— Chalcis ovata, female

Head, showing carina at

front of malar space. ( Orig-

inal.)

Fig. 9.— Chalcis ovata, female:

Ventral view of hind coxa,

showing tubercle. (Orig-

inal.)

Fig. 10.— Chalcis ovata, female: Hind
femur and tibia, showing markings.

(Original.)

malar space runs direct to the eye; in the female the hind coxse are

armed with a small tubercle; the inner side of the hind femora is

distinctly punctured, and without a tubercle on the lower margin

near base; the hind tibiae are either with or without a black annulus

medially; the form with the annulus is illustrated.

CHALCIS ROBUSTA Cresson.

(Fig. 11.)

Chalcis robusta Cresson, Proc. Ent. Soc. Phila., rv', p. 101, 1865.

Fig. 11.— Chalcis robusta, female: Hind femur and tibia, showing markings. (Original.)
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CHALCIS INCERTA Cresson.

(Fig. 12.)

Fig. 12.

—

Chalcis inccrta, female:

Hind femur and tibia, showing
markings. (Original.)

Chalcis incerta Cresson, Proc. Ent. Soc. Phila.

p. 101, 1865.

IV,

Both of the Cuban species, Chalcis rohusta

and C. incerta, are to be found in southern

Florida. The massive basal tooth of the

hind femora distinguishes them from the

other species in the United States.

CHALCIS COLORADENSIS Cresson.

Chalcis coloradensis Cresson, Trans. Amer. Ent. Soc, iv, p. 60, 1872.

In the male of this species the hind femora are black, except the

apex, which is yellow; the female, however, has the femora red;

the hind femora have on the lower edge near base an indistinct

tubercle. I am unable to distinguish C. tacMnse. Howard from this

species.

CHALCIS FISKEI, new species.

(Figs. 13-14.)

Female.—Length, about 6.5°"°. Black, head and thorax strongly,

umbilicately punctured, with long yellowish pubescence; face below

insertion of antennae rugoso-punctate ; an-

tennal fossa extending to anterior ocellus;

carina at front of malar space running back-

ward to join the carina at the rear, making a

triangularly inclosed malar

space ; antennae black,

pedicel short, transverse;

depressed apical margin of fig. n.-chaids fiskd, female:

SCUtellum broad, slightly ^^"^ f^mur and tibia, showing

. - markings. (Original.)

emargmate medially; me-
tathorax, back of outer end of metathoracic spira-

cle, with a toothlike elevation; tegulae yellow; wings

dusky; postmarginal vein about twice as long as

the short stigmal; legs black; front and middle legs

female: Head, showing witli the fcmora apicallv, the tibiae at bases and
carina at front of malar apiccs, the tarsi, and the anterior tibiae in front,

yellow; a small yellow spot at the apex of the

hind femora, and a small yellow spot at the base and one at the apex of

the hind tibiae on the outer side; the hind tarsi entirely yellow;
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hind femora on the lower margin with a triangidar tooth near base,

the space between this tooth and the apex of the femur occupied by
about a dozen teeth, those in the middle of the series the largest and
almost as large as the basal tooth, the teeth in the series decreasing

in size from the middle toward both ends; hind femora distinctly

punctured on the inner side; first segment of abdomen smooth,

having a spot on each side with setigerous punctures; second seg-

ment at sides and on base with large setigerous punctures, the

dorsal apical part of the segment with small punctures ; the following

segments basally smooth, the apical margins with fine punctures

mixed wath large setigerous punctures, sixth segment entirely cov-

ered with large punctures.

Male.—Length, about 6.5™"\ Similar to the female, but with

more yellow on the legs, the front and middle tibiae mostly yellow,

the spots on the hind tibiae larger and occasionally meeting, making
a yellow stripe on the outer side; teeth along the lower margin of

the femora smaller.

Habitat

.

—Japan

.

Described from 12 specimens reared at the Gypsy Moth Parasite

Laboratory from material received from Prof. Trevor Kincaid and
Prof. S. I. Kuwana. This is a parasite of Tachinidse.

Type.—Cat. No. 12789, U. S. National Museum.

CHALCIS OBSCURATA Walker.

(Figs. 15-16.)

Chalcis obscurata Walker, Trans. Ent. Soc. London, f. 1874, p. 399.

In this species the hind coxae of the female

have a small tubercle; the hind tibiae are

yellow except the extreme base, which is

black ; the face immediately below the anten-

nal fossa is smooth and pol-

ished, especially a spot below

the insertion of each antenna

;

the hind femora are distinctly

punctured on the inner side

and without a tubercle near

the base. This species and the following resemble

superficially the form of C. ovata which has the hind

Fig. i(,.- Chalcis tibiae wdthout the medial black annulus but the struc-
obscurata, fe- inYQ gf the Carina at the front of the malar space
111 a 1 e : H e a d

,

.

.

, . _ . '

.

showing carina readily separates them. Ihis Japanese species is a
at front of malar parasite of Porthetria dispar and has been reared by

inai.) G. Ojima, Kumamoto, and S. I. Kuwana, Tokyo.

Fig. 15.— Chalcis obscurata, female:

Hind femur and tibia, showing
markings. (Original.)
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CHALCIS FLAVIPES Panzer.

(Figs. 17-18.)

Chalcis Jlavipes Panzer, Fauna Insect. German, vii, p. 78, 1801.

This European species closely resembles
the above, having the

tubercle on the hind coxse

of the female, and the

inner side of the hind

femora punctured and
without the tubercle near

base, but is separated by
the characters given in

It, also, is parasitic on Porthetria

Fig. 17.— Chalcis flavipcs, female:

Hind femur and tibia, showing

markings. (Original.)

the table.

dispar.

CHALCIS MINUTA Linnaeus.

(Figs. 19-21.)

Fig. 18.— Chalcis flavipcs,

female: Head, showing

carina at front of malar

space. (Original.)

Vespa minuta Linnaeus, Syst. Nat., Ed. 12, i, p. 952, 1767.

In this European species the hind femora have a tubercle near

base on the inner side below. The inner side of the hind femora is

not distinctly punctured. In the female the hind coxae are without

Fig. l^.— Chalcis minuta, female:

Hind femur and tibia, showing
markings. (Original.)

Fig. 20.— Chalcis minuta, female:

Hind femur, inner side, showing

tubercle near base. (Original.)

Fig. 21.— Chalcis

minuta, female

:

Head, showing
c a ri n a at front

of malar space.

(Original.)

a tubercle. This species and the following superficially resemble

C. ovata, but are distinguished by the form of the carina at the front

of the malar space, as well as by having the inner side of the hind

femora impunctured and with a tubercle near base. It is a parasite

of flies of the family Sarcophagidae, which are scavengers on the dead

pupae of the gipsy moth.
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CHALCIS PARAPLESIA, new species.

(Figs. 22-23.)

Female.—Length, about 5.5™™. Head and thorax coarsely,

umbihcately punctured, face below insertion of antennae rugoso-

punctate; the carina at front of the malar space runs almost to

eye, then obliquely backward and upward to join carina at rear;

malar space shiny, weakly sculptured; depressed apical margin
of scutellum deeply emarginate; metathorax
at sides with a small toothlike projection;

tegulse yellow; wings hyalme; legs black,

marked with 3^ellow; all the tarsi, tips of all

femora, bases and tips of front and middle

tibiae, a line on front of anterior tibiae, and
apical third of hind tibise and a spot near

base, yellow; hind femora on inner side with fig. 22.- chaids parapicsia, fe-

small, sparse, indistinct punctures; hind '"^'''- ^'°^ f'^'""'" ^°^ "*'''*'

J.
. •Ill • 1 T • showing markings. (Original.)

lemora on inner side below with a distinct

tubercle near base; lower margin of hind femora with a sawlike

tooth near base, followed by a series of about ten smaller teeth, these

decreasing in size to apex of femora; abdomen smooth, second seg-

ment and following segments at sides with some large punctures
and apically minutely punctured.

Male.—Length, 5™™. Similar to the female, but the tooth of the

metathorax represented by a slightly raised cari-

nate ridge.

Habitat.—Japan.

Described from 6 specimens reared at the

Gipsy Moth Parasite Laboratory from material

collected by Prof. Trevor Kincaid and Prof. S. I.

Kuwana. This species is parasitic in the pupae

of Sarcophagidae.

^ ,, ,, , . , .
Type.—Csit. No. 12791, U. S. National Mu-

Fig. 23.— Chalets paraplesia,

female: Head, showing SCUm.
carina at front of malar xhis specics IS closely related to 0. minuta
space. (Origmal.) -^

. ...
Linnaeus, but is distinguished by the hyaline

wings and the less prominent tooth on the metathorax, which
has the front edge running backward instead of almost vertical,

as in minuta. The male of minuta occasionally has almost hyaline

wings and is then easily separated by the strong teeth of the meta-
thorax, the teeth being about as prominent in the male as in the

female.
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CHALCIS FONSCOLOMBEI Dufour.

Chaldsfonscolombei Dufour, Ann. Soc. Ent. France, x, p. 16, 1841.

This European i)arasite of Sarcophagidge often has the basal

half of the hind femora black; the hind tarsi are red at base and
apex and black medially, the red part ornamented with a small

yellow spot; the hind femora have a small tubercle on the inner

side below near the base; the hind coxae of the female are without

a tubercle.

CHALCIS CALLIPUS Kirby.

CJialds callipus Kirby, Journ. Linn. Soc. London, Zool., xvn, p. 75, 1883.

In this species tlie hind coxae of the female are without a tubercle,

the hind femora are very sparsely punctured on the inner side and

have a tubercle near the base; the carina at the front of the malar

space has, before reaching the eyes, a branch directed backward.

Of this species only one female has been seen, collected at Nishiga-

hara, Tokyo, Japan, by Prof. S. I. Kuwana, with the record "bred

from the pupa of a gipsy moth, July 12, 1908."

Family PERILAMPID.E Foerster.

Genus PERILAMPUS Latreille.

PERILAMPUS INIMICUS, new species.

Female.—Length, about 2™"^. Deep violaceous, with purple reflec-

tions, the head, metathorax, and abdomen more bluish; face not

carinate; face and vertex impunctate, wdth scattered pubescence

on the vertex; scape of antennae blue or greenish, flagellum red-

dish brown, beneath more reddish; first joint of flagellum hardly

longer than the pedicel; thorax umbilicately punctured, parapsidal

areas along inner side, with a broad smooth area; punctures on disc

of scutellum more separated, leaving a more or less distinct smooth
line along center; wings hyaline; legs brown, hind legs in front

purple; knees, anterior tibiae in front, bases and tips of all tibiae,

and the tarsi entirely, light testaceous; apical margin of first ab-

dominal segment straight.

Male.—^Length, about 2°^". Similar to the female; apical two-

thirds of scape swollen and flattened in front, with a slight constric-

tion between the normal base and the swollen part; legs with more
light color at the bases and apices of tibiae.

Habitat.—Japan.

Described from 6 specimens reared from cocoons of Glyptajyanteles

jajjonicus Ashmead at the Gipsy Moth Parasite Laboratory, from

material received from Prof. Trevor Kincaid and Prof. S. I. Kuwana.
Type.—CsLt. No. 12793, U. S. National Museum.
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Family PTEROMALID^ Walker.

Subfamily FTEROMiALIN'JE .A-shnnead.

Tribe PTEROIMALINI Ashmead.

Genus HYPOPTEROMALUS Ashmead.

Since the type species of this genus has a well-developed neck to

the metathorax and a short but plainly visible petiole, it does not well

fit in the place in Doctor Ashmead's tables in which he has put it.

The following table based on antennal characters and the color of the

logs separates both sexes:

Table of Species of the Genus Hypopteromalus.

1. First joint of funicle elongate, longer than the pedicel 2

First joint of funicle not elongate, scarcely longer than the pedicel. (America.)

tahacurh Fitch.

2. Femora and tibise light testaceous. (Japan.) apantelophagus, new species.

Hind femora green; other femora partly dark; in female the tibiae mostly dark.

(Europe.) pcecilopus, new species.

HYPOPTEROMALUS APANTELOPHAGUS, new species.

Female.—Length, about 2.75"™. Bluish green, the head distinctly

wider than the thorax; head, pronotum, mesonotum, and metathorax

between the lateral folds, with thimblelike punctures; antennae light

brown, the scape testaceous; transverse line near rear of scutellum

distinct; neck of metathorax with sculpture similar to that on basal

part; lateral folds well developed; median carina wanting or very

shghtly indicated; wings hyaline, veins testaceous, postmarginal vein

as long as the marginal, the stigmal vein distinctly shorter; coxjb

blue-green, the rest of the legs yellowish testaceous, the femora and

tibiaB more or less suffused with brownish; abdomen smooth, shiny,

narrow, the apical segments finely lineolated.

Male.—Length, about 2"^™. Similar to the female except in

secondary sexual characters; head and thorax more greenish than in

the female; abdomen basally with a large yellowish spot; legs less

suffused with brownish than in the female.

Habitat.—Japan.

Described from 6 females and 6 males from the series reared at the

Gipsy Moth Parasite Laboratory from Glyptapanteles japonicus,

received from Prof. Trevor Ejncaid and Prof. S. I. Kuwana.
Type.—Csit. No. 12973, U. S. National Museum.

HYPOPTEROMALUS PCECILOPUS, new species.

Female.—Length, about 3™". Green or bluish-green; head slightly

wider than the thorax; head, pronotum, mesonotum, and metathorax
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between the lateral folds with thimblelike punctures; antennae dark

brown, the scape basally testaceous; transverse line on scutellum

distinct, the punctures back of it larger than those immediately in

front of it; neck of metathorax with sculpture similar to that of basal

part; median carina distinct, lateral folds well developed; wings

hyaline, veins testaceous; marginal and postmarginal veins subequal

in length, the stigmal vein shorter; coxae green, front and middle

femora brown with a metallic tinge, basal half of middle and hind

tibiae brown; hind femora green; knees, front tibiae, apical half of

middle and hind tibiae, and all tarsi yellowish; abdomen smooth,

shiny, the apical segments finely lineolated.

Male.—Length, about 2™™. Similar to the female, except in

secondary sexual characters; the scape entirely testaceous; tibiae

entirely light, slightly suffused with brownish; front and middle

trochanters light, abdomen with a light spot basally.

Hahitat.—Europe

.

Descril)ed from 2 specimens reared at the Gipsy Moth Parasite

Laboratory from Ghjptapanteles sp.

Type.—Cat. No. 12974, U. S. National Museum.

Family EULOPHID^ Foerster.

Subfamily KNTKDOlS'IlSrJK; A.shinead.

Tribe ENTEIDO?^INI Ashn^^ead.

Genus PLEUROTROPIS Foerster.

The species described from Japan by Ashmead in the genus

Derostenus have lateral carinae on the metathorax and a distinct

ring-joint to the antennae, so that they are properly to be referred to

the genus Pleurotropis.

The following table will separate the females of the species from

Japan which have 3 joints in the funicle; P. atamiensis Ashmead has

4 joints in the funicle and is probably an undescribed genus.

Table op Species of the Genus Pleurotropis.

1. Median lobe of mesothorax at apex with two large fovese bifoveolatus Ashmead.

Median lobe of mesothorax at apex without fovese 2

2. Legs, including femora, testaceous mitsukurii Ashmead.

Legs with the femora dark 3

3. Head above with deep thimblelike punctures 4

Head above weakly sculptured nawaii Ashmead.

4. Hind tibiae whitish oruntalis, new species.

Hind tibiae dark colored howardi, new species.
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PLEUROTROPIS ORIENTALIS, new species.

Female.—Length, about 1.5""°. Bronzy black, with green or

purple reflections, the vertex and base of abdomen more greenish,

the metathorax distinctly green; vertex with coarse thimblelike

punctures, the frontal declivity above transverse groove smooth,
below furrow with finer punctures, those below the insertion of the

antennae still finer; antennae brown; mesonotum reticulate, parap-

sidal furrows not very apparent; scutellum reticulate all over,

basally the lines more regular and longitudinal; metathorax smooth,
median and lateral carinae distinct; femora green, tibiae testaceous,

tarsi more whitish; first segment of abdomen medially at apex and
following segments finely punctured.

Male.—Unknown.
Habitat.—Japan.

Described from 5 specimens reared from Glyptaimnteles japonicus

at the Gipsy Moth Parasite Laboratory, from material received

from Prof. Trevor Kincaid and Prof. S. I. Kuwana.
Type.—C&t. No. 12975, U. S. National Museum.

PLEUROTROPIS HOWARDI, new species.

Female.—Length, about 2™"*. Green, with bluish reflections, the

sides of the scutellum, the apical part of the parapsidal areas, and
the pleurae purplish-black; face below the transverse furrow bluish,

with fine thimblelike punctures down to the insertion of antennae,

below this still more finely and weakly punctured ; above the furrow
^\dth coarse thimblelike punctures; antennae green; pubescence of

eyes distinct; mesothorax coarsely reticulate, the parapsidal fur-

rows not very distinct anteriorly, posteriorly formed by triangular

depressed areas which resemble scars, each with a»single setigerous

puncture; median lobe of mesonotum strongly emarginate at apex;

scutellum at sides longitudinally striate, the apical portion reticu-

late, leaving the median basal area smooth; metathorax smooth,

medially with two carinae close together, lateral carinas distinct;

first segment of abdomen basally smooth, green, beyond this the

abdomen purplish-black and finely punctured; legs green, the tarsi

white, apically brown.

Male.—LTnknown

.

Habitat.—Japan.

Described from 8 specimens reared from cocoons of Glyptapanteles

japonicus at the Gipsy Moth Parasite Laboratory, from material

received from Prof. Trevor Kincaid and Prof. S. I. Kuwana.
Type.—Cat. No. 12976, U. S. National Museum.
Named in honor of Dr. L. O. Howard, under whose direction the

parasite work is conducted.
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Subiamily KULOPHUvT^^ Howard.

Tribe EULOPHINI Ashmead.

Genus DIMMOCKIA Ashmead.

DIMMOCKIA SECUNDUS, new species.

Female.—Length, about 2™'". Bright green, the face and,occiput

covered with very fine, close strise; antennae brownish testaceous,

the scape Hghter cok)red; ring-joint distinct, pedicel shorter than

first joint of funicle, about as long as joint 2; joints 2-4 subequal,

only slightly longer than wide; club showing only 2 joints; mesono-

tum and metathorax between the lateral folds with fine thimble-

like punctures, those of the scutellum finer than on the middle lobe

of the mesonotum, those of the axilla? still finer and becoming in

part fine stria?; scutellum w^ith a median longitudinal line of punc-

tures which are finer than the rest; median and lateral carinas of

metathorax very distinct; mesepisternum with j,himblelike punc-

tures; mesepimeron below finely reticulate, the upper partsmcoth;

metapleurse and metathorax laterad of lateral carinse rugose; legs

light yellow, the hind coxae at base above with a small green spot;

abdomen green, the apical margins of abdominal segments brownish;

first and second segments smooth, the others with very fine lineola-

tions.

Male.—Unknown

.

Habitat.—Japan.

Described from 5 female specimens reared at the Gipsy Moth
Parasite Laboratory from Gluptapanteles japonicus, from material

received from Prof. Trevor Kincaid and Prof. S. I. Kuw^ana.

Type.—Cat. No. 12977, U. S. National Museum.

In this genus the funicle is 4-jointed and the club shows only 2

joints, so that the antennae show 9 joints instead of 10 as given by

Doctor Ashmead in his Classification of Chalcidoidea,

o
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INTRODUCTION.'

That there are among the Sarcophagida3 a number of species which,

to all intents and purposes, are primary parasites of grasshoppers is a

fact concerning which there is no ground left for argument. Whether

the young larvae of these flies bear a relation to the living host which

is in any way comparable to the extraordinary intimacy which char-

acterizes the relations between the tachinid parasites and their hosts

is beside the present question. They assuredly do gain access to the

living body of their host, and after a time destroy it, and by so doing

qualify themselves to be considered among the insect parasites.

There are numerous species of the Sarcopliagidae which have been

reared in association with the gipsy moth {Porthetria dispar L.).

Each year after the caterpillars have pupated and when the moths

are beginning to emerge, interested persons have found pupae with

the shell apparently unbroken, the contents in a state of decomposi-

tion, and an active sarcophagid larva luxuriating in the surroundings

thus provided. The condition of the pupa containing the sarcopha-

gid is always different from that of a pupa containing a tachinid

maggot, but the distinction is not instantly apparent nor easily

described. To the ordinary observer the pupa containing the sar-

cophagid answers perfectly to the description of a pupa destroyed

by a tachinid, and each year it has been necessary to explain anew

the difference between parasite and scavenger. That sarcophagid

maggots found under these conditions are always scavengers and

never parasites has never seriously been questioned.

It must be admitted, however, that in thus rather summarily con-

signing the whole group of sarcophagids to the role of scavengers, in

so far as their relations to the gipsy moth were concerned, there has

been an undercurrent of uneasiness lest among them should eventu-

1 Introduction by W. F. Fiske, in charge of Gipsy Moth Parasite Laboratory, P.ureau of

Entomology, Melrose Highlands, Mass.
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ally be found some which created rather than took advantage of the

conditions under which they were encountered. It required hardly

any stretching of the imagination to conceive of sarcophagid maggots

deposited upon living pupae, effecting an entrance, and eventually

bringing about the death and decomposition of the host. From time

to time tentative attempts to acquire more definite information were

made, but without positive results one way or the other. Large num-

bers of gipsy-moth pupse, apparently living, were collected in the

open and upon one or two occasions sarcophagid maggots were sub-

sequently found, but there were always very satisfactory explanations

for their presence other than that they were parasitic, and it was

increasingly evident that if such experiments were to be decisive, they

would have to be conducted with exceedingly great care. Several

attempts were also made to keep the adult sarcophagids reared from

gipsy-moth pupae imported from Europe or Japan until they

reached their full sexual development and were ready to deposit

iheir brood, but there were a good many things to learn about the

best way of conducting an experiment of this sort and none of them

was successfully concluded.

In the summer of 1910 the question of Sarcophaga in its relations

to the gipsy moth was rather suddenly reopened as the immediate re-

sult of a study in parasitism conducted by Mr. P. II. Timberlake, of

this laboratory, upon the " pine tussock moth " which was causing

some injury to pine in northern Wisconsin. The results of his studies,

which will be published in another part of this bulletin, were such

as strongly to indicate the parasitic character of certain sarcophagids

and to suggest that they were, in effect, of rather considerable im-

portance in the control of this moth.

This, when taken in connection with the fact that a vastly larger

number of sarcophagids were continually being received in ship-

ments of gipsy-moth pupae from Europe and Japan than would be

secured from an equal number of similar pupae collected in America,

was a circumstance which could no longer be overlooked. The evi-

dence was such as materially to support a contention that among the

European sarcophagids occurred species which were primarily ene-

mies of the gipsy moth. If, as did not seem so very improbable, there

existed in Europe such an important group of dipterous parasites of

gipsy-moth pupae, no time should be lost in attempting to secure their

introduction into America.

Most unfortunately it is impossible in this case, as in a great many
others, to conduct the necessary investigations to the best advantage.

Independent European entomologists can not, of course, conduct

elaborate investigations along lines wholly outside of their own
affairs, and the establishment of a European branch of the Gipsy

Moth Parasite Laboratory has never been considered as practicable.
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As usual we were forced to do what could be done with such oppor-

tunities as were offered. It was decided to institute at once a new

series of studies upon the relations of the American sarcophagids

to the gipsy moth, and to conduct them so carefully that if they did

not produce positive results they would at least possess negative value.

Fortunately the services of Mr. Patterson were available at that

time, and the affairs of the laboratory were in such condition as to

permit him to give the work his undivided attention. For the first

time it was possible to conduct the experiments, which he will de-

scribe himself, with the adequate attention to detail which is abso-

lutely necessary if the results are to be considered as decisive. His

results seem to justify the retention of the ideas previously held,

in so far as they can be justified by a study of American conditions. It

is sincerely to be hoped that in the very near future similar investi-

gations may be conducted in Europe, since the only other additional

studies which seem worth while in America will be of the sarcopha-

gids in relation to other lepidopterous hosts, and the findings, what-

ever their character, would not be directly applicable to the problem

of gipsy-moth parasite introduction.

GENERAL CONDITIONS.

Since the establishment of the Gipsy Moth Parasite Laboratory in

1905 considerable interest has been excited each year from the number

of sarcophagids reared in connection with gipsy-moth pupse, and even

more from the larger percentage of sarcophagids received from gipsy-

moth pupaj imported annually from Europe and Japan. It would

seem probable from the above that certain species of sarcophagids

had always been parasitic, or else that they had within recent years

developed the parasitic habit, which is the more likely ; hence, instead

of having to depend wholly upon dead material as a host they had

joined the ranks of certain of the Tachinidse in waging war against

one of the most injurious insect pests that has ever invaded New Eng-

land, the gipsy moth. During the last few years certain tentative

experiments have been made at the laboratory, but all this work, while

it proved rather interesting, was not convincing, and gave neither

positive nor negative results. In the summer of 1910 conditions

again became favorable for further investigations into the habits of

native Sarcophagidse and the writer attempted to determine, by the

series of experiments which follow, whether any of these flies are

parasitic in habit, or whether they are scavengers on the gipsy moth.

COLLECTIONS OF GIPSY-MOTH PUP^ FOR MAGGOTS OF
SARCOPHAGIDS.

Collections were made of gipsy-moth pupae from localities in towns

within a radius of 10 miles of the laboratory. The smallest collec-

tion contained 225 and the largest 790 pupa?, each of which was care-
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fully examined and placed into one of two separate lots, namely, the

live and active, or the dead, abnormal, and inactive. A few small

collections were also made of active prepupal larvae which were

kept separate froni the other lots. All of these lots were placed

in small pasteboard boxes about 8 by 5 by 4 inches, with tio;ht covers,

and were examined almost daily for either maggots or puparia of

Sarcophagidse, or parasites, and the moths as they issued from the

pupse were removed and killed. The small number of pup«> from
which no moths issued was dissected for parasites at the close of the

experiments. Three thousand two hundred and fifty-seven pupae and
prepupal larva? were collected for the experiments, 300 of which were

active prepupal larvae, 591 were dead and inactive pupae, and the re-

maining 2,366 were active pupae. No sarcophagids were reared from

the lots of active pupae and active prepupal larvae, but 2 puparia of

the tachinid parasite Coinpsilura concinnata Meig. developed from

one of the lots of the active pupae and 14 were secured from the prepu-

pal larvae. This parasite of the gipsy moth and brown-tail moth was

introduced from Europe and liberated in eastern Massachusetts. It

has become so well established here, according to the best authorities

and records, that it is now distributed over more than 200 square

miles of the infested territory.

From the dead and inactive pupae, as might have been expected,

sarcophagids were obtained, as well as other species which work as

scavengers or parasites. This material yielded 4 third-stage maggots

and 1 second-stage (dead) maggot of the Sarcophagidfe ; 4 puparia

and 1 third-stage maggot (dead) of Compsilura concinnata; 1 Exorista

hlanda O. S. ; 2 third-stage maggots and 1 second-stage tachinid

maggot of an unknown species; 14 Monadontomerus adults and 2

pupae of the same; 8 pupae of GoMrax anchora Loew ( ?) ; and 1 adult

and 4 pupae of Theronia and 5 Dihrachys (dead) in 1 gipsy moth

pupa. A special lot of 5 prepupal larvae was collected, and on dis-

section 2 proved to be alive, 2 dead, and 1 had pupated while being

brought in from the field. In one of the live prepupals a second-stage

maggot of Compsilura concinnata was obtained, while the other was

not parasitized. One of the dead prepupals produced 3 third-stage

maggots of the Sarcophagidae, while the other, as well as the freshly

formed pupa, contained no parasites.

The above experiments not only uphold, but seem rather to

strengthen the old belief that the sarcophagids are simply scavengers.

Another point of interest in this line of investigation is that there are

sometimes found in a single pupa more than one parasite, which often

belong not onl}^ to entirel}^ distinct and separate genera, but even to

entirely distinct and separate families. This point was well illus-

trated in making one of the collections, when the posterior end of a
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dead gipsy-moth pupa was accidentally broken off in removing it from

the tree, thus disclosing within its almost empty case 2 third-stage

maggots, one Compsilura concinnata and the other a sarcophagid.

This may be very satisfactorily explained by the fact that this pupa,

when in the caterpillar stage, was first parasitized by Gompsilura con-

cinnata^ and after reaching the pupal stage the maggot within became

large enough to kill the pupa. The decomposition which resulted

furnished a favorable place for the oviposition of a female sarcoph-

agid. In various other cases, when it appeared as an almost absolute

certainty that maggots of the Sarcophagidse came from living mate-

rial, their presence could be accounted for in some such way as the

above. The following experiments with the native sarcophagids will

also go to strengthen and substantiate the above theory.

EXPERMENTS WITH ADULT SARCOPHAGID-ffi.

Collections were made of these flies for reproduction experiments

from different localities in the infested area. Each collection was
kept separate in cylindrical wire screen (one-twelfth-inch mesh)

cages, 10 inches in height by about 4 inches in diameter. The top

consisted of a circular piece of wood, to which was tacked the wire

screen, while the lower edge of the screen fitted into a groove in the

wooden base. This arrangement allowed the quick removal of the

base and furnished easy access to the cage. A sprig of leaves, with

the stem wrapped with cotton batting, was inserted in a tube of

water attached to the inside of each cage, and this was sprayed with

a solution of sugar and water twice daily, which furnished food for

the flies. At first only active prepupal larvae of the gipsy moth were

placed in these cages. They pupated in a day eg: two and were al-

lowed to remain there for several days, where the flies could have free

access to them, before they were transferred to jelly glasses, which

were covered with cheesecloth. These were kept under observation

for sarcophagid maggots until the moths emerged or the pupae died,

in which cases they were always dissected. All these experiments

gave negative results, showing almost conclusively that these flies

did not oviposit on living pupse. The writer then added some badly

decomposed caterpillars to the living ones in the cages and observed

in a short time that the female flies deposited tiny maggots on the

dead material, but not on the living, although frequently they

crawled over the live pupae until these wriggled, which seemed to

frighten the flies away. The living material from these experiments

was also placed in jelly glasses, but all finally gave negative results.

All dead material was now placed in the cages and first-stage mag-
gots were obtained quite plentifully and appeared to be perfectly

healthy.
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EXPERIMENTS WITH FIRST-STAGE MAGGOTS ON LIVING AND
DEAD MATERIAL.

Some of these maggots were placed on mature active pupse, but in

every instance they showed little, if any, desire to bore through the

pupal cases. This would probably be an impossibility, as the exte-

rior of the pupae is tough and hard, but the maggots did not enter

even the soft prepupal larvae. In both cases the pupa? and prepupal

larvae were greatly disturbed and irritated when maggots were crawl-

ing on them, and thev wriggled violently, dislodging the maggots. If

they were placed on a soft, freshly formed pupa the maggots at once

would make frantic attempts to bite into it, but without success;

although, in one instance, when the membrane which holds the wing

cover to the body of the pupa became ruptured, the maggot took ad-

vantage of this opportunity of concealment and crawled beneath,

and although the maggot was still on the external surface of the

pupa it caused such an irritation by its movements that a dark secre-

tion oozed out, coming either from the pupa, maggot, or both, and in

the course of a few hours the wing cover became sealed to the body

of the pupa, so that only the anal stigmata of the maggot were left

exposed. After the lapse of about 12 hours the pupa was found to be

dead, and in 18 or 20 hours the maggot disappeared into the body of

the pupa. A dissection was made the following day. The maggot

was found dead midway in the body of the pupa. This would seem

to indicate that the environment which the maggot found within the

pupa was not favorable for its development.

To further illustrate the above idea the writer took active pupae,

making a puncture about midway in the body of each, and allowed a

live maggot to crawl in, but in all cases the maggots died, showing

that they can not live under such circumstances. However, a few

came out of the pupae and died on the outside. Similar experiments

were made on dead material with entirely different results. In most

cases the maggots went in without experiencing any difficulty and

usually survived, which showed that they were in a natural en-

vironment.

RELATION OF DECOMPOSITION TO OVIPOSITION.

It was observed that the flies would not oviposit on freshly killed

material in the cages, even though the females had been ovipositing

previously on older decomposing caterpillars. This would seem to

refute the parasitic theory and would tend to show that the material

must reach a certain stage of decomposition before the females would

oviposit. Selecting the only cage where females were ovipositing

the writer removed all the old material and replaced it with a single

freshly killed caterpillar. The flies at once ceased to oviposit,
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although they would crawl about over it. Two days later the writer

observed one of the female flies in this cage spending the most of

her time crawling about over this caterpillar. A little later she

began to make a buzzing noise with her wings and was feeling here

and there with her proboscis over the body of the decomposing cater-

pillar. Proceeding to the anterior portion of the caterpillar a few
segments back of the head she succeeded in puncturing the decaying

skin with her proboscis, and then moving along far enough so that

the end of her ovipositor was directly over this puncture she slowly

deposited a maggot which immediately, true to its instincts, worked
its way through this puncture into the body of the caterpillar. Sev-

eral maggots were deposited by this fly, and later a second female

was observed to oviposit on the caterpillar in the same incision. This

not only indicates that a certain stage of decomposition must be

reached, but that the skin of the caterpillar must be either broken,

or in such a condition that the female fly can puncture it with her

proboscis before she will oviposit, thus allowing an opportunity for

the maggots to crawl into the dead host. There were a few living

pupse in this cage, and although the females not infrequently crawled

about over them, they did not attempt oviposition. This was the

case with a freshly killed caterpillar which was placed beside a dead

specimen upon which flies were ovipositing, but when decomposition

reached the proper stage, the flies began to oviposit freely. It must

be stated here that the true source of the flies in the cage with which

this last experiment was tried was unknown, and that they were

selected only for the reason that they happened to be the only flies

available that were ovipositing. They were secured from a jar

containing dead European Calosoma beetles which had been exposed

for several weeks to the attack of various species of sarcophagids.

It is possible that these flies might have been imported from Europe,

but this is extremely doubtful.

CONCLUSION.

These experiments indicate very conclusively that the sarcophagids

in New England do not destroy living gipsy-moth larvae or pupae in

the field. From a collection of 2,666 specimens not a single sarco-

phagid was reared.

In cages the flies would not oviposit on healthy or recently killed

caterpillars or pupae, but did so freely after they became slightly

decomposed.

First-stage maggots, when placed artificially within living pupae,

failed to develop in every instance, showing that the conditions were

not favorable for their growth.
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When living and decomposing larvas or piiptx? were placed side by
side in a cage, the flies selected the latter on which to oviposit, and

normal larva? developed.

In conclusion it must be understood that the writer has not at-

tempted to work with any one species of the Sarcophagidse, nor to

separate them into species, but, on the other hand, he has worked
with them only as a family, taking for granted that if any of these

flies are ever parasitic on the gipsy moth, they would naturally be

found in the infested localities. Although all the experiments have

given negative results, j'^et they are nevertheless of economic impor-

tance, because in Europe and Japan, where sarcophagids are more
commonly associated with the gipsy moth than in this country, it is

possible that there may be several species that have the parasitic

habit. If so, foreign investigations should be hastened, for if intro-

duced into America these parasitic sarcophagids would be an impor-

tant addition to the natural enemies of the gipsy moth.

o
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INTRODUCTORY.

Practical utilization of parasites in the control of noxious insects

is becoming a more and more important means of warfare in economic

entomology. For that reason accurate and detailed knowledge of

the life liistory of the various parasitic groups is indispensable to an
intelligent handling of the intricate problems wliich continually pre-

sent themselves m work of this kind. It does not suffice merely to

know that an insect is a primary parasite or a hyperparasite. Famili-

arity with the intimate details in its life and habits is of the utmost
importance in order that it may be brought to its maximum of effi-

ciency with the least possible delay; or, should it prove to be a

hyperparasite, that an injurious insect may not thus be released

unwittingly and irreparable damage be done. The great desirability

of bringing this phase of economic entomology to a position of promi-

nence has been the prime motive for a solution of some of the most
perplexing problems which have confronted the student of insect para-

sitism ; for example, the work of Marchal and Silvestri on the develop-

ment of the hymenopterous, and of Townsend and Nielsen on the,

dipterous parasites. These men are economic workers and their dis-

coveiies of the extraordinary phenomenon of polyembiyony or germi-

nogony in the parasitic Hymenoptera and of the unusual habits of

oviposition and larviposition in the tachinid parasites were made in

connection with a study of the practical utility of these insects in the

control of injurious species. Such investigations are interesting not

only from the purely scientific standpoint, but are more than justifi-

able from that of applied entomology.

The few forms studied by these entomologists are among the most
common species, which goes to show how limited the present knowl-
edge of the biology of insect parasites really is. A fascinating field

of study is open to those in a position to undertake research of this

> The writer is indebted to Mr. W. F. Fiske for valuable suggestions and criticisms throughout the

course of his work on Perilampus.

33



34 EESULTS FROM GIPSY MOTH PAEASITE LABORATOEY.

kind, the requirements for investigating these most interesting phe-

nomena, where the more common species are concerned, being, as

stated by Dr. L. O. Howard, " simply good laboratory facilities and a

skilled technique, together with trained powers of observation."

These, as he pomts out, are to be found in many institutions and

with many individuals in this country. The element of a chance

discovery sometimes enters into consideration, however, even when
a common insect is made the subject of study. Quite as often as not

the discovery of the thread which will later lead to an unravehng of

the complete life liistory is notliing more nor less than an accident, the

clue being stumbled upon in a place and at a time altogether unlocked

for. The investigations of the life history of Perilamjms Tiyalinus Say
received their initial impetus from just such an accidental discovery.

BIOLOGY OF PERILAMPUS HYALINUS SAY.

When time and opportunity have permitted, the parasites of certain

among the native leaf-feeding caterpillars have been studied at the

GipsyMoth Laboratory in order to determine the part which parasitism

plays in their natural control, and in an endeavor to arrive at a better

understanding of the varied phases of the problem. Among others,

the fall webworm (Hyphantria textor Harris) was selected as a prom-

ising subject, and, coming as it does at a season just after the sum-

mer's work on gipsy moth parasite importation and colonization is

over, it has been possible to devote a larger share of our attention to it

than to other even more interesting species which complete their trans-

formations earher in the season. Upon several occasions the young
caterpillars have been brought in from the field, placed in insect-proof

rooms and cages, and fed. In due time primary parasites, usually

tacliinids, species of the ichneumonid genus Limnerium, and occasion-

ally Apanteles, emerged from these caterpillars, and the cocoons and

puparia were removed to tightly stoppered vials and placed aside for

the emergence of the adults. Later examination revealed the fact

that adults of the species which formed the puparia or cocoons could

not always be expected to emerge, for usually a certain percentage

produced adults of Perilampus instead. How the adult female Peri-

lampus obtained access to these puparia and cocoons in order to ovi-

posit in them was a mystery inasmuch as especial pains had been

taken to make the rooms and cages containing the caterpillars para-

site-proof. But for a fortunate discovery during the spring of 1909

the true significance of these perplexing observations would doubt-

less have remained a mystery for some time to come.

While engaged in experimentation for developing a better technique

in the preparation of hymenopterous larvse for microscopical study,

in wliich work the larvae of the common Limnerium validum Cresson,

an important parasite of the fall webworm, were used as subjects, a
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strange little creature was discovered which was obviously the larva

of an insect, but which differed very materially from any familiar

form. It was impossible, from external characters, to assign it to

any particular order with assurance, and consultation with several of

the ablest entomologists of the country failed to throw any light upon
the subject.

It was less than three-tenths of a millimeter in length, and therefore

almost invisible to the unaided eye, oblong-ovate in shape and dark

brown in color. Examination under the microscope showed it to be a

highly organized being with well-defined mouth parts, strong, curved

mandibles, conspicuous tracheal system, etc. The 13 segments were

well differentiated, the fii'st forming a distinct head, which was armed
with several recurved hooks. The dorsal segments consisted of a

series of heavy, chitinous, and overlapping plates, which nearly encir-

cled the body. Most of these were furnished with one or two pairs

of bristles. Ventrally the larva was furnished with several backward-

projecting spines, wliich were evidently ambulatorial in function.

An attempt to rear the adult from this larva was unsuccessful.

Among the minor projects under way at the laboratory at tliis time

was a study of the biology of Dimmockia incongrua Ashmead, a rather

common and important native chalcidoid parasite of tachinids. As
a host for the rearing experiments Avith Dimmockia one of the most

common native dipterous parasites, Varichseta aldrichi Townsend,

also an important enemy of the fall webworm, was utilized.

In the course of an examination of the pupae of this tachinid for the

eggs and young larvse of Dimmockia a second specimen of the remark-

able creatiu-e referred to above^ or to be more accurate one similar to

it, was encountered. This second specimen, instead of being firmly

attached to its host by its anterior end as was the former, was quite

free and crawled about over the body of the tacliinid pupa in a

startlingly businesslike manner. This observation very naturally

led to a further search through the abundant material at hand, and
the presence of the strange parasite, for such it was now suspected of

being, was found to be of not at all rare occurrence. An excellent

opportunity was at once afforded for ascertaining the identity of the

parasite and the subsequent rearings through the different stages were

made with a great deal of eagerness. Immediately upon the comple-

tion of the first ecdysis it was seen that the larva resembled rather

closely what was known to be the mature larva of Perilampus, and
the further development of the specimens under observation con-

firmed that suspicion. The first-stage larva is of a very unusual

type, wliich, with a single exception so far as known, has not been

observed before. This exception is the larva of Orasema viridis Ash-
mead, described and figured by Dr. William Morton Wheeler.^

1 Bulletin of the American Museum of Natural History, vol. 23, Art. 1, 1907.
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A comparison of the peculiar first-stage Perilampus larva with the

Orasema material in Dr. Wheeler's possession indicated that wliile the

two were veiy different in anatomical detail, they were of the same

general character and constitute a type which, Dr. Wheeler has sug-

gested, may be designated by the term ''planidium." ^

The establishment of the identity of the planidium did not assist

materially in clearing up the mysterious circumstance attending the

rearing of the Perilampus from the Limnerium, VaricJiseta, and

Apanteles parasitic on the fall webworm, and with the end in view

of determining if possible the manner in wliich Perilampus gained

access to its host, several thousand young caterpillars of HypTiantria

were collected during the following fall, placed in rearing trays, and

reared to maturity. At frequent intervals a large series of these

caterpillars was killed and preserved in order that abundant mate-

rial might be had for study during the winter.

Apanteles hyphantrise Riley was found to be a fairly common
parasite of the younger caterpillars, and VaricJiseta aldricJii and

Limnerium validum of the older ones, as during tlie preceding

summer. Examination of the puparia and cocoons of the parasites

disclosed the fact that the planidia of Perilampus were even more

common than they were during the preceding year, and as large

quantities of material in all stages had been preserved an excellent

opportunity was afforded for working out the hfe liistory of this

remarkable parasite.

As has been mentioned on a preceding page, Perilampus was

frequently reared from puparia and cocoons formed in tight rooms

or breeding cages into which it was thought impossible for an adult

parasite to gain entrance. Consequently in seeking an explanation

of the presence of the planidia of Perilampus in the puparia and

cocoons of these primary parasites of HypTiantria, it seemed most

plausible that the female oviposited in or on the caterpillar con-

taining the parasite wliich was later to become the host of the young

Perilampus. Acting upon this hypothesis, maggots of the tacliinid

which had emerged from the caterpillar were examined and found

to contain the planidia internally. The planidium, by reason of its

dark color, was easily visible through the semitransparent integu-

ment of the maggot, and even after the latter had ceased activity

and had formed its puparium the Perilampus larva could be seen

through tlie shell until it had changed color and had become quite

opaque. Dissection of the fully developed caterpillars revealed the

fact that the tachinid maggots while still within the caterpillar con-

tained these planidia, and going back still further, to the younger

caterpillars, the planidia were found to be present here irrespective

of whether the caterpillar was infested by a primary parasite or not.

I i'roiu the Greek 7zka>j)xi)c, a wanderer, and idim, diminutive.
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Examination of a considerable number of the Ilyplianti'ia cater-

pillars showed that the planidium could be found in almost any
portion of the caterpillar's anatomy, although they generally "floated

about" freely in the body cavity. Occasionally specimens attached

to the larval organs, such as the alimentary canal or silk glands,

were encountered. Further study of still younger caterpillars

revealed the most interesting and significant feature of the whole

life cycle, namely, the presence of the planidia wpon the exterior of

the caterpillars. These were apparently about to make their way
through the integument to the interior in a search for suitable hosts

upon wliich to complete their development. The less heavily

chitinized portions of the caterpillar's skin, that is, the portion

between the different segments, offered the most vulnerable point

of attack and almost invariably this was the place selected by the

parasite for making an entrance. IncUviduals which had not yet

started an opening were found quite as frequently upon the middle

of the segments as between them. Just how these planidia came to

be located upon the skin of the caterpillars and how, when, and
where the adult female Perilampus places her eggs, we have been

unable to ascertain up to the present time, and any statement in

regard to this portion of the life cycle must take the form of mere
conjecture.

OVIPOSITION.

There have been made, so far as published records go, at any rate,

no observations upon the oviposition of members of the genus

Perilampus. It is known, however, that oviposition does not occur

in the normal way, or in the manner we are accustomed to regard as

the normal method of oviposition among the parasitic Hymenoptera,
and for this reason speculations on what may actually occur are

rather interesting.

In the first place it is obvious from the facts recorded in the pre-

ceding pages that Perilampus does not oviposit directly in or upon
its host. In the second place, it does not oviposit witliin the cater-

pillar of which its host is a primary parasite, which is equally obvious

from observations already made. That it. places its eggs upon the

young caterpillar is improbable, the adult Perilampus being too slow

and clumsy to be capable of accomplisliing this act with any degree

of certainty.

There are two plausible methods wliich Perilampus might adopt
for the deposition of its eggs, and the writer is strongly incUned to

the view that one of these methods is in part at least correct. As
in the case of some of the parasitic beetles, it may deposit its eggs

upon flower heads or upon leaves of plants not in the immediate
vicinity of the caterpillar colony, the planidia hatching from these

19242°—12 2
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eggs being conveyed to the caterpillars by means of some inter-

mediate carrier. In the Coleoptera cited above the carrier is fre-

quently a })arasitic bee ui)on which, by means of their claws, the

triunguUns attach themselves and are conveyed to the nest of their

host. With Pcrilampus, should this method prove to be the one

which really takes place, the intermediate carrier might be any of

the primary parasites wliich attack HijpJiantria; that is, the hymenop-

terous parasites Limnerium or Ajmnteles, or the tachinid Varichxta.

The planidium seems more or less fitted for this sort of a life and is

apparently analogous to the triungulin of the coleopterous })arasites.

The cliitinous plates with which it is armored are especially service-

able in preventing injury of various kinds, and the mandibles and

hooks and spines would serve it very well as a means of clinging to

its conveyer.

Varicliseta as a conveyer of the planidia would expose the young

Ferilampus to one more vicissitude, as it does not oviposit upon the

caterpillars, but deposits young maggots u})on the leaves of the food

plant of its host. These maggots, should they by good fortune

haj)pen to have been placed upon a leaf wliich is later crawled over

by a caterpillar, fasten themselves upon their host when the o})por-

tunity offers. Perilampus then would twice be subjected to the

same conditions as these maggots, and their success in finding a host

would depend entirely upon whether or not caterpillars came within

their reach.

The other method, wliich seems much more plausible, is that of

oviposition upon the food plant in the vicinity of a colony of the

caterpillars. This would do away mth the necessity of an inter-

mediate carrier, but would expose the deUcate eggs to great danger

unless they hatched immediately after deposition.

Both theories have their faults and it may easily be that neither

is correct. They are offered simply as suggestions to anyone who
has the opportunity to make observations upon tliis parasite, in

the hope that they will be of assistance in completing the knowledge

of tills strange life cycle. The former hypothesis has the advantage

of a parallel in the parasitic Coleoptera, wlnle sometliing similar to

the latter is known to occur in certain of the tacliinid parasites

(notably Varicliseta, as mentioned above) wliich deposit young

maggots upon the leaves, the maggots attaching themselves to the

caterpillar as it crawls over the leaf upon wliich they are located.

Wliile the eggs of Perilampus have not been observed after deposi-

tion, those contained in the oA^arian tubes, in one case apparently

mature, have been examined. They are of the usual elongate-oval

shape, not stalked, and wliitish in color.
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REPRODUCTIVE CAPACITY.

It is a well-known fact that insects which are subject to very high

mortality in their younger stages must have a liigh potential rate of

reproduction in order to offset this loss and still prevent the species

from becoming extinct; and conversely, we may say that insects

laying a great number of eggs must of necessity experience a very

high death rate or else they would in time increase beyond all bounds.

We have found by the dissection of adult female Perilampus that the

eggs are very numerous, the abdomen containing as high as 250 fully

developed eggs at one time. It is therefore apparent that in some
stage or stages before maturity many of the young die. As Peri-

lampus is eminently well fitted to withstand the vicissitudes encoun-

tered in its later existence, the logical place to find this high death

rate is during the planidium stage, while the tiny larva is wandering

about either within or outside the caterpillar in search of its host.

That this wandering habit of the younger, pre-eruciform stages of

parasitic larvae is accompanied by great mortality is well exemphfied

in the case of the Strepsiptera. Newport, in his ''History and
General Anatomy of Meloe and Its Affinities," ^ records tlie produc-

tion of more than 7,000 triungulins by a single female of the genus

Stylops. Pcrilamims is apparently not only subject to a considerable

mortality by reason of its wandering habit, but large numbers meet
their death through a failure to find a proper host within the cater-

pillar and through the operations of superparasitism after they do

find their host.

Wliatever be the real method by which the planidium becomes
affixed to the caterpillar, the life history from this point on has been

worked out by actual observation in the laboratory, with an abun-

dance of material for study.

DESCRIPTION OF PLANIDIUM OF PERILAMPUS HYALINUS.

(Figs. 24, 25.)

Length about 0.3 mm., depending on the amount of distension;

diameter at widest place about 0.06 mm. Shape obovate; composed
of 13 distinct segments or rings which are dark brown and heavily

chitinized, and which ''telescope" into each otlicr more or less.

Head heavily margined, both laterally and posteriorly above, the

rim strongly emarginate or indented posteriorly, where it is also

strongly elevated in life and darker than other portions of the head.

Mandibles well developed, hook-shaped, situated in a buccal cavity,

and crossing at tips ; bases broad, with a rather large area for muscular

attacliment. Immediately back of the mandibles are two flattened,

heavily chitinized organs, which are probably homologous to the

I Proceedings of the Liuneao Society of London, vol. 1, pp. 317-320, 368-370.
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maxilla', but the minute character of which makes it impossible to

determine their nature without considerable uncertainty. Head
heavily armored with two powerful hooks or horns on the anterior

margin, projecting laterally, about the size of the

mandibles; above are seen two rather strong hooks
at about the middle, both curved backward at

tips; just back of hooks on dorsal portion of liead

are several semitransparent round spots, which
probably bear small bristles, and may be sensory

in function.

Body segments as follows: First segment (ex-

cluding head) provided dorsally with two very

minute semitransparent round spots, with dark

spot in center, which is probably a minute spine,

but which is rendered practically invisible by the

clearing action of the balsam;

ventrally the same segment is

provided with two other similar

spots, but which bear very dis-

tinct curved spines, one in the

center of each. The heavy chit-

inous ring does not join beneath

the body, each side ending in-

stead with the ventro-posterior

margin, which is serrated or

fringed with long teeth, about
Fig. '2i.—Pcrilampus hyali- F , .

nus: pianidium, ventral 30 m number, bccommg grad-
view. Magnified about ^,.jiy shorter as they ai^proach
350 diameters. (Original.) •; •

i. i i

the lateral margm of the pian-

idium. Between these fringed margms, situated

in the center of the ventral portion of the segment,

are three peculiar appendages which apparently

function as ambulatory organs; these are some-

what flattened pyriform, with the broad end

heavily notched somewhat at one side and attachetl

at small end; at the bases of these are several

small irregular appendages. The second seg-

ment is provided with the dorsal, backwardly

curved spines, much closer together than on

precedmg segment and rather larger, and two

ventral smaller spines; the teeth are slightly

smaller. Between the serrate margins, as in

preceding segment, are several hooks or motor appendages, but of

quite a different type, these latter being simply plain hooks projecting

backward, there being two transverse rows, about 10 in first row and

about 16 in second. Between first and second segments on the

Fig. 'Ib.^l'crilampus hyali-

nue: rianidiiun, dor.sal

view. Magnified about

350 diameters. (Origi-

nal.)
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ventral side, situated in the elastic integument connecting the

chitinized plates, are two stigmata, apparently the only spiracular

openings in the whole tracheal system. Third segment similar to

preceding, the two dorsal spines being considerably farther apart; the

ends of the chitinous plate, however, are of quite a different type;

instead of ending in a serrate margin the inner margin is smooth, but

the posterior corner terminates in a long tapering nrojection con-

siderably longer than the width of the chitinous sclerites; laterad of

the long tapering projection referred to above are two or three much
smaller ones, also situated on the apical margins of the segment;

between the ends of the chitinous plates, as in preceding segments,

are several hooklike motor appendages, smaller and fewer in number,
however, than in the second segment; an additional series of hooks
wliicli is not provided in preceding segments is situated just laterad

of these. The fourth segment seems to have no dorsal spines; there

are two ventral ones, however, situated at the extreme outer margin
of the ring; the chitinous plate terminates as in the third segment;

motor appendages as in third segment but fewer in number. The
fifth segment differs from the fourth apparently only in the possession

of a pair of dorsal spines and in the smaller number of ventral motor

appendages. The sixth segment does not have the dorsal spines but

in other respects is similar to the fifth; the seventh segment possesses

the dorsal spines; the eighth does not, nor does the tenth, eleventh, or

twelfth; these latter, however, are similar in other respects, excepting

that they become gradually less in size. The last segment is provided

with an unjointed stylet on each side attached at about the middle of

the segment, this stylet about twice the length of the segment itself.

HABITS OF PLANIDIUM.

Starting with the planidium upon the skin of the caterpillar, this

makes its way tlirough the thinner portion of the integument found

at the junctures of the segments, this passage being effected by means
of its well-developed mouth parts and speciallya rmored head. Just

how the search for the host parasite is conducted is not known
excepting as it may be deduced from dissections of preserved material.

The planidium has been found in almost eveiy part of the caterpillar

and it appears that its search for a host is rather thorough and

extensive. The time of its attack upon the host larva has not been

very definitely determxined, although from the data at hand it seems

most hkely that this follows at once upon the finding of another

parasite witliin the caterpillar. This supposition is substantiated by
the fact that the planidium is found within the very young tachinid

larvae which have just completed their first molt. In this stage the

disparity in size between the larvse of Perilam'pus and of Varichseta

is very much less than it is later, and it seems remarkable that the
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tiny tachinid maggot can, without inconvenience apparently, con-

tinue in its develo})mcnt with the Perilamjms larva boring about

within its body, and sometimes with not only one but five or six.

What becomes of the planidium in case the caterpillar does not

contain a primary parasite is a question which has not yet been

answered, and to do so would require considerable care and patience.

There are two courses open to the Perilamjms in case it has selected

an unparasitized caterpillar. It may either wander about within the

body of the latter until it dies from starvation and exhaustion, or it

may make its way to the outside again and continue the search for a

host in another caterpillar. That it might possibly develop upon the

caterpillar itself is not to be considered. Even should it remain

within the caterpillar until the latter pupated,^ it is not hkely that

it could make its way through the hard pupal shell of Hyphantria, and

if this were possible the older Perilam-jMS larva is very much too

delicate a creature to be able to feed externally unprotected.

In case the former alternative is what actually takes place, there

must be a great percentage of mortality due to the lack of a proper

host, for relatively only a small proportion of the caterpillars hatching

from the eggs ever reach an age sufficient to nourish a host for

Perilampus. Of those that do reach that age a great many are never

attacked by primary parasites and hence would not be available for

Perilampus.

Just what is the effect upon the caterpillar itself which is infested

by Perilamjms but which contains no primary parasite is a matter for

conjecture. It seems likely, however, that its presence would not

prevent the caterpillar from reaching its full development and it is

probably only slightly inconvenienced if affected at all.^

Having followed the Perilam/pus planidium to its host wdthin the

caterpillar it is now necessary to trace out the slightly different modes

of development upon the various parasites of Hyphantna which are

subject to its attack.

Life as a Parasite op Varich.eta.

VaricJiseta aldrichi Townsend ^ has been by far the most common of

all of the parasites of the fall webworm in Massachusetts during the

past two years. As stated on a preceding page, it belongs to that

group of tacliinids which deposit Hving maggots upon the stems and

foliage in the vicinity of the caterpillars of their chosen host, a habit

first discovered by Mr. C. H. T. Townsend in the course of his work

1 Later dissection of Hyphantria pupae, made in the spring of 1911, by Mr. H. E. Smith, discovered the

planidium alive and still "waiting for something to turn up." In one instance the planidimn was em-

bedded in the gonad of the Hyphaniria.—W. F. Fiske.

2 The occurrence of the planidimn in the gonad, as noted in preceding footnote, suggests that partial

castration might possibly result.

» Detenuinatioa furnished by Mr. W. R. Thompson.
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at this laboratory and briefly described by him in an earlier bulletin

of this bureau.* The maggots rarely leave their host until after it

has become full fed and prepared for pupation in the fall. The
tachinid maggots pupate soon after emerging from their hosts, the

pupae remain unchanged during the winter, and the subsequent

transformations are accompUshed quite early in the spring.

In case the planidium chooses a maggot of Varichseta as its host, it

remains endoparasitic until the puparium is formed. During the

process of histolysis the Perilampus either orients itself in such a

manner that it will be external to the tachinid pupa when pupation

is completed, or it emerges from the pupa immediately after pupa-

tion; in either case, of course, it remains within the puparium.

When parasitic upon this host the planidium, so far at least as the

writer has been able to learn, normally hibernates in this stage and
probably without nourishment.

It is quite likely, however, that a late warm fall would start the

development of the planidium on Varichseta at once. This would

without doubt result in the death of the secondary parasite, as it

would scarcely be able to pass the winter in the normal larval stage.

In fact dead second-stage Perilampus larvae have occasionally been

found upon the pupse during the winter, and this would seem to be

evidence in corroboration of the above statement. It is probably

an attempt to go through two generations per year, as this insect

does, without much doubt, farther south, and the individual speci-

mens found in the second stage during. the winter in New England
are probably those from the puparia which emerged as larvae from

the caterpillars earliest in the fall, although we have no absolute

evidence that this is the case. The development, or rather the con-

duct, of the planidium up to and including its change from endo-

parasitism to ectoparasitism, as stated on a previous page, seems

entirely dependent upon the development of its host, such are the

intimate relations between the two. After the planidium has

emerged from its host development takes place in the usual way.

As A Parasite op Limneeium validum Cresson.

Of the primary hymenopterous parasites attacked by Perilampus

probably the most common one is Limnerium validum Cresson, an
ophionine parasite emerging from the older caterpillars in the fall

and hibernating as larva in a silken cocoon. The larva of this para-

site, like that of Varichseta aldrichi, does not reach full maturity until

its host has prepared for ])upation, and the cocoons are to be found

in the same situations as the pupae of Hijphantria and are afforded

the same protection. In this respect it differs radically from the

other species of Limnerium parasitic upon the fall webworm.

1 Technical Series, No. 12, Part VI, p. 103.
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Perilampus Tiyalinus in this case always remains endoparasitic

throughout the winter, at least so far as our observations go, and

several hundred cocoons have been examined to date. At first it

seemed rather puzzling that the same species should pass the winter

ectoparasitically upon tachinids and endoparasitically upon, Limne-

rium validum, but dissections of hundreds of the puparia and cocoons

brought to light the fact that the habit of Perilampus in this regard

was dependent entirely upon the life cycle of the host parasite, that

is to say, the planidium lives internally in its host until histolysis

takes place, when it changes its mode of life from an internal parasite

to an external parasite. Varichxta pupates in the fall, so the pla-

nidium makes its exit at this season of the year and hibernates

externally. Limnerium validum hibernates as a larva and pupates

in the spring, hence the planidium in this case remains internal until

spring, when it emerges by means of its efficient mandibles and spined

head, completing its development in precisely the same manner as those

individuals which happen to have chosen Variclixta as their host.

The internal disturbances which take place in the body of the host

at the time of histolysis probably act as a stimulus to the activities

of the planidium, and the condition of the integument is such as to

make the exit of the secondary parasite especially easy at this time.

The development of the host, so far as our observations have gone,

invariably ceases at the time of the exit of the planidium. Whether

or not it is actually killed at this time is not evident. In any case

decomposition does not take place immediately, the host being left

in a condition somewhat comparable to that of the prey of certain

aculeate Hymenoptera.

As A Parasite of Summer-Issuing Hymenoptera.

The other primary parasites of Hyphantria from which we have

reared Perilampus are two additional species of Limnerium, differing

from L. validum in that they spin their cocoon within the skin of the

caterpillar and emerge in the fall, and the braconids Apanteles hypJian-

trise Riley and a Meteorus (probably M. communis Cresson). In all

four of these species the Perilampus completes its development at

once. Whether or not these individual specimens manage to survive

the winter is open to question. It is quite possible that many of

them remain within the cocoon of their host throughout the winter.

This is quite strongly indicated by the result of an experiment in

which a collection of old webs containing cocoons of the several

parasites was made on October 20, 1908, from which several adult

Perilampus issued between 6 and 10 days later. The material

was kept in a warm room; had it remained out of doors it is very

unlikely that emergence would have occurred so soon, and probable

that it would have been deferred until spring.
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We know that the adult of one of the European species of Pen^
lampus hibernates in the puparium of certain tachinids parasitic on
the gipsy moth and brown-tail moth. Most of these tachinids, like

the summer-issuing hymenopterous parasites, pupate comparatively

early in the fall, thus making the two cases similar. For this reason

the writer feels justified in sm-mising that the same thing occurs in

the case of Perilampus hyalinus parasitic on the summer-issuing

Hymenoptera.
As A Parasite of Other Hosts.

There is another group of parasites of the fall webworm which
hibernate either as partially grown or as full-fed larvae within the

pupae of their host . These include certain large solitary ichneumonids,

Anomalon ambiguum Norton, Ichneumon cinditarsis Provancher, and
Melanichneumon sp. At least one species of Tachinidae has also been
found hibernating in this manner in Massachusetts. We have not

actually found Perilampus to be a parasite of any of the ichneumonids
named above, but only a very small number of the larvae of these

parasites have been seen.^ There seems to be no good reason why
the secondary should not attack these hibernating hymenopterous
larvae, and it is practically certain that the examination of a con-

siderable number would show the planidium to be present.

We have absolute proof, however, that it does attack the hiber-

nating tachinids,^ having found the planidium actually within the

maggot of this species within the pupa of Hypliantria. Wliether or

not the adult Perilampus is able to make its way through the pupal
shell of the fall webworm (presuming that the tachinid completes its

larval development and pupates internally) we are unable to state

definitely, as no record has been made of Perilampus having issued

from these ]ni]^ae. There seems to be little doubt as to its ability

to do this, as it has very powerful jaws. Specimens in the laboratory

will eat away quite a large quantity of cork in attempting to escape

from a vial in which they have been confined.

LATER LARVAL STAGES.

On the return of warm weather in the spring, the winter having
been passed upon the various hosts in the manner indicated in the

preceding pages, the planidium begins feeding by sucking the juices

of its host. Growth takes place gradually and first becomes apparent

through the planidium taking on a banded appearance due to the

1 It has since been found by Mr. H. E. Smith within the larvae of Ichneumon (which attaelvs the pupa
of the host) and that of Exochilum, which hibernate in what must be considered as an embryonic state

within the Hyphanlria pupse.—W. F. Fiske.

2 Probably Compsilura concinnata, the recently imported parasite of the gipsy and brown-tail moths.

19242°—12 3
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separation of the cliitiiioiis rings or plates by a stretching of the

intersegmental membranes which are transparent. (See fig. 26, d,d' .)

The underside of the planidium also gradually fills out until the larva

lias attained a bulk several times greater than that of the hiber-

nating planidium and presents the appearance of an ovate semitrans-

parent sack with dark median crossbars dorsally.

After a short resting period, ecd^^sis takes ])lace. The skin of the

})lanidium breaks transversely just back of the second thoracic seg-

ment, the posterior segment slips backward, and the old head and
first two thoracic segments are shed at the anterior end of the larva.

Just how long the ])lanidium feeds before ecdysis has not been ascer-

FiG. 26.—a, Pupa of Varichxta aldrichi parasitized by Pcrilampus Tiyalinus; b, unparasitized pupa of

Varichxta aldrichi; c, planidium of Pcrilampus Tiyalinus before feeding; c', same, more enlarged; d,

planidium of Pcrilampus hyalinus after feeding; d', same, more enlarged. (Original.)

tained. The period probably varies greatly in accordance with the

prevaihng temperature. Usually, though not always, the larva crawls

away a short distance before it resumes feeding.

After settling down the second time it is likely to remain stationary

for the rest of the larval and tlie pupal life. The larva in the second

stage is of a whitish color, with the tracheal s^^stem shomng through

the trans])arcnt skin. The body is ovate in shape, with the head

bent underneatli tlie anterior ]wrtion. The growth during this stage

is little compared to that accomplished in the third, and after feed-

ing a short time the s(^cond ecdysis takes place.

(jrowth now becomes quite rapid and the larva assumes a very

difl'erent appearance. (See fig. 27.) The mandibles have not increased

in size to any great extent, but the mouth as a whole and the head
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change quite materially. The mouth parts are in this stage situated

in a triangular basinlike depression which is bounded on two sides and

parts of the third by a strong chitinous carina or rim. Besides the

mandibles there are two bulblike appendages just beneath, which

are ])robably homologous to the maxilla3 of the adult. Immediately

above the oral opening are situated two large rounded elevations

which may be called larval antennae. The segments forming the

head are now separated by a more or less distinct neck from the

remaining segments and are bent beneath them with face downward,

as in the second stage. The first two thoracic segments are each

provided laterally with a raised tubercle at about the middle of the

segment, viewed from the side, antl just above this tubercle is another

more or less distinct one, one also occurring on the third thoracic

segment in a corresponding location. The next three segments each

bear a pair of much larger tubercles or projections

which give the larva a very unusual appearance. /^"""^^

These tubercles, if they may be called such, corre- i
^.

spond to those described and figured by Dr. Wheeler }-

as occurring in Orasema, but are somewhat differ- [

ently arranged. Just posterior to these there oc- ^ ,^^

curs an abrupt declivity, the segments becoming - ^i"^ - 'p

much smaller toward the posterior end of the ^f /I ''y

larva. Beneath, the larva is smooth and free from v^^^^
constrictions, but the segmental sutures are visible to ^s^^

some extent. Dorsally through a transparent me- XaJlk:fr'TZ
dian line formed by a break in the corpus adiposum larva. Greatly en-

may be seen a large number of white urate masses,
^"^^^

'
"^'^"^^ '^

-which pulsate slowly back and forth as the larva feeds. The
tracheal system is rather conspicuous and is of the normal holo-

pneustic type.

PUPATION.

(Figs. 28, 29.)

As soon as the larva is full fed, pupation takes place. The meco-
nium is discharged, leaving the larva scarcely more than half its

former bulk, and creamy white instead of translucent gray-white

in color. Beneath the larval sldn the imaginal appendages and the

head gradually appear, and the tubercles so characteristic of the

larva become less conspicuous. Finally the larval skin is discarded,

and the pupa assumes its own distinctive shape.

The pupa is short and robust, corresponding very closely, of course,

to the form of the adult. The abdomen bears five or six transverse

carime or ridges, one for each segment, which are interrupted on the

tlisk. These are very similar to those occurring on the ant parasite

Orasema viridis, but differ in that they are not continuous dorsally
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At first the pupa is white or yellowish white, but the eyes soon become

pigmented with reddish, then the tliorax becomes black, later chang-

ing to a metallic green. In about two days the head and abdomen
assume the same metallic hue as the thorax, with the sculpture of

the adult insect showing through, and soon after this the pui)al skin

is shed and the adult insect issues.

FOOD HABITS OF THE ADULT.

No observations upon the food habits of the adult Perilampus

have been made in connection ^vith this work, excepting that in con-

finement they will consume, in common with many other chalcidoid

parasites, comparatively large quantities of sweetened water upon

banana peelings. During June, 1905, the author found specimens

of this genus in abundance upon the leaves of Ambrosia, Helianthus,

Fig. 2S.—Perilampus hyalinus: Fresh

pupa. Greatly enlarged. (Origi-

nal.)

Fig. '^.—Perilampus hyalinus: Pupa just previous to

eclosion. Greatly enlarged. (Original.)

and other vegetation at West Point, Nebr., where they were apparently

feeding upon the honeydew secreted by aphides.

Dr. S. Graenicher, of the Public Museum of Milwaukee, has in the

course of his extensive studies upon the pollination of Wisconsin

flowers * recorded two species of Pcrilamjms, hyalinus Say and cya-

neus BruUe, as visitors of the following Com])osit0e : Eupatorium per-

foliatuw., Solidago juncea, S. canadensis, Achillea millefolium, Tana-

cetum vulgare, and Erigeron canadensis. In considering the insect

visitors to the last named flower he has the following to say:

It is noteworthy that the chalcid-flies Perilampus cijaneus and P. hyalinus yeem

to have a certain preference for these flowers. Tliey were regular attendants, day

after day, at Cedar Lake, and were also present at Milwaukee.

Dr. Graenicher in a recent letter kindly informs me that he has

also taken P. cyaneus at flowers of Angelica atropurpurea, Pastinaca

saliva, and Sium cicatsefolium.

1 Bulletin of the Wisconsin Natural History Society, vol. 7, Nos. 1 and 2, pp. 19-77, April, 1909.



THE CHALCIDOID GENUS PEEILAMPUS. 49

LONGEVITY AND OOGENESIS.

While tlie Perilampus adults as a usual thing are very short-

lived in the laboratory, there is no doubt that they live for a con-

siderable period when out of doors under natural conditions. This is

indicated b}^ the fact that the females, when newly emerged, never

contain eggs within the ovarian tubes, as do those insects which

oviposit at once upon emerging.

In one instance a female was kept alive from April 6 to May 12,

a period of 36 days, at the end of which time she was apparently

ready to oviposit. Upon dissection approximately 250 eggs, nearly

all of which seemed to be ready for deposition, were found. It is

probable that man}^ more would have developed had the individual

remained alive under natural conditions.

LENGTH OF LIFE CYCLE AND INFLUENCE OF TEMPERATURE.

The time required for Penlamims to develop from egg to adult is

dependent upon several factors, one of the most important of which

is the host. When parasitic upon Varichseta, the planidium beghis to

feed early in the spring. On Limnerium validum,, however, the planid-

ium must wait until its host begins pupation before it can become
external, thus throwing it several days or even weeks behind the

individuals infesting Varichxta.

There are no complete data at hand concerning the development

upon Limnerium, owing to the failure of any individual to complete

its transformations upon tliis host after removal from the cocoon.

Its progress has been followed beyond the first ecdysis several times

in the laboratory. In an apparently typical instance a larva of

Limnerium containing two planidia was brought into the laboratory

from out of doors on Januaiy 28 and placed in an incubator kept at

a temperature of 78° F. On the morning of February 4 histolysis

had begun, and during the evening of February 5 both planidia had
made their exit. Two days later the host larva was apparently dead

and the planidia were feeding. February 11 one had molted its

first-stage skin, but died a short time later.

With Varichxta as a host it is a much simpler matter to carry

the Perilampus through to maturity. When a single individual is

watched through its development more time is required than in

undisturbed puparia, owing to the fact that it is impossible to keep

the host pupa from deteriorating somewhat. A typical instance of

the development upon Varichxta under laboratory conditions follows:

On January 28 a pupa of Varichxta with a single planidium was
brought in from out of doors and placed in the mcubator. On the

next day the ]ilanidium had started to feed and filled up rapicUy.

February 1 the distance between the dorsal plates of the planidium
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was rather greater than the widtli of the plates themselves. Three

clays later the first ecdysis was completed and the second-stage larva

had moved some distance away from its original feeding ])lace. The
next day it had become very mnch distended and glistening. On
February 7 it liad apparently molted a second time and was very

strongly tuberculate. On the 9th it was again feeding freely. Five

days later it had reached full growth and ceased feeding. The next

day pupation had taken place, but the pupa was still pale in color and

covered with little "perspirationlike" globules. On the 19th the

thorax of the pupa had begun to turn dark and the sculpture of the

adult to show, and three days later it had become entirely dark

colored. On February 25 the adult Perilampus emerged. The timo

required for development from start of external feeding to maturity

was 28 days. The incubator was kept at a constant temperature of

78° F.

In the unopened puparia brought in at the same time Perilampus

required about 25 days from the time they were placed in the incu-

bator until they emerged as adults, but the period of development is

dependent somewhat upon how much time they have been left out

of doors, and there is some variation among the individuals them-

selves. From puporia brought in and placed in the incubator

November 22 to 28 PerUampus began emerging December 27, about

a month later, and continued coming out intermittently until approxi-

mately February 13, covering a period of about 48 days. Puparia

brought in December 13 to 19 produced Perilampus first on January

17 and continued producing until February 6, a period of about

20 days. Puparia brought in January 17 to 23 produced adult

Perilampus first on February 14 and continued until March 3, a

period of about 17 days. From the above data it is seen that tlie

later in the winter the puparia are brought in and placed under con-

ditions favorable for the development of Perilampus, the shorter is

the period during which the adults emerge. It is also evident that

when infested pujmria are brought in early in the winter a longer

period of time elapses until the first adult Perilampus emerges than

when left for a more extended period out of doors. Whether bringing

the planidium in later in the winter causes it to develop more rapidly

or whether it simply does not require so much time before becoming

ready to begin feeding under these conditions is not known, but the

latter explanation seems more reasonable.

The relative time of emergence of the adult Perilampus and adults

of the host insect of the same lot is of considerable interest and will

be given more study later. In September, 1V)()8, a lot of VarichEeta

were placed in cold storage and kept there until January 18, when

they were brought into the laboratory. From these puparia Vari-
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cTiseta adults issued from February 2 to February 14. Perilampus
adults issued from the same lot April 1 to April 6, approximately two
months later.

In this instance the puparia were not kept at an even temperature.
During the night, especially, it was frequently cool. Another lot of

puparia collected at about the same time but not placed in cold

storage or exposed to frost produced Perilampus adults November 30
to January 30 and adult tachinids January 22. Under these con-

ditions the first Perilampus issued a month earlier than its host, as

opposed to two months later when kept in cold storage until about
the middle of January. It is apparent from the above that Penlam-
jms adapts itself to changed conditions much more readily than does

VaricJiseta. Indeed it is a necessity that it should be able to do this,

being a parasite of other parasites which normally complete their

development during either spring, summer, or fall, as the case may be.

EFFECT OF PARASITISM UPON HOST.

(Fig. 26.)

The Perilampus j)lanidium, even before it begins to feed, exerts a

very marked effect upon its host, especially in case the host is a tachinid.

As mentioned on a preceding page, these planidia while living inter-

nally within the host larva do not seem to cause it the slightest incon-

venience, and it is impossible to distinguish between a parasitized

and an unparasitized larva before the planidium emerges, excepting,

of course, where the secondary parasite itself is visible. Immediately
pupation takes place in the host and the planidium becomes ectopara-

sitic, the effect of the parasitism becomes evident, especially after the

host pupa has been subjected to warmth. Instead of responding to

the increased temperature in the usual way—that is, instead of develop-

ing pigment in the imaginal eyes and bristles upon the body—it takes

on a peculiar transparent appearance, principally in the cephalic and
thoracic regions. The eyes and appendages develop very slightly

and the imaginal head reaches scarcely one-half the size of that

attained in the unparasitized pupa. These pupse now present a very

characteristic appearance (see fig. 26), and in opening a series of

puparia one may recognize the parasitized individuals at a glance,

even before Perilamjms has begun to feed. This peculiar effect is

noticeable to a considerably less extent where Limnerium acts as

a host.

The pathological nature of tliis unusual condition of the para-

sitized pupse has not been investigated as yet. It is apparently an

arrested histogenesis, but in what manner tliis is brouglit about we
can not say. Only a single case has come under observation where
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the host pupa developed the characters of the adult to any extent.

During ]\Iarch, 1909, a puparium of Varichseia was dissected and
found to contain a very small pupa of Perilampus, only about three-

fourths natural size but fully developed and apparently healthy in

every way. The astonishing thing in this instance was the fact that

the tachinid pu])a had developed to a stage where it had taken on

the characters of the adult. Even the bristles were well formetl.

This is the only case out of several hundred puparia examined where

development had not ceased soon after the formation of the pupa
and is rather difficult to explain. It is possible that for some reason

the planidium did not respond to the usual stimulus, histolysis, and

remained internal within tlie pupa, giving the tachinid an 0])por-

tunity to develop considerably further than normally before the

secondary parasite changed its mode of life to external feeding.

There were many other puparia subject to the same conditions and

they all responded in the usual way, so that the above case must be

considered as abnormal.

The retardation of development in the parasitized hosts is of course

brought about by the presence of the planidium, but whether in-

directly or directly has not been ascertained. That it may be due to

a glandular secretion is not impossible, but this liardly seems to be an

adequate explanation, as nothing resembling glands of this kind have

been found, although a careful study of the planidium has been

made witn the oil-emersion objective. In the opinion of many
zoologists an insect during the process of pupation is in a very critical

condition and is more susceptible to injury at this time than during

any other period of its life. It does not seem improbable that in this

supposition lies the explanation of the condition brought about in its

host by Perilampus. The larva or maggot is able by reason of its

great vigor to withstand the presence of the secondary parasite, but

immediately histolysis and histogenesis begin to take place the

weakened condition of the host makes itself apparent in the form of

a cessation of development of pupal or imaginal organs and append-

ages and occasionally in certain instances death ensues. The develop-

ment of Limnerium invariably ceases soon after the exit of Perilam-

pus, although the latter does not emerge until the host larva has

tUscharged its meconium and the formation of the pupa has begun.

In one instance the planidium was observed located in the imaginal

eye of its host, which becomes visible as a darker spot some time

before the larval- skin is discarded.

PERCENTAGE OF PARASITISM.

The percentage of parasitism of Varichseta and Limnerium by

Perilampus in 190.S was not very higli. Large numbers of the

cocoons and puparia were opened, or reared through in the laboratory,
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but accurate counts were kept in only a single instance, in v/hich 35

out of a lot of 164 puparia, or 21.4 per cent, were found to be para-

sitized by Perilampus. This is known to be above the average, taking

the material which was reared or studied as a whole.

The results of several counts given in Table I are indicative of

parasitism in 1909.

Table I.

—

Percentage of parasitism of Varichseta hy Perilampus, 1909.

Number of

puparia.
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single instance out of hundreds has more than one adult Perilampus

issued from any cocoon or puparium under observation.

In a recent discussion of this phase of parasitism by Mr. W. F.

Fiske ^ an attemi)t was made to classify its varied manifestations in

accordance with the manner in which the parasites interested are

ultimately affected. Superparasitism by Perilampus appears to fall

in "I, b." of the scheme, i. e., one parasite lives and the other or

others die, and the survivor brings about the destruction of the

others by causing the premature death of the host. Several planidia

may begin to feed at about the same time, but one invariabl}" molts

for the last time a little in advance of the others, and even though

the difference is but a few hours it quickly devours the host, or else

reduces it to such a condition as to render it unfit food for the next

in succession. In no case has one larva been known to make a direct

attack upon another.

In the article referred to above an attempt was made to indicate

diagrammatically the probable amount of superparasitism accom-

panying a given amount of parasitism provided its prevalence was

governed b}^ chance alone. Whenever opportunity has permitted, the

validity of the calculations which served as the basis for this diagram

has been tested, and in nearly every instance, to date, the results

have tended to confirm the contention at the time that ''in the field

* * * superparasitism would be distinctly more prevalent in

proportion to the percentage of total parasitism" than these calcula-

tions demanded. This has proved to be true of Perilampus, as will

be seen by Table II, which gives the results of a series of counts to

determine the point.

Table II.

—

Prevalence of superparasitism of Perilampus 07i Varichasta, 1909.

Puparia examined number.

.

Perilampus planidia found do

—

Supernumerary planidia do

—

Puparia parasitized do

—

Parasitism percent.

.

Loss in efficiency through superparasitism:
Actual do
Theoretical ' do

Losses sustained by Perilampus through superparasitism:
Actual do
Theoretical i do

—

Lotl.
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Perilampus versus Dibrachys.

Another exceedingly curious complication was observed in the

winter of 190S-9 in an instance where a cocoon of Limnerium validum

had been attacked by Perilampus and later by Dibrachys houcheanus

Ratzeburg. The larvae of the latter parasite fed externally and gre-

gariously, and hibernated without transforming to pupse. So soon

as its original host was destroyed, the Perilampus planidium, not to

be outwitted, calmly proceeded to take up a position internally in

one of the Dihracliys larvae. The particular larva bearing this plani-

dium was killed and preserved, but in another instance a very small

Perilampus adult issued from a puparium of Varichseta from which a

number of Dihracliys adults had emerged some time before, and there

is no doubt that it completed its transformations as a parasite on this

host. With the exception of Melittohia, which from its very small

size would likely prove unsuitable as an ultimate host, there is no
known hymenopterous hyperparasite likely to attack the puparia

of Variclis&ta or the cocoons of Limnerium, which might not serve as

well as Dihracliys as a host for Perilampus. The planidium is admi-

rably fitted to triumph over adversity, and shows the part of wisdom
in not causing the death of its host until it is ready to complete its

transformations. If, for example, it had the habit of killing its host

in the fall, and of hibernating as a full-fed larva, after the manner of

Dibrachys, the latter might easily turn the tables and emerge victo-

rious from the conflict.

PEHILAMPUS, "SPECIES A."

(Figs. 30, 31.)

In the course of the investigations upon the genus Perilampus, two
kinds of planidia have been found parasitic upon Limnerium validum,

which, wdiile belonging to the same general type, are quite different

in structural detail and apparently represent different species. One
of these, the commoner one, is Perilampus hyalinus, which has been
treated rather fully in the preceding pages. The other species we
have never succeeded in rearing through to the adult, so are unable to

give it a specific name at this time. In length it is rather shorter

than hyalinus, measuring on the average about 0.24 mm., but is

comparatively greater in diameter through the anterior segments.

The color is usually somewhat darker than that of hyalinus. In P.

hyalinus the head of the planidium is notched or emarginated and
elevated posteriorly, but in this species the posterior margin is con-

tinuous. The mandibles are heavier and considerably less curved,

and the recurved hooks on the top of the head are also considerably

larger. The ambulatorial spines are very much less developed than



56 RESULTS FROM GIPSY MOTH PARASITE LABORATORY.

in hyalinus and the ends of the chitinous bands which surround the

])ody are simple, not terminating in long teeth or serrate as in the

other species. The dorsal and ventral bristles, however, are sti-onger

and more numerous, and somewhat differently arranged.

Considerable difference in habit in these two species has also been

noted. P. liyalinus, we have reared from many different hosts, but

the other species has been foimd only upon the larva of Limnerium
validum. Instead of remaining internal within the Limnerium larva

until it attempts to pupate in the spring as does P. hyalinus, this

species, if it ever feeds

end o parasitic ally,

must emerge from its

host soon after the co-

coon is spun, for it is

found externally upon
its host during the fall

and winter before the

Limnerium has any

intention of pupating,

and has never been

found internally. In

only one instance have

we succeeded in get-

ting this species to

feed, and even that did

not terminate satis-

factorily. During the

spring of 1909 a speci-

men of the planidium

of this species was

placed on a larva of

Limnerium in a glass

cell for observation.

Six days later the

planidium had not fed

and was noted as be-

ing apparently dead, but on the next day it was seen to have been

feeding, although its host was still alive and active. Five days later

the planidium had molted its skin and had taken on the globular form

of the second-stage larva but was apparently not in very good condi-

tion and died two or three days later. At no other time were we

able to get this species to feed. There is a possibility that it is of

purely accidental occurrence upon LAmnerium, and this may account

for our inability to rear the adults. This belief is strengthened by the

fact that a large percentage of the sjDecimens of this planidium are

Fig. 30.—Perilampvs, "species Fig. Sl.—Pcrilampus, "species

A:" Planidium, ventral view. A:" Planidium, dorsal view.

Magnified about 400 diameters. Magnified about 400 diameters.

(Original.) (Original.)
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dead when found upon the Limnerium larvae in the fall. Out of 11

specimens found during an examination of some 55 cocoons, 10 were

dead and shrunken. These cocoons had been kept under perfectly

natural conditions out of doors, so that it is obvious that there was
something radically wrong between parasite and host. The fact that

it has never been found upon VaricJiseta suggests the possibility of its

being of ectoparasitic habits entirely, and that it attaches itself to

the Limnerium larva after the latter emerges from the caterpillar, but

prior to the spinning of its cocoon. This would of course preclude its

being a parasite of a tachinid, as the formation of the puparium would
naturally leave it outside of- the hardened shell and death would inevi-

tably result. The data on hand concerning this species, however, are

too limited to warrant an attempt to draw any conclusions, and with

the recording of the above facts we leave it until further investiga-

tions have thrown more light upon its habits.

DEVELOPMENT OF ORASEMA.

Dr. William Morton Wheeler, in the article referred to on page 35,

gives an exceedingly interesting account of the life history and

economy of the chalcidoid genus Orasema, of the family Eucharidse.

A comparison of the habits of representatives of the so-called fami-

lies Eucharidse and PerilampidiB is of unusual interest at this time

and may assist in clearing up certain doubtful points in the economy
of the former. Orasema is parasitic principally upon the harvestmg

ant Pheidole instabilis Emery, but also occurs not uncommonly upon
representatives of other ant genera in the southwestern United States

and Mexico. In view of the close relationship existing between the

two genera and the general similarity of development so far as is

known in the two forms, it would seem permissible at this time to

draw certain conclusions in regard to Orasema which have been sug-

gested by the investigations upon Perilanipus. In regard to the ovi-

position of Orasema Dr. Wheeler has the following to say:

I have not seen the eggs of 0. viridis after oviposition, but only the very young

larvae. Dissection of the female shows that, as we should expect in a parasite, the

eggs are extremely numerous and minute. The mother insect, when she comes to

oviposit, exercises a very careful selection among the ant brood. In the first place

she has nothing to do with the instabilis larvae, but directs her attention to the pupae.

In the second place she selects, as a rule, only the pupae of the soldiers, males and

females. The small worker pupae would not furnish sufficient food for her larvae. In

the third jilace she selects only pupa? at the very critical moment when they have

been stripped of their larval skin by the workers and are, therefore, little more than

semipupae, for obviously at this moment the cuticle is thinner and will be more easily

pierced by the young Orasema larvae than during the preceding or succeeding stages;

and in the fourth place she does not lay her eggs at random anywhere on the body of

the semipupae, but carefully selects one of four regions near the head. Usually she

places the egg on the sternal surface just beneath the very short, incurving legs of the
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semipupa, but occasionally it is placed on the back of the neck between the head and
the i)rothoracic segment or on the right or left side of the neck beneath the correspond-

ing protlioracic leg. These regions would seem to be singularly a})propriate, both

because the cuticle is extremely thin and readily punctured by the parasitic larva at

these points, and also because the egg or resulting larva, especially when it is covered

with the overlapping appendages of the semipujia, is not so readily brushed or licked

off by the instabiUs workers.

If we may judge from the habits of Perilampus, the explanation of

Dr. Wlieeler's failure to find the eggs of Orasema in the ant nest is

possibly that they are not deposited there. It is possible that ovipo-

sition might take place outside the nest, perhaps upon flowers or other

vegetation visited by both the Orasema adults and the worker ants;

and that from the eggs deposited upon these plants the planidia

hatch, in some manner attach themselves to the worker ants, and are

in that way conveyed to the nest, where they leave their carrier and
attack the larvae. Several points in the economy of Orasema as

noted by Dr. Wheeler tend to substantiate the belief that oviposition

takes place outside the nest. In the first })lace the large number of

eggs deposited by Orasema (Dr. Wheeler found by dissection of the

adults that they were very numerous and minute) indicates that some-

where in its early life cycle there is prevalent a very great mortality.

That this mortality actually takes place was observed by Dr. Wlieeler,

and he thought that it might be explained in the following manner:

I believe that the danger of detaching the egg is very great, and this, together with

the other special requirements enumerated above, may account for the fact that com-

paratively very few of the great number of Orasema eggs ever complete their develop-

ment.

The number of eggs deposited by a single female Orasema, should

they all become effective, would probably be sufficient to annihilate

a whole colony of the Pheidole, and not one but many female Orasema

are usually found in the infested nests. It would seem, therefore,

that there would be little likelihood that such great mortality would

occur if only the causes enumerated by Dr. Wheeler were operative.

It is possible that the Orasema planidia attack the larvae of Pheidole,

not the pupge, and that the seemingly sudden appearance of the

young Orasema larvae upon the pupae of Pheidole immediately after the

last larval ecdysis is similar to that which has been noted on a preced-

ing page as occurring in Perilampus. In other words, the Orasema

})lanidiuni may be endoparasitic within the Pheidole larvae, making

its exit to the exterior at the time of histolysis and feeding ectopara-

sitically thereafter. Dr. Wheeler's observation of the fact that the

Orasema planidia appear upon the pupae only at this critical time

would tend to substantiate this theory.

It seems imj^robable that insects as highly jwsitively phototropic

as Dr. Wheeler has observed Orasema to be slioidd return to the

interior of an ant's nest to oviposit after having escaped and lived in

the sunlight for a considerable time.
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PLANIDIUM OF ORASEMA VIRIDIS ASHMEAD.

Length about 0.16 mm. General shaj^e like that of Perilamjms,

but comparatively broader and much more simple in structural

detail. Color dark, as in Perilampus. Head more elongate than

that of P. liyalinus, the recurved hooks, if present, very small; there

are two pairs of organs in a location similar to that of the hooks upon
the head of Perilampus, but their extremely minute size makes the

nature of these objects difficult to define even under the oil-immersion

objective. Mouth parts indefinable, considerably retracted into head.

Anterior margm of head much roughened. First dorsal segment
short, with a pair of distinct bristles situated along the apical margin,

the base of each within a transparent spot. Second segment broader,

with two apical spines farther apart than on })receding. Next seg-

ment much like second, but broader, with similar spines. Remaining
segments apparently without dorsal spines. Ventral ends of the

chitinous plates simple, not ending in a serrate margin or with long

teeth as in Perilampus. Seventh segment with a pair of spines ven-

trally. Last segment with a pair of stylets comparatively shorter

and stronger than in Perilampus.

Dr. Wheeler's account of the effect of parasitism by Orasema upon
Pheidole tallies very well with our observations upon parasites

attacked by Perilampus, the same microcephalic characters are

present in the host pupae in both cases, with the peculiar transparent

appearance, as noted upon a previous page of this article.

Other points in the economy of Orasema brought up by Dr. Wlieeler

and which at the time seemed very puzzling are apparently rather

easy of explanation in the light of our present knowledge of Peri-

lampus. It is hardly within the province of this bulletin, however, to

take these up in detail, and it is merely suggested here that anyone

desirous of doing further work upon the development of Orasema,

and perhaps other members of the chalcidoid family Eucharidae,

would perhaps do well to bear in mind the similarity of the life cycle,

so far as known, to that of Perilampus.^

RELATIONSHIP OF EUCHARIDiE AND PERILAMPID.ffi.

The great similarity of development in the genera Orasema and

Perilampus can not fail to have considerable bearing upon the taxo-

nomic relationship of the so-called families Eucharida3 and Peri-

lampidae. Francis Walker, in 1846, placed the two groups together

under the family name Eucharidae. Ten years later, however, the

German hymenopterist, Arnold Forster, decided that the difl'erences

1 During the winter of 1909-10 an extraordinary planidium was found on the hibernating larva of the

larch sawfly ( iVcTOa^tts crichsonii Hartig), within the cocoon. This parasite was not reared, but was Peri-

lampus in all probability.
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were sufficient to justify him in s[)litting the group into two distinct

famihes. In this move ho was hiter suijportecl by Dr. WiOiam H.

Ashmead. It is of course impossible to come to any definite conclu-

sions in a case of this kind until more has been learned concerning the

larval development in the other genera of the two groups, and also

in the related families. If it is found that this type of development

is characteristic of these two groups and no others, it should cer-

tainly be an argument of considerable weight in support of Walker's

views.

RHIPIPHORUS AND OTHER COLEOPTEROUS PARASITES.

Anyone at all familiar with the life histories of certain of the para-

sitic Coleoptera, Meloe, Sitaris, and more especially the hornet para-

site RMpiphorus, will be reminded of these genera by a perusal of the

preceding pages. The similarity in development, life cycle, and

habits even to certain minute details is so striking that one in reading

the excellent description of the life history of Rhipvphorus paradoxus

given by Dr. T. A. Chapman ^ could scarcely tell whether it belonged

to that insect or to Perilampus were the names omitted. A brief

comparison of the two may be of interest.

So far as we know, the place of oviposition of RMpipliorus para-

doxus has not been observed, but other members of the family, notably

Myodites, oviposit commonly upon flowers of various kinds. From
the eggs hatch the triungulins wliich are not only analogous to the

planidium of Perilampus and Orasema but, except for the legs and
antennae, are strildngly similar in anatomical details. The dark chi-

tinous rings which encircle the triunguhn for protective purposes dur-

ing its adventurous search for its host, the backward-pointing spines

with which these are provided, the pair of stylets on the last segment

and the "comma "-shaped mandibles retracted into the buccal cavity

aU forcibly remind one of the planidium of Perilampus. The writer

is aware that the resemblance is mainly a superficial one, but it is

very unusual, superficial though it be. The similarity does not end

here, however, but is carried out even to the details of the life cycle.

It is more comparable to Orasema than to Perilampus inasmuch as the

Perilampus is a secondary while the others are primary parasites.

The RMpiphorus triungulin, after gaining entrance to the nest of its

host, conducts itself almost exactly as we have reason to suspect

Orasema does; that is, it enters the young host larva, emerges at the

time the host larva attempts to pupate, and feeds ectoparasitically

thereafter. It differs, however, in the fact that the Rhipipliorus tri-

ungulin feeds and grows to 8 or 10 times its original length wliile

within the host larva, while Orasema and Perilampus apparently do

1 Annals and Magazine of Natural History, 4th series, vol. 6, pp. 314-326, 1870.
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not grow at all until they emerge and begin feeding outside. This

resemblance is not altogether lost in the later stages. Even the

large dorsal tubercles or projections of Orasema and Perilampus are

reproduced in the third-stage larva of Bhipiphorus. There is a slight

difference in the method of pupation, the Rhipiphorus larva leaving

the host to pupate wliile Orasema, when not interfered with by the

worker ants, and Perilampus, transform in situ.

We have then in PerilaTnpus and Orasema an instance of hyper-

metamorpMsm as defined by Packard, belonging to the same type as

that occurring in tlie Rhipiphoridse. The planidium exists as such

because of the wandering and perilous life it is obliged to lead in its

search for a host, but soon after that host is found, the protection of

the cliitinous plates or the use of the ambulatorial spines no longer

being necessary, these accessory structures are discarded. As the

parasite now has easy access to an abundance of rich nutritious food

without the necessity of putting fortli the slightest effort it becomes

a mere grub—a perfect adaptation to the new mode of life.

HOST RELATIONS OF THE GENUS PERILAMPUS.

REARING RECORDS OF PERILAMPUS HYALINUS AT THE LABORATORY.

We have found the native species Perilampus liyalinus to attack the

primary parasites of two species of Arctiidse, HypJiantria textor Harris

and Euchsetias egle Drury; a single notodontid, 3Ielalopha inclusa

Hiibner; and a saturniid, Samia cecropia L.

The species liyalinus has shown an adaptability in the matter of

food habits wliich is quite unusual in an insect with such a compUcated
life history. We have absolute records of this species from 10 dif-

ferent primary parasites belonging to 2 cUfferent orders and 6 or 7

different genera. A diversity of liost relations as exliibited by liyalinus

would not be considered at all remarkable in species of a great

many chahddoid genera, but when we consider the circumscribed

method by wliich access to the host is gained, it seems, on fost

thought, to show a quite unusual versatihty. Wlien we come to

analyze the habits of the parasite more closely, however, it is at once

seen that the versatility is only apparent. The diversity of host rela-

tions is due more to a lack of discrimination than to any especial

adaptabihty. Precisely the same efforts are put forth by the pla-

nidium on the occasion of its attack upon any and all of its hosts.

The conditions under which it develops are somewhat variable, but

even here the actual stimulus which causes the change from endo-

parasitism to ectoparasitism is the same, namely, that of liistolysis

in the host larva.
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Wo liave roared P. liyallnus from tho following hosts:

Parasites <jf Hyphantria tp:xtoh Harris.

Tachinidae

:

Varichxta aldrichi Townsend

.

Covipsilura concinnata Meigen.

Ichneumonidae:

Limnerium validum Cresson.

Limneriumfugitivum Say.

Limnerium pallipes Provancher.

Braconidoe

:

Apanteles hyphantriae Hiley

.

Meleorus communis Cresson.

Pteromalidse

:

Dihrachys boucheanus Ratzeburg (on Varichxta).

Parasite op Eucii^tias egle Drury.

Tachinidoe:

Genus and species undetermined.

Braconidse:

Apanteles sp.

Parasite of Melalopha inclusa Hubner.

Ichneumonidae:

Limnerium validum Cresson.

Parasite of Samia cecropia Linn^us.

Tachinidse:

Frontina Jrenchii Williston

.

OTHER AMERICAN REARING RECORDS OF PERILAMPUS.

Throiigli the courtesy of Dr. L. O. Howard tho rearing records have

been obtained from the collection and biological notes of the Bureau

of Entomology. The species of Perilampus have not been deter-

mined. The hosts are all lepidopterous and are as follows:

Dasypyga aUernosquamella Ragonot.

Acrohasis caryx Grote.

Eucosma scuddcriana Clemens.

Eucosrna desertana Zeller.

Phlyctxnia cxtricalis Guen6e.

Apalela haustulijera Smith and Abbot.

Earrisina americana Guerin-Meneville.

Retinia sp. (?)

Prof. C. V. Riley records ^ Perilampus platygaster Say as a parasite

of Harrisina americana in the State of Missouri.

A species of Perilampus was reared, according to tlie labels in the

United States National Museum, by Mr. D. W. Coquillett from the

(cocoon of a Chrysopa at Los Angeles, Cal. Dr. Ashmead also reared

I Second Report on the Noxious and Beneficial Insects of Missouri, p. 87, 1870.
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a species from Chrysopa at Utica, Miss., tWs record being the one

referred to in liis Monograph of the Chalcidoidea.

In a paper entitled
'

'A list of the parasites known to attack North
American Rhynchophora,"^ Mr. W. D, Pierce records Perilampus as a

parasite of the cotton boll weevil {Anihonomus grandis Boheman) in

cotton squares in Louisiana. Mr. Pierce in a recent letter regarding

this record states that it is open to question. A cotton square from
wliich a wee\dl had emerged forms an excellent retreat for another

insect that might be inclined to secrete itself in this manner. It may-

be that in this case a Chrysopa larva parasitized by Perilampus
crawled into the square to pupate and from this the Perilampus
emerged later. That Chrysopa is prone to do just this thing is a

well-known fact. Dr. Howard described the chalcidoid parasite

Isodromus iceryse as a parasite of the scale Icerya. He later found
that Isodromus was instead a parasite of Chrysopa, which in this

instance had crawled beneath the Icerya scale, through which the

Isodromus later emerged.

In 1897 Mr. W. F. Fiske reared a single specimen of Perilampus
hyalinus from the cocoon of Limnerium fugitivum, Say as a parasite of

Hyphantria. This fact was recorded in his paper on the parasites of

the American tent caterpillar,^ and probably constitutes the first

pubhshed record of Perilampus as a secondary parasite on Hymen-
optera.

Quamtance and Brues in their study of the cotton bollworm^
found this species to be a rather uncommon parasite of Microplitis

nigripennis Ashmead, a braconid parasite of Heliothis ohsoleta Fabri-

cius m Arkansas and Texas.

Dr. L. O. Howard, m a paper entitled "The biology of the hymen-
opterous insects of the family Clialcididse," ^ makes the statement
that Perilampus has been reared from Tachmidae, but none of the

details of the rearing was given. Dr. Howard, hi a recent letter m
regard to this, says that he is unable to find any record upon which
this statement was based, but that he is of the opmion that it was
reared from tacliinid puparia m the office of the Entomologist at

Washmgton prior to 1892. This is the first published record, so far

as we are aware, of Perilampus as a parasite of Diptera.

Prof. M. II. Swenk ^ records having reared Perilampus hyalinus

from a sarcophagid which in turn was reared from Melanoplus hivitattus

Say.

1 Journal of Eeononiic Entomology, vol. 1, p. 383, 1908.

2 New Hampshire College Agricultural Experiment Station, Technical Bulletin 0, p. 206, 1903.

3 Bulletin 50, Bureau of Entomology, U. S. Department of Agriculture, p. 122, 1905.

* Proceedings of the U . S. National Museum, vol. 14, p. 574, 1892.

6 Journal of Economic Entomology, vol. 4, p. 286, 1911.
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EUROPEAN REARING RECORDS OF PERILAMPUS.^

Perilampus angustatus Nees.

This species was reared by Rondani ^ from the wood-boring larva

of Anohiimi molle. Gaulle ^ records angustatus as a parasite of

Dryophilus inisillus.

Perilampus auratus Panzer.

According to Gaulle,^ this species has been reared from the crab-

ronid wasps Solenius ruhicola and ^S'. vagus by Lichtenstein.

Perilampus levifrons Dalman.

Rondani ^ has reared levifrons from the larvae of the tortricid

Coccyx huoliana and also from the codling moth {Carpocapsa pomo-

nella L.). Gaulle ^ gives an additional host in Exocentris punctipennis.

Dour * mentions the first two records, crediting the first to Gouraud.

Perilampus micans Dalman.

This parasite was reared by Rondani - from the larvae of Lyctus

canaliculatus and Hister picipes.

Perilampus ruficornis Fabricius.

Gaulle ^ records this insect as a parasite of HylopJiila hicolorana.

Rondani - has reared it from the lepidopterous Halias quercana.

Dalle Torre regards violaceus Fabricius as a synonym of this species.

Ratzeburg ^ refers to a Perilampus which he calls violaceus as

follows: *

Herr Reissig was so fortunate as to rear a female of this species. The host was not

determined definitely, but it was without doubt a forest insect. On an oak leaf he

found the dried remains of a tortricid larva. The parasitic larva had come out of

this and had hung itself by a spun thread. The cocoon has the compact form of those

of Campoplex, is two lines long, transparent (but nevertheless of close texture), dark

brown, with a somewhat lighter band. The large opening through which the Peri-

lampus had gnawed its way is at one end and appears as an irregularly torn circle.

There seems to be little doubt that Ratzeburg was incorrect in his

surmise that this species was primary upon the tortricid. Peri-

lampus of course does not spm a cocoon, or even a thread. The
cocoon which he describes was almost certainly that of Campoplex,

which he says it resembles, and with which his description agrees.

' Tlie author is indobted to Dr. L. O. Howard for examining literature which was inaccessible.

a Bulletino della Sociotk Entomologica Italiana, vol. 4, pp. 57-58, ks72; vol. 8, pp. 241-242, 1876.

3 Catalogue systematique et biologiques des IIym6noplferes de France, in La Feuilles des Jeunes Natur-

alistes.

< Catalogue synonlmlque des Hym6nopt6res de France, in M6moires de Socl6t6 Llnn6ene duNord de la

France.

^ Ichneuinonen der Forstinsekten, vol. 3, p. 221.

I Translation by the author.
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This Campoplex was probably parasitic on the tortricid, and the

Perilampus destroyed it as a secondaiy parasite.

There is almost certainly more than one species under the name
ryficornis, as the records indicate that it has been reared from moths
as a primary parasite, and from an ichneumonid as a secondary.

That this would occur in a single species seems hardly probable m
view of its highly specialized life cycle.

Perilampus italicus Fabricius.

Recorded by Gaulle * as a parasite of the sawfly Athalia colihri.

Of course there is always the possibility that the specimens recorded

from Lepidoptera really came from tachinids or ichneumonids which

transform withm their host. It is difficult to understand how the

Perilampus larva, bemg an external feeder for the greater part of its

life, could feed and develop externally upon the pupa of an ecto-

phagous lepidopteron, taking for granted that the mode of develop-

ment is similar m all the species of the genus. It might, however, be

able to do so upon a lepidopterous host which feeds within stems or

galls, the Perilampus m this case being protected from injury.

EUROPEAN SPECIES OF PERILAMPUS REARED AT THE LABORATORY.

Perilampus cuprinus Forster.

In 1906 several individuals of Perilampus cuprinus were reared

by Mr. Titus from puparia of imported tachinids parasitic upon the

gipsy moth and brown-tail moth. Occasionally a few more were

secured under similar circumstances, but never m numbers sufficient

to indicate that the species was of any particular importance as a

secondary parasite. Neither were there any records which mdicated

that any species of the genus was of more than incidental interest in

connection with lepidopterous hosts.

The tachinids acting as hosts were not identified in every instance,

but among those species attacking the gipsy moth are BlepTiaripa

scutellata Robineau Desvoidy, Compsilura concinnata Meigen, and

Tricholyga grandis Zetterstedt, and among the brown-tail moth
parasites are Pales pavida Rondani and Parexorista cJielonise Rondani.

It is practically certain that all of the tachinids and probably some of

the ichneumonids and braconids preying upon this host are liable to

attack by Perilampus. It is also possible, but not proven, that it is

at times an enemy of sarcophagids which usually and probably

always attack pupae which have died from other causes.

In no instance has the planidium of this species been seen but

there is hardly a doubt that this stage exists and that in its essential

' Catalogue systematique et biologique des Hymtoopt^res de France, in La Feuilles des Jeunes Natur-

alistes.



66 RESULTS FROM GIPSY MOTH PARASITE LABORATORY.

characteristics it resembles the planidium of P. liyalinus and others

described in the preceding pages. It is also probable that the later

larval development is analogous to that of P. liyalinus and that the

beginning of development of the pupa is the signal which stirs the

planidium into activity.

Varicliseta, as has been shown, hibernates as a pupa which has

not begun to show the color or characteristics of the adult, and

the Perilampus planidium remains dormant throughout the winter

and feeds in the spring. Among the European tachinids known to

act the part of host to P. cui^rinus, Compsilura, Tricholyga, and Pales

issue in the summer, much as do the summer-issuing hymenopterous

parasites of the fall webworm, and P. cuprinus completes its trans-

formations and hibernates as an adult without leaving the pupariuni.

Blepliaripa, unlike Varichseta, develops imaginal characters in the

fall and is, so far as external evidences indicate, ready to emerge

before winter. Perilampus as a parasite of Blepliaripa acts exactly

as it would had its host actually emerged in the fall, and hibernates

as an adult within the puparium. Parexorista hibernates like Vari-

chse,ta, and if the parallel between P. liyalinus and P. cuprinus is as

close as is believed, the planidium hibernates as such and becomes

active when its host begins to develop in the spring.

Perilampus inimicus Crawford.

A relatively small number of this species, recently described in

Part II of this bulletin, was reared in 1908 from the cocoons of

Apanteles fulvipes var. japonica Ashm., imported that year from

Japan as a parasite of the gipsy moth. It has not been reared as

a parasite of Japanese tachinids, but it may well be that it resembles

P. cuprinus in habits, and that it will be reared when larger impor-

tations of tachinids from Japan have been made.

The specimens reared issued in the late summer, coincidently

with the emergence of the other more common chalcidoid parasites

of the same host.
Perilampus sp.

Another species of Perilampus, as yet undetermined, has been

reared from the cocoons of a European Apanteles parasitic u])on

the young brown-tail moth caterpillars. The circumstances are

interesting and suggestive but the incident will be discussed more

at length in another connection.

RESUME OF HOST RELATIONS OF THE GENUS.

Species of the genus Perilampus have been reared ^ from insects

belonging to five different orders, Hymenoptera, Diptera, Lepi-

J This is according to the published records, although some of them are almost certainly incorrect.
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doptera, Coleoptera, and Neuroptera, in Europe, Japan, and America.

Table III shows the number of each group from which Perilampus

has been reared in those regions where the gipsy moth is found

:

Table III.

—

Classification and distribution of the Icnovm hosts of the genus Perilampus.

America. Europe. Japan.

Hymenoptera parasitica
Hymenoptera phj'tophaga.
Hymenoptera aculeata
Dlptera (Tachinidn?)
Lepidoptera
Coleoptera
Neuroptera

1 (?)
1

Total.

THE ECONOMIC ASPECTS.

In 1906 Mr. E. S. G. Titus, at that time in charge of the Gipsy
Moth Parasite Laboratory, reared a few cocoons of Apanteles vime-

neforum Wesmael ^ from caterpillars of the brown-tail moth which
had been imported in the hibernating nests. From them there

emerged a very few specimens of a species of Mesochorus, different

from any known American secondary upon Apanteles and apparently

but not certainly European. The circumstances under which the

Apanteles were reared were not such as absolutely to protect them
from the attack of the native hyperparasites, but there was good
reason to believe that the Mesochorus, as well as the Apanteles, had
attacked the very small caterpillars of the brown-tail moth in Europe
the fall before. This was the first instance encountered in the

course of the work of parasite introduction in which a secondary

parasite was known or suspected to attack a primary parasite before

the death of the primary host.

In 1907 this record was confirmed, and it was demonstrated beyond
possibility of error that there were some secondary parasites which
had this habit. The fact was of the greatest significance, since

it was one of the fixed policies of the laboratory to introduce the

primary parasites of the gipsy and brown-tail moths and to exclude

the secondary. It had been supposed that this could be accom-
plished by importing the living caterpillars and pupae of the gipsy

and brown-tail moths and rearing the parasites. The fact that

the primaries might be attacked before the death of their host

altered the situation materially and made the strictest supervision

of imported material necessary in order to meet the ideal which had
been set.

That the relative importance of h3q3erparasitism has diminished
rather than increased as a result of a better understanding of the

• As determined by Schmiedeknecht.
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subject affects the mutter scarcely at all. We know now that the

primary parasites of the gipsy and brown-tail moths, if they become
established, will be subjected to the attack of native hyperparasites

to a varying degree in accordance with the closeness of their resem-

blance in natural aflfmities and habits to American species, but there

are among them a few which are so different from any American
species as to make it probable that they will largely escape undue
parasitism in America, much as the gipsy and brown-tail moths
have themselves escaped. This does not lessen the force of the

original contention at all materially. It has simi)ly served to separate

the secondary parasites into bad, worse, and worst, and has left them
as a group with about the same degree of odium attached as before.

The separation of the several secondary parasites into groups in

accordance with their capabilities for evil has not always been easy.

As with the primary parasites, the importance of which can not be

inferred from the numbers which chance to be reared from the

imported material, the secondary parasites, which are the least

frequently encountered, may easily be the most to be feared.

PerilaTTipus has never been abundant as a parasite of tachinids

in any of the imported material. So far as is directly indicated

by our notes and breeding records there is nothing in its life or

habits which would separate it from the minor and inconsequential

secondary parasites, of which there are many species.

These 0})inions, formerly held, have been changed as a result of

the investigations into the life and habits of the native Perilampus

hyalinus. It was not known or suspected, in spite of the considerable

study which the fall webworm has received at various times and

by various entomologists, that this secondary was of any more
interest or importance than any other, but it is now evident that

species of this genus may become of the greatest importance as

hyperparasites. It is further indicated as a direct result of these

studies that the different species of Perilampus are likely to con-

centrate their attack upon the parasites of some particular primary

host instead of scattering their attack upon all of the very numerous
species of hymenopterous and dipterous parasites suitable in other

respects. Thus Perilampus hyalinus appears to be particularly a para-

site of the parasites of the fall webworm. It is possible that it will

never attack the parasites of the gipsy moth or the brown-tail moth.

Perilampus cuprinus, for all that is positively known to the contrary,

may similarly concentrate its attack upon the parasites of the gipsy

moth and the brown-tail moth and might become a factor of as

much importance in the natural control of these insects as Perilampus

hyalinus undoubtedly is in the control of VaricJiseta,
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It is not probable, but it is conceivable, that the establishment

of P. cwprinus in America might make all the difference between

success and failure of the whole work of parasite introduction, in

so far as the gipsy moth is concerned, because, in the first place,

BlepJiaripa scutellata is one of the most important parasites of the

gipsy moth and the success or failure attending the attempts to

introduce it into America might easily tip the scale one way. or the

other, and Perilampus, so far as known, is the most important para-

site of Blepharipa and might in a similar manner determine whether

or not its host reached the necessary state of efficiency.
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TECHNICAL RESULTS FROM THE GIPSY MOTH PARASITE LARORATORY.

V. Experimental Parasitism:

A Study of the Biology of Limnerium Validum (Cresson).

By P. H. TiMBERLAKE, A. M.,

Agent and Expert, Gipi^!/ Moth Parafiite Lahoratonj.

INTRODUCTION.

The biology of none of our American parasitic Hymenoptera is

too well knoAvn to demand an apology for the appearance of this

article, and it is the hope of the author that the results of the studies

here set forth will call to the attention of our professional and
amateur entomologists this exceedingly rich but almost untouched

field for investigation. A little of the ecology, especially of the

host relationship, of many of our parasites has been recorded, but

the various and interesting adaptations in the larval structure and

habits of our different species are almost unknown.

In connection with the practical work at the Gipsy Moth Parasite

Laboratory of importing and liberating parasites of the gipsy and

brown-tail moths, considerable attention is paid to the habits and

biology not only of the imported parasites, but also of our native

parasites of caterpillars that resemble the gipsy moth or browni-tail

moth in habits or destructiveness. In this w^ay considerable knowl-

edge has accumulated wdiich, besides its intrinsic and theoretical

value, has been useful in perfecting the methods of handling the

imported species and in showing which of our American species, if

any, may be expected to become contributing factors in the control

of these pests.

It was especially with this latter idea in mind that in the spring

of 1910 a series of experiments was undertaken to w^ork out the

biology of our native Limnerium validum (Cresson) (fig. 32) and

its behavior toward unusual hosts. The experiments grew^ out of a

successful attempt to foster oviposition on small brown-tail moth
caterpillars {Euproeth ehrysoiv'ha'a Linnaeus), which yielded such

unexpected complications that the work w^as continued on other hosts

as they became available in the course of the spring.

LimnenuTrh validum proved to be an excellent subject for experi-

mentation for several reasons, but chiefl}' on account of its docility in
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confinement and the readiness with Avhich it attacks any snitable

species of caterpiHar and because the heavily chitinized chorion of

the egg is remarkably durable. This last fact was an advantage in

determining the number of eggs deposited in a caterpillar, even when
considerable time had elapsed after the hatching of the larva. For-

lunately for the success of the experiments an abundance of adults

of this species was at hand, reared from cocoons obtained the preced-

ing fall from its usual host, Th/jnmtria cunea (Drury).

This LimniTium is one of the hymenopterous parasites alfecting

the fall webworm {Hyphantna cmiea) ; and although not so impoi-tant

as Meteorus and Apanfeh's, it is frequently found. In the northern

States it emerges from the fall webworm and spins its cocoon mostly

during the month of September. Unlike Lhmierium pUosi/hnn (Pro-

vancher). another sjiecies common on Ilj/phantna^ it hibernates in

its cocoon until late

the following spring

or summer, and con-

sequently it has been

considered to have

only a single genera-

tion a year. Farther

south, however, as

pointed out by Dr.

L. O. Howard (1897)

in his bulletin on the

white - marked tus-

sock-moth {Hemero-
campa leiwostigma

Smith and Abbot),

of which it is an im-

important parasite, it

jirobably h iberna tes

as an adult, as its empty cocoons were found associated with " spun-

up '' larVcT of the Uemcrocamjui in the middle of December, Dr.

Howard also records rearing the adult as early as the middle of July,

so that in the vicinity of Washington, D. C, two generations, if not

more, occur annually. Besides its favored host, Hr/phantria cunea,

and the Ilemeiocampa, it probably attacks other caterpillars, but so

far as the author is aware no other rearings have been recorded.

Fio. ?>'2.—Limnevium ralidum : a. Adult female, side view;

7Jj abdomen of male ; c, metascutum from above ; il,

cocoon. Enlarged. (</, Ji. <1, Redrawn Irtim Howard;
c, original.)

EXPERIMENTS.

GENERAL METHODS OF EXPERIMEXTATION.

In most of the experiments undertaken with Limnerimn validum

the parasites and caterpillars were confined together in large glass

cylinders covered at the top witli cheesecloth, and resting on cloth-

covered frames. AVhen it was desirable, however, to have a large
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number of caterpillars, a small, flat tray was used, wire screened

on the bottom and covered with glass. A small hole in the side of

the tray was found useful in introducing fresh foliage sprayed

with sweetened water, as food for the caterpillars and parasites.

In the first experiments several females of the Lminerifim were

confined with a limited number of caterpillars, but later, when it

was discovered how readily the parasites attacked the hosts, the

number of the latter was proportionately increased. Dissection of

the caterpillars was chiefly relied upon in working out the results

of each experiment.

BEHAVn^R OF LIMNERIUM VALIDUM (cRESSOn) IN CONFINEMENT.

This species did not become overrestless in confinement, and hardly

betrayed the excitement that some parasites are said to do when

in proximity to their hosts. This tranquility may possibly be ex-

plained by the fact that the Limnerium was always confined with

species of caterpillars that do not naturally serve it as hosts, and it

might have been stimulated, perhaps, to greater activity by fall

webworms. The females, however, readily oviposited in 4 of the 6

species of caterpillars with which they were confined. The postero-

dorsal part of the host was usually chosen as the most suitable point

for attack, and there seems to be a more or less well-developed instinct

in this as well as other parasites to keep away from the head of the

caterpillar in ovipositing. This instinct is not so necessary for large,

strong parasites like Limnerium validum^ but may be of great ad-

vantage to small, weak species like 2Ietcorus or ApanteJes. These

frequently attack cateri)illars that are many times their size, and

might easily fall a victim to one vicious sweep of the host's head, or

become so daubed up by juices exuding from the mouth of the ex-

cited caterpillar that they could not escape. As circumstantial

evidence of the existence of this instinct, comparatively few eggs were

found near the head in dissected caterpillars, and by far the greater

number was found in the posterior half of the body. A favored site

for them was in the extreme tip of the postero-dorsal part of the body

cavity just beneath the integument.

The males of Limnerium were slightly more active than the females

in running about the cage, but they paid no attention to the caterpil-

lars, and but little attention to the females. None was ever seen

attempting to mate.

LIMNERIUM VALIDUIM AS A PARASITE OF EUPROCTIS CIIRYSORRHCEA

(LINNAEUS).

Three experiments were undertaken during February and ISIarch,

1910, to determine whether Limnerium validiini would successfully

attack brown-tail caterpillars, and to collect data, if possible, on the

earlv stages.
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FIRST EXPERIMENT.

In the first experiment, on February 2, 5 females of L'tnuienutn

were confined in a small glass cylinder with 10 active brown-tail

caterpillars about 8 mm. long. The experiment was closed on

February 15, at which time the last of the caterpillars died. Nine

of the caterpillars were carefully dissected and a count made of the

easily discovered eggs and larvae of Lirrmerhnn. The largest num-

ber found in one caterpillar was 23 eggs and 11 larva? with the

empty eggshells, dissected from one that died on February 11. The
smallest number was 4 eggs and 5 larvir taken from a dead caterpillar

on February 15. One hundred and forty-six eggs and 72 larvae were

found in all, making a total of 218 eggs deposited by the 5 females

in the course of the 4 to 6 days that they remained alive, or an

average of nearly 44 eggs for each female, and about 24 to each

caterpillar.

With this unusual number of eggs and larvae present, it is no won-

der that the caterpillars failed to survive. As the caterpillars in

every case died before the larvae had grown to any appreciable ex-

tent and even before all the eggs had hatched, it is not probable

that they were killed Ijy the feeding of the parasites. It is much
more probable that they succumbed to the mechanical irritation

produced by so many eggs and larva% which not only may have

caused a violent disturbance or pathological condition of the body

tissues, but also tended to keep them from feeding.

SECOND EXPERIMENT.

A second experiment wr.s started on Fe1)ruary 5, with 5 females and

13 active brown-tail caterpillars. By February 9, all the parasites

were dead, and 3 caterpillars were found dead 'on the 11th and 5

more on the 19th. In the 8 dead caterpillars 61 unhatched and 5

hatched eggs were found, but only 1 larva, which had grown to be

about five times the size of newly hatched larvae, although still in

the first stage. About 8 eggs, on an average, were thus found in

each caterpillar, and they were undoubtedly at least a strong con-

tributing factor in causing the death of the latter.

Three of the 5 living caterpillars were dissected on February 19

and the remaining two on March 4. In these 5 caterpillars only 1

unhatched egg and 12 eggshells with only 4 larvae were found. This,

on an average, is only 2 or 3 to each caterpillar, for although 1

had been victimized 8 times, 1 had escaped altogether. Only 4

larvae were found, and of these 3 had died shortly after hatching

before growing to any extent, whereas 1 had managed to live

and increase in size about five times. In the 13 caterpillars dis-

sected, 72 unhatched eggs, 17 hatched eggs, and 5 larva? were found,

or nearly 7 to a caterpillar and 18 for each female Lhnnerium.
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AMCEBOCYTOSIS AS A PROTECTIVE KEACTION OF THE HOST.

The remarkable fact in the array of figures just given is the

disparity between the number of eggshells or cast choria found and

the number of larv«. The latter were large enough so that they could

not have been overlooked, and the only explanation is that they had

been killed by the host and absorbed by the blood tissues, or de-

stroyed, in other words, by amoebocytosis. The chitinous choria,

on the other hand, escaped unharmed. In the preceding experiment,

in one of the dead caterpillars dissected on February 15 the dead

larva? and some of the eggs and eggshells were found inclosed in a

firm, thick, homogeneous-appearing, transparent capsule of tissue.

The significance of this was not realized at that time, but when on

February 19 the same phenomenon was noticed in the dissection of

living caterpillars, the mystery of the missing larva? was explained,

for wdien the capsule was stained in methyl green and mounted in

glycerin, it was resolved under the high power of the microscope

into innumerable, densely packed, minute, roundish and spindle-

shaped cells. These were undoubtedly blood-tissue cells or amoebo-

cytes, and whereas they were not true phagocytes, yet their func-

tion must have been to break down and absorb the tissues of the

parasites, for within the capsules larva? were found in several stages

of dissolution.

Later experiments with the same and other hosts, such as Mala-

cosoma and Noiolophus, brought to light the fact that this amoebo-

cytic reaction takes place regularly when the Limnerium occurs in

these hosts to which it seems to be unaccustomed and unadapted.

In most cases it was found that the parasite was able to hatch from

its egg, but that it perished generally soon afterwards before growing

to any extent. Many times the larva was found to have disappeared

entirely through the action of the amoebocytes, yet the story of its

death and dissolution was told by the encapsulated remains of the

much more resistant* eggshell. Whether the amwbocytes gathered

around and killed the living larva? and eggs or attacked only para-

sites that had been killed by some other factor was not certainly de-

termined; but the former supposition is probably correct, as un-

hatched eggs containing embryos in ditferent stages of dissolution

were found sometimes inclosed in sheaths of these cells. In one in-

stance, also, a larva that had grown to be about six times the size of

newly hatched larvse, was found entirely inclosed except for its head

in a characteristic sheath. This larva was probably living wlien

its host was killed for dissection, or at least, judging from its fresh

and uninjured condition, it could not have been dead for more than

a few hours.

An extended series of dissections of Hyphantria cunea, on the other

hand, made by J. D. Tothill during the fall of 1910, showed that the

34176°—No. 19, Pt. V—12 2
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larva^ of Limnenum arc free from the slightest trace of aiiKX'bocytic

attack Avhen occurring in their natural host.

Other phases of this so-called "phagocytosis" have been studied

by several European investigators, especially by Cuenot (IS'JC)),

Janet (190G, 1907), and Pantel (1910). The latter author has given

a summary of those cases of amccbocytosis that were known to him

in his excellent '•' Rccherchcs sur Zcv Dipteres a Larves Entomohies?''

He concludes that this defensive reaction of the host is aroused not

only by bacterial infection but also by sick or dead parasitic larvae

and by molt skins, and states that free and healthy larvoe are regu-

larly exempt.

The only cases of sick larvae that Pantel seems to have observed

are larva? of Tachinidse that have fallen accidentally from their

breathing holes, generally during the molting of the host. Such

larvffi do not affix themselves anew, but wander about in the body

cavity of the host until overcome by suffocation. Pantel further ob-

serves that the anal sheaths of such larvse begin to turn brown and

become inclosed by a great number of ainoebocytes, which finally

almost completely cover the larva.

In the case of dead larvae which have perished in the struggle for

the possession of the host, Pantel observes that their bodies only

exceptionally become incapsulated by amoebocytes. The molt skins,

on the other hand, he furthermore states, are attacked, not always,

but most frequently by amoebocytes.

The similar action of amrebocytes in breaking down the wing mus-

cles of queen ants has been described by Janet (1906, 1907). The

muscles are not devoured in small fragments by phagocytes, but are

disintegrated gradually and absorbed by amoebocytes, which creep in

among the fibrillar in large numbers.

We have seemingly in this amcebocytic reaction a manifestation of

the protective faculty of the host in guarding against the attack of

entoparasites. As shown by Pantel (1910) and confirmed by our

own observations of various species of parasitic Diptera and Ilymen-

optera, normal or adapted parasitic larvae, when healthy, rarely if

ever arouse this defensive reaction, or, in other possibly more correct

words, they are able to repel the amoebocytes by some curious adapta-

tion. Unadapted parasites, on the contrary, being unable to repel the

amoebocytes, may regularly succumb to their agenc}^ The instinct of

parasites under ordinary conditions well fits them for choosing their

accustomed hosts, but in the millions of instances where this instinct

co'^nes into play, an q^^ may be placed occasionally in an unsuitable

host. In such cases the resulting larva seems to be doomed to a lin-

gering death, and its tissues are absorbed by the amtebocytes with

no ultimate detriment to the host.

ADAPTATION OF PARASITi: TO HOST.

The jjlienomenon of amoebocytosis. on the other hand, brings up the

question. Why do not all parasites suffer the same fate, and what
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constitutes adaptation? We beji'in here to sink deep into the qnag-

mire of specuhition and doubt. We may say that tlie parasitic larva

is so simihir to the host in its effluvia or physical being, that its

presence is not felt or resented, and that it bears much the same rela-

tion to the host that the fetus within the uterus does to the mamma-
lian mother; or we may conclude that it secretes substances into the

blood which paralyze the protective reactions of the host. We are

more inclined to accept the latter view, for Ave have observed several

phenomena in the course of other dissections which are difficult to

explain except by a secretion hypothesis.

In dissecting various parasitized insects we have often noticed

pathological changes in the body tissues, and especially that the

flaky fat bodies are often converted into a number of comparatively

gigantic, globular cells which are unattached and float freely about

in the blood of the insect. In dissecting brown-tail moth caterpillars

imported from Europe we have seen small first-stage larva? of

Meteorus exert a strange and fatal influence over the larvse of Zygo-

hothna nidicola Fallen, when occurring together in the same host.

The larvae of Meteorus live free in the body cavity of the host at the

extreme posterior end of the body on the dorsal side, whereas the

maggot of Zygobotlina is normally found encysted in the wall of the

crop or oesophagus. In the few cases in Avhich both were found in

the same caterpillar, the maggot of Zijgohothna had left its cyst in

the crop, and was either wandering about in the body cavity of the

host or had already died. How can Ave explain this strange and

untimely reaction of the maggot, unless we consider that it had been

stimulated to activity by some unusual substance in the blood tissues

of the host, either secreted by the larva? of Meteorus^ or by the host

itself in reaction thereto?

FURTHER EXPERIMENTS WITH EUPROCTIS CIIRA'SORRHCEA.

A third experiment was started on February 15 Avith about 100

brown-tail moth caterpillars that had been feeding for 20 days and

were consequently about 10 mm. long. These caterpillars Avere

placed in a small tray, and 15 females of Limnerium Avere confined

with them between the 15th and 27th of February, fresh females

being added as the first ones died.

Dissection of living caterpillars was undertaken on the 4th of

March and continued on the 11th. Thirty-four caterpillars in all

were dissected and 15 Avere found to be parasitized by Lhnnenwn.
Not more than 2 larva? or eggs were found, on an average, in a single

caterpillar, and the larvae were in most cases dead. Oi^^y one lar\^a,

in fact, had obtained any size, and it Avas only alxmt six times as

large as the newly hatched larva\ Although incrusted Avith a capsule

of amcebocytes it may have been still alive, but could not liaA'e surviA^ed
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much longer. All the other larvss that were found Avere newly

hatched, or had been killed soon after hatching, and were commonly

inclosed in a sheath of amoebocytes.

The rest of the caterpillars were kept alive as long as possible in

the h<)])e that one or two of the Liymierium might be able to pass

through their transformations, but none was reared. The experi-

ment therefore furnished data similar to those obtained in the pre-

ceding experiments, and conclusively confirmed the belief that Lhn-

nenum vaJlduni is unable to live as a parasite within brown-tail

moth caterpillars.

limnerinim validum as a parasite of malacosoma americana
(fabricius).

On April i20 an experiment was started with Limnerium validum

as a parasite of the common tent caterpillar {Malacosoma americana

Fabricius). Three females w^ere confined in a large, flat, tangle-

footed tray, Avith three nestfuls of caterpillars, mostly in the second

stage, collected in the open at IVIelrose Highlands, Mass. A fourth

nest was added on the 21st to insure an abundance of caterpillars for

the Li?)i)icrrK»i to attack. By the 26th the Limneriiiin had all died,

but 2 more females were placed in the tray on the 28th. Many of

the caterpillars at that time were passing into the third stage.

RESULTS OF EXPERIMENTS AS DETERMINED BY DISSECTION.

On May ?> dissections were made of 6 second-stage and 11 third-

stage caterpillars, of Avhich all of the former and 9 of the latter w^ere

found to be parasitized. The results of the dissections are given in

Table I.

Table I.

—

Results of (lisscctions of cafrrpiUars of Malacosoma amrrirana
parasitized by Liouurinm validum.

stage of host.
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According to the dissections 19 eggs were deposited in the IT cater-

pilhirs, distributed as follows: One caterpillar was parasitized three

times, 2 twice, 12 once, and 2 escaped parasitism altogether. Of the

19 eggs deposited, 2 failed to hatch and became covered with

amoebocytes, as did also the eggshells except in one doubtful instance,

and in case of a third the embryo or larva was killed during the

process of eclosion, becoming also densely encapsulated with

amoebocytes. Two other larva? were killed after hatching, and were

entirely destroyed by the action of the amoebocytes, but their former

presence was revealed by the empty eggshells. The remaining 14

larva^ were in a living and apparently healthy condition. Some were

recently hatched, but others had grown to an appreciable extent.

They lay free in the body cavity of the host, generally in the pos-

terior half of the body, either above or below the digestive tube, and
with the head directed caudad in respect to the host.

On the 7th of May, 5 caterpillars in the fourth stage were dis-

sected, and in 2 of them was found a living first-stage larva ; on

the 11th, 10 more caterpillars were dissected, but none was para-

sitized ; again on the 19th 2 caterpillars out of 10 in the fourth and

fifth stages were found to be parasitized. One contained a living,

first-stage larva of Lhnnenum^ the other a living larva in the second

stage, each host being about 20 mm. long,

EMERGENCE OF ADULTS OF LIMNERIUM FROM REPRODUCTION.

On the 21st of May, 2 unspun, full-grown larvae of Limnerlum, were

discovered in the tra}^ and between that time and the 1st of June, 29

in all were found, 6 of wdiich died before spinning cocoons. The rest

spun perfect cocoons, and. 6 passed through their transformations to

the imagos, in every case males, from June 7 to June 14. The re-

maining 17 cocoons remained unissued up to December 13, when
they were cut open and examined. All were found to contain dead

larva^, some perfectly dry and shriveled, although 4 seemed only

recently dead, as they were still plump although much discolored.

In all cases in this experiment where remains of the host were

found associated with the larva or cocoon, the Limner^imn issued

from half-grown caterpillars, which were mostly in the fourth stage,

although a few appeared to be small and stunted specimens of the

fifth stage. On May 28 the remains of a host were examined. This

caterpillar was killed by the parasite when about 25 mm. long, while

still in the fourth stage. It had a large, round hole in the integument

on the ventral side, just back of the head, through which the larva

escaped, after destroying all of the internal organs. The integument

inside was left perfectly dry and bare, except for a small amount of

broken-down tissue at the extreme posterior tip of the body.
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LENGTH OF THE STAGES IN THE LIFE HISTORY OF LIMNERIUM.

From this niul the preceding experiments we may estimate that the

duration of the omliryonic development of Limnerium validum, or

the time from oviposition to the hatching of the egg, is about G to 8

days; that the hirval developmental period lasts for about 24 to 33

days ; and that the pupal period, or, more exactly, the time from the

spinning of the cocoon to the eclosion of the adult, is about 13 to 22

days, or much longer. The length of the larval period within the

cocoon before pupation was not determined, but, judging from the

cocoons examined on December 13, it may be extended several months.

The minimum time from egg to imago is thus about T weeks, or

50 days, whereas the maximum time to the eclosion of the adult may
be many months, due to quiescence within the cocoon. This species

hitherto has been considered to have a single generation a year, but

this last experiment seems to indicate that under certain conditions

at least it is able to pass through two generations annually. Under

normal conditions, however, there is much doubt wdiether more than

one generation actually occurs in the Northern States.

A POSSIBLY NORMAL PARASITE OF MALACOSOMA.

This experiment shows that Limuer'/inn valklum, is a possibly nor-

mal parasite of the tent caterpillar, although it has never been found

attacking that species in the field. The reason for this is obvious:

The tent caterpillars hatch early in the spring, long before the L'tm-

neriwn leaves its cocoon, and therefore are not in season for this para-

site. From the fact, however, that nearl}^ one-half of the caterpillars

dissected in this experiment were found to be parasitized, and that

comparatively few were killed by Umrj/'Hiun, we may conclude that

Limnerium valid urn is only partially adapted to this host. In the

dissecting work only 5 dead larvjp or eggs were discovered, but many
more without much doubt succumbed to the defensive reactions of

the host. In the 42 caterpillars dissected, 23 eggs or larva^ were

found, and 29 other larvae w^ere successful in passing through their

larval development, making a total of only 52 parasites that came

under observation. If the 5 females used in this experiment ovi-

posited as freely, hoAvever, as those in the ]>receding experiments, and

there is no reason to l>elieve otherwise, some 100 to 200 eggs or even

more were i)robably laid. Taking 100 as a conservative estimate,

and with due allow^ance for the destruction wrought by the dissec-

tions, we may thus figure on a mortality of at least about 37 per

cent. The cast eggshells were almost invariably found thickly en-

sheathed with amo'bocytes, and the function of the latter was without

doubt the same as in the case of the brown-tail moth caterpillars,

to disintegrate if not to kill the young larvae. In the present instance,
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however, a few of the hirva? were able to Avithstand the action of the

amoebocytes and reach maturity. This immunity of the few is of

theoretical interest, as it would furnish a basis under proper condi-

tions for the evolutionary development of comj^lete host relationship.

It is not difficult to conceive that this parasite in the course of not

many generations might adapt itself so as to insure a minimum mor-

tality, and thus become an etfective enemy of the tent caterpillar.

limnerium validum as a parasite of notolophus antiquus

(Linnaeus).

One of the most interesting of the experiments was started May
9, 1910, with the rusty vaporer moth {NotoJophus antiqiins Linnaeus)

as the host. One unfertilized female Limnerhim was confined with

25 small, third-stage caterpillars. The female remained alive for 12

days and oviposited freely in the caterpillars.

Dissection work was commenced on June 17 and was continued at in-

tervals until June 30. In all, 10 caterpillars, 1 pupa, and 7 moths were

dissected. In the 10 caterpillars, a total of 40 eggs and eggshells was

found, and 8 larvse w^hich were all dead; in the 1 pupa, 1 eggshell

was found; and in the 7 moths, a total of 16 dead eggs and eggshells

was discovered, making a total of 57 eggs laid by the single female

in only 18 of the hosts. The results of the dissections are given mom
in detail in Table II.

This experiment proved conclusively that this parasite is not at all

adapted to live at the expense of Notolophus. The larva^, even if they

were able to hatch, were killed by the host soon afterward, and at

least 6 of the eggs were unable to hatch. Two other eggs were found

with the dead larva only partially out of the shell. The larvae in

most cases were entirely destroyed by the host, so that all trace of

them was lost, except for the cast eggshell, yet a few resisted total

disintegration for a long period. The body tissues of the latter,

however, were broken down, so that nothing was left but the integu-

ment. The eggshells, or dead eggs with the embryo inside, resisted

destruction, on the other hand, to a remarkable degree, and were

found practically unharmed for a month or even longer after they

were laid, not only in the body cavity of the caterpillar and pupa
but even in that of the adult moth, and invariably well incased in

a sheath of amoebocytes. The eggshell in the single pupa dissected

was found adhering to the ovarian tubules of the host; in the case of

the moths, the eggs or shells were found many times just beneath the

integument of the abdomen, or among the ovarian tubules. One
female moth, which was in perfect condition and in no way incon-

venienced, carried of these eggshells.
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Table U.—Results of dissections of caterpillars and later stages of Notoloplnis

anti<iiius parasitized by Hmnerimn ralidum.

Date of

dissec-

tion.
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to disease, and the experiment was closed without any conchisive

evidence being gained, although the inference may be drawn that

Limnenmn validum is not adapted to the gipsy moth.

EXPERIMENTS WITH OTHER HOSTS.

Several experiments were also started with caterpillars of the com-

mon tussock moth {Ilemerocampa leucostignui Smith and Abbot)

and of the mourning-cloak butter-

fly {Euranessa ant'ioiKi Linnaeus),

but for various reasons they furnish

no satisfactory evidence to show

whether these hosts can be- para-

sitized successfully by Limnerium

validum. It is rather unfortunate

that the experiment with the

Hernerocampa did not give any

results on account of disease prev-

alent among the caterpillars, in view of the fact that this species

of Limnerium has been reared by Dr. L. O. Howard from the tussock

moth at Washington, D. C. In Massachusetts, however, it has never

been surely reared from this host, although large numbers of the

tussock moth have been collected in various parts of the State and

carefully studied at the Gipsy Moth Parasite Laboratory. It seems

likely^ therefore, that the Limnerium varies "in habits in different

parts of the country, or this apparent difference in host relationship

may be ascribable merely to

changes in its seasonal his-

FiG. 33.

—

Limnerium validum: Egg. En-
larged about 120 times. (Original.)

tory brought

colder climate.

about by a

NOTES ON DEVELOPMENT
AND ANATOMY OF THE
LARVA.

THE EGG.

Pig. 34.

—

Limnerium validum: Eclosion of larva,

Enlarged about 120 times. (Original.)
The Qgg (figs. 33, 34) of

Li7nnerium validum is elon-

gate kidney-shaped or subcylindrical and rather convex on the dorsal

side, slightly concave ventrally, with both poles bluntly rounded.

The chorion is heavily chitinized, comparatively thick and resistant,

and with a perfectly smooth surface. Its color is pale brown, or

sometimes nearly Avhite in the case of freshly deposited eggs, but not

always, as fully colored eggs may be found in the oviducts of dis-

sected females. In size the egg is about 0.35 to 0.41 mm. long and

0.13 to 0.14 nnn. in transverse diameter.
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Adult females freshly issued from cocoons were dissected on several

occasions, and fnlly developed eugs to tlie number of 15 to 20 were

found in the oviducts ready for oviposition. The female of this

species therefore may perpetuate its kind almost immediately after

its eclosion from the cocoon (fig. 32). It ma}^ also be parthenogenetic

at times, as eggs that were laid by unfertilized females in the pre-

ceding exjjeriments hatched freely. Not enough evidence was gained

to state positively Avhether unfertilized eggs always produce males,

but this is probably true.

THE FIRST-STAGE LARVA.

DESCRIPTION OF THE NEWLY HATCHED LARVA.

The first stage of the larva of Linincriiim is characterized by 13

segments, including the comparatively heavily chitinized head, and

a long tapering ventral appendage of the last body segment. In the

case of newly hatched larvae

(fig. 35) the head is about

one-half as long as the body,

excluding the tail appendage,

and is bent to the axis of the

body at an angle of about

45°. Its dorsal margin is

strongly curved, especially

anteriorl}^ ; the ventral mar-

gin is much shorter and only

slightly curved. The integu-

ment of the head is rather

heavily chitinized and is

slightly pigmented with

brown. It has a slight ridge on each side running backward from

the insertion of the mandibles, and separating the gula from the

cheeks. The gula seems to be but slightly hollowed out and is as

heavily armored as the rest of the head.

The mouthparts (fig. 37) consist of prominent, curved and sharply

pointed mandibles, crossing each other at the tips, and projecting

somewhat downward into the large mouth cavity. The aperture

of the mouth is surrounded by a raised, chitinized, circular rim, about

0.037 mm. in diameter, and with a broad inner margin. The poster-

ior inner margin is a heavily chitinized plate, with two prominent

teeth separated by an angular median indentation.

The body in the thoracic region is nearly as broad as the head

but rapidly tapers posteriorly. The thin, delicate, transparent i?^-

tegument is thrown into folds on the dorsum and venter, but ajipa^"

Pig. 35.

—

Limnenum validum: First-stacfe larva,

newly hatched. Enlarged about 120 times.

(Original.)



BIOLOGY OF LIMNERIUM VALIDUM. 85

ently not on the sides. Each fold on the venter represents a body

segment, though some may be more or less double; the folds on the

dorsum, however, are plainly double, as two occur on each segment.

The body is thus found to be 12-segmented, excluding the tail

appendage Avhich is plainly a ventral outgrowth of the last segment.

The appendage itself sometimes appears to be distinctly ringed,

due undoubtedly to the folding of the integument. It is slender,

tapering, and about four-fifths as long as the body. During em-

bryonic development it is bent sharply forward and appressed to the

venter; aft«r eclosion it is bent to the axis of the body for a short

period at an angle of about 90°, though later in life it extends

straight backward. Its color and that of the body is transparent

whitish.

The total length of the newly hatched larva is about 0.64 mm.;

without tail, only 0.41 mm.; the width of the head is 0.11 mm. and

that of the thorax 0.10 mm.

FUNCTION OF THE TAIL APPENDAGE.

In case of larva? observed innnediately after hatching, the tracheal

system could be made out easily, and Avas filled with air without

doubt, though

necessarily of

the closed or

a p n e u s t i c

type. Only
one fine trach-

e "1 1 b r 'I n <^ h ^^^'^- ^6.

—

Llmncrium vaJtdum: First-stage larva of large size, show-
ing silk glands and nervous system. Enlarged 50 times. (Original.)

could be cUs-

tinguished in the tail, and it was clearly not important enough to

indicate that the tail is a tracheal gill. The function of the tail,

however, is probably res])iratory, and the organ might properly be

termed a blood gill. There is nothing in its structure to contradict

this view, as it is a simple, hollow tube lined Ayith hypodennal cells,

and undoubtedly filled wuth blood a gi-eater part of the time. Since

the larva lies free in the body cavity of the host it is constantly

bathed in blood and lymj^h fluids, from Avhich the oxygen of its own
blood must be derived through the delicate integument of the tail,

or other parts of the body, especially while still small.

APPEARANCE OF OLDER LARV.E.

The larva makes its escape from the ^gg, by bursting open the cho-

rion irregularly at the anterior pole (fig. 34), possibly with the aid

olthe mandibles. After hatching it develojjs rapidly if located in a

suitable host, and molts for the first time in probably about T to 10
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days. Before molting it attains a length (jf nearly if not quite 2

nun., for some larva? were found, evidently nearly full-sized, about

1.7 mm. long. It now differs considerably in appearance from newl}^

hatched larva^, as a comparison of figures 35 and 36 will indicate.

The head, being heavily chitinized, has remained the same size, but

the bod}' has grown until it is about five times as long as the head

instead of only twice as long, as at first. The tail has also increased

in size, but not proportionately to the growth of the body. Because

of this rapid growth the folds of the integument so noticeable in

newly hatched larvse have largely disappeared, but are still discern-

ible as slight creases, and afford the only means whereby the seg-

ments of the body may be distinguished.

NOTES ON THE ANATOMY OF THE LARVA.

The development of the viscera as made out in stained and mounted
specimens is not without interest. Toward the end of the first instar

the sericteries become the most conspicuous organs

in the body, thus forecasting the prime importance

of the cocoon-spinning habit as a protection during

the pupal period. There is a pair of these silk

glands which seem to start blindly in the first body

segment and extend backward after branching once

to the eleventh or twelfth segment. In reality,

however, they are connected anteriorly with a

minute tube which runs forward to the mouth.

Fig. 37.—Limnerium The glaiids themsclves are also tubular "and com-
vaiiihim: Mouth- posed of comnarativelv enormous cells, with large
parts of lirst-stase

, , •

larva. Enlarged OVal UUcJei.

about :25o times. ^he proctodanmi is also conspicuous and extends

forward only to the anterior end of the twelfth

body segment. It is a thick-walled, ovoid organ, and although con-

tiguous with the posterior end of the mesenteron, it does not com-

municate therewith. At the anterior end it gives rise to four large

Malpighian tubules which extend forward into the ninth or even the

eighth segment. The anus ai3pears as a distinct opening at the end

of the twelfth segment on the dorsal side, thus proving that the tail

is a ventral outgrowth of the last segment. As the anus is distinctly

open, there is no reason wh}^ the secretions of the Malpighian tubules

may not be passed off into the blood of the host.

The brain toward the end of the first instar is crowded partly out

of the head and becomes a consi)icuous organ of the first body seg-

ment. The same phenomenon takes place in regard to the infraoe-

sophageal ganglion. Twelve ventral ganglia may bo distinguished,

of which the first 5 are closely united to each other and to the infraoe-

sophageal ganglion, the following 5 being separated by commissures,

but the last 2 are also conjoined.
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THE SECOND-STAGE LARVA.

The larva after the first molt differs conspicuously from the first-

stage larva in respect to the soft, unarmored head, and the much
shorter tail appendage (fig. 38). The mouth and its parts are also

considerably changed.

The head is still large and prominent and has much the same gen-

eral shape as in the first stage, although considerably shorter. Its

Fio. 38.

—

Limneriiim ralidum : Spcond-stasje larva. Enlarged about 30 times. (Original.)

integument is soft and pliable like that of the body. The mouth-

parts (fig. 39) consist of a slightly bilobed, simple labium, and two
strong, curved mandibles, which project downward into the large

funnel-shaped mouth cavity. The body is distinctly cylindrical and
tapers but little behind. Twelve segments in the body may be easily

distingTiislied, the last one of which is prolonged ventrally into a

short, conical tail appendage.

Only a few larva^ in this stage were found, and

they were all about 2.2 mm. long. The duration

of this stage is probably short, perhaps not more
than from 5 to 7 days.

THE THIRD-STAGE LARVA.

DESCRIPTION OF THE FULL-GROWN LARVA.

Vie. .'{!» — Limnerium
ralidum: Mouthparts
of second-stage larva.

When the larva has obtained its full size and Enlarged about loo

leaves the host it is from 9 to 10 mm. long, and

pinkish white in color. It is like the usual hymenopterous type of

larva (fig. 40), and the body is rather deeply twelve-segmented.

The head is comparatively small and inconspicuous, and the tail

appendage, so characteristic of the first stage and still persistent in

the second stage, is now entirely lacking.

The mouth parts (fig. 41) are decidedly different from those in the

preceding stages. They consist of strong mandibles, supported by
two short, longitudinal, heavily chitinized ridges, and two long,

transverse ridges that extend nearly to the lateral margins of the
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head. Below the mandibles is a more or less circular labium with

heavily chitinized margins, supported by two short transverse ridges.

The mouth opening is small and hardly distinguishable, but prob-

ably lies directly beneath the tips of the mandibles, toward which

Pig. 40.

—

Limnerhim ralulum: Third-stage larva. Enlarged about S times. (Original.)

point there is a gentle declivity. Just in front of the deeply con-

cave, anterior end of the labium, in fact at the bottom of this con-

cavity, is located the external opening of the sericteries. Above the

mandibles are two large, circular, slightly pigmented spots, which

undoubtedly mark the place

where the compound eyes

of the adult are beginning

to develop.

FEEDING HABITS OF THE IMPRIS-

ONKD LARVA.

With a clear understand-

ing of the mouth structures

in the three stages, we may
briefly consider the feeding-

habits of the imprisoned

larva. The old accepted

theory up to the time of

Eatzeburg was that in-

ternal parasitic larvje feed

upon the fat-body of the

host. Ratzeburg (1844),

however, was forced to replace this theory with one that is prob-

ably more nearly correct. He concluded that such larva3 feed

upon the l3anph and blood of the host rather than upon any of

the solid tissues. This view seems especially applicable to the feed-

ing habits of Apanteles and related genera, which often leave the

host in a living though comatose condition, but as the mandibles are

Fig. 41.

—

Limneriutn ralidum: Anterior view of

liead of tliird-stage larva, showing mouthparts.

Enlarged about 60 times. (Original.)
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well developed in all three larval stages in the case of Limneriutn^

we hesitate to apply it in entirety to this species. We do not believe,

however, that the larvaj of Limnenum while small actively attack

and devour any of the solid tissues of the host including the fat-

bodies, but rather institute pathological changes whereby these tis-

sues become available for food. The first tissues to be broken down
are the fat-bodias, whereas the vital organs, including the digestive

tube, resist dissolution until the last. The very apparent, earl}^ dis-

appearance of the fat-body in parasitized caterpillars probably ac-

counts for the old theory that the parasite consumes it directly. The
parasite certainly does consume the fat-body, but only after it has

been broken down. We have often noticed this condition of the fat-

body in apparently healthy caterpillars that harbored the early stage

of almost any hymenopterous jDarasite. In such cases the fat-bodies

were broken down more or less completely into their component

parts, and the blood of the host was filled Avith the perfectly globular

fat cells of varying sizes, and sometimes of a truly enormous size for

individual cells. These small, solid particles, we believe, are as

readily eaten by the larva; of Limnerhnn., at least, as the fluid medium
in which they float about within the body of the host. The mouth-

parts in the first and second stages of Limnerlum are admirably

adapted for this purpose, being in fact a sucking apparatus, with

strong, pointed mandibles, so placed as to aid in swallowing small,

solid particles. In the third stage the mouthparts are still essen-

tially sucking, but as the mouth opening is surrounded by chitinized,

supporting or possibly rasping ridges, there is some ground for be-

lieving that even solid tissues may now be taken in, even before they

have been wholly disintegrated. When the parasite reaches this

stage, the host has become somewhat weakened, its fat-body having

been almost entirely, and its body fluids greatly, depleted. Unlike

the condition produced by some larva^ of tachinids at this stage in

their development, the remaining tissues never dissolve into a putrid

or semiputrid mass, but at all events remain clear and wholesome.

To just what extent the tissues are broken down before being con-

sumed has not been definitely determined, but we believe usually to

a semiliquid condition in the case of Limneiiiim,. A caterpillar for-

saken by a larva of the Limnenum was closely examined, and a

small amount of tissue was found at the posterior end of its body.

This tissue was probably the remains of the muscles of that region,

and appeared to be of a mucilaginous consistency.

RESPIRATION OF THE LARVA IN THE THIRD STAGE.

The shortening of the tail appendage in the second stage and its

entire disappearance in the third stage must necessitate a gradual

change in the respiratory habit of the larva, if, indeed, the tail is a
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truly respiratory organ, as we think it must be. This change is per-

haps correh\ted with the more ravenous appetite of the parasite in

the last two stages of its larval life, and also with the gradual dis-

appearance of the blood and lymph of the host. With the disappear-

ance of the fluids of the host, the tail as a blood gill must neces-

sarily become useless, as it is fitted for life in a fluid medium only.

Nor does it seem possible, for much the same reason, that the larva's

whole supply of oxygen is gained by osmosis through the integimient

of the body itself, for as the larva grows older the integument be-

comes thicker and tougher, especially in the last stage. The only

alternative left is to consider that the oxygen is derived from the

comparatively enormous amount of food taken in during this period,

and that it is absorbed by the blood of the larva through the walls

of its digestive tube. In other words, if the larva stopped feeding it

would not only starve but also suffocate. Toward the end of the third

stage, however, when the host is nearly or possibly not entirely

consumed the stigmata become open, and the larva is able to breathe

air directly, as it certainly does after leaving the host to spin its

cocoon.

THE COCOON.

The cocoon has been aptly described by Dr. L. O. Howard (1897)

in his bulletin on the parasites of the white-marked tussock moth, and

we take the liberty of transcribing his words here :
" The cocoon is

rather long ellipsoidal, averaging 7.5 mm. in length by 2.8 mm. in

greatest diameter. It is composed of two distinct coverings, the outer

one of weak, close-spun, crinkly, gray, or grayish-brown silk, readily

peeling off in a sheet, and the inner one close, tough, parchmentlike,

dark brown in color, wnth golden reflections, of the type common
among the Ophioninse."

RESULTS OF THE DISSECTIONS OF HYPHANTRIA DURING THE
FALL OF 1910.

During the late summer and the fall of 1910 a large series of col-

lections of the fall webworm {Hyphantria cunea Drury) was brought

together at the Gipsy Moth Parasite Laboratory, and an extensive

study made of its parasites by means of dissection and rearing work.

Most of the work was conducted by Mr. J. D. Tothill, who kindly

turned over to the writer, together with his notes, the series of larvae

of Limnerinm, that were found during the course of the dissections.

Inasmuch as another species of Limnev'ium is found attacking the

fall webworm in Massachusetts rather abundantly, the collection of

larvae may have included L. pilosulum as well as validuni, but the

most careful scrutiny of the larvae, all of which were mounted in

balsam and in the first stage, failed to reveal any characters to sepa-
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rate the series into the two species, so that some doubt remains

whether L. pilosulum was actually represented.

The two most important lots of the larvae were obtained respec-

tively on August 18, from third-stage hosts collected the day pre-

viously at Eeading Highlands, Mass., and on September 6 to 9, from

mostly sixth-stage hosts collected near the laboratory at Melrose

Highlands. The former lot may have been L. pilosuluTJi, as this

species spins its cocoon inside of the skin of small hosts and issues

therefrom throughout the month of September. The latter lot of

larvae seems to have been L. validuTn without any doubt, as they were

in the first stage when L. pilosulum was already beginning to issue

as imagos, and inasmuch as they were found in rather large sixth-

stage hosts. It seems reasonable to conclude, therefore, that the first-

stage larvae of these two species are practically identical in structure

and appearance.

The disposition of the larvae in their natural host is not without

interest. According to Mr. Tothill's notes, they were found free

in the body cavity, between the walls of the body and the alimentary

canal, either inferior or superior to the latter. No indication of

amcebocytosis was encountered during the course of the dissections.

GENERAL SUMMARY.

Limnenu'nh iml'idum. (Cresson), a common parasite of the fall web-

worm {Hyphantria cvrwa Drury), readily attacks the caterpillars

of the brown-tail moth, gipsy moth, and rusty vaporer moths, and

also the tent caterpillar, when placed in confinement with these

hosts, but is able to complete its transformations in the last species

only and even then in but a small percentage of cases. Its larvae

seem to be totally unadapted for life in the caterpillars of the three

former species, and fail to survive the protective reactions of the

liost, wdiich are visibly manifested by an accumulation of active

blood cells or amcebocytes around the larvae, the cast eggshells, and

even the eggs themselves. The amcebocytes presumably attack tlie

living eggs and larvae, or at least ultimately efface the latter entirely.

The same reaction takes place in the case of the tent caterpillar,

but a few of the larvae are able to complete their transformations.

Adaptation here is partially in evidence, and may be due to larval

secretions which ward off the protective reactions of the host.

The Qgg of Lirmierium has a thick, chitinized chorion, which re-

sists decomposition in the body fluids of the host to a remarkable

degree. The first-stage larva is characterized by a long, tapering

tail appendage, evidently adapted for a respiratory function and
acting as a blood gill. The second-stage larva has a much shorter

appendage, and the third-stage larva has none, so that respiration

very likely occurs through the walls of the digestive tube, oxygen
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being absorbed from the constantly ingested supply of fresh tissues

of the host.

The larva while still small assumes a more or less definite^ position

in the body cavity of the host, and generally lies toward the poste-

rior half of the body, either above or below the digestive tract and

with its head directed caudad in respect to the host. During its

whole life the larva feeds on blood and lymph and on small solid

particles which result from the disintegration of the host's tissues,

probably pathologically induced by some larval secretion. There

is no evidence to show that such definite organs of the host as the

digestive tube and muscular tissue can be consumed by the larva

unless they are broken down, inasmuch as the mouthparts of the

larva throughout life are essentially sucking.

Under artificial conditions the minimum time needed for the de-

velopment of tlte insect from the eg;g to the adult was found to be

about 50 days, but the maximum time may be extended many months.

Under natural conditions in the Northern States as a parasite of

lll/phantria, the females are probably active in parasitizing the cater-

pillars throughout the month of August and the first part of Sep-

tember. The larvai issue from the caterpillars and spin their cocoons

during September and the first part of October, but the cocoons

always overwinter, and the adults emerge the foUoAving summer.
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Tachinids, parasites of Tlyphaniria textor 34
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Telenomus—
cultratus, parasite of Pentatomidse 12
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parasites of lepidopterous eggs 1
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Timberlake, P. H., paper, "Experimental Parasitism: A study of the biology

of Limnerium validum (Cresson)" 71-92

Tortricid host of Catnpoplex 64, 65
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Trichogramma— ' v-.vio

apparently imablf to pierce gipsy-moth eggshell for oviposit ion I

parasites of lepidopterous egg.-; 1

Tricholyga grandis—
host of Ferilnvipus cuprinus 65-60

parasite of gipsy moth 65

Triungulins of parasitic beetles, carriage by parasitic bees 38

Trogoderma tarsale, enemy of Lepidoptera 2

Tussock-moth, white-marked. (See liemerocampa leucostigma.)

Tyndarichus navx—
habits of Pachyncuron gi/uensis in comparison therewith 8

host of P/ichyneuron gifuensis 8

new species, description, hosts, reared from eggs of Porthetria dispar 6, 7

Tyndarichus, new genus, description 5, 6

Vaporer moth, rusty. (See Notolophus antiquus.)

Varichseta—
comparison of life history with that of other tachinids in relation to parasi-

tism by Perilampus 66

host of Dibrachys boucheanus 55-62

host of Melitiobia 55

host of Perilampus hynlinus 68

Varichseta aldrichi—
host of DimmocHa incongrua ." 35

host of Perilampus hyalinus -12, 43, 49-55, 62

parasite of IJyphuntria textor 36-62

Webworm, fall. (See Tlyphantria cunea and H. textor.)

Zagrammosorna, Atoposoina compared therewith, parasite of Lepidoptera 9

Zagrammosoiiia multiUnentum, Tlippocephalus multilineatus a synonym 11

Zygobothria nidicola—
fatal influence of Meteorus larva upon it when larvae of both species occur

together in brown-tail moth caterpillars 77

parasite of brown-tail moth 77
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PREFACE TO BULLETIN.

It is the purpose of this bulletin to include such miscellaneous

technical papers on insects, other than the scolytid beetles, as are

either injurious or beneficial and of more or less importance in their

relation to American forests. These papers are based largely, if not

entirely, on original observations and investigations, supplemented
by material in the United States National Museum, and serve as a

necessary basis for the nontechnical papers on the same insects.

As they are intended to be of service especially to the economic
entomologists and to the student of forest entomology, they are, as

a rule, presented in a somewhat less formal style than if intended for

the svstematist only.
. A. D. H.
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Page 7, line 12, for cembrae. read cemhra.
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Page 74, line 29, after Can. Ent. insert vol. 40.
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Page 131, line 28, for cincrius read nnereus.





Technical Series, No. 20, Part I.

U. S. DEPARTMENT OF AGRICULTURE.
BXJRE^^XJ OF ENTOMOI.O&'i'.

L. 0. HOWARD, Entomologist and Chief of Bureau.

TECHNICAL PAPERS ON MISCELLANEOUS

FOREST INSECTS.

I. CONTRIBUTIONS TOWARD A MONOGRAPH

OF THE BARK-WEEVILS OF THE

GENUS PISSODES.

A. D. HOPKINS, Ph. D.,

In CJiarye of Forest Insect Investigations.

Issued January 7, 1911.

^<i^%a/ (Vlasevi^^"''

WASHINGTON:
GOVERNMENT PRINTING OFFICE.

1911.





Technical Series, No. 20, Part I.

U. S. DEPARTMENT OF AGRICULTURE,
BTJRE^XJ OF p:;Na^0]V10L0<3-Y.

L. 0. HOWARD, Entomologist and Chief of Bureau.

TECHNICAL PAPERS ON MISCELLANEOUS

FOIIEST INSECTS.

I. CONTRIBUTIONS TOWARD A MONOGRAPH

OF THE BARK-WEEVILS OF THE

GENUS PISSODES. .

A. D. HOPKINS, Ph. D.,

In Charge of Fared lnm:l Investigations.

Issued January 7, 1911.

WASHINGTON:
GOVERNMENT PRINTING OFFICE.

1911.



B UREA U OF ENTOMOLOGY.

L. O. ^owAuv>, Entomologist and Chief of Bureau.

C. L. Marlatt, Assistant Entomologist and Acting Chief in Absence of Chief.

R. S. Clifton, Executive Assistant.

W. F. Tastet, Chief Clerk.

F. H. Chittenden, in charge of truck crop and stored product insect investigations.

A, D. Hopkins, in charge offorest insect investigations.

W. D. Hunter, in charge of southern field crop insect investigations.

F. M. Webster, in charge of cereal andforage insect investigations.

A. L. Quaintance, in charge of deciduous fruit insect investigations.

E. F. Phillips, in charge of bee culture.

D. M. Rogers, in charge of preventing spread of moths, field work.

RoLLA P. CvTiRiE, in charge of editorial work.

Mabel Colcord, librarian.

F'orest Insect Investigations.

A. D. HoPKiKs, in charge.

II. E. Burke, J. L. Webb, Josef Brunner, S. A. Rohwer, T. E. Snyder, W. D,

Edmonston, agents and experts.

Mary E. Faunce, preparator.

William Middleton, Mary C. Johnson, student assistants.

II



LETTER OF TRANSMITTAL

U. S. Department of Agriculture,

Bureau of Entomology,
Washington, D. C, July 25, 1910.

Sir: I have the honor to transmit herewith manuscript of the

first part of a bulletin of the technical series to be entitled "Technical

Papers on Miscellaneous Forest Insects. I. Contributions Toward
a Monograph of the Bark-weevils of the Genus Pissodes," by Dr.

A. D. Hopkins. Although the bark-weevils are among the most
important eAemies of coniferous forest trees, and especially of the

young growth, comparatively little has been known heretofore of

the species; hence the special need for this contribution as a basis

for economic investigations and publications. It embodies the

results of extensive systematic work by Doctor Hopkins on new mate-

rial contained in the collections of the Bureau of Entomology and

the United States National Museum and includes the descriptions of

twenty-three species new to science.

I recommend the publication of this manuscript as Technical

Series No. 20, Part I, of the Bureau of Entomology.

Respectfully,

L. O. Howard,
Entomologist and Chief of Bureau.

Hon. James Wilson,
Secretary of Agriculture.

Ill





PREFACE TO BULLETIN.

It is the purpose of this bulletin to include such miscellaneous

technical papers on insects, other than the scolytid beetles, as are

either injurious or beneficial and of more or less importance in their

relation to American forests. These papers are based largely, if

not entirely, on original observations and investigations, supple-

mented by material in the United States National Museum, and

serve as a necessary basis for the nontechnical papers on the same

insects. As they are intended to be of service especially to the

economic entomologist and to the student of forest entomology,

they are, as a rule, presented in a somewhat less formal style than

if intended for the systematist onl}'.

A. D. H.





CONTENTS

Page.

Introductory 1

Historical references 2

Copy of original description of the genus 3

Translation of original description 3

List of species of Pissodes described previous to 1909, with recorded distri-

bution and host trees 6

Taxonomy 8

Characters used by different authors 8

Subordinal and family characters 8

Tribal and subfamily characters 8

Revisional notes 9

Generic characters 9

Subordinal and family characters 9

Abdominal segments 9

Revised classification 10

Subordinal to subfamily characters 11

Generic characters 11

Anatomical details of the adult 12

The head 12

The thorax
1"

The prothorax 18

The mesothorax 18

The metathorax 20

The abdomen 20

The wings 21

Internal anatomy 22

Secondary sexual characters 22

The eggs 23

The larva 23

The pupa 25

Host trees , 26

General habits 26

General life history 27

General distribution 27

The North American species of Pissodes 27

Natural classification of the species 27

Statistical taxonomy 28

Morphological and physiological characters and characteristics 30

Key to the species 30

Synopsis of adult characters, with descriptions of new species 32

Synopsis of primary sexual characters 37

Synopsis of secondary sexual characters 37

Synopsis of pupal characters 38

VII



VTTT MISCELLANEOUS FOREST INSECTS.

The North American species of Pissodes—Continued. Page.

Synopsis of larval characters 39

Table of dislril)Ution 40

Table showing relations of species to host trees 41

Table of host trees 42

Characters common to the species of the genus 43

Characters common to the species of the major and minor divisions 43

Division 1 43

Subdivision A 44

Section al 44

Subsection bl 44

1. Pissodes similis 44

2. Pissodes utahensis 45

3. Pissodes barberi 45

Subsection b2 46

4. Pissodes sitchensis 47

5. Pissodes engelmanni 47

6. Pissodes strobi 48

7. Pissodes approximati(s 49

8. Pissodes schwarzi 50

9. Pissodes canadensis 51

10. Pissodes nemorensis 51

11. Pissodes deodarse 52

12. Pissodes californicus 53

13. Pissodes yosemite 53

14. Pissodes webbi. 54

Section a2 55

,
Subsections b3 and b4 55

15. Pissodes radiate. 55

16. Pissodes fasciatus 56

Subdivision B 56

Section a3 57

17. Pissodes costatus 57

Section a4 58

Subsection b5 59

18. Pissodes fislcei 59

19. Pissodes nigrx 59

20. Pissodes piincticoUis 60

21. Pissodes vmrrayamt 60

22. Pissodes coloradensis 60

I 23. Pissodes alascensis 61

24. Pissodes rotundatus 61

Subsection b6 62

25. Pissodes burkei 62

26. Pissodes piperi 62

27. Pissodes diibius 63

28. Pissodes fraseri.
.'

63

Division II 64

29. Pissodes affinis 64

30. Pissodes curriei 65

List of described species of Pissodes 65

Bibliography 66



ILLUSTRATIONS

Page.

Plate I. Classification of the genus Pissodes, showing technical and

common names and species numbers 1

II. Statistical taxonomy of Pissodes 30

III. Adults of Pissodes. Fig. 1.

—

P. similis. Fig. 6.

—

P. strobi.

Fig. 8.

—

P. schwarzi. Fig. 15.

—

P. radiatx. Fig. 16.

—

P.

fasciatus. Fig. 18.

—

P. fiskei 68

IV Adults of Pissodes. Fig. 20.

—

P. puncticollis. Fig. 24.— P.

rotundatus. Fig. 25.

—

P. burkei. Fig. 26.^P. piperi.

Fig. 27.—P. dubius. Fig. 29.—P. affinis 68

V. Larva and pupa of Pissodes. Fig. A.—P. piperi, larva—dorsal,

lateral, and ventral aspects. Fig. B.—P. sitchensis, pupa

—

dorsal, ventral, and lateral aspects • 68

VI. Pygal tergites of the abdomen of Pissodes. Fig. 5, 9 •—Tergite

7 of P. engelmanni. Fig. 5, $

.

—Tergites 7 and 8 of P.

engelmanni. Fig. 6.—Tergites 7 and 8 of P. strobi. Fig.

7,,J.—Tergites 7 and 8 of P. approximatus . Fig. 28, <? .

—

Tergites 7 and 8 of P. fraseri; Fi^. 28, 9 .—Tergite 7 of P.

fraseri. Fig. 29,0?.—Tergites 7 and 8 of P. affinis. Fig.

30, J" .—Tergites 7 and 8 of P. cwmei -. . 68

VII . Female reproductive organs of Pissodes 68

VIII. Male and female reproductive organs of Pissodes 68

IX. Male reproductive organs of Pissodes 68

X. Forks of male genitalia of Pissodes 68

XI . Stems of male genitalia of Pissodes 68

XII. Pissodes fiskei: Work in inner bark and outer wood 68

XIII. Pissodes sitchensis: Work in terminal and top 68

XIV. Pissodes strobi: Work in terminals and tops 68

XV. Work of Pissodes approximatus and P. nemorensis in bark and

wood of small sapling 68

XVI. Work of Pissodes yosemite and P. schwarzi in bark and wood. . . 68

XVII . Pissodes fasciatus: Work in bark and outer wood 68

XVIII. Pissodes piperi: Work in bark 68

XIX. Distribution maps of Pissodes. Fig. 1.—P. similis. Fig. 2.

—

P. utahensis. Fig. 3.—P. barberi. Fig. 4.—P. sitchensis.

Fig. 5.—P. engelmanni. Fig. 6.—P. strobi. Fig. 7.—P.

approximatus. Fig. 8.—P. schwarzi 68

XX. Distribution maps of Pissodes. Fig. 9.

—

P. canadensis. Fig.

10.—P. nemorensis. Fig. 11.—P. deodarse. Fig. 12.—P.

californicus. Fig. 13.

—

P. yosemite. Fig. 14.

—

P.webbi. Fig.

15.

—

P. radiatx. Fig. 16.—P. fasciatus 68

IX



MISCELLANEOUS FOREST INSECTS.

Fage.

Pi,ATE 7*lXI. Distribution maps of Pissodes. Fig. 17.

—

F. costatus. Fig.

18.

—

P.Jiskei. Fig. 19.^

—

P.nigrse. Fig. 20.

—

P.puncticollis.

Fig. 21.

—

P. murrayanse. Fig. 22.

—

P. coloradensis , Fig.

23.

—

P. alascensis. Fig. 24.

—

P. rotundatus 68

XXII. DL'^tribution maps of Pisso(/gs. Fig. 25,

—

P.burkei. Fig. 26.

—

P. piperi. Fig. 27.

—

P. duhius. Fig. 28.

—

P.fraseri. Fig.

29.—P. affinis. Fig. 30.—P. curriei 68

TEXT FIGURES.

Fig. 1. Pissodes strobi: Head, ventral aspect, and mouth parts 13

2. Pissodes strobi: Head, dorsal aspect, and mandibles 14

3. Dendroctonus valens: Head, dorsal and lateral aspects 15

4. Dendroctonus valens: Head, ventral aspect, and mouth parts 16

5. Pissodes sitchensis: Head of larva, dorsal aspect 23

6. Pissodes sitchensis: Head of larva, ventral aspect 24

7. Pissodes sitchensis: Head of larva, lateral aspect 25

8. A. Pissodes piperi: Front of head of larva 26

B. Pissodes nemorensis: Front of head of larva 26

9. Pissodes fraseri: Lateral aspect, showing method of determining indi-

vidual index 28





X MISCELLANEOUS FOREST INSECTS.

Page.

Plate XXI. DLstribution maps of Pissodes. Fig. 17.

—

P. costalus. Fig.

18.

—

P.fishei. Fig. 19.

—

P.nigrse. Fig. 20.

—

P.puncticoUis.

Fig. 21.—P. murrayanse. Fig. 22.

—

P. coloradensis , Fig.

23.

—

P. alascensis. Fig. 24.

—

P. rotundatus 68

XXII. Distribution maps of Pissorfcs. Fig. 25.

—

P.burkei. Fig. 26.

—

P. piperi. Fig. 27.

—

P. dubius. Fig. 28.

—

P.fraseri. Fig.

29.—P. affinis. Fig. 30.—P. curriei 68

TEXT FIGURES.

Fig. 1. Pissodes strobi: Head, ventral aspect, and mouth parts ^. 13

2. Pissodes strobi: Head, dorsal aspect, and mandibles 14

3. Dendroctonus valens: Head, dorsal and lateral aspects 15

4. Dendroctonus valens: Head, ventral aspect, and mouth parts 16

5. Pissodes sitchensis: Head of larva, dorsal aspect 23

6. Pissodes sitchensis: Head of larva, ventral aspect 24

7. Pissodes sitchensis: Head of larva, lateral aspect 25

8. A. Pissodes piperi: Front of head of larva 26

B. Pissodes nemorensis: Front of head of larva 26

9. Pissodes fraseri: Lateral aspect, showing method of determining indi-

vidual index 28



Tech. Series 20, Part I, Bureau of Entomology, U. S. Dept. of Agriculture. Plate I.





U. S. D. A., B. E. Tech. Ser. 20, Pt. I. P. T. I., January 7, 1911.

TECHNICAL PAPERS ON MISCELLANEOUS FOREST
INSECTS.

1. CONTRIBUTIONS TOWARD A MONOGRAPH OF THE BARK-

WEEVILS OF THE GENUS PISSODES.

By A. D. HoPKiN.s,

In Charge of Forest Insect Investigations.

INTRODUCTORY.

The bark-weevils of the genus Pissodes represent an important
class of enemies of pine, spruce, and fir trees. For this reason, in

the future management of federal, state, and private forests there

will be a demand for information on the species and on practical

methods of preventing or reducing the damage from their attacks.

Heretofore comparatively little has been known about the North
American species, and consequently there has been much confusion

in collections and in published information, due to the possession

of insufficient facts relating to the destructive characters and habits

of the described species, and especially because of the number of

undescribed species which have not been recognized or have been
wrongly identified.

It is the object of this contribution to revise the generic and specific

descriptions, to describe the species recognized by the author as new
to science, and to record some of the results of the more technical

features of the investigations. Tliis is part of a manuscript on the

genus Pissodes which was prepared by the author in 1 905, but which,

owing to the pressure of other duties, was not completed.

The study of this group of beetles has made it plain to the author
that there is urgent need for special work on the rhynchophorous
beetles of the world, with a view to determining the more important
characters on which to base a satisfactory classification of this

important division of the Coleoptera. This is, however, too great a

task to be undertaken by any one systematist until the principal

genera have been thoroughly studied and monographed by specialists.

For a number of years the writer has given special attention to the

family Scolytidfe, with a view to monographing it, and in coiiiuH-tion
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with this work the genus Pissodes has been studied in some detail

and many other genera of the Rhynehophora and other Coleoptera

have received attention in order that a broader knowledge of the

order, and of the division to which the Scolytidje belong, might be
acquired, but there has been no idea of specializing on any but the

Scolytidfe and possibly a few genera, like Pissodes, wliich are of

special interest in connection with forest entomology.

The material which has served as a basis for this bulletin is that

collected by the writer between 1890 and 1902, that collected by him
and by the assistants in forest insect investigations, Bureau of Ento-
mology, between 1902 and 1907, and that found in the collections

of the United States Department of Agriculture and United States

National Museum, especially in the Hubbard and Schwarz collection.

Studies were made also of good series of specimens of 5 European
species sent to the Bureau through the kindness of Dr. R. Heymons
and Prof. H. Kolbe, of the Royal Zoological Museum of Berhn, and
3 European species represented in the United States National Mu-
seum collection.

The abbreviations adopted in this publication in referring to mate-
rial in the different collections examined and that identified l)y the

writer are as follows:

D. A.—Division and Bureau of Entomology, United States Department of Agri-

culture, Washington, D. C, other than Hoph. U. S.

Hopk. U. S.—Branch of Forest Insect Investigations, Bureau of Entomology,

United States Department of Agriculture, Washington, D. C.

Hopk. W. Va.—West Virginia Agricultural Experiment Station, Morgantown,

W. Va.

U. S. N. M.—United States National Museum, Washington, D. C.

H. & S.—H. G. Hubbard and E. A. Schwarz collection in the United States National

Museum.
A. M. N. H.—American Museum of Natural History, New York, N. Y.

The author desires to acknowledge in this connection the assistance

of Messrs. W. F. Fiske, H. E. Burke, and J. L. Webb in the collecting

of material and recording of field observations, to Messrs. C. B. Dyar
and E. J, Kraus for assistance in compiling the bibliography, and to

Mr. J. F. Strauss for assistance in the preparation of the illustrations.

HISTORICAL REFERENCES.

The name Pissodes (pitch-colored) was lirst proposed by E. F.

Germar (1817, p. 340) without description, but to include Khynchsenus

hufoFab
,
, Lixus notatus Fab

.
, and Rhynchsenus pini L. Later (Germar,

1824, pp. 316-319) he described the genus, part of which was based

on the mouth parts of Pissodes pini and P. notatus, but among the

10 species described only one, P. nemorensis, has been retained.

A copy of the original description of the genus and of this species

follows

:
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COPY OF ORIGINAL DESCRIPTION OF THE GENUS.

PISSODES. Genus novum.o

Character generis.

[p. 316] Rostrum thoraci subaequale aut longius, teres, scrobe sensim subtus flexa.

Antennae pone medium rostri insertae, breves, funiculo septemartirulato, articulis

subaequalibus. Oculi distantes, immersi. Thorax subtus integer. Scutellum dis-

tinctum. Coleoptera oblonga, abdomen et alas obtegentia. Pedes fortes, sub [p. 317]

aequales, tibiis apice unco inflexo armatis, tarsis brevibus, latis, articulo penultimo
bilobo.

Pissodis corpus oblongum, obscurum, maculis squamosis variegatum. Rostrum
thoraci subaequale aut longius, tenue, arcuatum, teres, apicem versus planiusculum,

scrobe lineari, sensim subtus flexa, basi rostri subtus connivente.

Antennae pone medium rostri insertae, breves, fractae, scapo recto, parum clavato,

funiculo septemarticulato, articulis lenticularibus, 1. 2. sublongioribus, obconicis,

clava ovali.

Caput parvum, rotundatum, oculis rotundis, lateralibus, immersis.

Mandibula valida, cornea, tridentata. Maxilla membranacea, intus biloba: lobo

majore ovato, ciliato, denticulato, altero parvo, ensiformi, basali. Palpi quatuor

aequales, conici. Glossarium corneum, oblongum, basi angustatum, intergerio parvo,

basali, ciliato. Inveni instrumenta cibaria in P. pini et P. notato.

Thorax transversus, convexus, apice subito angustatus, coarctatus, subtus pone
gulam leviter emarginatus, canali pro receptione rostri nuUo praeditus.

Scutellum distinctum.

Coleoptera basi thorace parum latiora, oblonga, convexa, postice callosa, apice

rotundata, abdomine hand breviora, alas obtegentia.

[p. 318] Pedes fortes, subaequales, antici approximate Femora clavata, plerum-

que dentata, tibifie parum compresssc, apice intus angulatse, extus unco magno intror-

sum flexo armatse, tarsi breves lati, articulis 1. 2. trigonis, penultimo latiore bilobo,

ultimo clavato, biunguiculato.

Degunt species indigenae in truncis arborum resinosorum, captivi hostem tibiarum

unco arete complectuntur.

([No.] 456) PissoDES NEMORENSis: femoribus muticis, piceus, thorace punctato

rugoso, punctis duobus albis, elytris fulvo-subfasciatis, macula infra medium alba.

Habitat in America boreali. (Kentucky.)

AfRnis certe P. notato, paullo minor et macula elytrorum alba apici propius. Ros-

trum thorace longius, punctulatum, piceum. Thorax lateribus parum rotundatus,

apice coarctatus, rugoso-punctatus, obsolete carinatus, piceus, punctis duobus disci

albo-squamosis. Scutellum albido-squamosum. Coleoptera thorace paullo latiora,

et latitudine sesqui longiora, lateribus recta, apice obtuse rotundata, utrinque im-
pressa; convexa, striato-punctata, interstitiis alternis latioribus, elevatioribus, picea,

brunneo parum squamosa, fasciis utrinque duabus obsoletis fulvis, posteriore juxta

suturam macula alba terminata. Corpus subtus piceum, [p. 319] griseo-squamosum.

Pedes picei, femoribus muticis, ante apicem griseo-annulatis.

[TRANSLATION OF ORIGINAL DESCRIPTION.]

PISSODES. New genus.

Generic characters. Beak not quite as long or longer than the

prothorax, cylindrical, scrobe noticeably flexed under. Antennae

oFrom "Insectorum species novae," by E. F. Germar, vol. 1 (Coleoptera), pp. 316-

319, 1824.
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inserted })ehin(l the micklle of the beak, short, funieuhis 7-sep;mented,

the segments subequal. Eyes separate, sunken [impressed]. Thorax

entire below. Scutellum distinct. The elytra oblong, covering the

abdomen and wings. Feet strong, subequal, tibiae armed at apex

with an incurved hook, tarsi short, broad, the penultimate segment

bilobed.

The body of Pissodes is oblong, obscure, variegated with spot-

covered scales. The rostrum not quite equal to or longer than thorax,

slender, curved, cylindrical, somewhat flattened toward the apex,

scrobe linear, noticeably flexed under, in close approximation to the

base of the rostrum below.

Antennae inserted posterior to the middle of the beak, short,

elbowed, scape straight, somewhat clavate, funiculus 7-segmented,

the segments lenticular, 1 and 2 somewhat longer, obconical, club

oval.

Head small, rounded, eyes round, lateral, sunken [margin im-

pressed].

Mandibles strong, corneous, tridentate. Maxilla membranous,

bilobed internally: the larger lobe ovate, ciliate, denticulate, the

other small, ensiform, basal. Palpi four, equal, conical. Glossa-

rium [labium] corneous, oblong, narrowed at base, intergerium

[ligula] small, basal, ciliate. I have examined the mouth parts in

P. pini and P. notatus.

Thorax transverse, convex, the apex slightly narrowed, coarctate,

slightly emarginate below behind the gula, not provided with a canal

for the reception of the rostrum.

Scutellum distinct.

Elytra shghtly broader than the thorax at base, oblong, convex,

posteriorly calloused, rounded at apex, not shorter than the abdomen,

covering the wings.

Feet strong, subequal, approximate anteriorly. Femora clavate,

frequently dentate,'^ tibiae hartUy compressed, angulate interiorly at

the apex, exteriorly armed with a large hook flexed inward, tarsi

short, broad, segments 1 and 2 triangular, the penultimate broader,

bilobed, the last clavate, with two claws.

The indigenous species live in the trunks of resinous trees; they

are able to hold on to the host by the curved hook of the tibia,

[No.] 456. Pissodes nemorensis: Femora shortened, piceous,

thorax rugosely punctate, with two white spots, elytra subfasciate

with yellow, a wliite spot below the middle. Lives in North America.

(Kentucky.)

It is certainly similar to P. notatus, a little smaller, and the wliite

spot of the elytra near the apex. Beak longer than the thorax,

punctulate, piceous. Thorax with the sides somewhat rounded,

a Relates to Hylcbius and Hilipus.
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coarctate at apex, rugosely punctate, obsoletely carinate, piceous,

with two (lisklike spots of white scales. wScutelhim with white

scales. Elytra slightly broader than thorax and half again longer

than wide. Sides straight, obtusely roiindetl at apex, impressed at

either side; convex, striato-punctate, the alternate interspaces

broader, more elevated, piceous, lightly clothed with brown scales,

each with two obsolescent fulvous bands, posteriorly close to the

suture terminated with a white spot. Body piceous below, with gray

scales. Feet piceous, the femora shortened, annulated with gray

before the apex.

Following are the names of the other species described anfl the

genera and species to which they were later referred.

No. 457. Pissodes macellus = Hylohius pales Boh., Sch. Cure, II, 340.

No. 458. Pissodes cJioicus = Ililipus cJi.oicus (Germar).

No. 459. Pissodes onychinus = Hilipus onycMnus (Germar).

No. 460. Pissodes Jlammiger = Hilipus flammiger (Germar).

No. 461. Pissodes picturatus = Hilipus picturatus (Germar).

No. 462. Pissodes poli/mitus = Hilipus polymitus (Germar).

No. 463. Pissodes erythrorhynchus = Hilipus erythrorhynchus (Ger-

mar).

No. 464. Pissodes prodigialis = Hilipus prodigialis (Germar).

No. 465. Pissodes trachypterus = Hilipus trachypterus (Germar).

Schoenherr (1826, }){). 225-226) was the first to subdivide the genus

and to designate Pissodes pini (L.) as the type and P. picese (111.),

P. harcijnise (Herbst), P. notatus (Fab.), P. piniphilus (Herbst),

and P. nemorensis Germ, as cotypes. Therefore, according to the

rules of nomenclature (Stiles, 1905, pp. 26-27), Pissodes pini (L.)

must stand as the type of the genus.

It appears that up to 1909 the genus was represented by 21 authen-

tically recognized species, 7 from North America, 9 from Europe, 3

from eastern Siberia, and 2 from Japan, as follows:
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TAXONOMY.

CHARACTERS USED BY DIFFERENT AUTHORS.

Beginning with the second division of the Coleoptera or sul)order

RhYncho})hora of most of the authors, the principal characters com-

piled from Lacordaire (1863), Le Conte and Horn (1876), Ganglbauer

(1903), Kolbe (1903), and Bedel (1886-1888), which led up to the

family C\irculionida^ may be summarized as follows:

SUBORDINAL AND FAMILY CHARACTERS.

Head prolonged into a beak; maxillary ])al])i rigid, 4-jointed,

without palparium, (see "Revisional notes," page 9); labial palpi

3-jointed; labrum absent; gular sutures wanting; prosternum with

epimera extending across the base (see "Revisional notes," page 9);

testicles globular; abdomen always with 5 (visible) ventral segments

(see ''Revisional notes," page 9); tibiae without movable spines;

pygidium divided (see "Revisional notes," page 9); elytra with

strong fold toward inner edge; tarsi dilated, brushlike beneath,

third joint bilobed, fourth obscure; mandibles without accessory

pieces; antennte geniculate, clubbed; beak more or less curved.

Continuing through the family Curculionida^, the principal char-

acters, adopted by one or more of the authors mentioned, which lead

up to the subfamilies, tribes, or groups to which the genus Pissodes

was referred, are as follows:

TRIBAL AND SUBFAMILY CHARACTERS.

Lacordaire (1863, pp. 442-464) : Mentum leaving maxilla exi)osed;

submentum forming a peduncle; anterior coxse usually contiguous;

pygidium covered by the elytra; metasternum more or less elongate;

metepisternum at least moderately broad; antennal funiculus

7-jointed; beak variable, with antennal grooves; mesepimerum not

ascending toward base of elytra; prothorax with anterior ventral

margin usually emarginate. Tribe Hylobiides.

Tarsal claws free; elytra with elevations at base; mesepimerum

usually large; body oblong, oval. Group Hylobiides.

Le Conte and Horn (1876, pp. 122, 137): Tibiae with tooth of outer

apical angle small; eyes not contiguous beneath; mandibles with

3 teeth; side pieces of metathorax distinct; lateral angles of first

ventral segment not visible; mentum transverse; labial palpi large.

Tribe Hylobiini.

Stierlin (1883, p. 403): Tibiae compressed; inner edge bisinuate

with apical hook. Subfamily Hylobiini.

Bedel (1888, p. 65): Tibiae without distinct groove on the inner

edge, but with an incurved apical tooth; ventral segments 2 and 4
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with straight sutures; anterior coxae separatetl, but without groove

for beak; tarsal claws small. Tribe Pissodiiii.

Niisslin (1905, p. 110): Beak with antennal insertion near the

middle. Subfamily Pissodini.

REVISIONAL NOTES.

GENERIC CHARACTERS.

The anterior ventral margin of the prothorax is not slightly emargi-

nate in any of the species examined by the writer. The reference to

a dentate femur was based on the species of Ilylohius and Ililvpus.

With these exceptions, the original description applies very well to

all of the known species.

SUBORDINAL AND FAMILY CHARACTERS.

There has been considerable difference of opinion among systema-

tists as to whether the palpus should be referred to as 4-jointed or

3-jointed.

It is evident to the writer that the lateral segment of the maxilla,

which has been mistaken for the basal joint of the palpus, is ho-

mologous with the palpifer in other Coleoptera and orders of insects,

and it would seem, therefore, that the rigid, 3-jointed palpi should

be recognized as one of the important characters to distinguish the

true Rhynchophora from the other Coleoptera. It would remove the

Anthribidse and some other groups which, on account of the absence

of gular sutures, have been placed with the Rhynchophora, but the

writer is inclined to agree with some recent authors that these really

do not belong in the Rhynchophora. In representatives of the

Curculionidse, Scolytidse, and several other families examined by the

writer, the maxillary palpus is distinctly 3-jointed. In some, as in

Pissodes, the palpifer closely resembles a basal joint of the palpus,

but it joins the stipes and the apex does not extend beyond the base

of the galea. Therefore it can not belong to the palpus, but is the

part of the body of the maxilla to which the palpus is attached,

designated as the palpifer.

ABDOMINAL SEGMENTS.

The abdominal tergites 7 and 8 have been referred to by various

authors as the pygidium, propygidium, divided pygidium, etc.

Indeed, the terms "pygidium" and "propygidium" have been

extensively used in systematic entomology, and there is a very

general lack of uniformity in their application to the apical or sub-

apical tergite without regard to their numerical relation. There

seems to be serious objection to this general ap])lication of these

terms in classification, from the fact that in comparative anatomy
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they have no meaning. Therefore in the use of the terms '

' pygidium "

or " propygidium " it is important that the numerical position of the

tergite should be mentioned.

In the Curculionidge, for instance, tergite 7 of the female occupies

the pygal position, while tergite 7 of the male occupies the propygal

position, and tergite 8 the pygal. In the Curculionida", Scolytidse,

and many other Coleoptera abdominal tergite 7 is by far the most

important of the series, owing to the fact that it presents important

characters of structure, sculpture, stridulating accessories, sex, etc.

(see Plate VI).

There is also some confusion with reference to the abdominal

sternites, or ventral segments. The 5 segments often referred to as

,

the first to fifth are the sternites of the third to seventh abdominal

segments, the first and second being obscured by the coxal cavity

(Hopkins, 1909, fig. 38). Therefore they should be referred to either

in their proper numerical order or as the 5 visible abdominal sternites.

REVISED CLASSIFICATION.

It appears to the writer that it would contribute to a more con-

venient and natural arrangement if we would give the C\irculionida3

of most authors the rank of superfamily, and thus promote the old

subfamilies and tribes to families and subfamilies. Thus the genus

Pissodes would fall in the superfamily Curculionoidea, family Curcu-

lionidne, and subfamily Pissodina?.

The subfamily Pissodinse would come next to the group of genera

com])rising the subfamily Hylobiinas. The two subfamilies are

characterized as follows:

SUBFAMILY HYLOBIIN^.

Anterior coxa; contiguous
;
prothorax with anterior ventral margin

emarginate and produced toward the sides; beak stout, with antennal

insertion in front of middle or toward the tip; eyes oval; tibiae

without tooth on inner apical angle. The North American genera

of this subfamily are distinguished as follows:

I. Metasternum very short Paraplinthus.

II. Metasternum long.

A. Tibite with outer apical angle dilated Pachylobius.

B. TibitE with outer apical angle not dilated.

al . Tibiae commonly narrowed toward Lip Hilipus.

a2. Tibiae not narrowed toward tip.

hi . Femora not toothed Ilypomolyx.

Eudocimus.

h2. Femora toothed Hyloiivs.
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SUBFAMILY PISSODIN^.

Anterior coxsb slightly separated; prothorax with anterior ventral

margin not emarginate or produced toward sides; beak usually

slender, with antennal insertion at or toward middle; eyes rounded;

tibiae with tooth on inner apical angle.

Metasternum Ions?, femora not toothed Pissodes.

SUBORDINAL TO SUBFAMILY CHARACTERS.

Head behind the eyes without gular space; maxillary and labial

palpi rigid, 3-jointed; labrum wanting or obscure.

Suborder Rhynchophora.

Beak or rostrum prominent; elytra with lateral fold or groove;

abdomen of sexes with different number of tergites (8 in the males, 7

in the females); tarsi with fourth joint obscure, third bilobed, ventral

surface of first to third densely clothed with fine velvety hairs, fifth

joint with simple claws Superfamily Curculionoidea.

Gular peduncle (submentum) usually long; antennae 11 -jointed,

geniculate Family Curculionidae.

Prothorax with anterior ventral margin not distinctly emarginate;

tibiae with incurved apical tooth; femora unarmed; anterior coxae

not widely separated; abdominal tergites covered by the elytra;

sternites 3 and 4 (1st and 2nd visible) very long, 5 and 6 short, 7 as

long as 5 and 6 together; eyes rounded, widely separated.

Subfamily Pissodinae.

GENERIC CHARACTERS.

Length, ranging from 3.7 to 10 mm.; body oblong, reddish brown

to black, sparsely to thickly clothed with slender to broad scales, the

latter often forming spots on tlie pronotum, elytra, and femora.

Pronotum variable; broader than long, rarely as long as broad,

narrowed in front of middle and usually constricted toward head;

posterior angles rounded, rectangular or acute; punctures of dorsal

surface with intervening flat or elevated contiguous spaces which

sometimes obscure the punctures.

Elytra variable, more than as long again, with the base as broad or

slightly broader than the pronotum, the sides parallel or slightly

narrowed posteriorly, and slightly constricted on each side of the de-

clivity; interspaces convex to flat, the alternating ones often broader

and more elevated; punctures of striae regular or irregular in size.

Declivity oblique, the third and ninth interspaces joined around a

distinct impression at the apex of the fourth, seventh, and eighth

interspaces; fifth strongly elevated at the vertex. Apex of each

elytron rounded or subacute; striae distinctly punctured.
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Head (figs. 1, 2) behind the eyes globuhir, about one-lialf maximum
width of prothorax, smooth, punctured, shghtly impressed between

the eyes and with a few scales on the front toward the margins of the

eyes.

Beak slender, cylindrical, punctured, as long as prothorax or longer,

with sides parallel or slightly narrowed toward middle, or slighth'

broader toward base of mandibles. Antennal insertion at or toward

middle and the antennal groove beginning just in front of insertion

and extending almost parallel with ventral margin to near eyes.

Antennse (fig. 1).—Scape shorter than funicle, which is 7-jointed;

first joint about as long as second and third together; second to seventh

of about equal length, but slightly increasing in width toward club;

first joint of club large, much longer on one side, and sparsely clothed

with short hairs and long bristles; other joints of club slightly more

flattened on one side, more densely clothed with fine hairs, and the

sutures as shown in figures 1 and 2.

ANATOMICAL DETAILS OF THE ADULT."

THE HEAD.

The generic characters and anatomical details of the external

skeleton and appendages of the head are shown in figures 1 and 2.

When compared with the head of a scolytid beetle (figs. 3, 4), it is

plain that the subordinal characters are common to both, but further

than this there are certain features which at once refer them not only

to different families but, in the writer's opinion, to different divisions

of at least superfamily rank.

Mouth yarts.—The lahrum and clypeus are not represented, and the

epistoma is only represented externally by a smoother area faintly

defined by an obscure line and lateral bristles. As usual, the lateral

angles, or area, support the dorsal articulation of the mandibles.

The hypostoma also is obscurely defined externally, but is represented

by the thickened declivous anterior margin of the ventral wall of

the beak, by the sides of the submentum, and by a somewhat irregu-

lar apodeme, the anterior angles of which support the ventral articu-

lation of the mandibles, the middle supporting the maxillary cardo,

the inner anterior angle produced along the lateral area of the sub-

mentum, and the posterior angle ending ji.st beneath the large

hypostomal puncture. Thus the hypostomal area is that part of the

ventral wall of the rostrum which lies anterior to the indistinct limit

of the pregula. The pleurostoma is represented by the convex area

surrounding the large mandibular scrobe. The solid submentum, or

"gular peduncle" of authors, is evidently homologous with the bifid

« For anatomical nomenclature, see Technical Series 17, Part I, Bureau of Ento-

mology, U. S. Dept. of Agriculture, 1909.
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submentum in Dendrodonus. Its apex is truncate or rounded, and

supports the labium, the mentum of which is about as long as the

Palpif,

Jtlenlum-

Gular suture

Occipital area -(1_ _

Fig. 1 .-Pissodes strobi: Head, ventral aspect, and mouth parts. A , Ventral aspect of apical region of beak

;

B, ventral aspect of head; C, interno-lateral aspect of maxilla; D, externo-lateral aspect of maxilla; a,

apical tooth; 6, subapical tooth; c, lateral arm of hypostoma; d, pleurostoma; e, mandibular scrobe; /,

hypostomal area; g, lacinial bristles; h, antennal groove; /, joints; j, fossa of cardo; k, hypostomal punc-

ture. (Author's illustration.)

submentum and a httle broader. The labial palpifer is not defined,

but is represented by the anterior thirtl of the mentum. The labial
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palpi are stout, conical, and 3-jointed, and not so long as the mentum,
the first and second joints of about equal length and the third short.

c

Fig. 2.—Pissodes strobi: Head, dorsal aspect, and mandibles. A , Dorsal aspect of left mandible; B, ventral

aspect of left mandible; C, dorsal aspect of head; a, apical tooth; 6, subapical tooth; c, median tooth;

d, molar; e, median condyle; /, lateral muscle process; g, lateral condyle; h, lateral fossa; i, extensor

tendon; j, pharyngeal bracon; k, retractor tendon; I, ventral area; m, dorsal area; n, median condyle;

0, anterior fossa; p, anterior section of beak; g, posterior section of beak; s, dorsal area; t, anterior con-

dyle; «, lateralfossa. (Author's illustration.)

The ligula is narrow and clothed with long bristles rising from the

inner anterior margin of the mentum.
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The form and relative proportions of the maxillse. are shown in

figure 1, C, D, and in place in A. The cardo is short and stout, and
articulates with the hypostomal apodeme. The extensor, flexor, and
other muscles of the cardo, maxilla, and labium are attached to the

aleral impression

Fig. 3.—Dendroctonus valens: Head, dorsal and lateral aspects. A , Dorsal aspect of head; B, lateral aspect

of head; C, dorsal aspect of right mandible; D, ventral aspect of right mandible; a, dorsal area; b, dorsal

impression; c, anterior condyle; d, median fossa; e, median condyle; /, posterior fossa; g, basal ridge; ft,

apical tooth; i, acute margin; j, subapical tooth; fc, median tooth; 1, molar; m, anterior condyle; n,

median fossa; o, posterior condyle; p, lateral area; r, dorsal bristles of mandible; s, lateral bristles of

mandible; t, epistomal bristles; u, lateral angle of epistoma. (Author's illustration.)

inner ventral wall of the beak in a median triangular space between
the hypostomal punctures and converging to a point near the anterior

limit of the pregula. The stipes is clearly defined as a subbasal piece

articulating with the cardo and joined to the palpifer and subgalea
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by distinct sutures, and in this respect is very different from that in

Dendroctonus, in which it is fused with the palpifer and subgalea.

The maxillary palpifer is large and stout and from an intern o-lateral

Gulai- mture

Fig. 4.—Dendroctonus valcns: Head, ventral aspect, and mouth parts. A, Labium; B, maxilla, interno-

lateral aspect; C, same, externo-lateral aspect; D, hypostomal region, dorsal aspect; E, head, ventral

aspect; a, ba.sal fossa of mentum; 6, joints; c, basal membrane; d, palpiferal area; c, stipal area; /, sub-

galeal area; g, fossa; h, muscle processes; k, median condjie; I, lateral fossa; m, anterior condyle; n,

median fossa; o, posterior condyle; p, hypopharyngeal bracon; q, submental process; r, maxillary con-

dyle; s, gular apodeme; «, oral foramen; v, occipital apodemc; ?/•, postgular piece. (Author's illustra-

tion.)

aspect is longer than the stipes and cardo together and much longer

than the palpus. It is separated from the subgalea and stipes by
distinct sutures, and resembles a very large first joint of tlie palpus.
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The suhgalea, galea, and lacinia are represented by one broad lobe

without even the indication of sutures separating the hicinia from the

subgalea as in Dendroctonus. The interno-hxteral face and internal

margin of the lobe arearmed with stout lacinial teeth, while the externo-

lateral face is clothed with bristles and hairs, those of the posterior

angle being very long and curved. The palpus is stout, conical,

3-jointed, shorter than the palpifer, joints 1 and 2 of about equal

length and 3 shorter.

The character of the mandibles is shown in figure 2, A and B.

They are stout, subrectangular, and without a scar on the "outer

surface." The inner edge has 3 prominent teeth; the apical, sub-

apical, and median teeth are stout, triangular, and about equal in

size, the molar not represented. The outer lateral area is deeply

impressed at the base of the lateral muscle process, which is long

and broad. The ventral articulation has a simple median "ball"

condyle, wliile the dorsal articulation has a median "ball" con-

dyle surrounded by a deep fossa. The exteiisor and retractor muscles

are attached to the inner wall of the cranium, and are connected to

the mandibles by long, very slender, subchitinous tendons (fig. 2, %,]{:).

The pharyngeal hracon is also long and slender, and apparently sub-

cliitinous, thus serving as a rigid support or brace to the lateral wall

of the pharynx.

The characters of the antennse are shown in figures 1 and 2. The
scape is slightly shorter than the funiculus, and the club is about half

as long as either one. The funiculus is 7-jointed; joint 1 is about

as long as joints 2 and 3 together; joints 2 to 7 are of about equal

length and increase slightly in width toward the club. The club

is subcylindrical, ovate, acuminate, with apex subacute and with

5 obscurely defined joints. Joint 1 is much longer on one side than

on the other and sparsely clothed with short hairs and long bristles;

the remaining 4 are about equal in length, slightly more impressed

on the anterior face, and densely clothed with fine hairs which obscure

the sutures; the sutures, according to the point of view, may be

oblique, transverse, recurved, or procurved.

The pregula is clearly defined in the ventral area of the rostrum.

The sutures diverge anteriorly from their junction with the median
gular suture near the base of the rostrum. The pregena is represented

by the longitudinal area between the pregular suture and the antennal

groove.
THE THORAX.

The thorax, as is usual, consists of 3 distinct segments (fig. 9, p. 28).

The prothorax articulates freely with the mesothorax, but the

mesothorax and metathorax are firmly connected. The combined
length of the sternal areas of the three thoracic segments is slightly

greater than that of the sternal area of the abdomen, while the com-
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bined length of the (k:)rsal or tergal areas of the thoracic segments is

also slightly greater than the tergal area of the abdomen. The
pronotum is slightly longer than the inesotergum and metatergum
together. The prosternal area is much longer than the mesosternal

and about equal to that of the metasternal area. The metapleura

show the same relative proportions as the sterna, and together are

much longer than the abdoininal pleura. The anterior dorsal margin

of the pronotum is not greatly extended beyond that of the sternum,

as it is in Dendroctonus; the posterior margin of the metatergum is

but slightly extended anteriorly beyond the posterior ventral margin

of the same segment, but it is much in advance of the posterior

margin of the metapleura. (For a discussion of the divisions of the

thoracic segments of insects and of the nomenclature, see Hopkins,

1909, pp. 23-35.)
The Prothorax.

As is usual in the rhynchophorous beetles, the tergal, pleural, and

sternal areas are fused into a continuous band. In addition to the

preceding description of the i)ro7iotum there is usually a median ele-

vated line extending from the anterior impression to tlie posterior

margin, and each side of this line toward the middle there are two
distinct impressions filled with whitish or yellowish scales, thus

forming distinct subdorsal spots. There is also a broad, posterior,

dorsal impression near the posterior margin. The lateral areas are

usually marked with spots of scales, which are more or less distinct

and variable in size and form. The anterior margin is usually evenly

curved, but is sometimes slightly emarginate. The anterior ventral

margin is never emarginate or distinctly produced toward the sides.

The posterior dorsal margin is slightly bisinuate, and the posterior and

lateral declivities of the notum are vertical. The posterior ventral

margin is elevated and uniformly curved. The episternal and

epimeral areas are not indicated by surface sculpture, but the pre-

episternal area is plainly indicated by a transverse elevation anterior

to a distinct transverse pleural groove. This groove also extends

across the sternal area and thus defines the presternal area, which is

strongly convex. The sternum is fiat to subconvex, subdeclivous,

the posterior section terminating in an acute point between the

coxse. The sternellum is represented by a small but distinct inter-

coxal piece and the poststerneUum ("epimerum" of authors) by the

narrow posterior area which incloses the coxae. The coxal cavities

are large, with the inner margins but slightly separated.

The Mesothorax.

The mesothorax is short and partially liidden from view b}^ the

prothorax, wdiich covers the anterior third of the sternites, pleurites,

and tergites, while the base of the elytra normally covers the posterior
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areas of the tergites, leaving only the scutellar process or scutelliim

exposed between the basal angles. This process is densely clothed

with white or yellow scales.

When the prothorax and elytra are removed the 7nesotergum is

found to be rectangular in form; the prescutum is clearly defined as a

convex strongly chitinized notal plate, occupying about two-tliirds

of the tergal area. The anterior margin is acutely emarginate and the

anterior angles strongly produced. The prephragma is strongly

flexed beneath the posterior dorsal area. The scutum appears to be

represented by a narrow dorsal area between the median process of

the scutellum and the posterior limit of the prescutum, and by the

lateral submembranous areas between the oblique lateral margin

of the prescutum and the scutellum. The scutellum is represented

by the prominent median process and laterally by the chitinous

piece just posterior to the. scutal area. The postscutellum is repre-

sented by the subventral and flexed margin of the scutellum and by

a slender lateral arm.

Mesopleura.—The episternum, preepisternum, epimerum, and

postepimerum are all clearly defined. The preepisternum is similar

to that of Dendroctonus. It is nearly as large as the episternum,

narrowed toward the sternum, and very broad toward the opposite

extremity, where it projects over the anterior dorsal angles of the

episternum and epimerum. The surface is testaceous and opaque.

Its posterior margin is clearly defined by a distinct but narrow lateral

impression, which is densely clothed with fine whitish scales. The
anterior is strongly declivous, concave, shining, and the preepistemal

process is prominent and broad, but not stout as it is in Dendroctonus.

The oblique ventral margin is thickened, but the posterior dorsal

section is very thin and without a distinct arm connecting it with the

articulating condyles. In this respect and in the strongly dilated

dorsal section the preepisternum is very different from that in Den-
droctonus. The episternum forms an isosceles triangle with the

anterior dorsal margin narrowly produced and disappearing beneath

the dilated end of the preepisternum. The ventral and posterior

angles are equal and acute. The surface is coarsely punctured and, as

is common over the entire ventral area of the body, each puncture

bears a broad scale. The epimerum is narrow, oblique, and broad

at its junction with the anterior dorsal angle of the metepisternal

plate. The ventral end is truncate, while the dorsal end is strongly

narrowed and produced forward beneath the preepisternum, where
it joins with the angle of the episternum to form the articulating proc-

esses. The postepimerum is narrow, declivous, and shining.

The mesosternal area is short, with the anterior margin bisinuate,

the intercoxal piece elevated and truncate at apex, and the exocoxal

pieces distinct. The preepisternum is represented by a narrow shining



20 MISCELLANEOUS FOREST INSECTS.

area, l)iit the sternellum and poststernellum are not represented by ex-

ternal areas. The coxal cavities are not widely separated. The
mesothoracic spiracle is large and situated near the ventral edge of

the preepisternal process where it is covered by the prothorax.

The Metathorax.

The metatergum is quite similar in general character to that in Den-
droctonus (Hopkins, 1909, fig. 20); it is shorter and broad, and the

postscutellum is very short and declivous. The membranous area of

the prescutum is broad. The dorsal band is narrower. The scutellar

groove is broad but less produced anteriorly. The metatergal costse:

are not elevated above the scutum. The ])rescutal lobes are less

prominent and the pleural hooks of the postscutellum are long and

slender. Internally the median apodeme is more oblique and more
acutely joined to the anterior apodeme. The longitudinal ridges

formed by the deep lateral impressions of the scutellar groove are

much more prominent and continuous from the anterior apodeme to

near the posterior margin. The basal area of the wing and the

articulating accessories are similar to those in Dendroctonus, differing

only in minor details.

The metapleura are also similar to those in Dendroctonus, except

that the episternum is narrower, the anterior ventral angle more
produced and acute, the posterior end narrowed, and the exposed

triangular plate of the postepimerum, longer. The chitinous area of

the epimerum is narrow, while the submembranous area or post-

epimeral area is correspondingly broad. The pleural clavicula is veiy

long and the clavicle and coracoid processes are distinctly separated.

The metasternal area is a third longer than the mesosternal and

twice as broad as long, without a median longitudinal groove, but

with a median impression toward the posterior margin of the ster-

num proper. The sternellum is represented by an intercoxal piece

covered by the median process of the abdominal sternite, and flexed

beneath this is a plate which evidently represents the poststernellum.

The coxal cavities are very large, widely separated, and suppress

the first and second abdominal sternites. The metathoracic spiracle

is situated in an open space between the metapleural clavicula and

the mesepimerum.
THE ABDOMEN.

Tergites.—The abdominal tergites increase slightly in length from

tergite 1 to tergite 4, inclusive, and also become more uniformly sub-

chitinous; 5 and 6 are shorter than 4, and 6 is more membranous
and has a pair of membranous lobes which are absent in the five pre-

ceding tergites; 7 and 8 are chitinous and clothed with short hairs.

The epipleurites are membranous and quite clearly defined in living

examples. The spiracle of segment 1 is very large, as usual, and the
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others diminish sHghtly in size to and including the seventli. Spiracle

8 is evidently not represented. The character of abdominal tergites

7 and 8 in the males and females of different species is clearly shown

in Plate VL It will be noted that they are qnite different from the

corresponding tergites in Dendrocionus, both in form and Testiture.

In those of Pissodes two or three hairs rise from each puncture instead

of one, as in Dendrocionus, and in tergite 7 of the male the middle

section of the posterior margin is broadly refuse, with the principal

stridulating scrapers on the subacute lateral angles. In the female

the posterior margin of tergite 7 is broadly rounded. The sensory

tubercles in tergite 7 of both sexes appear to be of considerable taxo-

nomic importance, especially in their number and arrangement.

Sternites.—The characteristic form and relative proportions of the

abdominal sternites are shown in fig. 9 (p. 28). The intercoxal ])rocess

of sternite 3 (first visible sternite) is broad, with a slightly produced

acute apex. In addition to the description of the abdominal sternites

on page 10, suture 3 (or the first visible suture) is bisinuate, with the

middle section strongly curved forward. Sutures 4, 5, and 6 continue

straight to the lateral margin. The apex of sternite 7 in the males is

variously sculptured, as described in the synopsis of secondary sexual

characters. Sternite 8 in the males (Plate IX, /) is small, separated

in two sections, and forms the so-called genital plate, while in the

females (Plate VII, c) it is solid and evidently fused with tergite 9,

which is evidently represented by the chitinous rod on apodeme d,

and the fork j.

The hypopieurites are completely covered by tlie elytra; 1 and 2 are

fused with the anterior end of 3. The sides of 3 and 4 are nearly ver-

tical and have the dorsal edges acute, to fit into the posterior lateral

groove of the elytra; 5, 6, and 7 are oblique and increase in width to

and including 7, the posterior margin of which is obliquely curved to

fit around the lateral section of tergite 8 in the male or 7 in the female.

THE WINGS.

Mesothoracic wings (elytra).—In addition to the description on
page 11, the mesothoracic wings, or elytra, have each 10 striae and
1 1 interspaces, the latter including the costal and anal margins. The
costal edge is deeply grooved for the reception of the produced dorsal

edge of the metepisternum in the anterior section and of hypopleurites

3 and 4 in the posterior section. Beginning near the posterior end of

this groove and extending obliquely to the apex there is a triangular

area on the inner face of both elytra, which in the male is finely sul-

cate and serves as the stridulating rasp, while in the female the surface

is roughened, with irregular elevations, apparently not available for

producing sound. The subacute lateral angles of abdominal tergite

7 of the male evidently serve as the stridulatory scrapers.
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Metathoracic wings.—The metathoracic wings are similar to those

of Dendroctonus, but are at once distinguished by the two branches

faintly connected with an evident cross-vein between the media and

cubitus. The writer has not made a sufficient study of the modifica-

tion of the veins in coleopterous wings to warrant anything more than

the provisional interpretations indicated in the recently published

figure (Hopkins, 1909, fig. 1).

INTERNAL ANATOMY.

The only parts of the internal anatomy that have been studied

in detail by the w'riter are the reproductive organs of both sexes,

which are of special interest, both from a systematic and from an

economic point of view. These present taxonomic characters of last

resort in the determination of the species. Those of the female are of

interest from the fact that it is claimed that individuals must attain

an age of several months before the ovaries are sufficiently matured

for the development of eggs; also, that a single copulation may
suffice for a long period; therefore it is important in our economic

studies to be able to readily recognize the sexes and the approximate

age of specimens collected at different times. The details of the

male reproductive organs are shown in Plates VIII to XI, and

require little explanation in addition to that given in the legends and

synopsis. It will be seen that there are specific differences in the

main body or stein (Plate XI), as well as in the fork (Plate X). The

organs of reproduction in a very young female are shown in Plates

VII and VIII, the parts of which are fully explained in the legends.

The profile of the abdomen (Plates VII and IX, A), with the parts

in situ, shows the relation of the ventral and dorsal segments and

genital plates to the different parts of the reproductive organs, cer-

tain parts of which are evidently direct modifications of the ninth

and tenth dorsal and ventral segments. The figures are intended to

illustrate the main features and are in some respects subdiagram-

matical.

SECONDARY SEXUAL CHARACTERS.

Females.—In the females there are but 7 visible abdominal tergites,

the eighth being completely covered by the seventh, wliich forms the

pygidium. The beak is longer, smoother, and more slender than

in the males. The apical or seventh abdominal sternite is usually

shorter than the t ^receding sternites together, which are usually

less convex and more evenly punctured. The inner apical tooth of

the tibiae is also smaller.

Males.—In the males there are 8 visible abdominal tergites; the

seventh is distinguished by the broadly retuse posterior margin,

while the eighth is prominent, with the apex broadly rounded, and

forms the pygidium. The abdominal sternites 3 and 4 are more con-
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vex than in the female, less evenly punctured and more shining

toward the middle. The beak is stout, shorter, less shining, and more

distinctly puncturetl. The inner apical tooth of the tibiae is usually

more prominent.
THE EGGS.

The eggs are pearly white, slightly oblong, and equally rounded at

both ends.
THE liARVA."

The larva (Plate Y, ^1) is yellowish-white, cylindrical, footless, wdth

3 thoracic and 9 distinct abdominal segments, the anal lobes repre-

senting the tenth ; the thoracic

segments not distinctly larger

than the first abdominal. The

hairs of the second prothoracic

segment to the seventh ab-

dominal segment are small and

obscure; those of the head, first

prothoracic, and eighth and

ninth abdominal are longer

and more conspicuous. The

first thoracic segment has a

shining dorsal plate and some-

times a distinct sternal plate.

The ventral lobes of the three

thoracic segments have incon-

spicuous foot calli, each with

iine, erect hairs. The first

thoracic segment has a distinct

spiracle; the second and third

segments are without spiracles,

but the spiracles are distinct in the first to the eighth abdominal, and

are round and not oblong or oval, as in Hylobiina?.

TJie head (figs. 5-8 and Plate V, A).—The head is light brown,

the anterior margin and mandibles much darker. When removed,

it is as broad as long (not including the mandibles), narrower in

front than at middle, the sides broadly rounded from middle to

apex, which is somewhat angular. The sides are nearly straight from

the middle to the anterior angles, and the lateral area has an oblique,

longitudinal, lighter area or stripe; the epicranial and frontal

sutures are distinct and much lighter in color in fresh specimens.

There are also 2 short, narrow, longitudinal stripes rising from the

Fig. 5.—Pisso(les sitchensis: Head of larva, dorsal aspect,

o, Eye spot; b, frontal suturn; c, subdorsal stripe;

d, median line; e, epicranial suture. (Original.)

c For anatomical nomenclature, see Hopkins, 1909, pp. 57-64,

57930°—11 3
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frontal suture. The anatomical details are very similar to those of

Dcndroctonus. The frontal area is trianjjular, with a distinct median

line from the apex to or beyond the middle. The sutural margins

are irregular or sinuate. The normal arrangement of the hairs is

shown in figure 8. The antennx are very small, conical, 1-jointed,

and situated at the anterior extremity of the frontal suture. The
epistoma is represented by the thickened anterior margin of the front,

with which it is fused. It is usually darker in color, with the an-

terior margin declivous and nearly straight, and the lateral angles

slightly produced and elevated where they support the dorsal articu-

lation of the mandibles. The pleurostoma is represented by the

thickened declivous area surrounding the mandibular foramen.

The mandibles are rather stout,

triangular, with 3 teeth on the

anterior half of the inner edge.

The apical tooth is usually

acute, the subapical acute and
near the apex, and the third or

median tooth obtuse, emargin-

ate, or triangular; usually the

basal or molar tooth is not rep-

resented. The articulation is

quite similar to that in larvae

of Dendroctonus. The dorso-

lateral area of the mandible has

a small impression and short

bristle. The eyes are repre-

sented in some species by mi-

nute ])lack spots beneath the

exoskeleton, but apparently

without lenses. The maxillse

(fig. 6) are much longer than

broad, with a distinct cardo,

and the stipes, palpiger, and

inner lobe are fused into one piece; the lateral area is elevated toward

the base, as seen in balsam and when removed from the head. The
palpi are 2-jointed, and the inner face of the lobes is armed with stout

lacinial teeth. The lahium (fig. 6), ventral aspect, has a large, mem-
branous submental lobe (o) attached to and contiguous with the integ-

ument of the prothoracic sterna and laterally to that of the maxilla; it

is also attached by ligaments to the intergular plate. The mentum is

represented by a median triangular chitinous ])late near the middle of

the submentum. The mentum, palpifer, and ligula are fused, and the

palpi are short, conical, and 2-jointed; the inner part of the ligula is

membranous and contiguous with the pharynx. The arrangement of

Fig. 6.

—

Pissodis sitchensis: Head of larva, ventral aspect.

/, Apical papilla of labrum; i, labial hooks; /, gular

plate; m, gular area; n, location of gular apodenie;

o,sulimental lobe. (Original.)
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the hairs on both the maxillae and labium, as shown in figure 6, is

characteristic and quite constant. The clypeus (fig. 5) is broad at

base, the sides narrowed to the apical angles, and slightly to dis-

tinctly longer than the labrum. The labrum (fig. 5) is more chitinous,

about three times as broad as long from apex of clypeus, the ventral

posterior margin angular, and extending beyond the margin of the

clypeus. The labral hooks are distinct (in balsam mounts), only

slightly longer than the labrum, and, as usual, support the anterior

portion of the epipharynx. An examination of the larvae of 14

species showed that there is considerable specific variation in the

form and proportion of the frontal area, clypeus, labrum, and man-
dibles. The last have characters of some divisional and subdivi-

sional value, but the characters have not been

sufficiently studied to present them in tabular

form for the identification of the species.

Certain characters common to one or more

species of a division are given in a provisional

synopsis on page 39.

THE PUPA.
(Plate V,B.)

An examination of the pupae of 6 species

of the first division and 3 species of the second

division sJiows that the following characters

are common to all : The apex of the posterior

tarsus is even with the apex of the wing pad;

the apex of the antenna extends toward the

middle and in front of the anterior femur,

but does not rest against it or touch the wing

pad; the anterior, middle, and posterior femora

have each 2 minute subapical spines; the head

has 2^ prominent spines toward the vertex, 2

smaller ones on the sides toward the eyes

each side of the front between the eyes, and usually 3 pairs of

smaller ones on the beak between the frontal ones and the base of

the antennae; the prothorax has 3 [jairs of dorsal spines, one pair

moderately closely placed on or toward the anterior margin, one

widely separated pair on the median area, and the other pair situ-

ated toward the base and still more widely separated; the lateral

area has 2 closely placed spines near the middle, and the basal

angle has an oblique row of 3 spines; the mesoscutum and

metascutum have each 2 rather closely placed spines on each side

of the median space; the abdomen has 8 distinct dorsal tergites, and
the dorsal area of each is armed with 2 spines, which slightly increase

in prominence from the first segment to the sixth or seventh. In

Occiput - - -

Fig. 7.—Pissodes sitchensis : Head
of larva, lateral aspect. 6,

Frontal suture; c, subdorsal

stripe; o, submental lobe; p
lateral stripe. (Original.)

, and 2 small ones
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some species there are alternating smaller, less regular spines between

the dorsal and lateral ones. The lateral area of each tergite is armed

with two spines and the epipleural lobes are each also distinctly or

obscurely armetl with one or two spines, and the ninth segment, as

usual, is armed with two prominent pleural sj)ines. (See Hopkins,

1909, figs. 37, 38, for anatomical nomenclature.)

HOST TREES.

The host trees of Pissodes are, so far as known, restricted to the

conifers, and include

Pinus, Picea, Abies,

Larix, Pseudotsuga,

and Gedrus. Some of

the species infest both

living and dying or

newly felled trees,

while others appear to

confine their attack to

those which are sickly,

dying, or felled. Some
of them infest the liv-

ing terminals and up-

per branches, others

the upper or middle,

stem, or base; some
prefer to infest the

thick bark of large

trees , while others
show a preference for

the thinner bark ofsap-

lings and poles. (See

table, pp. 41-42. )»

GENERAL HABITS.

The eggs are depos-

ited in cavities exca-

vated by means of the

beak in the outer or

inner portion of the

inner bark. Some spe-

cies deposit one or two

eggs in a single cavity,

while others deposit many. The larvae obtain their food from the

inner bark through which they extend their irregular mines (Plates

XII to XVIII), and when they have completed their development

Fig. 8. -^ ; Pissodas piperi, front of hoail of lar\a. 6, Frontal suturo;

c, subdorsal stripe; d, median line; e, epicranial sutuic; /", apical

papilla; g, labial bristles; h, clypeal bristles; i, labral hooks or

epipharyngeal bracons; J, epipharyngeal papilla; k, oesophagus.

B: Pissodes nemorensis, front of head of larva. Nomenclature

same as in A. (Original.)
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they excavate transrorinatiou cells, or pupal cases, in the outer

portion of the wood, or, rarely, in the inner bark. These cells

are inclosed by a thick covering oi" excelsior-like wood fiber, form-

ing the so-called "chip cocoons," which are perhaps a more char-

acteristic feature of the species of this genus than of any other.

GENERAL LIFE HISTORY.

The characteristic features in the life history of the species are

the long life of the adult, the slow sexual maturity, the long period

in which eggs may be deposited by a single female, and a single

generation annually. In some species the broods develop within

two or three months after the eggs are deposited, while in others it

requires a longer period. The adults of some of the species emerge
from the bark and hibernate in the grountl, while others pass the

winter in the bark.

GENERAL DISTRIBUTION.

The genus is represented in ail sections of the United States char-

acterized by natural growth of their host trees, and in other sections

where such trees have been introduced to a sufficient extent to sup-

port them. (See table, pp. 40-41.)

THE NORTH AMERICAN SPECIES OF PISSODES.

NATURAL CLASSIFICATION OF THE SPECIES.

In the following key and synopses (pp. 30-38) an attempt is made
toward a natural classification of the species of Pissodes into primary

and secondary divisions, sections, series, etc., according to characters

which indicate lines of specialization and natural affinities. It will be

noted that the general modification, as in most Curculionidae, is

from a short or stout beak to a longer or more slender one, and in

general from small to larger forms.

The characters of the pronotum, as commonly used to indicate

species and groups of species, are found to be of little value in sepa-

rating primary, or even secondary, divisions, but are of more impor-

tance in separating the subsections, series, and species. The special-

ization is plainly from a rounded, obtuse, to a rectangular and
acute basal angle, but this specialization is confined to the smaller

groups, and is therefore represented in the several sections as paral-

lel developments. The pronotum is, in fact, quite variable in the

individuals of the same species. In some reared specimens of the same
species there is a wide range from a rounded to an acute basal angle,

while in one specimen of Pissodes neinorensis the angle of one side

is rectangular, while that of the other is acute. These radical depar-

tures from the normal may, however, be considered as deformities.
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Tlu' length of iho Ix'ak also vaiios; thus, in soiuo of the foiiialos it

is shorter than in some males of the same species. The elytra are

more or less variable in form, but ap])ear to be more constant than

the other parts, and show little or no sexual tliiierence.

The chai'acter and i)osition of the spots of densely placed scales

appear to be of special value in the classification of the genus, but

these are sometimes rendered obscure in old, rubbed, and dirty speci-

mens. The scales are so firmly attached, however, that they are

often sufficiently retained in old specimens to be of value. Dirty

specimens can be easily cleaned with chloroform or xylol, the latter

being especiall,y valuable for the removal of resin.

STATISTICAL TAXONOMY.

In a comparative study of the characters which distinguish the

major and minor divisions and species of a genus or a larger group of

organisms, a progressive

modification of certain

parts of the body struc-

ture is usually found to

serve (together with other

characters) as an index to

a natural classification.

Therefore the importance

of having some clear and

definite method of indi-

/nc/,^<c/u^/ /nc/ej!}> 9** catlug thc raiigc and
Fig. 9.—P/ssodfs fraseri: Lateral aspect, showing method of de- limit of SUch liuCS of modi
termining

prothorax

termining individual index, a, Length of teak; b, length of
fl„„f,-^„ ^„ cinpcifllizfltion

c;c, length of elytra. (Original.)
iicaiion or Specialization

IS apparent.

The writer's experience with the statistical method in comparative

studies of such modifications has convinced him that when it is

accurately applied a mathematical formula may be determined to

express the limit and relative taxonomic importance of a given

modification in one or more structural characters, to indicate specific

differences, and to show the relative position and rank the species

occupy in a natural classification. Thus we may adopt for certain

groups of insects a statistical taxonomy as a guide toward the

classification of the species into natural divisions.

In the bark-weevils of the genus Pissodes we have a good example

for the application of this method. One of the principal lines of

modification available for statistical study is the progressive elonga-

tion of the beak. Therefore when we compare the average ratio or

mode of the length of the beak to both the length of the prothorax

and length of the elytra (fig. 9) in a number of individuals of one

species with that of an equal number of individuals of another species,
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no matter what differences there may be in the length ol' the body

of the individuals, we get a mathematical expression, or index, of

the difference in tlieir relative })ro[)ortions.

The following examples will serve to illustrate the application of

the method :

"

Example 1.

Female individual of Pissodes strobi.

a, Length of beak, 29 micrometer divisions.

6, Length of prothorax, 31 micrometer divisions. .

c, Length of elytra, 73 micrometer divisions.

a-^fe=.935.

a-^c=.397, + .935=1.332, -^ 2=.666 =Index of relative proportions of an individual.

Now, if 50 male individuals of this species show a range in the individual index of

61 to 64, with an average or mode of 63, and 50 females show a range of 65 to 69,

with a mode of 68, the relative proportions for each sex and for the species are

expressed by the formula, $ 63-9 68.

Example 2.

Female individual of Pissodes fraseri (fig. 9).

a, Length of beak, 45 micrometer divisions.

b, Length of prothorax, 33 micrometer divisions.

c, Length of elytra, 85 micrometer divisions.

a^6=1.366.
a-HC=.529, +1.366=1.895,-1-2=.947+. If 50 male individuals show an index range

of 72 to 73 and a mode of 72, and 50 females show a range of 91 to 111, with a

mode of .100, the formula would be $ 72-9100.

P. strobi, formula ^ 63-968.

P. fraseri, formula J" 72-9 100.

According to other characters, these two species fall in the same division of the

genus, but in different subdivisions. The formulas for the species of the first division

range from $ 57-9^2 to (J 72—

9

100, Those of the first subdivision range from

^ 57 — 9 62 to ^74—9 79, while those of the second subdivision range from ^ 64 — 9 70

to ^72-9100.

Thus the formulas for P. strohi and P. fraseri, together with the

characters wliich refer them to their respective primary and minor

divisions, indicate the natural position and rank they should occupy

in the classification. (See Plate II.)

It is interesting to note that the Hylobiinae, which are plainly less

mothfied in respect to the length of the beak than the Pissodinae,

show their relative lower position in the determined formulas for

representatives of the 4 principal genera (Paraplinthus, J 47, 9 58;

Hilipus, J 35, 9 68; Evdocmius, J 38, 9 49; Ilylobius, J 48, 9 56).

It will be noted that the females of only two of the genera fall within

the range of the Pissodinse, while Ilylobius, which has some affinities

a Measurements up to 10 mm. may be made by means of a microscope with a mi-

crometer eyepiece and a 2-inch objective, the tube adjusted so that each division in

the micrometer scale equals five one-hundredths of a millimeter.
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mtli P. affinis of the second division of the <2;enus Pissodes, does not

come within the range, but occupies the j)osition probably held by

the more primitive forms of the affinis division. (See Plate II.)

MORPHOLOGICAL AND PHYSIOLOGICAL CHARACTERS AND CHARAC-

TERISTICS.

The plan of combining morphological characters and physiological

characteristics as a basis for specific distinction, as discussed by the

writer in the technical contribution on Dendroctonus (Hopkins, 1909,

p. 64), has been followed in the study and classification of the species

of Pissodes. The close resemblance of the adults of allied species and

the wide range of specific variation render it very difficult and often

practically impossible to refer some of the individuals to the species

by external characters of the adults alone, but with information on

the distribution, host, habit, seasonal history, etc., they can often

be referred to their species without a moment's hesitation. Speci-

mens without locality labels and some additional information are

therefore of no value to the economic investigator, and will evi-

tlently become of less and less value to the systematists. The im-

portance of utilizing bionomic data as guides to the identification of

species will doubtless become more popular in the future and con-

tribute to a more rapid advancement of the essential knowledge

required by the systematic and economic entomologist in research

work.
KEY TO THE SPECIES.

I. Elytral interspaces 3 and 5 broader or more elevated than 2 and 4.

A. Elytra always with anterior and posterior spots.

al. Elytra with distinct spots near vertex of declivity.

bl. Beak moderately stout, always shorter than prothorax.

cl. Elytra with distinct anterior spots and very large posterior ones-

Posterior spot with distinct dark border 1. similis'

Posterior spot without distinct dark border 2. utahensis.

c2. Elytra with indistinct anterior spots and small posterior ones.

3. barberi.

h2. Beak slender, shorter or longer than prothorax.

c3. Elytra with anterior and posterior spots large.

Posterior spots of elytra without dark border. Pacific Coast.

4. sitchensis.

Posterior spots of elytra usually with dark border. Rocky
Mountains 5. engelmanni.

Posterior spots of elytra with or without dark border. Eastern

U. S 6. strobi.

c4. Elytra with small to moderately large anterior and posterior spots.

dl. Posterior brown spots moderately large.

Posterior brown and whi te spots usually separated . East-

ern and northern U.S 7. approximatus.

Posterior brown and white spots fused. Central and north-

ern Rocky Mountains 8. schwarzi.
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d2. Posterior Ijrown spots small.

el. Elytral interspaces 3 and 5 clevalcd and broad.

Posterior spots iused, the yellow one larger. Mani-

toba - 9. canadensis.

Posterior spots usually separated, yellow one small.

Elytra noticeably narrowed posteriorly from base.

10. nemorensis.

Elytra not noticeably narrowed posteriorly from

base. South Atlantic States 11. deodarse.

Elytra noticeably narrowed posteriorly; white and

brov/n spots separated, the latter very small.

12. californicun.

e2. Elytral interspaces 3 and 5 narrow, strongly elevated.

Pronotal punctures coarse but not dense. . 13. yosemite.

Pronotal punctures coarse and dense 14. webbi.

a2. Elytra with transverse band of white and yellow scales near vertex.

hS. Pronotum with posterior angles acute 15. radiatae.

b4. Pronotum with posterior angles subrectangular 16. fasciatus.

B. Elytra usually without distinct anterior spots, and with posterior spot anterior

to vertex of declivity.

aS. Pronotum with basal angles subrectangular 17. costatus.

a4. Pronotum with basal angles rounded.

b5. Pronotal punctures distinctly separated.

c5. Pronotum not distinctly narrower than elytra.

dS. Pronotum stout, deeply constricted anteriorly.. 18. fiskei.

d4. Pronotum subehmgate, not deeply constricted anteriorly.

Pronotum moderately stout; elytral interspaces 3 and 5

scarcely elevated; with anterior spot 19. nigrae.

Pronotum elongate.

Elytral interspaces 3 and 5 slightly elevated, flattened;

with anterior spot 20. puncticollis.

Elytral interspaces 3 broader and more elevated; with-

out anterior spot 21. murrayanae.

c6. Pronotum distinctly narrower than elytra.

Pronotal punctures irregular, not dense; punctures of striae

irreo-ular 22. coloradensis.

Pronotal punctures regular, moderately dense; punctures of

striae coarse, irregular 23. alascensis.

Pronotal punctures dense, regular; punctures of striae irregular.

24. rotundatus.

be. Pronotal punctures irregular, not distinctly separated.

('7. Elytral striaj with punctures very irregular.

Gray, densely clothed with scales; spots prominent. 25. burkei.

Black, not densely clothed with scales; spots obscure. 26. piperi.

cS. Elytral striae with punctures moderately irregular; spots obscure.

Pronotum convex, without dorsal impressions and elevations.

27. dubius.

Pronotum moderately convex and usually with dorsal impres-

sions and elevations 28. fraseri.

II. Elytral interspaces 3 and 5 not broader or more elevated than 2 and 4.

Elytra with distinct posterior spots 29. affinu.

Elytra with small posterior spots 30. curriei.
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SYNOPSIS OF ADULT CHARACTERS, WITH DESCRIPTIONS OF NEW
SPECIES."

Elytral iiit.ornpac^es 3 and 5 broader or more elevated than 2 and 4.

Division I, pages 32, 43.

Elytral inlorsjiaces 3 and 5 not broader or more elevated than 2 and 4.

Division II, j)aj^es 3(), CA.

DIVISION I.

Elytra always wilh distinct spots of densely jtlaeed scales on the anterior lateral area

and always with spots or bands of scales situated near the vertex of the declivity.

Subdivision A, pages 32, 44.

Elytra usually without distinct spots on the anterior lateral area and with small spots

situated between the vertex of the declivity and middle of elytra.

Subdivision B, pages 35, 56.

Subdivision A.

Elytra with distinct spots near vertex of declivity Section al, pages 32, 44.

Elytra with transverse band of white and yellow scales near vertex of declivity.

Section a2, pages 34, 55.

Section al.

Beak moderately stout, shorter than prothorax; pronotum with basal angles sub-

obtuse; elytra with interspaces 3 and 5 strongly elevated and rugose.

Subsection bl, pages 32, 44.

Beak slender, shorter or longer than prothorax; pronotum with basal angles rectan-

gular; elytral interspaces 3 and 5 moderately to strongly elevated.

Subsection b2, pages 33, 46.
'

Subsection hi

.

Elytra with distinct anterior spots and very large posterior ones; pronotum distinctly

narrower than elytra, punctures indistinct, irregular Series cl, page 32.

Elytra with indistinct anterior spots and small transverse posterior ones; pronotum

not distinctly narrower than elytra, punctures distinct and regular.

Series c2, page 32.

Series cl.

Length 3.7 to 4 mm.; brown; pronotal and elytral punctures moderately coarse; pos-

terior spot of elytra with distinct dark border. Maine and high mountains of

North Carolina, probably in Abies fraseri, and New Hampshire in Abies balsamea.

Species index, ^57-962 1. similis n. sp., page 44.

Length 3.9 mm.; dark brown; pronotal and elytral punctures coarse; posterior spot

of elytra without distinct dark border, third and fifth interspaces with acute

rugosities, spots prominent. Park City, Utah, and Bear Lake, British Columbia.

Species index, ,J
63- 9 64 2. utahensis n. sp., page 45.

Series c2.

Length 5 to 5.5 mm.; black; pronotal and elytral punctures .very coarse; elytra with

interspaces 3 and 5 broad and prominent. Humboldt, Cal., Astoria, Oregon,

and Tenino, Wash. Species index, ^ 62- 9 65 3. barheri n. sp., page 45.

« The divisional, subdivisional, sectional, subsectional, serial, and species characters

constitute a complete description of each species; e. g., I, A, al, bl, cl, and species 1.
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Subsection M.

Elytra with large anterior and posterior spots; sides parallel; beak never longer than

prothorax Series c3, page 33.

Elytra with small to moderately large anterior and posterior spots; sides usually slightly

narrowed posteriorly; beak sometimes longer than prothorax.

Series c4, page 33.

Series c3.

Length 4.2 to 5 mm.; brown; pronotum distinctly narrower than elytra, not distinctly

shining, and the punctures moderately coarse and dense; posterior spots of elytra

without dark border; punctures of striae coarse, distinct. Hoquiam and Pialschie,

Wash., in tops of Picea sitchensis. Species index, ^ 61-9 64.

4. sitchensis n. sp., page 47.

Length 5 to 5.3 mm.; brown; pronotum not distinctly narrower than elytra, shining,

and the punctures coarse; posterior spots of elytra usually with faint dark bor-

der; punctures of striae indistinct, especially on lateral area. Smith's Ferry,

Idaho, and Pikes Peak, Colo., in tops of Picea engehnanni. Species irftiex,

;^62-968 5. engelm'anni n. sp., page 47.

Length 4.5 to 6 mm.; brown; pronotum slightly narrower than elytra, moderately

shining, and the punctures dense; posterior spot of elytra with or without faint

dark border. Eastern United States, in terminals of Pinus strohus, rarely in

terminals of Pinus resinosa and terminals of Picea. Species index, ^63-968.
6. strobi PecTi, page 48.

Series c4.

Posterior brown spots of elytra moderately large; fork of male genitalia very stout.

Subseries dl, page 33.

Posterior brown spots of elytra small; fork of male genitalia long and slender.

Subseries d2, page 33.

Subseries dl.

Length 4.3 to 6.7 mm.; brown; pronotum not distinctly narrower than elytra, punc-
tures moderately coarse; elytral interspace 3 broad, flattened, moderately rugose,

and posterior white and yellow spots usually separated, the brown one smaller

but not very small as in species 10, and the white one extending over the second
interspace. Mountains of North Carolina northward to New Hampshire, and
west to Lake Superior region, in Pinus under bark on stumps and logs and trunks

of dying trees, and base of saplings. Species index, ^ 65- 9 71.

7. approximatus n. sp., page 49.

Length 5.2 to 6.7 mm.; brown; pronotum slightly narrower than elytra, punctures

coarse; elytral interspaces 3 and 5 distinctly elevated and rugose, the punctures
of striae coarse, and the posterior white and yellow spots fused, not extending over

the second interspace. Colorado, in Pinus scopulorum, thick bark on base,

Btems, tops, and terminals of saplings. Species index, ,J7I-975.

8. schwarzi n. sp., page 50.

Subseries d2.

Elytral interspaces 3 and 5 distinctly elevated and broader than 2 and 4; j)ronotal

punctures moderately coarse and densely placed Minor series el, page 34.

Elytral interspaces 3 and 5 but slightly broader than 2 and 4, strongly elevated and
acutely rugose; pronotum narrower than elytra, punctures very coarse.

Minor series e2, page 34.
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Minor series el .

Length G.2 to 7 mm.; brown; pronotum aa broad as elytra, with sides rounded; elytra

with sides scarcely narrowed posteriorly, interspaces 3 and 5 broad, elevated,

rugose, the posterior spots fused, and the yellow one large; beak not longer

than the prothorax in the males. Winnipeg, Manitoba, in Pinusf Species

index, ^66-979 - 9. canadensis n. sp., page 51.

Length 4.9 to 7.7 mm.; brown; pronotum with sides not strongly rounded; elytra

with sides narrowed posteriorly from base, posterior spots usually separated,

the yellow one very small and the white one extending to first interspace; beak

usually longer than prothorax in both sexes. Boardman, N. C, and mountains

of North Carolina, to Florida and Texas, in bark of Pinus logs, stumps, trunks

of dying trees, and rarely in base of saplings. Species index, ,? 67-9 78.

10. nemorensis Germar, page 51.

Length 4.2 to 5.8 mm.; light brown; body slender; pronotum slightly narrower than

elytra; elytra with sides nearly parallel, interspaces 3 and 5 but slightly elevated,

posterior brown spot very small; beak longer than prothorax in both sexes.

Experiment, Ga., in stems, branches, and tops of Cedrus deodarse. Species index,

ij74_^79
• 11. deodarx n. sp., page 52.

Length 8.6 mm.; brown; pronotum broad, with sides broadly rounded; elytra with

sides distinctly narrowed posteriorly, interspace 3 very broad, not coarsely

rugos3 as in yosemite; posterior spots separated, the brown one very small; beak

distinctly longer than prothorax. Yosemite Valley, Cal., in bark of living pine

with P. yosemite. Species index, 983 12. californicus t\ . sp., page 53.

Minor series eH.

Length 5.1 to 7.7 mm.; brown; pronotal punctures very coarse, not dense; elytra

with sides nearly parallel, interspaces 3 and 5 strongly elevated, acutely rugose,

punctures of striae rather coarse, and posterior spots fused on lateral area. Yosem-

ite Valley, Siskiyou County, and Lake Tahoe, Cal., in Pinus ponderosa and Pinus

lambertiana. Species index, ^65-977 13. yosemiten. sp., page 53.

Length 4.8 to 6.8 mm.; brown; pronotal punctures very coarse and dense; elytra

with sides nearly parallel, interspaces 3 and 5 elevated and rugose, punctures

of strise rather coarse, and posterior spots prominent and fused on the sides. Moun-

tains of southern New Mexico and Arizona, in Pinus strobi/ormis and Pinus

ponderosa. Species index, ^ 73- 9 78 14. webbi n. sp., page 54.

Seclion a2.

Pronotum with posterior angles acute Subsection b3, pages 34, 55.

Pronotum with posterior angles subrectangular .Subsection b4, pages 34, 55.

Subsection bS.

Length 5.1 to 7.4 mm.; brown; pronotum broader toward base, angles acute, sides

converging anteriorly, slightly constricted toward head, punctures coarse, dis-

tinct; elytra with anterior spots small, yellow, and the posterior band principally

of white scales. Monterey, Cal., in bark of logs and trunks of Pinus radiata;

also one specimen from Easton, Wash. Species index, <?63-965.

15. radiatse n. sp., page 55.

Subsection b4.

Length 5.1 to 8.3 mm.; brown; pronotum narrower than elytra, sides rounded and

slightly narrowed anteriorly but not distinctly constricted toward head; elytra

with anterior spots prominent, oblique, yellow, the posterior indistinct band

composed of scattering white and yellow scales. Oregon, Washington, Idaho,

and British Columbia, in Pseudotsuga mucronuta. Species index, ,J62-967.

16. fasciatus Le Conte, page 56.
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Subdivision B.

Prouotum with basal angles Bubrectangular; beak rather 8tout, moderately long.

Section a3, pages 35, 57.

Pronotum with basal angles rounded; beak slender, moderately to very long.

Section a4, pages 35, 58.

Section aS.

Length 5.5 to 7.1 mm.; dark brown; pronotal punctures not distinctly separated;

elytra with faint anterior spot toward the middle and indistinct spots of reddish

brown and white scales behind the middle, interspaces with many minute white

spots toward sides and on declivity. Hoquiam, Wash., in thick bark on trunks

of dying trees and stumps of Picea sitchensis. Species index, ^ 64-9 70.

17. costatus Mannerheim, page 57.

Section a4.

Pronotal punctures distinctly separated
;
punctures of elytral striae small to coarse.

Subsection b5, pages 35, 59.

Pronotal punctures irregular, not distinctly separated; punctures of elytral striae very

coarse and irregular Subsection b6, pages 36, 62.

Subsection b5.

Pronotum not distinctly narrower than elytra ' Series c5, page 35.

Pronotum distinctly narrower than elytra Series c6, page 36.

Series c5.

Pronotum short, stout, sides strongly rounded and constricted toward the anterior

margin ; elytral interspaces strongly elevated with rather coarse rugosities.

Subseries d3, page 35.

Pronotum elongate, sides rounded, but not deeply constricted toward head; elytral

interspaces with fine rugosities Subseries d4, page 35.

Subseries dS.

Length 4.2 to 5.2 mm.; dark brown; elytra without anterior spot but with broad

posterior one, interspaces 3 and 5 strongly elevated, convex, rugose; punctures

of striae small. New Hampshire, in thin bark on dying Picea mariana and Picea

rubens. Species index, <J77-981 18. fiskei n. sp., page 59.

Subseries d4.

Length 4.4 to 5.6 mm.; dark brown; pronotum short, broad; elytra with small obscure

anterior spots and distinct posterior ones situated toward the middle, interspaces

3 and 5 flattened, scarcely elevated, rugosities fine; punctures of striae coarse.

Webster, N. H., in Picea mariana, bark of small tree. Species index, ^68-984.
19. nigrae n. sp., page 59.

Length 4.2 to 6.1 mm.; light brown; pronotum elongate, punctures coarse, irregular;

elytra with small anterior spots and more di-stinct posterior ones just behind

the middle, interspaces 3 and 5 slightly elevated and flattened; punctures of

striae moderately coarse. Mountains of West Virginia, in Picea rubens, thick

bark on logs. Species index, <J 74- 9 87 20. puncticollis n. sp., page 60.

Length 4 . 1 mm
.

; dark brown
;
pronotum elongate, punctures moderately coarse, regular;

elytra without anterior spots and with very small posterior ones each side behind
the middle, interspace 3 distinctly broader, elevated ; striae coarser toward the base.

Wallowa, Oregon, in Pinus murrayana; reared from bark. Species index, 9'78-

21. //m/rayanatu. sp., page^.
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Series c6.

Length 6.9 to 7 mm.; dark brown; pronotal punctures irregular, elytra without dis-

tinct anterior spots, but with distinct spots of yellow scales behind the middle,

interspaces 3 and 5 strongly elevated, and punctures of striae irregular. Laad-

ville, Colo., National Park, Wyo., and Black Hills, S. Dak., in Picea canadensis

thick bark on base of trees. Species index, 987.

22. coloradensis n. sp., page 60.

Length 6.5 mm.; black; protonal punctures coarse, regular, closely placed and rather

deep; elytra without anterior spots, but with small, rather distinct, posterior

ones, punctures of striae coarse, irregular, and smaller on the lateral area, inter-

spaces 3 and 5 reddish, strongly elevated, and broad. Arctic Circle, Alaska, and

Montsinsi in Picea engehnanni. Species index, 989.

23. alascensis n. sp., page 61.

Length 6 to 7.3 mm.; black; pronotal punctures dense, regular; elytra rarely with

small anterior white spots, but with small white spots behind the middle, inter-

space 3 very broad, interspacial rugosities not coarse, punctures of striae irregular

and not smaller on the lateral area. Marquette, Mich., Lake Superior region,

probably in Picea. Species index, 990 24. rotundatus Le Conte, page 61.

Subsection b6.

Punctures of elytral striae very irregular, spots of scales moderately distinct; pro-

notum not distinctly narrower than elytra Series c7, page 36.

Punctures of elytral striae moderately irregular, spots of scales evident but small and

obscured by scattering Avhite or yellow scales; pronotum distinctly narrower

than elytra Series c8, page 36.

Series c7.

Length 6 to 7.7 mm.; gray; elytra and pronotum rather densely clothed with whitish

scales; elytra with rather distinct anterior and posterior spots, and punctures of

striae not very closely placed. Ouray, Colo., Alta and Park City, Utah, probably

in Abies ? Species index, ^ 74-9 82 25. burkei n. sp., page 62.

Length 7.4 to 10 mm.; black; elytra and pronotum sparsely clothed with whitish

scales; elytra with anterior and posterior spots evident but small, and punctures

of striae very deep and closely placed. Mount Rainier, Wash., and Centsr-

ville, Idaho, in Abies lasiocarpa and Abies concolnr; also at Glacier, B. C. Species

index, ^ 81- 9 83 26. piperi n. sp.
,
page 62.

Series c8.

Length 4.8 to 5.7 mm.; black; beak moderately long; pronotum convex, without

dorsal irregularities. Maine to Lake Superior, in Abies balsamea. Species

index, ^72-988 27. dubivs Le Conte, page 63.

Length 4.6 to 9.1 mm.; black; beak very long, even in the male; pronotum somewhat

flattened, and usually with dorsal irregularities, sometim(>s distinctly impressed

towards base. High mountains of North Carolina in Abies fraseri. Species

index, ,J 72- 9 100 28. fraseri n. sp.
,
page 63.

DIVISION II.

Elytral interspaces 3 and 5 not more elevated or broader than 2 and 4; beak short,

slender; pronotum broad, with sides behind the middle nearly parallel, and the

basal angles rectangular; punctures of elytral striae moderately coarse, regular;

posterior tibia of male fringed with long bristles.
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Length 5.5 to 8 mm.; black, elytra with or without faint anterior spots l)ut witli dis-

tinct transverse spots of white or yellow scales near vertex, and the punctures of

striae moderately coarse. Wisconsin to New Hampshire, in Pinus strobus.

Species index, (J 61- J G7 29. affinis Randall, page 64.

Length 5.6 to 7.7 mm.; black, elytra with obscure anterior spots and small posterior

ones, the punctures of striaj coarse and deep. Kaslo, B. ('. Species index, $ 62,

30. riirriri n. sp., page 65.

SYNOPSIS OF PRIMARY SEXUAL CHARACTERS.

Male Genitalia.

Stem with apex uniformly rounded Division I

Stem with apex 7iot uniformly rounded Division II

DIVISION I.

Section al.

Fork slender Species 4, 5, 6

Fork short Species 4

Fork long Species 5

Fork moderately stout Species 6

Fork long and stout Species 7, 8

Fork long and slender Species 9, 10, 11, 13

Section a2.

Stem narrowed toward apex, but not constricted Species 15

Stem broad toward apex, slightly constricted anteriorly Species 16

Section a}.

Fork long and slender Species 27, 28

DIVISION II.

Fork very stout Specie.s 29, 30

SYNOPSIS OF SECONDARY SEXUAL CHARACTERS.

Beak longer and more slender in females than in males The Genus
Hind tibia of male ivithout long fringe of hairs Division I

Hind tibia of male with long fringe of hairs Division II

DIVISION I.

Beak in both sexes usually shorter than prothorax, rarely longer Su])division A
Beak in both sexes rarely shorter than prothorax, commonly much longer.

Subdivision B
Subdivision A.

Apical margin of abdominal stemite 7 sinuate or not in males Section al

Apical margin of abdominal stemite 7 not sinuate in males Section a2

Section al.

Apical margin of abdominal sternitc 7 not sinuate in males.

Subsection bl, Species 1, 2, 3

Apical margin of al)doniinal stemite 7 faintly sinuate in males Subsection b2

57936°- 11 4
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Subscrlion h2.

Beak shorter tliaii jjrothorax in lualcs, rarely longer in f(>nuiles.

Series c:^, Species 4, 5, 6

Beak as long as prothorax or longer in males, usually longer and often distinctly so,

in females Series c4, Species?, 8, 9, 10, 11, 12, 13, 14

Scclion a2.

Beak in both sexes shorter than prothorax Species 15, 16

Subdivision B.

Apical margin of abdominal sternite 7 faintly sinuate, ))ut without apical process in

females Section a3. Species 17

Apical margin of abdominal sternite 7 without or with process in males Section a4

Section u-U Subsection bo.

Apical margin of abdominal sternit(i 7 sinuate, but without median process in

males Species 18

Apical margin with median process in males Species 20

Subsection b6.

Apical margin of abdominal sternite 7 with apex uniformly rounded in males.

Species 25, 26, 27, 28
DIVISION II.

Beak shorter than prothorax in both sexes, apical margin of abdominal sternite 7 with

truncate process rising from deep emargination in males Species 29, 30

SYNOPSIS OF PUPAL CHARACTERS.

DIVISION I.

Head loith one or more minute spines on posterior margin of eyes Subdivision A
Head without minute spines on posterior margin of eyes Subdivision B

Subdivision A.

Abdominal tergites with small spines alternating with larger ones, especially on

tergites 3 to 6 Section al

Abdominal tergites without small spines alternating with larger ones Section a2

Section al. Series c.3.

Abdominal tergites 5 and 6 ivith small spines between the more prominent dorsal

ones Species 4, 6

Abdominal tergites 5 and 6 xoithout small spines between the more prominent dorsal

ones Species 5

Series c4.

Abdominal tergites 5 to 6 without small spines between the more prominent dorsal

ones Species 7-14

Section a2.

Abdomen with prominent epipleural spines Series c5, Species 15

Abdomen with small epipleural spines Series c6, Species 16
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Subdivision B.

Abdominal tergitea with small spines alternating with the larger ones and with small

spines between the more prominent dorsal ones.

Epipleurite 9 with bristles Section a3

Epipleurite 9 without bristles Section a4

Section aS.

Abdominal tergites 4 to 5 with two small spines between the more prominent dorsal

ones Species 17

Section a4.

Abdominal tergites 4 to 5 with four small spines between the metre jtrominent dorsal

ones.

Beak without pair of spines between middle and apex Species 25, 26

Beak with pair of small spines between middle and apex Species 27

DIVISION II.

Abdominal tergites 4 and 5 with two small spines between the more prominent dorsal

ones; beak with pair of small spines between apex and middle Species 29

SYNOPSIS OF LARVAL CHARACTERS.

DIVISION I, .Subdivision A.

Mandibles with middle tooth emarginate Section al

Mandibles with middle tooth triangular Sections a2, a3

Mandibles with middle tooth emarginate or triangular Section a4

Section al

.

Apical tooth acute Subsection b2

Abdominal spiracles distinct.

Head without distinct eye-spots Si)ecies 4, 5

Head with distinct eye-spots Species 6

Series c-i.

Abdominal spiracles distinct.

Head without distinct eye-spots Species 7, 10

Head with distinct eye-spots Species 14

Section a2.

Apical tooth ol)tuse; head with distinct eye-spots Species 15

Apical tooth acute; head with distinct eye-spots Species 16

Subdivision B.

Section aS.

Abdominal spiracles obscure; apical tooth acute; median tooth triangular; head with

distinct eye-spots Species 17

Section a4.

Series c5.

Abdominal spiracles moderately distinct.

Apical tooth obtuse; middle tooth triangular; head without eye-spots. .Species 18

Apical tooth acute; middle tooth emarginate; head without distinct eye-spots.

Species 20
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Scries c7.

Abdominal spiracles moderately distinct; apical, sul)apical, and median teeth obtuse;

head with distinct eye-spots Species 25

Abdominal spiracles obscure; apical tooth acute; middle tooth triangular; head with-

out distinct eye-spots Species 26

iSeries c8.

Alxloininal spiracles obscure; apical tooth acute; median tooth emarginate.

Species 27

Apical tooth obtuse; median tooth emarginate Species 28

TABLE OF DISTRIBUTION.

THE WORLD.

In Europe and Asia, from Spain and England into eastern Siberia and Japan and

northward into Sweden and Russia, probably to the Arctic Circle; in North America,

from Mexico and Florida to the Arctic Circle in Alaska and eastward to the Atlan-

tic The genus

NORTH AMERICA—DIVISION I.

Subdivision A.

Section al.

Maine to higher mountains of North Carolina Species 1

Mountains of Utah to Bear Lake, British Columbia Species 2

Coast of northwestern California to western Washington Species 3

Coast of northwestern Oregon and western Washington Species 4

Smiths Ferry, Idaho, to Pikes Peak, Colorado Species 5

New Brunswick, southwest through mountains to Biltmore, N. C. (dis-

tribution of white pine) Species G

Eastern United States, south through mountains to North Carolina and

eastward to Maine Species 7

Eastern Washington to Leadville, Colo., and Black Hills of South Dakota. .Species 8

Winnipeg, Manitoba, to Michigan Species 9

Atlantic coast region and Lower Austral life zone, northward probably to

Long Island, New York, and westward through the Gulf States into

Texas Species 10

Georgia Species 11

Yosemite Valley, California Species 12

Mountains of northern California Species 13

Southern New Mexico and Arizona, and probably mountains of western

Texas, into Mexico Species 14

Section a2.

Monterey and Palo Alto, Cal., Easton, Wash Species 15

Northwestern California, into British Columbia Species 16

SUBOIVI.SH).N B.

Section o-i.

Coast of western Wa.-^hingtou to Sjt ka . , , , - Species 17
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Section a'l.

New Hampshire Species 18

New Hampshire Species 19

High mountains of West Virginia Species 20

Northeastern Oregon Species 21

Black Hills, South Dakota, and central Colorado Species 22

Koyukuk River, Alaska, lat. 67° 69', long. 151° Species 23

Northern Michigan Species 24

Colorado and Utah Species 25

Mount Rainier, Washington Species 26

Maine to Northern Michigan Species 27

Higher mountains of North Carolina Species 28

DIVISION II.

New Hampshire to northern Pennsylvania, westward into Minnesota Species 29

Kaslo, British Columbia Species 30

TABLE SHOWING RELATIONS OF SPECIES TO HOST TREES.

Pissodes Hosts, etc.

species

numbers

1. Abies balsamea and A. fraseri. Dying bark on branches and witch's l)r(>om.

2. Abies? (Not observed.)

3. Picea sitchensis? (Not observed.)

4. Picea sitchensis. Living bark of terminals and tops of young trees, causing serious

injury.

5. Picea engelmanni . Living bark of terminals and tops of young trees, causing

serious injury.

6. Pinus strobus, common-., Pinus rig ida. r&re; Pimts divaricata. rare; Picea rubens,

frequent; Picea e.rcelsa, frequent. Living terminals of saplings and small

trees, causing serious damage to white pine.

7. Pinus strobus, Piniis rigida, Pinits echinata, Pinus resinosa. Pinus virginiana, and
Pinus pungens. Ijiving and dying thick and thin bark on base and trunks of

standing and felled trees, stumps, and base and stems of saplings. Injurious

to the last.

8. Pinus ponderosa and Pinus scopulorum. Living and dying bark on base, stems,

tops (?), and terminals of saplings.

9. Pinus? (Not observed.)

10. Pinus palustris. Pinus tnda, Pinus virginiana, and Pinits echinata. Living and
dying thick bark on standing and felled trees, stumps, and base and stems of

saplings.

11. Cedrus deodara. Living branches, tops, and terminals, causing serious injury.

12. Pinus ponderosa. Living thick bark on trunks of small trees, evidently causing

scars.

13. Pinus ponderosa and Pinus lambertiana. Living and dying thick bark on stand-

ing and felled trees and stumps and on base and stems of saplings.

14. Pinus strobiformis. Pinus scopulorum, and Pinus contorta (murrayana). Living (?)

and dying bark on base and stems of saplings and of standing and felled trees.

15. Pinus radiata and Pinus .lylvestris. Thick and dying bark on standing and felled

trees and stumps and on base, stems, tops, and tops of saplings.

16. Pseudotsuga taxifolia. Living and dying thick bark on standing and felled trees

and stumps and on base and stems of saplings, causing serious injury to saplings.

17. Picea sitchensis. Living and dying thick bark ou standing girdled trees and stumps
of felled ones.
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Pissodes Hosts, etc.

species

numbers.

18. Picea nibens and Picea mariana. Dyinsj (?) thick hark on lugs, stunip.s, and trunks

of small standing trees.

19. Picea mariana. Dying bark on trunk of small tree.

20. Picea rubens. Dying bark on felled and standing trees.

21. Pinus contorta (murrayana) . Thin bark on standing tree.

22. Picea canadensis and Picea engelmanni? Dying thick bark on base of standing

trees.

2^. Picea. Thick bark on living trees. (Brunner's notes.)

24. Probably in Picea rubens? and Picea canadensis? (Not observed.)

25. Abies lasiocarpa and Abies concolor? Living thick bark on trunks and l)aso of

living and dying trees. Injinious.

26. Abies lasiocarpa and Abies concolor. Living and dying thick bark on living and

dying trees.

27. Abies balsamea. Living and dying bark on trunks of living and dying trees and

snags of storm-broken trees; also in trunks of felled trees.

28. Abies fraseri. Living and dying bark on trunks of living and dying trees.

29. Pinus strobus. Thick bark on stump.

30. Host not observed; probably pine.

TABLE OF HOST TREES.
Tree species. Pissodes spe-

(Britton classification, 1908.) Common name. cies number

Pinus strobus White pine 6, 7, 29.

lambertiana Sugar pine 13.

strobi/ormis Mexican white pine 14.

resinosa Red pine 7.

ponderosa Western yellow pine 8, 12, 13.

scopulorum Rock pine 8, 14.

murrayana Lodgepole pine 14, 2

L

palu^tris Longleaf pine 10.

rigida Pitch pine 6, 7.

echinata Shortleaf pine 7, 10.

tseda Loblolly pine 10.

radiata Monterey pine 15.

banksiana (divaricata) Gray pine 6.

virginiana Virginia or scrub pine 7,10.

pungens Table mountain pine 7

.

sylvestris (introduced) Silver pine 15.

Picea canadensis White spruce 22, 24?.

rubens Red spruce ' 6, 18, 20.

mariana Black spruce 19.

excelsa (introduced) Norway spruce 6.

engelmanni Engelmann spruce 5, 22?, 23.

sitchensis Sitka spruce 3?, 4, 17.

Pseudotsuga mucronata (taxifolia) Douglas spruce 16.

Abies balsamea Balsam fir 1, 27.

fraseri Eraser's balsam fir 1, 28.

lasiocarpa "WTiite fir 25, 26.

concolor Silver fir 25?, 26?.

Cedrus deodara (introduced) Deodar cedar 11.
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CHARACTERS COMMON TO THE SPECIES OF THE GENUS.

Adults.^Frothorax with anterior ventral margin not distinctly

emarginate; tibiae with incurved apical tooth; femora unarmed;
anterior coxse not widely separated; abdominal tergites covered by
elytra; sternites 3 and 4 (first and second visible) very long; 5 and 6

short; 7 as long as 5 and 6 together; eyes rounded, widely separated;

body oblong, reddish brown to black, sparsely to thickly clothed with

slender to broad scales, the latter often forming spots on the prono-

tum, elytra, and femora.

Sexes.—Females with but 7 visible abdominal tergites; beak longer,

smoother, and more slender than in the males. Males with 8 visible

abdominal tergites; beak shorter, stouter, less shining, and more
distinctly punctured.

Eggs.—Pearly white, slightly oblong, and equally rounded at both
ends.

Larvse.—Elongate, cylindrical, yellowish white, footless; body with

12 closely wrinkled segments, those of the thorax not larger or more
permanent than the first abdominal.

Pupse.—Of the general size and form of the adults, with the beak
folded on the mesosterna and metasterna; tips of the posterior tarsi

even with tips of wing-pads; head, beak, and abdominal segments
armed with spines, the ninth abdominal having 2 rather prominent
epipleural spines.

Larval galleries.—Excavated in the inner bark and sometimes
marking or grooving the surface of the wood; elongate, winding, and
either in the bark or outer wood, ending in pupal cells which are lined

with excelsior-like borings.

Host trees.—Pinus, Picea, Ahies, Cedrus, and Pseudotsuga.

Distribution.—Spain and England into eastern Siberia and Japan;
America north of Mexico.

CHARACTERS COMMON TO THE SPECIES OF THE MAJOR AND
MINOR DIVISIONS.

DIVISION I.

(Species Nos. 1 to 28.)

Adults.—Elytral interspaces 3 and 5 broader and more elevated

than 2 and 4.

Sexes.—Hind tibiae of the males without long fringe of hairs.

Pupse and larvse.—Apparently without distinctive divisional char-

acters, so far as observed.
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Subdivision A.

(Species Nos. 1 to Ifi.)

Adults.—Elytra always with a distinct spot of densely placed scales

on the anterior lateral area, and always with a spot or band of scales

near the vertex of the declivity.

Sexes.—Beak of both sexes usually shorter than the prothorax,

rarely longer.

Pupse.—Eyes with one or more minute spines on the posterior

margin.

Larvse.—The subdivisional characters of the larva have not been

recognized.
SECTION al.

(Species Nos. 1 to 14.)

Adults.—Elytra with distinct spots (instead of a continuous band)

near the vertex of the declivity.

Sexes.—Apical margin of the seventh abdominal sternite of the

male not sinuate, or rarely so.

Pupse.—Abdominal tergites with small scutellar spines, alter-

nating with larger ones.

Larvse.—Median tooth of mandible emarginate.

Host trees.—Abies, Picea, Pinus, and Cedrus.

Distribution.—Eastern and western United States, from the Gulf

States and Mexico into Canada and British Columbia.

Subsection bl.

(Species Nos. 1 to 3.)

Adults.—Beak moderately stout, shorter than the prothorax; basal

angles of pronotum subobtuse; third and fifth elytral interspaces

strongly elevated and rugose. In species 1 and 2 the anterior spots

on the elytra are distinct, the posterior ones are very large, and the

pronotum is distinctly narrower than the elytra, while in species 3

the anterior and posterior spots are indistinct and the pronotum is

not distinctly narrower than the elytra.

Sexes.—Apical margin of seventh abdominal sternite of male not

emarginate.

Host trees.—Abies, so far as observed.

Distribution.—Species 1, North Carolina; species 2, British Colum-

bia; species 3, California into Washington.

1. Pissodes similis n. np.

(Plate III, fij,'. 1.)

The type specimen is labeled "Type No. 7424, U.S.N.M.;" name;
"type of drawing; Black Mts., N. C, VI. 27-30; $ ." It was
collected by Dr. William BeutenmuUer in the spruce forest on
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Black Mountain, North Carolina, in 1905. The typo and one male

are in the type collection of the U. S, National Museum. Three

females and one male from the same locality, labeled, respectively,

"VI-17," "VI-17," ''VI-19," and "VI-30," were returned to the

American Museum of Natural History, New York City. A dead

specimen was collected by the writer at Camp Caribou, Maine,

June 7, 1900, on dead branch of "witch's broom," on balsam fir.

Larval mines and pupal cells were observed in adjoining twigs, and

another dead specimen was taken at Waterville, N. II., May 4, 1906,

from a pupal cell in dead branch of "witch's broom," on balsam

fir. Several specimens had emerged from the same branch.

Distinctive characters.—This species is closely allied to P. utali-

ensis, from which it is distinguished by the moderately coarse pro-

notal punctures and the very large posterior spot which extends

anteriorly to the middle of the elytra, and is surrounded by a dis-

tinct dark border.

Variations.—The specimens vary in length from 3.7 to 4 mm.,

and in color from light brown to dark browTi, with but slight varia-

tion in the spots. Eight adult specimens were examined.

Host trees.—Ahies halsamea; Abies fraseri.

Distribution (Plate XIX, fig. 1).—(Hopk.U.S.) Maine: Camp Cari-

bou, Parmachene Lake. New Hampshire: Waterville. (A.M.N.H.)

North Carolina: Black Mountains.

2. Pissodes utahensis ii. sp.

The tjrpe specimen is labeled "Type No. 7425, U.S.N.M.;" name;

"type of drawing; Park City, Ut., 6.17; Coll. Hubbard & Schwarz;

952; S 1."

Distinctive characters.—This species is closely allied to the pre-

ceding, from which it is distinguished by the coarser pronotal punc-

tures and the smaller posterior spots, which do not extend forward

to the middle of the elytra and do not have a distinct darker border.

Variation.—There is very little variation in size, but the scales

vary from white to a yellowish brown. Five adult specimens, 4

males and 1 female, have been examined.

Host tree.—Unknown, probably Abies.

Distribution (Plate XIX, fig. 2).—(U.S.N.M.) British Columbia:

Bear Lake (Lontlon Hill ]\Iine). Utah: Alta, Park City.

3. Pissodes barberi n. gp.

The type specimen is labeled "Type No. 7426, U.S.N.M.;" name;

"Bair's 'R[an]ch, Redw[oo]d Cr[ee]k; Humboldt Co., Cal., 13.6 [June

13, 1903]; H. S. Barber, collector; 327; 9 1."

Distinctive characters.—This species is at once distinguished from

all of the other species of the first subdivision by its darker color,

the very coarse punctures of the pronotum and elytra 1 stria^, the
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strongly elevated and acutely rugose third and iifth interspaces of

the elytra, and the small posterior si)ot. The pronotal ])unctures

are also more distinctly separated than in the other species.

Variations.—There is some variation in size—the length ranging

from 5 mm. to 5.5 mm.—and in the elytral spots, color of scales,

etc. Three adult specimens, 1 female and 2 males, have been

examined.

Host tree.—Unknown, probably Picea.

Distribution (Plate XIX, fig. 3).—(U.S.N.M.) California: Hum-
boldt County. Oregon: Astoria. Washington: Tenino.

Subsection b2.

(Species Nos. 4 to 14.)

Adults.—The beak is slender and shorter than the prothorax in

some species and longer in others. The basal angles of the pronotum

are rectangular but not acute. The third and fifth elytral inter-

spaces are moderately to strongly elevated and rugose. Species 4 to 6

have large anterior and posterior spots on the elytra. The sides of

the elytra are parallel and the beak is never longer than the pro-

thorax. Species 7 to 14 have small anterior and posterior spots on

the elytra ; the elytra are slightly narrowed anteriorly and the beak

in some of the species is longer than the prothorax. Species 9 to 12

have the third and fifth interspaces of the elytra distinctly elevated

and broader than the second and fourth, and the punctures of the

pronotum are moderately coarse and densely placed. Species 13

and 14 have the third and fifth interspaces of the elytra only slightly

broader than the second and fourth, but strongly elevated and

acutely rugose. The pronotum is distinctly narrower than the elytra

and the pronotal punctures are very coarse.

Sexes.—In species 4 to 6 the beak of the males is shorter than the

thorax and that of the females is rarely longer, while in species 7 to 14

the beak of the males is as long as the prothorax, and in a few cases

longer; that of the females is usually longer and often distinctly so.

Pupse.—The fifth and sixth abdominal tergites of species 4 and 6

have small spines between the prominent dorsal ones, while in species

5 and 7 to 14 they are obscure or absent.

Larvse.—The apical tooth of the mandibles is acute and the ab-

dominal spiracles are distinct. In species 4, 5, and 7 to 10 the eye

spots are distinct, while in species 6 and 14 they are not.

Hosts.—Species 4 and 5, Picea; species 6, Pinus and Picea; species

7, 8, 10, and 12 to 14, Pinus; species 11, Cedrus.

Distribution.—Species 4, Rocky Mountains; species 5, Pacific

coast; species 6 and 7, eastern United States; species 8, northern

Rocky Mountains; species 9, Canada; species 10, 11, Southern

States; species 12, 13, California; species 14, southern Rocky Moun-

tains.
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4. Pissodes sitchensis n. sp.

(I'Mo V, fig. /}; I'lalo XIII; text figs. .'5-7.)

The type specimen is labeled "Type Xo. 7428, U.S.N.M.;" name;
"Hoquiam, Wash.; H. E. Burke, collector; 9; Hopk. U. S. 2289c."

The species was described from a large series, including all stages,

work, and parasites, collected and reared from terminals.

Distinctive characters.—This species is closely allied to P. engel-

manni and P. strohi, from the first of which it is distinguished by the

subopaque pronotum, the absence of dark band on the posterior spot

of the elytra, and the rather coarse punctures of the elytral striae;

from the latter it is distinguished by its average smaller size and nar-

rower prothorax, as well as by its distribution and habits.

Variations.—There is not very much variation in size—length

5 to 5.3 mm. The color ranges from light to dark brown. The spots

of scales vary in size, color, and density, and there is some variation

in the relative width of the prothorax and in the size of the punctures

of the elytral striae. More than 200 specimens have been examined,

including both sexes, larvae, pupae, and work.

Host tree.—Picea sitchensis, infesting tops and terminals of saplings

and small trees; quite injurious.

Extensive observations have been made by Mr. Burke on the habits

and seasonal history of this species.

Distribution (Plate XIX, fig. 4).—(Hopk. U. S.) Oregon: Astoria.

Washington: Hoquiam, North Bend, Pialschie, wSatsop.

5. Pissodes engelmanni n. sp.

(Plate VI, fig. 5.)

The type specimen is labeled "Type No. 7427, U.S.N.M.;" name;
"type of drawing; Picea engelmanni; Smith's Ferry, Idaho, Aug. 10,

'05; J. L. Webb, collector;? 3; Hopk. U. S. 5314." From a series

of 50 adults reared August 23 to November 14 from section of top of

spruce containing larvae and pupae collected August 10, 1905.

Distinctive characters.—This species is distinguished from the pre-

ceding in that the pronotum is shining, the posterior spot of the

elytra has a dark border, and the punctures of the elytral striae are

indistinct, especially on the lateral area. From P. strohi it is dis-

tinguished by its generally smaller size, coarse punctures of the

pronotum, and more obscure punctures of the elytral striae, as also

by its distribution, habits, and host.

Variations.—There is very little variation in size. The color

rangesfrom light to dark brown, the spots of scales vary in size, color,

and density, and the dark border of the posterior spot from distinct

to obscure. The punctures of the pronotum and elytra vary con-

siderably in size and distinctness. More than 150 specimens were
examined, including both sexes, larvae, pupge, and work.
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Host tree.—Picea engelmanni, infesting tops and terminiils of

saplings and small trees; quite injurious.

Extensive observations on the habits and seasonal history of this

species have been made by Messrs. Burke and Webb,
Distribution (Plate XIX, fig. 5).— (Hopk. U. S.) Colorado: Mani-

tou Park. Idaho: Smiths Ferry. Montana: Little Belt National

Forest.
6. Pissodes strobi Peck.

(Plate ni, fig. 6; Plate VI, fig. 6; Plate XIV; text figs. 1, 2.)

This species is represented in the collection by a typical specimen

labeled with name, " type of drawing; Pinus strohus; Webster, N. H.;

W. F. P'iske, collector; 9 6; Hopk. U. S. 3215b;" by 2 specimens

labeletl ''Pinus strohus; Milford, Pa.; A. D. Hopkins, Nov. 14-25,

bred; Hopk. U. S. 6077," and by one small specimen labeled

"Edsallville, Pa."

Distinctive characters.—This species is most closely allied to P.

engelmanni, from which it is distinguished by its average larger size,

dense punctures of the pronotum and distinct punctures of the

elytral striae, as well as by its distribution and habits.

Variations.—There is considerable variation in size—4.5 to 6 mm,
m length—but the average is nearer the latter extreme. The color

ranges from dark to light brown. The spots of scales vary consid-

erably in size, density, and color and in the presence or absence of

a dark border to posterior lateral spot of the elytra. There is also

considerable variation in the form of the pronotum and in the

punctures of the pronotum and elytral strise. More than 500 speci-

mens were examined, including all stages and work.

Host trees.—Pinus strohus, Pinus rigida, Pinus divaricata, Picea

ruhens, and Picea excelsa; infesting terminals. Very injurious to

white pine, much less so to the other species.

Distribution (Plate XIX, fig. 6).—(Hopk. U. S.) Connecticut:

Hartford, Pomfret Center. Maine: Alfred, Bangor, Portland.

Massachusetts: Framingham. Michigan: Grand Rapids. New
Hampshire: Colebrook, Dover, Franconia, Keene, Monadnock, New-
port, Penacook, Pike, Rochester, Tamworth, Webster, Wiers.

New YorJc: Kiamesha, Kidders. North Carolina: Biltmore (David-

sons River). Pennsylvania: Cisuarun, Milford, Mount Airy (Frank-

lin County), Trucksville, Wilkesbarre. West Virginia: Kanawha
Station, Cairo. Wisconsin: Ashland. Canada: Ontario—Guelph,

Ottawa; New Brunswick—Chatham, Frederickton. (Hopk. W. Va.)

Massachusetts: Middlesex Falls. West Virginia: St. George, Tucker

County. (U.S.N.M.) Massachusetts: Boston. Pennsylvania: Ed-
sallville. Michigan: Grand Ledge. New Hampshire: Contoocook.

New YorJc: New Baltimore.
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Bibliography and Synonymy.

Rhynchsenus strobi Peck, 1817, p. 2, pi. 2. Harris, 1841, pp. 63-64.

Pissodes strobi (Peck) Say, 1831, p. 14 (in part). Fitch, 1858, pp. 732-736, pi. 3, fig.

1. Say, 1859, p. 277 (in part). Walsh and Riley, 1869, p. 26, fig. 22. Gem-
minger and Harold, 1871, p. 2432. Le Baron, 1874, p. 139, fig. 63. Thomas,

1876, pp. 133-134 (in part). Le Conte, 1876, pp. 142-143 (in part). Fuller,

1880, pp. 5-6, fig. 2. Saunders, 1883, p. 55, fig. 23 (in part). Packard, 1886,

pp. 322-325, pi. 9 (in part). Lintner, 1888, p. 24, figs. 6, 7. Packard, 1890, pp.

734-741 (in part). Riley and Howard, 1890, p. 348 (parasite); 1891, p. 468 (in

part). Lintner, 1893, pp. 344-345, fig. 22 (in part). Hopkins, 1893, p. 205, No.

219 (in part); 1899, pp. 259-260, 345, 441 (in part). Chittenden, 1899, pp. 58-59,

figs. 11, 12 (in part). Felt, 1906, pp. 397-401 (in part). Hopkins, 1906, pp.

252-253, figs. 61, 62; 1907, pp. 1-7, figs. 1-6; 1909, pp. 11, 16, 17, figs. 8, 9.

7. Pissodes approximatus n. sp.

(Plate VI, flg. 7; Plate XV, figs. A , B.)

The type specimen is labeled ''Type No. 7430, U.S.N.M.;" name;

'^Pinus strohus; Lynn Woods, Mass.; A. D. Hopkins, June 11, '06,

bred; 9 ; Hopk. U. S. 6332." This specimen was reared from larvse

in bark from base of white pine sapling defoliated by the gipsy moth.

The type series is represented by a male labeled the same as the

type, one labeled "Camb.; Coll. Hubbard & Schwarz; S ," and 2

males labeled "Marquette, Mich., 27.6; Coll. Hubbard & Schwarz."

Distinctive characters.—This species has been commonly confused

with P. strobi in collections and literature, but is distinguished from

it by the average large size, elongate body, the sides of the elytra

more distinctly narrowed posteriorly. The beak is longer, and the

spots of the elytra are uniformly smaller, the posterior ones rarely

connected. It is also definitely separated by its marked difference

in habits. It is distinguished from P. nemorensis, to which it is

more closely allied, by its average smaller size, shorter beak, and

larger posterior brown spot of the elytra, and, exce])t in regions

where the two species may overlap, it may be at once distinguished by

its distribution. It is distinguished from its closest ally, P. scTtwarzi,

by the moderately coarse pronotal punctures.

Variations.—There is much variation in size, the length ranging

from 4.3 to 6.7 mm., but extremes are rare. The color ranges from

dark brown, nearly black, to brown, but the prevailing color is dark.

There is considerable variation in the structure of the pronotum

and elytra and in the punctures, spots, etc., but the spots of scales,

while variable in size and color, are commonly small, and never as

large as in the average P. strohi. More than 140 specimens were

exarnined, including all stages and work.

Host trees.—Pinus strohus, Pinus rigida, Pinus echinata, Pinus

resinosa, Pinus virginiana, and Pinus pungens, occurring in thick

bark on trunks of trees and base of saplings; sometimes injurious to

the saplings.
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Distribution (Plate XIX, fig, 7).—(Hopk. U. S.). Maine: Lake
Moxie. Massachusetts: Lynn Woods, Springfield. Michigan: Grand
Island, Munising. New Hampshire: Penacook, Waterville, Webster.

North Carolina: Biltmore, Ilendersonville, Pink Beds. Pennsyl-

vania: Milford. Virginia: Rock Springs. Wisconsin: Lac du
Flambeau. Canada: Guelph.

(Hopk. W. Va.) West Virginia: Deckers CVeek, Greenbrier County,

Greene Spring, Hampshire County, Harpers Ferry, Morgantown,

Pendleton County, Romney, Tibbs Run, Tucker County. (U.S.

N.M.) Massachusetts: Cambridge, IMarion, Springfield. Michigan:

Eagle Harbor, Marquette, Whitefish Point. New Hampshire: Dur-

ham, Hanover. New YorTc: New York City and vicinity. Wiscon-

sin: Bayfield.
8. Pissodes schwarzi n. sp.

(Plate III, fig. 8; Plate XVI, fig. B.)

The type specimen is labeled "Type No. 7455, U.S.N.M.;"

name; "Veta Pass, Col, 24.6; Coll. Hubbard &Schwarz; 9 ." This,

together with another specimen, a male from the same locality, was
evidently collected by Mr. E. A. Schwarz, for whom the species is

named. The specimens were found in the United States National

Museum under P. costatus.

Distinctive characters.—This species is evidently confused in col-

lections under the name P. costatus. Specimens of P. schwarzi and

P. yosemite had been referred to P. costatus by the writer until the

specimens from Sitka spruce were recognized as representing the

latter. With possibly a single exception, the specimens referred to

by Le Conte under P. costatus evidently belonged to P. yosemite.

P. schwarzi is not allied to the specimens I have referred to P. costa-

tus. In general appearance it comes nearer P. yosemite and P. wehhi,

but according to the character of the fork of the male genitalia it

falls in the series with P. ayproximatus , from which it is distinguished

by the narrow pronotum with coarse punctures and by the larger

posterior spots of the elytra. It is distinguished from P. webhi by
its relatively broader pronotum, the punctures of which are less

coarse and more densely placed, and from P. yosemite by the same
character; also it is distinguished from both by its distribution.

Variations.—There is quite a wide range of variation in size, the

length ranging from 5.2 to 6.7 mm., and in the density of the pro-

notal punctures, size and density of spots of scales, and relative ele-

vation of elytral interspaces 3 and 5, so that some specimens may be

found which appear to connect it with the other species, but it is the

writer's opinion that when we know more of the habits and seasonal

history of the northern Rocky Mountain Pissodes some of the spfecies

here included will be found to represent one or more undescribed

species, and especially Hopk. U. S. 2386a, which was found ovipos-
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iting in the terminal of a pine sapling. Forty-nine specimens have

been examined, including all stages and work.

Host tree.—Pinus ponderosa scopulorum, in thick bark on trunks

of trees, in base of saplings, and possibly in tops and terminals.

Distribution (Plate XIX, fig. 8).—(Hopk. U. S.). Colorado: Estes

Park. Idaho: Centerville. South Dakota: Black Hills, Custer, Lead.

Washington: Buckeye (U.S.N.M.) Colorado: Breckenridge, Estes

Park, La Veta Pass, Leadville. Montana: Helena. South Dakota:

Custer. Washington: Buckeve. Canada: Alberta, Banff Springs.

Bibliography and Synonymy.

Pissodes costatus (^not of Mann.) Hopkins, 1906, p. 254, fig. 63.

9. Pissodes canadensis n. sp.

The type specimen is labeled "Type No. 7431, U.S.N.M.;"

name; "Winnipeg, Man[itoba], Hanham; 9 L" This, with two

other specimens, a male and a female, were found in the Wickham
collection in the United States National Museum under P. strohi.

Distinctive characters.—This species may be easily confused with

P. approximatus by its general external appearance, but the differ-

ence in the fork of the male genitalia indicates that it is distinct and

more nearly related to P. nemorensis. It is distinguished from

P. approximatus by the somewhat stouter body and prothorax. The
alternate interspaces of the elytra are acutely rugose, the posterior

spots are more completely fused on the lateral area, and the beak is

longer. It is easily separated from P. nemorensis by the relatively

shorter beak and stouter body and fused posterior spots of the elytra,

as also by its distribution.

Variations.—There is not much variation in the three specimens

except that the alternating elevated interspaces are less acutely rugose

in one specimen than in the other two specimens. Three adult

specimens were examined.

Host tree.—Not known, but it is evidently pine.

Distribution (Plate XX, fig. 9).— (U.S.N.M.). (Wickham Col-

lection) Canada: Manitoba (Winnipeg).

10. Pissodes nemorensis Germar.

(Plate XV, fig. C; text fig. 8, B.)

The species is represented in the collection by a typical specimen

labeled with rectangular red label ; name ;

'

' Pinus; Calhoun, Ala.

;

A. D. Hopkins, Apr. 25, '05, bred; 9 1; Hopk. U. S. 1174d."

Distinctive characters.—There seems to be little doubt that this is

the long unrecognized species described by Germar in connection

with the description of the genus and commonly referred to as

synonymous with P. strohi, with which it has been confused in col-
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lections and literature. The reference in the description to the beak

being longer than the prothorax is sufficient to distinguish it from

P. strohi, and the type locality, "Kentucky," is sufficient to place it

within the range of this common southern form. This species is very

readily distinguished from P. strohi by its average larger size, much
longer beak, smaller spots of scales on elytra, and by its habits and

general distribution, although the ranges of the two species may
overlap in some places. It is distinguished from P. approximatus

(with which it may occur in the Transition zone around the Appala-

chian Mountain ranges) by its average larger size, longer beak, the

elytra more distinctly narrowed posteriorly, and much smaller poste-

rior brown spot. It is also distinguished from its closest ally (P.

deodarse), the only other species known to occupy the Gulf States

region, by its average larger size and shorter beak, and by the poste-

riorly narrowed elytra and more distinctly elevated third and fifth

elytral interspaces.

Variations.—There is much variation in size, the length ranging

from 4.9 to 7.7 mm., and in color from nearly black to light brown,

the darker areas predominating. There is also much variation in all

of the structural and sculptural characters and in the size, density,

and color of the spots. More than 250 specimens have been exam-

ined, including all stages and work.

Host trees.—Pinus palustris Pinus txda, Pinus virginiana, and

Pinus echinata, in thick bark on trunks of dying and felled trees,

stumps, stems, and base of saplings, etc. Apparently it is not

especially injurious.

Z^is^nfeu^^on (PlateXX, fig. 10).— (Ilopk.U.S.) Alahama: Calhoun.

District of Colurrthia: Langdon, Rock Creek Park. Georgia: Demo-

rest, ISIacon, Thomasville. Maryland: Silver Spring. North Caro-

lina: Boardman, Tryon. South Carolina: Lumber. Texas: Dewey-

ville, Houston. Virginia: Hawlin, Princess Anne County, Vir-

ginia Beach. West Virginia: Kanawha Station. (Hopk. W. Va.)

West Virginia: Lockheart's Run, Roosevelt. (U. S. N. M., under

P. strohi.) Alahama: Prattville. Florida: Tallahassee. Maryland:

Piney Point. Nortli Carolina: Retreat, Graybeard Mountains.

Bibliography and Synonymy.

Pissodes nemorensis Germar, 1824, p. 318. Gemminger and Harold, 1871, p. 2431.

Pissodes strohi (not of Peck) Say, 1831, p. 14 (in part). Harris, 1841, p. 63 (in part).

Say. 1859, p. 277 (in part). Le Conte, 1876, p. 142 (in part). Thomas, 1877, p.

134 (in part). Hopkins, 1893, p. 205, No. 219 (in part); 1899, p. 429 (parasite);

1899, p. 441 (in part).

11. Pissodes deodarse ii. sp.

The
"deod
IT. S. 1641c.

type specimen is labeled "Type No. 7433, U.S.N.M.;" name;

ar; Experiment, Ga., Apr. 25, '03; Fiske, Col[lecto]r; 9 ; Ilopk.

1fi41r'
"
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Distinctive characters.—This species is distinguished from P. nemo-

rensis by its average smaller size, longer beak, less distinctly elevated

elytral interspaces, and the sides of the elytra more distinctly parallel,

but it is more distinctly separated by its habit and host. It is not

improbable that this is an example of the origin of species through

mutation and change of habit and host.

Variations.—There is considerable variation in size, the length

ranging from 4.2 to 5.8 mm., but there is not very much variation

in the grayish-brown color or in form, sculpture, and vestiture.

In fact, it appears to be more constant in general character than

almost any of the other species.

Host tree.— Cedrus deodara, in living branches, tops, and terminals,

causing serious injury.

Distribution (Plate XX, fig. 11).—(Hopk. U. S.) Georgia: 'Eixperi-

ment.
12. Pissodes califomicus n. sp.

The type specimen is labeled "Type No. 7456, U. S. N. M.;"

name; " Pinus ponderosa; Yosemite Val., Cal., June 13, '04; Hop-
kins, Col[lecto]r; 9 4; Hopk. U. vS. 2808a." This specimen was col-

lected by the writer at the same time and place as those referred

to P. yosemite, and was not recognized at the time as distinct.

Distinctive characters.—This species is closely related to P. nemo-
rensis, from which it is at once distinguished by the deeply emargi-

nate anterior margin of the pronotum and by its very different habit

and distribution. It is also readily distinguished from P. yosemite

by the broad, closely punctured pronotum with its emarginate
anterior margin and by the broad, flattened, third and fifth eh'^tral

interspaces. Indeed, it is so markedly different from any of the

other western forms that we feel justified in basing our conclusion

as to its distinctness on the single specimen.

Host tree.—Pinus fonderosa, in thick bark on living trees, causing
serious scars.

Distribution (Plate XX, fig. 12).— (Hopk. U. S.) California:

Yosemite Valley.
13. Pissodes yosemite n. sp.

(Plate XVI, fig. JL.)

The type specimen is labeled "Type Xo. 7434, U. S. N. M.;"
name; "Pinus ponderosa; Yosemite Val., Cal., June 13, '04; Hopldns,
Col[lecto]r; <? 1; Hopk. U. S. 2808b." The specimen was collected

near Mirror Lake in the thick bark of a tree which was apparently
dying from injuries by this and possibly the preceding species.

Distinctive characters.—This species is more closely allied to P
webbi, from which it is distinguished by the narrower pronotum.
with the punctures less densely placed, and by its distribution.

57936°—U 5
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Variations.—There is considerable variation in size, the length

ranging from 5.1 to 7 mm., but not much in its reddish-brown color.

The spots of whitish scales are usually conspicuous on the sides of

the pronotum and near the declivity of the elytra, but there is con-

siderable variation in their size, density, and color. The very

coarse punctures of the pronotum and the strongly elevated third

and fifth elytral interspaces are quite constant and characteristic.

Fifty-one specimens were examined, including adults, larvae, and
work.

Host trees.—Pinus ponderosa and Pinus lamhertiana, in living and
dying thick bark on standing and felled trees, stumps, and base

and stems of saplings. It is evidently quite injurious.

Distribution (Plate XX, fig. 13).—(Hopk. U. S.) California: Sum-
merdale and Yosemite. (U. S. N. M.) California: Lake Tahoe,

Placer County, Siskiyou County, under P. costatus. Washington:

Easton, under P.fasciatus.

Bibliography and Synonymy.

Pissodes costatus (not of Mannerheim) Hopkins, 1906, p. 254, fig. 64.

14. Pissodes webbi n. sp.

The type specimen is labeled "Type No. 7459, U. S. N. M.;"

name; "Pinus strohiformis; bred Nov. 12-7; Sta. Catalina Mts.,

Ariz.; J. L. Webb, collector; 9 ; Hopk. U. S. 5722." The specimen

was reared with others from larvte in thick bark on small felled tree,

August 20, 1908. It is named for the collector.

Distinctive characters.—This species is more closely allied to P.

yoseirnite, from which it is distinguished by the broader pronotum,

with the punctures more closely placed.

Variations.—There is considerable variation in size, the length

ranging from 4.8 to 6.8 mm., and in color from nearly black to dark

reddish-brown. There is less variation in the spots than usual, which

have less white and more of the yellow scales. Over 70 specimens

were examined, including all stages and work.

Host trees.—Pinus strohiformis, Pinus scopulorum, and Pinus

murrayana (contorta) in living( ? ) and dying bark on base and stems of

saplings and standing and felled trees. It is probably injurious.

Distribution (Plate XX, fig. 14).— (Hopk. U. S.) Arizona: Santa

Catalina Mountains. New Mexico: Capitan Mountains and Cloud-

croft.
Bibliography and Synonymy.

Pissodes slrohi (not of Peck) Champion, 1902, p. 119. (May be above species; can

not be P. strobi Peck.—A. D. H.)
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SECTION a2.

Subsections b3 and b4.

(Species Nos. 15 and IG.)

Adults.—Elytra with a transverse band of white and yellow scales

instead of a distinct spot near the vertex of the declivity; beak

shorter than the prothorax. Species 15 has a broad pronotum with

the posterior angles acute, while in species 16 the pronotum is narrow

and the angles subrectangular.

Sexes.—Apical margin of seventh abdominal sternite of males not

sinuate; beak slightly longer and more slender in the females than in

the males.

Pvpse.—Abdominal tergites without distinct small spines alter-

nating with the longer ones. Species 15 has distinct epipleural

spines, while species 16 does not.

Larvse.—Eye spots distinct; apical tooth of mandible obtuse in

species 15 and acute in species 16.

Hosts.—Species 15, Pinus; species 16, Pseudotsuga.

Distribution.—Species 15, coast of California and Washington;

species 16, northern California into British Columbia.

16. Pissod.es radiatae n. sp.

(Platein, flg. 15.)

The type specimen is labeled "Type No. 7435, U. S. N. M. ; name;
Pinus; Del Monte, Cal., Sept. 4, '02; A. D. Hopkins, collector; $4;
Ilopk. U. S. lOSOb." It was reared from a small branch of a trans-

planted small sapling of Pinus sylvestris, collected September 4, 1902,

in the grounds of the Del Monte Hotel at Del Monte, Cal. ; it was also

found in Pinus i^adiata, for wliich the species is named.
Distinctive cliaracters.—This is a very distinct species, separated

from all other North American species by the acute posterior angles

of the pronotum. It comes nearer to P. notatus of Europe than to

any other foreign species, but from this s]:)ecies it is at once dis-

tinguished by the strongly elevated third and fifth elytral interspaces.

Variations.—There is considerable variation in size, the length being

from 5.1 to 7.4 mm., but not much in color, markings, etc., of the

specimens from Monterey and Palo Alto, but the single specimen

from Easton, Wash., is small, dark brown, the punctures of the

elytra coarser, and the posterior angles of the i)ronotum very acute.

Further s])ecimens from this northern locality and more information

relating to their habit and host may show that the northern indi-

viduals represent a distinct species. More than 90 specimens have
been examined, including all stages and work.
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Host trees.—Pinus radiata (common) and Pinus sylvestris (rare),

infesting the thick bark on standing and felled trees and stumps, antl

the base, stems, and tops of saplings.

Distribution (Plate XX, fig. 15).—(Hopk. IT. vS.) California; Del

Monte, Monterey, Palo Alto. (U. S. N. M.) WasMjigton: Easton,

under P. fasciatus.

16. Pissodes fasciatus Le Conte.

(Plate III, fig. 16; Plate XVII.)

The species is represented in the collection by a typical specimen

labeled with the name "type of drawing; Pseudotsuga taxifolia;

Hoquiam, Wash.; Burke, col[lecto]r; 9 ; Hopk. U. S. 2064b."

Distinctive characters.—This species is readily distinguished from

P. radiatse, to which it is somewhat remotely allied, by the posterior

angles being rectangular instead of acute, the third and fifth inter-

spaces less elevated, and also by its habit and host.

Variations.—There is considerable variation in size, from 5.1 to 8.3

mm. in length, and in color from nearly black to reddish and brown;

there is also much variation in the size, density, and color of the spots

of scales. More than 200 specimens have been examined, including

all stages and work.

Host tree.—Pseudotsuga taxifolia, living and dying thick bark on

standing and felled trees and stumps, and on the base of saplings.

Distribution (Plate XX, fig. 16).—(Hopk. U. S.) Washington: Ash-

ford, Keyport, Hoquiam, Meredith, Pialschie. (Webb's collection)

Washington: Sequim. (U. S. N. M.) Washington: Tenino, Easton.

Oregon: CorvaUis, Portland. British Columbia: Kaslo, North Bend,

Victoria.
Bibliography.

Pissodes fasciatus Le Conte, 1876, pp. 142-143. Hopkins, 1905, p. 253, figs. 65, 66.

Subdivision B.

(Species Nos. 17 to 28.)

Adults.—Elytra usually without distinct spots on anterior lateral

area and with small spots situated between the vertex of the declivity

and the median area.

Sexes.—Beak in both sexes rarely shorter than prothorax, com-

monly much longer, and always distinctly longer in females tlian in

males.

Pups&.—'Eijes without minute spines on posterior margin (so far as

observed).

Larvse.—Without distinctive divisional cluuacters (so far as

observed).

Hosts.—Picea and Abies.
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Distribution.—Section aS, coast of western Washington to Sitka;

section a4, Canadian zone, eastern United States from mountains of

North CaroUna to Canada, and northern Rocky Mountains and

Pacific Coast region northward into Alaska.

SECTION a3.

(Species No. 17.)

Adults.—Basal angles of pronotum siibrectangular and beak rather

stout and moderately long; apical margin of the seventh abdominal

sternite of male without apical process, but faintl};^ sinuate.

Pupx.—Small spines alternating with the longer ones on abdominal

tergites and ninth epipleurites with a few bristles.

Larvse.—x\bdominal spiracles obscure; apical tooth of the mandi-

bles acute, the median emarginate, and the eye spots distinct. The
host is Picea sitchensis from the coast of western Washington to vSitka.

17. Pissodes costatus Mannerheim.

This species is represented in the collection by a typical specimen
labeled with the name: ''Picea; Hoquiam, Wash. ; A. D. Hopkins, col-

lector; 9 2 ; Hopk. U. S. 2361g." The specimen was reared from among
larvge and pupse found May 26, 1903, under thick bark in chip cocoons

in outer wood of stump of a tree of Picea sitchensis felled in 1902.

This evidently comes nearer to Mannerheim's species than anything

yet recognized, and the fact that it is found in the Sitka spruce is

additional evidence.

Distinctive characters.—This is the only representative of the first

section (aS) of subdivision B, and therefore is not closely allied to

any of the other species of the subdivision. It is distinguished by
the closely placed punctures of the pronotum, which become coarser

and more distinctly separated toward the posterior lateral section,

by the moderately rounded posterior angles of the pronotum, and
by the indistinct spots of reddish brown and white scales.

Variations.—The three matured adults examined range in length

from 5.5 to 7.1 mm., and in color from dark bro^vn to black. The'

spots of scales vary in size, color, and density. Three adults and the

larva and pupa have been examined.

Host tree.—Picea sitchensis, in thick bark on dying and felled trees

and stumps.

Distribution (Plate XXI, fig. 17).— (Hopk. U. S.) Washington:

Hoquiam. Alaslca: Sitka (the type locality).

Bibliography.

Pissodes costatus Mannerheim, 1852, p. 354 (reprint p. 71).
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SECTION a4.

(Species Nos. 18 to 28.)

Adults.-^^SiSSil an<:;les of pronotum rounded; beak slender and

moderately to very long.

Species 18 to 24 have the punctures of the pronotum distinctly

separated and the punctures of the elytral stria; small to coarse.

In species 18 to 21 the pronotum is not distinctly narrower than the

elytra. Species 18 has a short, stout pronotum with the sides

strongly rounded and constricted toward the anterior margin,

the elytral interspaces with rather coarse rugosities. Species 19 to

21 have a more elongate pronotum with rounded sides but not dis-

tinctly constricted toward the head, and the elytral interspaces

have fine rugosities. In species 22 to 24 the pronotum is distinctly

narrower than the elytra. Species 25 to 28 have the punctures of

the pronotum irregular in size and not distinctly separated and the

strial pvmctures are very coarse and irregular. In species 25 and 26

the strial punctures are very irregular in size, the elytral spots

moderately distinct, and the pronotum not distinctly narrower than

the elytra. In species 27 and 28 the strial punctures are moderately

irregular, the elytral spots are evident but small, and the pronotum
is distinctly narrower than the elytra.

Sexes.—In species 18 the apical margin of the seventh abdominal

sternite of the males is sinuate but without median process, while

in species 20 there is a distinct median process, and in species 25 to

28 the apex is uniformly rounded as in the females.

Pupse.—The fourth and fifth abdominal tergites have two small

spines between the more prominent dorsal ones. In species 26 the

rostrum is without a pair of spines between the middle and apex,

while in 27 they are present. Head without distinct eye spots (so

far as observed).

Larvse.—In species 18 the abdominal spiracles are moderately

distinct, the apical tooth of the mandibles obtuse, and the median

tooth triangular. In species 20 the apical tooth is acute, and the

median tooth is emarginate. In species 26 to 28 the abdominal

spiracles are obscure. In species 26 the apical tooth is acute and the

middle tooth triano-ular. In species 27 the apical tooth is acute

and the median one emarginate, while in species 28 the apical tooth

is obtuse and the median one emarginate.

Hosts.—Species 18, 19, 20, Picea; species 21, Pinus; species 22,

Picea; species 25, 26 and 27, Abies.

Distribution.—Species 18, 19, 20, and 28, Canadian zone, West
Virginia and New Hampshire; species 21 and 26, Cascade Mountains,

Oregon and Washington; species 22 and 25, central Rocky Mountains;

species 23, Alaska (Arctic Circle); species 24, northern Michigan;

species 27, Maine to northern Michigan.
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Subsection b5.

(Species Nos. 18 to 24.)

18. Pissodes fiskei n. sp.

(Plate III, fig. 18; Plate XII.)

The type specimen is labeled ''Type No. 7438, U.S.N.M.;" name;
''type of drawing; Picea; Franconia, N. H., Oct. 16, '07; W. F.

Fiske, collector; $ 1; Hopk. U. S. 3309." It was reared with other

specimens from a section of a small spruce tree scorched by fire,

collected October 16, 1907.

Distinctive characters.—This is a very distinct species, and may be

known from its nearest ally, P. nigrse, by the strongly elevated third

and fifth elytral interspaces, and the larger yellow posterior spot of

densely placed scales, with no trace of an anterior spot. It is at once

distinguished from P. similis, wliich may be associated with both
species in the bark of the same tree, by its large size, short pronotum,
and long beak.

Variations.—There is not much variation in size, the length

ranging from 4.2 to 5.2 mm., nor in other characters. Eight speci-

mens of adults and work were examined.

Host trees.-—Picea rubens and Picea mariana, in thick bark on logs

and trunks of small standing trees.

Distrihution (Plate XXI, fig. 18).— (Hopk. U. S.) New Hamp-
shire: Rye.

Bibliography and Synonymy.

Pissodes strobi (not of Peck) Packard, 1890, pp. 829-830. (Probably P. fiskei Hopk.—
A. D. H.)

19. Pissodes nigrae n. sp.

The type specimen is labeled "Type No. 7458, U.S.N.M.;"
name; "Picea nigra; Webster, N. H. ; W. F. Fiske, collector; Hopk,
U. S. 3725a." It was taken from a section of the trunk of a small

dead tree, collected May 3, 1906.

Distinctive characters.—This species is distinguished from P. fiskei

by the much less elevated and less rugose interspaces, longer beak,

and small to obscure anterior white spot on the elytra. From P.

puncticoUis it is distinguished by its darker color, stout pronotum,

and less distinctly elevated elytral interspaces. It is at once distin-

guished from P. similis by its long beak.

Variations.—The length varies from 4.4 to 6.6 mm. There is very

little variation in the color. The anterior spots are obscure in some
specimens and the posterior ones vary from yellowish to white.

Host tree.—Picea mariana.

Distrihution (Plate XXI, fig. 19).—(Hopk. U. S.) New Hamp-
shire: Webster.
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20. Pissodes puncticollis n. sp.

(Plate IV, fig. 20.)

The type is labeled ''Type No. 7437, U.S.N.M.;" name; "type

of drawing; Picea; Randolph Co., W. Va.; A. D. Hopkins, collector;

9 1; Hopk. W. Ysi. 70." It was taken from the dead bark of a

spruce log collected August 25, 1890.

Distinctive characters.—Closely allied to P. murrayanse, but distin-

guished by its light reddish-brown color, irregular and less dense pro-

notal punctures, and larger size, with the alternating interspaces less

distinctly elevated, an anterior spot present, and the posterior spot

distinct.

Variations.—The length varies from 4.2 to 6.1 mm.; there is very

little variation in the color. The anterior white spot, which is small

and situated on the fourth interspace, is obscure in two specimens

and situated on the fifth stria in the others. Four adults and 1 larva

were examined.

Host tree.—Picea rubens, in dying bark on felled and standing

trees.

Distribution (Plate XXI, fig. 20).—(Hopk. W. Ya.) West Vir-

ginia: Cheat Bridge, Randolph County, Bayard, Tucker County.

21. Pissodes murrayanse n. sp.

The type specimen is labeled "Type No. 7436, U.S.N.M.;"

name; "Pinus murrayana; Wallowa, Oreg. ; A. D. Hopkins, Apr. 10,

'07, bred; Hopk. U. S. 6560a." It was reared from the section of

a small tree received from correspondent, H. K. O'Brien, February 14,

1907.

Distinctive characters.—The single imperfect specimen representing

this species is closely allied to P. imncticollis, from the type of which

it is distinguished by its dark brown color, very small posterior spot,

absence of an anterior spot, regular pronotal punctures, and broad

third elytral interspace. It is probable that more specimens will

show a wider range of variation from those of P. ijuncticollis.

Host tree.—Pinus murrayanu, in thin bark.

Distribution (Plate XXI, fig. 21).— (Hopk. U. S.) Oregon: Wal-

lowa.
22. Pissodes coloradensis n. &p.

The type specimen is labeled "Type No. 7439, U.S.N.M.;"

name; "Leadville, Colo., H. F. Wickham, July 7-14, '96, 10,000-

11,000 ft.; 9 ; C. L. 39." (Abdomen removed and mounted on

separate pin. Labeled "C L 39 9 .") Specimen from Wickham'

s

collection in the United States National Museum.

Distinctive characters.—Pronotum distinctly narrower than elytra

and punctures irregular, not dense. Elytral scales distinct, giving
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the surface a grayish appearance. Posterior spot prominent, this

readily distinguishing it from its nearest alhes, P. alascensis and

P. rotundatus.

Variations.—Length 7.4 to 9.4 mm. The color ranges from dark

brown to black. The color and density of the scales vary as usual,

as do also the elevation and rugosities of the alternating interspaces,

strial punctures, etc. Twenty-seven specimens of adults were

examined.

Host trees.—Picea canadensis in the Black Hills of South Dakota.

It will evidently be found also in Picea engehnanni.

Distribution (Plate XXI, fig. 22).—Black Hills of South Dakota;

central Colorado.

23. Pissodes alascensis n. ap.

The type specimen is labeled "Type No. 7459, U.S.N.M.;"

name; "Koyukuk R., Alas., Lt. 67-69, Lg. 151, summer 1901;

W. J. Peters, collector."

Distinctive characters.—The darker color and closely placed yet

separated pronotal punctures, sparse elytral scales, and small pos-

terior spot on the elytra serve to distinguish the single specimen

of this species from P. coloradensis , and the distinctly elevated and

rugose elytral punctures distinguish it from P. rotundatus. One
specimen only was examined.

Host tree.—Probably Picea.

Distribution (Plate XXI, fig. 23).—(Hopk. U. S.) Alaslca: Ko-
yukuk River, Arctic Circle.

24. Pissodes rotundatus Le Conte.

(PlatelV, ng. 24.)

This species is represented in the collection by a typical specimen

labeled with name; "Marquette, Mich., 4, 7 [July 4]; Coll. Hubbard
&Schwarz; 9 4."

Distinctive cTiaracters.—This species is closely allied to P. alascensis

from which it is distinguished by the densely placed punctures of the

pronotum and the broad and not strongl}" elevated third and fifth

elytral interspaces, which also serve to distinguish it from P. colora-

densis.

Variations.—The length varies from 6 to 7.3 mm.; there is not

much variation in color except as it may be modified by the more

numerous white scales on some specimens. Seven specimens of

adults were examined.

Host ^rees.—Probably Picea rubens ( ?) and Picea canadensis ( ?).

Distribution (Plate XXI, fig. 24).— (U.S.N.M.) (H. &S.) Michigan:

White Fish Point, Mar(;[uette, June and July.
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Bibliography.

Pissodes rotundatus Le Conte, 1876, pp. 142, 143-144. Hopkins, 190G, pp. 254, 256,

fig. 69.

Subsection b6.

Species Nos. 25 to 28.)

25. Pissodes burkei n. sp.

(Plate IV, fig. 25.)

The type specimen is labeled ''Type No. 7440 U.S.N.M.;" name;
"above Ouray, Colo., 9,000-10,000 ft., Mineral Point Trail, VII, 1897,

H. F. Wickham; 9 4." From Wickham's collection. Additional

specimens collected and host tree determined by H. E. Burke.

Distinctive characters.—-This species is quite distinct from P. rotun-

datus but is more closely allied to P. piperi, from which it is distin-

guished by its decidedly grayish appearance and the distinct posterior

spot of the elytra.

Variations.—The length varies from 6 to 7.7 mm., but there is

comparatively little variation in the color, except in rubbed specimens

which are darker. Thirty-two specimens were examined, including

all stages and work.

Host tree.—Ahies lasiocarpa, in thick bark on living and dying trees.

Distribution (Plate XXII, fig. 25).— (Hopk. U. S.) Vtali: Kamas
(Burke, collector). (U.S.N.M.) (H. & S.) Utali: Alta and Park

City, June (under P. costatus). Colorado: Ouray (Wickham).

26. Pissodes piperi n. sp.

(Plate IV, fig. 26; Plate V, fig. A; Plate XVIII; text fig. 8, A.)

The type specimen is labeled "Type No. 7441, U.S.N.M.;" name;
"type of drawing; Mt. Rainier, Wash.; collector, C. V. Piper; 9 1."

Additional specimens were collected and host trees determined by
Messrs. H. E. Burke and J. L. Webb.

Distinctive characters.—This species is at once distinguished from

P. lurlcei by its large size, dark color, sparsely placed elytral scales,

small posterior spot, and very coarse and deep punctures of elytral

striffi.

Variations.—The length varies from 7.4 to 10 mm. and the pos-

terior spots of the elytra vary from obscure to distinct. Five adults

and 128 specimens examined, including all stages and work.

Host trees.—Ahies lasiocarpa and Ahies concolor, in thick bark on

trunks of living ( ?) and dying trees.

Distribution (Plate XXII, fig. 26).— (Hopk. U. S.) Washington:

Paradise Valley. Idaho: Centerville. (U.S.N.M.) (H. & S.)

British Columbia: Glacier. Washington: Mt. Rainier.
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27. Pissodes dubius Randall.

(Plate IV, fig. 27.)

This species is represented in the collection by a typical specimen

labeled with the name; ''Marquette, Mich., 27.6 [June 27]; Coll.

Hubbard & Schwarz; 9 1."

Distinctive characters.—This species is closely allied to P. fraseri,

from which it is distinguished by its medium size, moderately long

beak, and the regular convex pronotum without broad impressions.

Variations.—The length varies from 4.8 to 5.7 mm. and as usual there

is considerable variation in color due to rubbed and immature speci-

mens. Forty-one specimens were examined, including all stages and
work.

Host tree.—Ahies halsamea, in thick living and dying bark on trunks

of living and dying trees and stumps of storm-broken trees.

Distribution (Plate XXII, fig. 27).— (Hopk. U. S.) Maine: Lake
Parmachene, Beaver Pond (Boil Mountain). New HanfipsJiire:

Dartmouth College, Fabyan, Waterville. Micliigan: Grand Island.

(U.S.N.M.) (II. & S.) Michigan: Marquette and White Fish Point.

Bibliography.

Pissodes dubius Randall, 1838, pp. 24-25. Le Conte, 1876, pp. 142, 143. Hopkins,

1906, pp. 254, 256, fig. 67. Felt, 1906, p. 401.

28. Pissodes fraseri n. sp.

(Plate VI, fig. 28; text fig. 9.)

The type specimen is labeled "Type No. 7442, U.S.N.M.;" name;
'Tisgah Mt., N. C, altitude 5,000 ft.; A. D. Hopkins, collector;

9 ; Hopk. U. S. 2868." It was collected June 29, 1904. Adults

were common, pupje frequent, and larvae rare in pupal cells in inner

bark on trunk of large Fraser fir tree, which had evidently died from
root disease.

Distinctive characters.—Closely allied to P. dubius, from whirh it is

distinguished by its large size, very long beak, and the moderately

convex pronotum with basal and oblique subdorsal impressions.

Variations.—The length varies from 4.6 to 9.1 mm. and there is

considerable variation in color, size of spots and punctures, length of

beak, and impressions of pronotum. One hundred and six specimens

were examined, including all stages and work.

Host tree.—Ahies fraseri, thick living and dying bark on trunks of

living and dying trees.

Distribution (Plate XXII, fig. 28).— (Hopk. U. S.) North Carolina:

Pisgah jMountains (Silver ]\iountain). (A.M.N.H.) North Carolina:

Black Mountains (Beutenmiiller).
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DIVISION II.

(Species Nos. 29 and 30.)

Adults.—Third and fifth elytral interspaces not broader or more
elevated than second and fourth. Beak shorter tlian prothorax,

slender. Pronotiim broad, with sides behind tlie middle nearly

parallel with the basal angles, rectangular. Punctures of elytral

strise moderately coarse, regular.

Sexes.—Posterior tibia3 of the males fringed with long hairs. Apical

margin of the seventh abdominal sternite of the males with a trun-

cate process arising from a deep emargination.

Pupas.-^Fourth and fifth abdominal tergites with two small spines

between the more prominent dorsal ones. Rostrum with a pair of

small spines between the apex and the middle.

Larvse.—Not known.

Host.—Pinus.

Distribution.—Species 29, New Hampshire to northern Pennsyl-

vania, westward into Minnesota; species 30, British Columbia.

29. Pissod.es affinis Randall.

(Plate IV, flg. 29; Plate VI, fig. 29.)

This species is represented in the collection by a typical specimen

labeled with name; "Marquette, Mich., 26.6 [June 26]; Coll. Hub-
bard & Schwarz; 9 2."

Distinctive characters.—This species is at once distinguished from

all of the preceding ones of the genus by the equal ^\^dth of the

elytral interspaces, the third and fifth of which are not elevated;

and from its nearest ally (P. curriei) by the long posterior spot on

the elytra and by the moderately coarse s trial punctures.

Variations.—The length varies from 5.5 to 8 mm., and while the

sculpture and color are quite constant there is considerable variation

in the spots of scales, both in color and density. Twenty-nine adult

specimens were examined.

Host tree.—Pinus strohus, in thick bark on stump. (As deter-

mined by W. F. Fiske.)

Distribution (Plate XXII, fig. 29).— (Hopk. U. S.) (Fiske collector)

New Hampshire: Webster or Penacook. (U.S.N.M.) Minnesota.

(H. & S.) Michigan: Marquette (June and July); Eagle Harbor
(Wickliam). Wisconsin: Bayfield. New Hafmyshire: Hampton.
New YorJc: Ithaca (Chittenden). Pennsylvania; Massachusetts.

Bibliography.

Pissodes affinis Randall. 1838, p. 24. Le Conte, 1876, pp. 142, 143. Schwarz, 1889,

p. 176 (male character). Hopkins, 1906, pp. 254, 256, fig. 68. Felt, 1906, p. 402.
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30. Pissodes ciirriei n. sp.

(Plate VI, fig. 30.)

The type specimen is labeled "Type No. 7443, U.S.N.M.;" name;

"Kaslo, B. C, 2.7 [July 2, 1903]; R. P. Currie, collector; <?
1."

Distinctive characters.—Tliis species is distinguished from P. affinis

by the vieiy sparsely placed scales, the obscure anterior spots, the

small posterior spot on the elytra, and the coarse and deep strial

punctures.

Variations.—The length varies from 5.6 to 7.7 mm. There is

very little variation in sculpture, spots of scales, etc. , Seven adult

specimens were examined.

Host tree.—Unknown, probably Pinus.

Distribution (Plate XXII, fig. 30).—(U.S.N.M.) British Columbia:

Kaslo.

LIST OF DESCRIBED SPECIES OF PISSODES."

^Pj^^^*^^ Name. Habitat. Host.

1. similis Hopkins North America Abies.

2. utahensis Hopkins North America Abies.

3. 6ar6eri Hopkins North America Picea.

4. sitchensis Hopkins North America Picea.

5. engelmanni HoTpkins North America Picea.

6. strobi Peck North America Pinus and Picea.

validirostris Gyllenhal Europe Pinus (cones).

7. approximatus Hopkins North America Pinus.

8. scAwam Hopkins North America Pinus.

9

.

canadensis Hopkins North America

10. nemorensis Gernigir North America Pine.

11. deodarse Hopkins North America Pine.

12. cali/ornicus Hopkins North America Pinus.

13. yosemite Hopkins North America Pinus.

14. ^vebbi Hopkins North America Pinus.

notatus Fabricius Europe Pinus, Picea, Larix

(trunk).

15. radiatse Hopkins North America Pinus.

16. fasciatus Le Conte North America Pseudotsuga.

(Austria "1

Hungary \Picea (tops).

Bohemia J

17. costatus Mannerheim North America Picea.

18. fiskei Hopkins North America Picea.

obscurus Roelofs Japan

19. nigrx Hopkins North America Picea.

20. puncticollis Hojikins North America Picea.

21

.

niurrayanx Hopkins North America Pinus.

22. coloradensis Hopkins North America Picea f

23. alascensis Hopkins North America Picea?

harcynise Herbst Europe Picea (twigs).

« North American species are numbered; foreign species are without numbers.



66 MISCELLANEOUS FOREST INSECTS.

^Pj5^'^^ Name. Habitat. Host.

24. rotundatus JjG Conte North America Picea.

rotundicollis Desbrochers Russia

25. burkeiHoTpkins North America Abies.

26. piperi Hopkins North America Abies.

picex Illiger Middle Europe Abies (twigs and trunk).

27. dubius IjQ GoniQ North xVmerica Abies.

28. fraseri Hopkins North America Abies.

insignatus Boheman Siberia Pinus, Larix.

piniphilus Uerhi^t Europe Pine (terminals and
trunk).

vrorutus Reitter Siberia

cembrx Motschulsky East Siberia Pinus.

gyllenhali GyWenhal j^,., .

"'

pini Linjjseus Europe Pinus (thick bark), Pi-

cea, Larix.

29. affinis Randall North America Pinus.

30. curriei Hopkins North America
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Adults of Pissodes.

Fig. l.—F. siinilis. (OriginaL) i'ig. Ck-P. tiiiubi. (.Vuthor's illustration.) Fig. H.—P. schwarzi. (Au-
thor's illustration.) Fig. lo.—P. radiatse. (Original.) Fig. 16.—P. fasciatus. (Author's Illustration, i

Fig. lf<. ~P. fiskpi. (Original.)
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Adults of Pissodes.

I'ie.M.^F. punclicotlis. (OriKiual.^ Fig. 24. I', rotiindnius. ( Aiiihor'silluslration. )
¥ig.-25^1'.burkeL

(Original.) Fig. 2(i.—F. ^iperi. (Original.) Fig. 17.—P. dubiu/>. (Author's illustration.) I'lg. 29.—

P. affinis. (Author's illustration.)
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Larva and Pupa of Pissodes.

-1.—Lar\a of /'. piperi, dorsal, hilenil, and ventral aspects. li. - I'lipa of J', sitcliensis, dorsal, lateral, am
ventral aspects. (Original.)
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Forks of Male Genitalia of Pissodes.

^%:^-—^-^'t<-''^(>i^>'-<- Fig. ^i.—p. engelmanni. Fig. li.—P. strobi. Fig. 7. ~P. approximatus.
Hg. 8.—P.schivarzi. Fig. 9.—P. canademis. Fig. 10.—P. ncmorensis. Fig. 15.—P. radiatse.
Fig. lb.—P. fasaatus. Fig. 29.—P. affinis. Fig. 30.— P. cwrnd. (Original.)





Tech. Series 20, Part I, Bureau of Entomology, U. S. Dept. of Agriculture. Plate XI.

30
Stems of Male Genitalia of Pissodes.

Fig. 4.—p. sitchcnsis. Fig. 5.—P. cngclmanni. Fig. C,.~P. strohi. Fig. 'J.—P. approii-
matus. ¥ig.9.—P. canadensis. Fig.lO.—P. ncmoremis. Fig. 15.—P. radiata-. Fig. 16.—

. P.fasciatus. F\g. if^.—P. affinis. Fig. -JiO.—P. curriei. (Original.)
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Work of Pissodes fiskei in Inner Bark and Outer Wood. Original.)
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Work of Pissodes sitchensis in Bark and Wood of Tops.

^.—One-yrar terminal. /?.—Four-year-old top: a, One-year internodo; 6, 2-year internode; c, 3-year
Internode; d, 4-year internode. (Original.)
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Work of Pissodes strobi, Showing Character of Injury, Chip Cocoons, and Pupal
Cells.

a, Vigorous terminal slioot, sliowiug condition of new growth at time pupse are transforming to adults; 6,

3-year-old top, showing how larv;p have migrated from teriiunal to the 2 and 3 year old internodes; c,

cliip cocoon and pupal cell, natural size; d, work in 2 ami 3 year terminals, showing abnormal habit in

the laller. (rt-c. Author's illustrations; d, original. 1
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Work of Pissodes approximatus and P. nemorensis.

A .—Work of 1'. apprnrimatus In bark, i?.—Work of P. apprniimatuf in bark and wood of sapling.

('.—Work of r. ncmoTcnsis in bark. (Original.)
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Work of Pissodes yosemite and P. schwarzi.

A.—P. yosemite: Work in wood and bark. (Author's illustration.) B.~P. schu;ar:i:

Work in wood and bark. (Original.)
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Work of Pissodes fasciatus.

il.—Work in bark an<l wood of s(em of sapling. (Author's illustration.) £.—Work in

thick bark. (Original.)
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Work of Pissodes piperi in Bark. (Original^
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Distribution Maps of Pissodes.

Fig. 9.—p. canadensis. Fig. 10.—P. nemorcnsis. Fig. 11.—P. deodarx. Fig. 12- :'. californicus.

Fig. 13.—P. yosemite. Fig. 14.— P. webbi. Fig.l5.—P. radiatx. Fig. 16 t^.fasciatus.
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LETTER OF TRANSMITTAL

U. S. Department of Agriculture,

Bureau of Entomology,
Washington, D. C, October 22, 1910.

Sir: I have the honor to transmit herewith a manuscript entitled

"The Genotypes of the Sawflies and Woodwasps, or the Superfamily

Tenthredinoidea." These insects belong to this superfamily of

the order Hymenoptera and include some of the important enemies

of North American forest trees. The true sawflies, in their larval

stage, destroy the foliage of coniferous and other trees and forest

growths and some of them are exceedingly destructive, as, for example,

the larch sawfly, which feeds upon the foliage of the larch timber of

Europe and North America. The woodwasps, in their larval stage,

bore in the wood of dying and dead standing and felled trees, causing

defects and rapid deterioration.

In addition to the large number of species which are native to this

country, there are some very destructive species which have found

their way here from other countries, so that it is of the greatest

importance to know all of the species and to guard against further

introductions.

Both the systematic and economic knowledge of these insects is

notably limited, especially as regards North American species, and

it is of the utmost importance, as a basis for the best results in investi-

gations of these insects in their relation to economic problems, that

considerable purely technical work should be done on them.

Mr. Rohwer has been engaged to work on the sawflies on account

of his extended expert knowledge of this group of insects and the

work he had done on them before he came to the Bureau. As a

collaborator of this Bureau, but at his own expense, Mr. Rohwer
visited the principal collections of Europe in the summer of 1909 to

study the types of described species and genera, all of which puts

him in a position to carry on the research work assigned to him in

the most thorough manner. Mr. Rohwer has found it necessary to

devote considerable time to preliminary work on the entire group

and on the genera of the world in order to have an authoritative

basis for the further work of a monographic nature on the more
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important groups represented by species which depredate on trees

and forest growths. The present paper includes the partial results of

his preliminary work, which has been prosecuted with such energy as

to leave little more to be done in this line. Mr. Rohwer's future papers
will deal with special groups which will be treated in a monographic
manner in order that a basis may be formed for special papers on the
economic features,

I recommend the publication of this manuscript as Technical
Series No. 20, Part II, of the Bureau of Entomology.

Respectfully,

L. O. Howard,
Chief of Bureau.

Hon. James Wilson,
Secretary of Agriculture.
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TECHNICAL PAPERS ON MISCELLANEOUS FOREST
INSECTS.

II. THE GENOTYPES OF THE SAWFLIES AND WOODWASPS, OR
THE SUPERFAMILY TENTHREDINOIDEA.

By S. A. RoHWER,

Agent and expert.

INTEODUCTION.

The following paper deals with the sawflies and horntails and
comprises the superfamilies Tenthredinoidea and Siricoidea *of Ash-
mead's classification; the Chalastogastra of Rev. F. W. Konow; the

Phyllophaga ( = Phytophaga) and Xylophaga of Cresson and authors;

or the genera Tenthredo and Sirex of Linnaeus. It is divided into two
parts ; the first part is an alphabetical catalogue of the generic names
used in Tenthredinoidea and Siricoidea with their type species; the

second part is composed of descriptions of the briefly characterized

genera and species described by the late William II. Ashmead.
An effort has been made to include all the generic names used in

these two saperfamilies. In case of any omissions the author will

be most pleased to have these called to his notice.**

AN ALPHABETICAL CATALOGUE OF THE GENERIC NAMES USED
IN THE TENTHREDINOIDEA, WITH THEIR TYPE SPECIES.

THE DESIGNATION OF THE TYPE SPECIES OF GENERA.

The necessity of having the types of genera fixed is now recog-

nized by almost every working systematic entomologist. In the

designation of the following genotypes the rulings and recommen-
dations of the International Commission on Zoological Nomenclature
have been followed. As these rulings and recommendations have
never been finally codified, and there are in a few cases apparently

contradictory statements, the personal equation has entered into

« Address Bureau of Entomology, Department of Agriculture, Washington, D. C.
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tlie interpretation to some extent. In all such cases an effort is

made to follow the consensus of opinion. Article 2, page 11, of the

International Code of Zoological Nomenclature as applied to medi-

cine*^ says: "The scientific designation of animals is uninominal

for subgenera and all higher groups, binominal for species, and

trinominal for subspecies." Does this mean that a genus can be

founded without included species ? In article 30, page 26, and the

correction in Science for October 18, 1907, pages 521-522, it is stated

that a genus must have a type and the type must be an included

species. In this paper a genus is considered to be without standing

until it contains a species; and genera which were founded without

species take the first species placed in them as the type and date

from the time when that species was placed in them. In such

cases the name of the first author of the genus is given first in paren-

theses, and, following the parenthesis, the name of the author who

first included a species.''

With the exception of monobasic genera the first designation of

genotypes in Tenthredinoidea and Siricoidea was done by Latreille

in 1810.'^ This has been definitely ruled on by the International

Commission on Zoological Nomenclature as follows:

The Designation of Genotypes by Latreille 1810.—The "Table des genres avec

I'indication de I'espece qui leur sert de type" in Latreille'a (1810) "Considerations

G^nerales" should be accepted as designation of types of the genera in question. <^

The next entomologist to fix the types of genera was John Curtis,

in his British Entomology, which was published from 1824 to 1839.

In this work Curtis says "type of the genus," which makes it very

evident that the author endeavored to fix the types of the genera

he treated.

J. O. Westwood, in his Synopsis of the Genera of British Insects,^

gives after each genus what he calls a "typical species."^ In most

cases this species can be taken as the type of the genus in question,

and in many it is the first indication of the fixing of a type for many
of the genera. Inasmuch as the International Commission on

Zoological Nomenclature^ has said "the meaning of the expression

'select type' is to be rigidly construed; mention of a species as an

illustration or example of a genus does not constitute a selection of

a Bul. no. 24, Hygienic Laboratory, Public Health and Marine-Hospital Service

of United States, September, 1905.

ft See synonyms of Hartigia Schiodte and Boie, p. 80.

c Considerations Generales sur I'Ordre Naturel des Animaux composant les Classes

des Crustacfe, des Arachnides et des Insectes, Paris, 1810.

d Science, n. s. vol. 31, no. 787, p. 150, January 28, 1910.

« Published as an appendix to "An Introduction to the Modern Classification of

Insects," vol. 2, London, 1840.

/ Synopsis, p. 1, footnote.

g Science, n. s. vol. 20, no. 608, p. 521, October 18, 1907.
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a type," the "typical species" of Westwood are not given as the

types of genera except in those cases where no type has been given

and the species given by Westwood can be the genotype according

to the rules. In the following list, however, the words "Westwood
1840" are placed after the genotypes of certain genera, for the

convenience of the student, should any ruling be given on these

"typical species."

With the exception of a few types designated by Brulle'^ and
Shipp, ^ few genotypes were named except in the works of the two
American writers Ashmead and MacGillivray.

It was hoped to verify every reference given, but in some few
cases this was not possible. In such cases the reference is that

given by Dalla Torre. The original descriptions of the following

genera have not been seen: Xiyhiura Fallen, Hyhonotus Klug,

Nycteridium Fischer-Waldheim, PowpJiolyx Freymuth.

RULES OF ZOOLOGICAL NOMENCLATURE FOR THE DESIGNATION
OF TYPE SPECIES OF GENERA.

The ruling of the International Commission on Zoological Nomen-
clature'' is reprinted here for ready reference. Some of the recom-

mendations which do not deal with any cases found in Tenthredinoidea

and which are not of general importance have been omitted.

Art. 30. The designation of type species of genera shall be governed by the following

rules (a-g), applied in the following order of precedence:

I. Cases in which the generic type is accepted solely upon the basis of the original

publication.

(a) When in the original publication of a genus, one of the species is definitely desig-

nated as type, this species shall be accepted as type regardless of any other considera-

tions. (Type by original designation.)

(6) If, in the original publication of a genus, typicits or typus is used as a new specific

name for one of the species, such use shall be construed as "type by original

designation
. '

'

(c) A genus proposed with a single original species takes that species as its type.

(Monotypical genera.)

(d) If a genus, without originally designated (see a) or indicated (see b) type, con-

tains among its original species one possessing the generic name as its specific or sub-

specific name, either as valid name or synonym, that species or subspecies becomes

ipso facto type of the genus. (Type by absolute tautonomy.)

II. Cases in which the generic type is not accepted solely upon basis of the original

publication

:

(e) The following species are excluded from consideration in selecting the types of

genera:

(a) Species which were not included under the generic name at the time of its

original publication.

a Histoire Naturelle des Insectes. Hym6nopteres, vol. 4, Paris, November, 1846.

b Entomologist, vol. 27, pp. 339-340, 1894.

« See Science, n. s. vol. 26, no. 668, pp. 521-522, October 18, 1907.

67595°—No. 20, pt 2—11 2
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(^) Species which were species inquirendx from the standpoint of the author of the

generic name at the time of its publication.

(y) Species which the author of the genus doubtfully referred to it.

(/) In case a generic name without originally designated type is proposed as a sub-

stitute for another generic name, with or without type, the type of either, when

established, becomes ipso facto type of the other.

(g) If an author, in publishing a genus with more than one valid species, fails to

designate (see a) or to indicate (see b, d) its type, any subsequent author may select

the type, and such designation is not subject to change. (Type by subsequent desig-

nation.)

The meaning of the expression "select a type " is to be rigidly construed. Mention

of a species as an illustration or example of a genus does not constitute a selection of

a type.

III. Recommendations.—In selecting types by subsequent designation, authors will

do well to govern themselves by the following recommendations:

(h) In the case of Linnsean genera select as type the most common or the medicinal

species.

(i) If a genus, without designated type, contains among its original species one pos-

sessing as a specific or subspecific name, either as valid name or synonym, a name

which is virtually the same as the generic name, or of the same origin or same mean-

ing, preference should be shown to that species in designating the type, unless such

preference is strongly contra-indicated by other factors. (Type by virtual tautonomy.)

(ic) If some of the original species have later been classified in other genera, prefer-

ence should be shown to the species still remaining in the original genus. (Type by

elimination.)

(n) Show preference to the best described, best figured, best known, or most easily

obtainable species, or to one of which a type specimen can be obtained.

(o) Show preference to a species which belongs to a group containing as large a

number of the species as possible.

(q) All other things being equal, show preference to a species which the author

of the genus actually studied at or before the time he proposed the genus.

(r) In case of writers who habitually place a certain leading or typical species first

as "chef de file," the others being described by comparative reference to this type,

this fact should be considered in the choice of the type species.

(s) In case of those authors who have adopted the "first species rule" in fixing

generic types, the first species named by them should be taken as types of their genera.

(t) All other things being equal, page precedence should obtain in selecting a type.

CATALOGUE.

The various genera accredited to Jurine (Nouv. Meth. Hym. Ins.,

vol. 1, 1807) have been accredited to Panzer (Krit. Revis., vol. 2,

1806). Panzer accredits the genera to Jurine, but they are in none

of Jurine's earlier papers, while he treated them rather fully in 1807-

All references to Encyclopedic M^thodique, Insectes, vol. 10. 1825,.

have been changed to "vol. 10, pt. 2, 1828." Volume 10 came out in

two numbers, the second, containing the Tenthredinidae, appearing

in 1828.

The word " isogenotypic " is used when two genera have the same

species as the genotype.

The word "monobasic" is used to indicate that a genus was

founded on one originally included species.
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The plan in the following list is to give the generic name first, the

name of the author second, the original reference tliird, the type
species fourth, the authority for the type fifth. In case the genus
was monobasic, an asterisk is placed after the type species; in case

the genotype was originally designated, the word "designated" is

placed in parentheses; in case the genus was not monobasic and no
genotype has been designated, the type has been chosen and no au-

thority is given (see Amauronematus Konow). Certain apparent syn-

onymy, as in the case of isogenotypic genera, is also given. All such
synonymy has been verified, and synonymy not verified is not given.

The list of genera is believed to be complete, in as far as publications

have been received in Wasliington, D. C, up to January 1, 1911.

All the new generic names proposed in this paper are included in the

alphabetical catalogue with the reference, "see p. —."

Abia Leach, Zool. Misc., vol. 3, p. 113, no. 5, 1817.

Type: Tenthredo sericea Linnaeus (Curtis, 1825).

Acantholyda A. Cogta, Pros. Hym. Ital., vol. 3, p. 232, 1894,

Type: Tenthredo erythrocephala Linnasus {Kohv^er, 1910).

Acanthoperga Shipp, Ent., vol. 27, pp. 338, 339, 1894.

Type: Ferga cameroni Westwood (designated).

Acanthoptenos Ashmead, Can. Ent., vol. 30, p. 212, 1898.

Tyi^e: Acanthoptenos weithii Ashmead (designated).

Acherdocerus W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 92, no. 42, 1882.

Type: Acherdocerusfumipennis W. F. Kirby.*

Acidiophora Konow, Ent. Nachr., vol. 25, p. 361, 1899.

Type: Acidiophora decora Konow.*

Acordulecera Say, Bost. Journ. Nat. Hist., vol. 1, no. 3, p. 209, 1836.

Type: Acordulecera dorsalis Say .*

Adirus Konow, Ent. Nachr., vol. 25, p. 74, 1899.

Type: Cephus trimaculatus Say.*

Agenocimbex Rohwer, Proc. U. S. Nat. Mus., vol. 39, no. 1777, p. 104, 1910.

Type: Cimbex maculata Ma,r\a,tt (designsited)

.

Aglaostigma W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 325, no. 104, 1882.

Type: Aglaostigma eburneiguttatum W. F. Kirby.*

Allantus Panzer, Krit. Revis., vol. 2, p. 25, 1806.

Type: Tenthredo scrophularix Linnaeus (Curtis, 1839; Brulle, 1846; Westwood,
1840).

=Tenthredo Linnaeus (isogenotypic).

Allomorpha Cameron, Trans. Ent. Soc. Lond., p. 463, 1876.

Type: Allomorpha incisa Cameron.*

Amasis Leach, Zool. Misc., vol. 3, p. 114, no. 6, 1817.

Type: Tenthredo obscura Linnaeus (Westwood, 1840).

Amauronematus Konow, Deutsch. ent. Zeitschr., p. 237, 1890.

Type: Nematus fallax Lepeletier.

Ametastegia A. Costa, Rendic. Accad. Sci. Fis. Napoli, vol. 21, pt. 10, p. 198, 18S2.

Type: Ametastegiafulvipes A. Costa.*

= Tenthredo glabrata Fallen.

=Taxonus Hartig.
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Anachoreta Gistel, " Naturgeschichte des Thierreichs, " p. ix, 1848 (n. n. ior Lophyrus

Latreille).

Type: Tenthredo pini Linnaeus.

=Diprion Schrank.

Anapeptamena Konow, Ent. Nachr., vol. 24, p. 271, 1898.

Type: Anapeptamena albipes Konow.*

Ancyloneura Cameron, Trans. Ent. Soc. Lond., p. 91, 1877.

Type: Ancyloneura varipes Cameron.*

Aneugmenus Hartig, Fam. Blatt. Holzwesp., p. 253, 1837.

Type: Tenthredo (Emphytus) coronata Klug.*

Anisoarthra Cameron, Trans. Ent. Soc. Lond., p. 4G1, 1876.

Type: Anisoarthra co'.rulea Cameron.*

(preocc.,= Senoclia Cameron.)

Anisoneura Cameron, Trans. Ent. Soc. Lond., p. 463, 1876.

Type: Anisoneura stigmaticalis Cameron.*

(preocc.,=Beleses Cameron.)

Anoplolyda A. Costa, Pros. Hym. Ital., vol. 3, p. 233, 1894.

Type: Lyda alternans O. Costa (Rohwer, 1910).

Anoplonyx Marlatt, U. S. Dept. Agr., Bur. Ent., Tech. Ser. no. 3, p. 18, 1896.

Type: Nematus pectoralis Lepeletier.

Antholcus Konow, Zeitschr. syst. Hym. Dipt., vol. 4, p. 3, 1904.

Type: Tenthredo varinervis Spinola.*

Aomodyctium Ashmead, Can. Ent., vol. 30, p. 309, December, 1898.

A genus without a species.

Aphadnurus O. Costa, Fauna Napoli, Tenthred., p. 40, 1859.

Type: Aphadnurus tantillus O. Costa.*

=Emphytus pumila Klug.

=Fenusa Leach.

Aphanisus MacGillivray, Can. Ent., p. 295, August, 1908.

Type: Aphanisus lohatus MacGillivray (designated).

Aphilodyctium Ashmead, Can. Ent., vol. 30, p. 310, 1898.

Type: Strongylogaster rubripes Cresson (designated).

Aprosthema Konow, Ent. Nachr., vol. 25, p. 149, 1899.

Type: Hylotoma brevicornis Fallen.

Ardis Konow, Wien. ent. Zeit., vol. 5, pp. 184, 188, no. 4, 1886.

Type: Tenthredo (AUantus) bipunctata Klug.

Arge Schrank, Fauna Boica, vol. 2, p. 209, no. 231, 1802.

Type: Tenthredo enodis Linnaeus.

Astatus Jurine, Fauna Insect. Germ., vol. 7, p. 83, fig. 12, 1801.

Type: Sirex troglodyta Fabricius.

Asticta E. Newman, Ent. Mag., vol. 5, p. 484, 1838.

Type: Asticta ianthe E. Newman.*
=Harpiphorus lepidus Klug.

=Harpiphorus Hartig (isogenotypic).

Ateuchopus Konow, Wien. ent. Zeit., vol. 15, p. 174, 1896.

Type: Ateuchopus armeniu^ Konow.

Athalia Leach, Zool. Misc., vol. 3, p. 128, no. 2, 1817.

Type: Tenthredo spinarum Fabricius (Curtis, 1836).

Athermantus W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 54, no. 32, 1882.

Type: Hylotoma imperalis F . Smith*
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Athlophorus Burmeister, Athlophorus, eineneue Gattung der Blattwespen, pp. 1-9,

1847.

Type: Athlophorus klugii Burmeister.*

Atocus Scudder, Bui. U. S. Geol. Surv., vol. 93, p. 24, pi. 2, fig. 5, 1892.

Type: Atocus defessus ^CMdder *

Atomacera Say, Bost. Joum. Nat. Hist., vol. 1, no. 3, p. 212, 1836.

Type: Atomacera debilis Say *

Aulacomerus Spinola, Ann. Ent. Soc. France, vol. 9, p. 137, 1840.

Tjrpe: Aulacomerus buquetii S-pinola*

Bactroceros Konow, Ann. k. k. Hofmus., Wien., vol. 12, p. 21, 1897.

Type: Tenthredo vafer Linnaeus (Rohwer, 1910).

=Anoplolyda A. Costa.

Bathyblepta Konow, Zeitschr. syst. Hym. Dipt., vol. 6, p. 123, 1906.

Type: Bathyblepta procer Konow.*

Beldonea Cameron, Mem. & Proc. Manchester Lit. & Phil. Soc. vol. 43, no. 3,

p. 35, 1899.

Type: Beldonea rugifrons Cameron.*

Beleses Cameron, Trans. Ent. Soc. Lond., p. 88, 1877 (n. n. for Anisoneura Cameron,

1876).

Type: Anisoneura stigmaticalis Cameron.*

Bergiana Konow, Anal. Mus. Buenos Aires, vol. 6, p. 397, 1899.

Tyjje: Syzygonia cyanocephala Klug (designated, p. 398).

= Syzygoiiia Klug (isogenotypic).

Bivena MacGillivray, Can. Ent., vol. 26, p. 327, 1894.

Type: Bivena maria MacGillivray (designated).

= Tenthredo delta Provancher.

Blasticotoma Klug, Jahrb. Insectenkunde, vol. 1, p. 270, no. 7, 1834.

Type: Blasticotoma filiceti Klug.*

Blennocampa Hartig, Fam. Blatt. Holzwesp., p. 266, 1837.

Type: Tenthredo (Allantus) pu^illa Klug.

Brachycolus Konow, Termes. Fuzetek, vol. 28, pt. 3, p. 166, 1895.

Type: Nematus viduatus Zetterstedt.

Brachyphatnus Konow, Zeitschr. syst. Hym. Dipt., vol. 6, p. 250, 1906.

Type: Brachyphatnus debilicornis Konow.

Brachytoma Westwood, Thes. Ent. Oxon., p. 109, 1874 (non Swainson, 1840).

Type: Brachytoma furhipennis Westwood (Ashmead, 1898).

Brachyxiphus Philippi, Stett. ent. Zeit., vol. 32, p. 285, 1871.

Type: Brachyxiphus grandis Philippi.

Braunsiola Konow, Ent. Nachr., vol. 25, p. 312, 1899.

Type: Braunsiola truculenta Konow.*

=Micrarge Ashmead.

Busarbia Cameron, Mem. & Proc. Manphester Lit. & Phil. Soc, vol. 43, no. 3, p. 37,

1899.

Type: Busarbia viridipes Cameron.*

Cacosyndia W. F. Kirby, Trans. Ent. Soc. Lond., p. 203, 1883 (n. n. for Pompholyx
Freymuth).

Type: Pompholyx dimorpha Freymuth (designated).

Ceenocephus Konow, Wien. ent. Zeit., vol. 15, p. 151, 1896.

Type: Csenocephus jakoivleffi Konow.*

Csenolyda Konow, Ann. k. k. Hofmus., Wien., vol. 12, p. 15, 1897.

Type: Tenthredo reticulata Linnaeus (Rohwer, 1910).
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Ceenoneura Thomson, Opusc. Ent., vol. 2, p. 270, 1870.

T^-pe: Caenoneura dahlbomi Thomson.*

Calameuta Konow, Wien. ent. Zeit., vol. 15, p. 159, 1896.

Type: Cephus Jiliformis Eversmann.

Caliroa O. Costa, Fauna Napoli, Tenthred., p. 59, 1859.

Type: Caliroa sebetia 0. Costa.*

=Allantus cinxia Klug.

Caloptilia Ashmead, Can. Ent., vol. 30, p. 212, 1898.

Type: Caloptilia tovmsendi Ksh-me&d (designated).

Calozarca Ashmead, in Dyar, Journ. N. Y. Ent. Soc, p. 129, 1898; also Can. Ent.,

vol. 30, p. 252, October, 1898.

Type: Selandriafascipennis Norton (designated).

=Parazarca Ashmead.

Camponiscus E. Newman, Ent., vol. 4, p. 215, 1869.

Type: Cainponiscus healseiFi. Newmani*
= Tenthredo luridiventris Fallen .

=Platycainpus Sehiodte.

Camptoperga Shipp, Ent., vol. 27, pp. 339-340, 1894.

Type: Perga cressoni Westwood (designated).

Camptoprium Spinola, Ann. Soc. Ent. France, vol. 9, p. 134, 1840.

Type: Camptoprium leprieuri Spinola.*

Canonias Konow, Tennes. Fuzetek, vol. 24, p. 65, 1901.

Type: Canonias inopinus Konow .*

Celidoptera Konow, Ann. k. k. Hofmus., Wien., vol. 12, p. 20, 1897.

Type: Lyda maculipennis Stein.*

Cephaleia Panzer, Fauna Ins. Germ., vol. 8, p. 36, 1805.

Type: Tenthredo signata Fabricus (Rohwer, 1910).

Cephalocera Klug, Jahrb. Insectenkunde, vol. 1, p. 251, no. 8, 1834.

Type: Cephalocera pum,ila Klug.*

(preocc.,=Corynophilus W. F. Kirby).

Cephites Heer, Denkschr. schweiz. Ges. Naturwiss., vol. 11, p. 173, no. 18, 1850.

Type: Cephites amingensis Heer.

Cephosoma Gradl, Ent. Nachr., vol. 7, p. 294, 1881.

Type: Cephosoma sj/ringse Gr&dl*

==Hartigia Schiudte and Boie.

Cephus Latreille, Hist. Nat. Crust. Ins., vol. 3, p. 303, 1802.

Type: Sirex pyg7n3eus Linnaeus (LatieiWe, 1810; Brulle, 1846; Westwood, 1840).

Ceratxilus MacGillivray, Can. Ent., vol. 40, p. 454, 1908.

Type: Ceratulus spectabilis MacGillivray (designated).

Cerealces W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 31, no. 11, 1882.

Type: Cerealces scutellata W. F. Kirby.*

Cerobactrus O. Costa, Fauna Napoli., Cephid., p. 9, 1860.

Type: Cerobactrus major O. Costa.*

=Astatus satyrus Panzer.

=Hartigia Sehiodte and Boie.

Cerospastus Konow, Anal. Mus. Buenos Aires, vol. 6, p. 404, 1899.

Type: Cerospastus volupis Konow.*

Chalinus Konow, Termes. Fuzetek, vol. 20, p. 605, 1897.

Type: Oryssus plumicornis Gu^rin.

Characophygus Konow, Ent. Nachr., vol. 25, p. 73, 1899.

Type: Characophygus moriceiKonovf.

*



THE GENOTYPES OF SAWFLIES AND WOODWASPS. 77

Cibdela Konow, Ent. Nachr., vol. 25, p. 76, 1899.

Type: Hylotoma jantheria Klug.

Cimbex Olivier, Encyl. Method., Ins., vol. 5, p. 762, 1790. .

Type: Tenthredo lutea Linnaeus (Latreille, 1810).

Cladiucha Konow, Zeitschr. syst. Hym. Dipt., vol. 2, p. 389, 1902.

Type: Cladiucha insolita Konow.*

Cladius Rossi, Fauna Etrusca, ed. 2a, vol. 2, p. 27, 1807.

T^-pe: Tenthredo difformis Panzer (Latreille, 1810).

Cladomacra F. Smith, Ann. Mag. Nat. Hist., (3) vol. 6, p. 256, 1860.

Type: Cladomacra macropus F. Smith.*

Claremontia Rohwer, Can. Ent., vol. 41, p. 397, November, 1909.

Type: Claremontia typica Rohwer (designated).

Clarissa W. F. Kirby, Ann. Mag. Nat. Hist., (6) vol. 14, p. 40, 1894.

Type: Clarissa divergens W. F. Kirby.*

ClaveUaria Lamarck, Syst. des Animaux san vertebres, p. 264, 1801.

Type: Tenthredo lutea Linnaeus.*

=Cimbex Olivier.

Clavellarlus Olivier, Encycl. Method., vol. 4, p. 22, 1789; vol. 6, p. 18, 1791. No
species.

Clydostomus Konow, Zeitschr. syst. Hym. Dipt., vol. 8, p. 19, 1908.

Type: Clydostomus cestatus Konow.

CockereUonis MacGillivray, Can. Ent., vol. 40, p. 365, October, 1908.

Type: CockereUonis occidentalis MacGillivray (designated).

=Eriocainpidea Ashmead.

Colochelyna Konow, Ent. Nachr., vol. 24, p. 280, 1898.

Type: Colochelyna magrettii Konow.

Conaspidia Konow, Ent. Nachr., vol. 24, p. 279, 1898.

Type: Conaspidia sikkemensis Konow.*

Corymbas Konow, Ann. Mus. St. Petersbourg, p. 120, 1903.
,

Type: Corymbas koreana Konow.

Coryna Lepeletier, Encyl. Method., Ins., vol. 10, pt. 2, p. 567, 1828.

Type: Tenthredo (Coryna) scapularis Lepeletier.

= Tenthredo fiavans Klug.

= Selandria Leach.

Corynia Imhof et Labram, Insect. Schweiz., vol. 1, pi. 23, 1836.

Type: Corynia rosarum Imhof et Labram.

=Arge Schrank.

Corynophilus W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 32, no. 15, 1882 (n. n.

for Cephalocera Klug, non Latreille).

Type: Cephalocera pumila Klug.*

Croesus Leach, Zool. Misc., vol. 3, p. 129, no. 1, 1817.

Type: Tenthredo septentrionalis Linnaeus.*

=Neniatus Jurine.

Cryptocampus Hartig, Fam. Blatt. Holzwesp., p. 221, March, 1837.

Type: Nematus {Cryptocampus) medullaris Hartig.

=Euura Newman.

Cryptus Panzer, Krit. Revis., vol. 2, p. 21, 1806 (non Fabricus, 1804).

Type: Tenthredo furcata Villers (Curtis, 1825).

= Schizocera Lepeletier (isogenotypic)

.
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Cyphona Dahlbom, Conspect. Tenthred. Scand., p. 6, 1835.

Type: Tenthredofareata Villers.

= Schizocera Lepeletier.

Decameria (Lepeletier) W. F. Kirby, Lepeletier, Encycl. Method., Ins., vol. 10,

pt. 2, p. 371, 1828; W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 93, no. 43, 1882.

Type: Decameria testacea W. F. Kirby (designated).

Decatria Stephens, Illustr. Brit. Ent., Mandib., vol. 7, p. 94, 1835.

Type: Heterarthus ochropoda Stephens.

Derecyrta F. Smith, Ann. Mag. Nat. Hist., (3) vol. 6, p. 255, 1860.

Type: Derecyrta pictipennis F. Smith.*

Dictynna Brull^, Hist. Nat. Ins. Hym., vol. 4, p. 662, 1846.

Type: Dictynna westwoodii Brulle.*

=Decameria (Lepeletier).

Dictynna Westwood, Arcana Ent., vol. 1, p. 24, pi. 7, fig. 4, 1841.

Type: Dictynna Iseta Westwood.*

=Eurys Newman.
Didocha Konow, Zeitschr. syst. Hym. Dipt., vol. 7, p. 306, 1907.

Type: Didocha braunsi Konow.*

Didymia Lepeletier, Encycl. Method., Ins., vol. 10, pt. 2, p. 574, 1828.

Tyj^e: Hylotoma martini Lepeletier.*

Dielocerus Curtis, Trans. Linn. Soc. Lond., vol. 19, pt. 1, p. 248, 1844.

Type: Dielocerus ellisii Curtis.

Dimorphopteryx Ashmead, Can. Ent., vol. 30, p. 308, 1898.

Type: Strongylogaster pinguis Say (designated).

Dinax Konow, Wien. ent. Zeit., vol. 16, p. 182, 1897.

Type: Dinax jakowleffi 'Konow .*

Dineura Dahlbom, Conspect. Tenthred. Scand., p. 13, no. 6, 1835.

Type: Tenthredo degeeri Klug (Westwood, 1846).

Diphadnus Hartig, Fam. Blatt. Holzwesp., p. 225, 1837.

Type: Nematus fiiscicornis Hartig.*

— Nematus appendiculatus Hartig.

Diphamorphos Rohwer, Ent. News, vol. 22, p. 473, 1910.

Type: Diphamorphos nigrescens Rohwer (designated).

Diprion Schrank, Fauna Boica, vol. 2, pp. 209, 252-254, 1802.

Type: Tenthredo pini Linnaeus (Rohwer, 1910).

Dipteromorpha W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 324, no. 102, 1882,

Type: Macrophya rotundiventris Cameron.*

Distega Konow, Zeitschr. syst. Hym. Dipt., vol. 4, p. 224, 1904.

Type: Distega sjostedti Konow.*

Dolerus Panzer, Krit. Revis., vol. 2, p. 40, 1806.

Type: Dolerus gonager Jurine (Latreille, 1810).

Dosytheus Leach, Zool. Misc., vol. 3, p. 128, no. 4, 1817.

Type: Tenthredo eglanterise Fabricius (Brulle, 1846).

=Dolerus Panzer.

Drnida E. Newman, Ent. Mag., vol. 5, p. 484, 1838.

Type: Druida parviceps E. Newman.*
=Phyllotoma nemorata Fallen.

Dulophanes Konow, Zeitschr. syst. Hym. Dipt., vol. 7, p. 132, 1907.

Type: Dulophanes morio Konow.*
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Ebolia 0. Costa, Fauna Napoli, Tenthred., p. 105, 1859.

Type: Eholia floricola O. Costa.*

Electrocephalus Konow, Ent. Nachr., vol. 23, p. 37, 1897.

Type: Electrocephalus strahlendorffi Konow.*

Emphytoides Konow, Ent. Nachr., vol. 24, p. 274, 1898.

Type: Emphytoides perplexus Konow.

=Atlilopliorus Burmeister.

Emphytus Klug, Mag. Ges. naturf. Berlin, vol. 7, p. 273, 1813.

Type: Tenthredo cincta Linnaeus (Curtis, 1833; Westwood, 1840).

Empria Lepeletier, Encycl. Method., Ins., vol. 10, pt. 2, p. 571, 1828.

Type: Doleru^ (Empria) pallimacula Lepeletier (Brull6, 1846).

Encarsioneura Konow, Deutsch. ent. Zeitschr., p. 239, 1890.

Type: Tenthredo sturnii Klug.*

=Siobla Cameron.

Endelomyia Ashmead, Can. Ent., vol. 30, p. 256, 1898.

Type: Monostegia rosx Harris (designated).

= Caliroa seihiops (Fabricius).

=Caliroa O. Costa.

Eniscia Thomson, Opusc. Ent., pt. 2, p. 299, 1870.

Type: Tenthredo consobrina Klug.

Entodecta Konow, Wien. ent. Zeit., vol. 5, pp. 184, 243, 1886.

Type: Tenthredo (Allantus) pumila Klug (MacGillivray, 1909).

Epitactus Forster, Verb, naturh. Ver. preuss. Rheinl., vol. 11, p. 435, 1854.

Type: Epitactus prsecox Forster.*

Ephippinotus O. Costa, Fauna Napoli, Cephid., p. 10, 1860.

Type: Ephippinotus luteiventris 0. Costa.

=Sirex compressus Fabricius.

Epitaxonus MacGillivray, Can. Ent., vol. 40, p. 365, October, 1908.

Type: Taxonus albodopictus Norton (designated).

Eriglenum Konow, Termes. Fuzetek, vol. 24, p. 60, 1901.

Type: Eriglenum crudum Konow.*

Eriocampa Hartig, Fam. Blatt. Holzwesp., p. 279, 1837.

Type: Tenthredo ovata Linnaeus.

Eriocampidea Ashmead, Can. Ent., vol. 30, p. 256, 1898.

Type: Eriocampidea arizonensis Ashmead (designated).

Eriocampoides Konow, Deutsch. ent. Zeitschr., p. 239, 1890.

Type: Tenthredo limadna Retzius (MacGillivray, 1908).

Ermilia O. Costa, Fauna Napoli, Tenthred., p. 106, 1859.

Type: Ermilia pulchella O. Costa.*

= Tenthredo agrorum Fallen.

=Taxonus Hartig (isogenotypic).

Erythraspides Ashmead, in Dyar, Joum. N. Y. Ent. Soc, p. 128, 1898; also Can,
Ent., vol. 30, p. 252, 1898.

Type: Blennocampa pygmsea Say (designated).

Eiunetabolus Schulz, Spolia Hymen., p. 211, 1906.

Type: Sirex troglodyta Fabricius.

=Sirex niger Harris.

=Astatus Panzer.

67595°—No. 20, pt 2—11 3
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Euryopsis W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 95, no. 45, 1882.

Type: Euryopsis nilens W . F. Kirby.*

Eurys E. Newman, Ent., p. 90, 1841.

Type: Eurys aratus E. Newman.*

Euura E. Newman, Ent. Mag., vol. 4, p. 259, January, 1837.

Type: Euura gallse'Newma.n

.

Eversmannella Jakowlew, Horse Soc. Ent. Ross., vol. 26, p. 15, no. 3, 1891.

Type: Cephus cruentatus Eversmann.*

Fenella Westwood, Introd. Mod. Class. Ins., vol. 2, Gen. Synop., p. 54, 1840.

Type: Fenella nigrita Westwood.*

Eenusa Leach, Zool. Misc., vol. 3, p. 126, no. 4, 1817.

Type: Tenthredo (Emphytus) pumila Klug.*

Fethalia Cameron, Journ. Bombay Soc. Nat. Hist., vol. 14, p. 439, 1902.

Type: Fethalia nigra Cameron*

Gongylocorsia Konow, Ann. k. k. Hofmus., Wien, vol. 12, p. 19, 1897.

Type: Lyda mandibularis Zaddach.*

Gymnia Spinola, Mem. Accad. Sci. Torino, (2) vol. 13, p. 23, 1851.

Type: Gymnia apicalis Spinola.

Gymniopterus Ashmead, Can. Ent., vol. 30, p. 213, 1898.

Type: Gymniopterus singularis Ashmead (designated).

Gynmonychus Marlatt, U. S. Dept. Agr., Div. Ent., Tech. Ser. 3, p. 122, 1896.

Type: Gymnonychus californicus Marlatt (designated).

=Diphadnus Hartig.

Haplostegus Konow, Termes. Fuzetek, vol. 24, p. 70, 1901.

Type: Haplostegus epimelas Konow.

Harpiphorus Hartig, Fani. Blatt. Holzwesp., p. 253, 1837.

Type: Tenthredo {Emphytus) lepidus Klug.*

Hartigia (Schiodte) Boie. Schiodte, KJroyers Naturhistorisk Tidskrift., vol. 2, p. 332,

1838; Boie, Stett. Ent. Zeit., vol. 16, p. 49, 1855.

Tyi^e: Astatus satyrus Rossi.

Hemichroa Stephens, Illustr. Brit. Ent., Mandib., vol. 7, p. 55, no. 18, 1835.

Type: Tenthredo alni Linnaeus (Westwood, 1840; Brulle, 1846).

Hemidianeura W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 48, no. 28, 1882.

Type: Hemidianeura nigricornis W . F. Kirby.

Hemitaxonus Ashmead, Can. Ent., vol. 30, p. 311, 1898.

Type: Taxonu^ dubitatus Norton (designated).

Hennedyia Cameron, Mem. & Proc. Manchester Lit. Phil. Soc, vol. 4, no. 4, p. 9, 1891.

Type: Hennedyia annulitarsis Cameron.*

Heptacola Konow, Zeitschr. syst. Hym. Dipt., vol. 5, p. 167, 1905.

Type: Heptacola huyssoni Konow.

Heptamelus Haliday, Nat. Hist. Rev., vol. 2, p. 60, 1835.

Type: Melicerta ochroleuca Stephens.*

Heterarthus Stephens, Illustr. Brit. Ent., Mandib., vol 7, p. 94, no. 25, 1835.

Type: Tenthredo (Emphytus) ochropoda Klug.*

Holcocneme Konow, Deutsch. ent. Zeitschr., p. 238, 1890.

Type: Tenthredo crassa Fallen.

Homceoneura Ashmead, Can. Ent., vol. 30, p. 313, 1898.

Type: Tenthredo delta Provancher (designated).

=Bivena MacGillivray.
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Hoplocampa Hartig, Fam. Blatt. Holzwesp., p. 276, 1837.

Type: Tenthredo {Allantus) brevis Klug.

Hybonotus Klug, Mon. Sine. Germ., p. 8, no. 2, 1803.

Type: Ichneumon camelus Linnseus.

=Xiphydria Latreille.

Hylotoma Latreille, Hist. Nat. Crust. Ins., vol. 3, p. 302, 1802.

Type: Tenthredo rosse. Linnaeus.*

=Arge Schrank.

Hypargyricus MacGillivray, Can. Ent., vol. 40, p. 290, August, 1908.

Type: Hypargyricus infuscatus MacGillivray (designated).

Hyperoceros Konow, Zeitschr. syst. Hym. Dipt., vol. 6, p. 369, 1906.

Type: Hyperoceros peruanus Konow.*

Hypolaepus W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 324, no. 103, 1882.

TyjDe: Hypoisepus abbotiiW. F. Kirby.*

Hypotaxonus Ashmead, Can. Ent., vol. 30, p. 311, 1898.

Type: Strongylogaster pallipes Say (designated).

Incalia Cameron, Trans. Ent. Soc. Lond., p. 143, 1878.

Type: Incalia hirticornis Cameron.*

Ischyroceraea Kiser, Tromoso Mus. Aarsk., vol. 19, p. 67, 1896 (pub. 1898).

Type: Ischyrocersea hyperborea Kiaer.*

Isodyctium Ashmead, in Dyar, Joum. N. Y. Ent. Soc, p. 127, 1898; Can.

Ent., vol. 30, p. 251, October, 1898.

Type: Isodyctium coryicolum Dyar (designated).

Itycorsia Konow, Ann. k. k. Hofmus., Wien, vol. 12, p. 13, 1897.

Type: Tenthredo hieroglyphica Christ. (Rohwer, 1910).

Janus Stephens, Illustr. Brit. Ent., Mandib., vol. 7, p. 107, no. 30, 1835.

Type: Janus connectus Stephens (Westwood, 1840).

= Janus cynosbati (Fsihncms)

.

Jermakia Jakowlew, Horae Ent. Soc. Ross., vol. 26, pts. 1-2, p. 58, no. 68, 1891.

Type: Allantus cephalotes Jakowlew.*

Kaliofenusa Viereck, Ann. Rep. N. J. State Mus., p. 591, 1909 (1910).

Type: Fenusa uhni Sundevall.

Kaliosysphinga Tischbein, Stett. ent. Zeit., vol. 7, p. 79, 1846.

Type: Kaliosysphinga dohrnii Tischbein.*

=Fenusa Leach.

KeUdoptera Konow, Ann. k. k. Hofmus. Wien, vol. 12, p. 20, 1897.

Type: Lyda maculipennis Stein.*

Kokujewia Konow, Rev. Ent. Russe, vol. 2, p. 3, 1902.

Type: Kokujewia ectrapela Konow.

Konowia Brauns, Wien. ent. Zeit., vol. 3, p. 220, 1884.

Type: Konowia megapolitana Brauns.*

Labidarge Konow, Ent. Nachr., vol. 25, p. 309, 1899,

Type: Labidarge bolivari Konow.
= CaloptiIia Ashmead.

Labidia Provancher, Addit. Faune Can. Hym., p. 21, 1886.

Type: Labidia Columbiana Provancher.*

^Allantus opinu^ Cresson.

Lagideus Konow, Zeitschr. syst. Hym. Dipt., vol. 5, p. 160, 1905.

Type: Lagideus crinitvji Konow.*
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Lagium. Konow, Zeitschr. syst. Hym. Dipt., vol. 4, p. 246, 1904.

Type: Tenthredo atroviolaceum Norton (designated).

Lavurentia A. Costa, Rendic. Accad. Sci. Fis., Napoli, (2) vol. 4, p. 173, 1890.

Type: Laurentia craverii A. Costa.*

— Tenthredo gibbosa Fallen.

Leptocerca Hartig, Fam. Blatt. Holzwesp., p. 228, 1837.

Type: Tenthredo alni Linnaeus.

=Heniich.roa Stephens.

Leptocercus Thomson, Hym. Scand., vol. 1, p. 76, 1871 (an emended spelling of

Leptocerca).

Type: Tenthredo alni Linnaeus.

=Heimchroa Stephens.

Leptocimbex Semenow, Ann. Mus. St. Petersbourg, p. 95, 1896.

Type: Leptocimbex potanini Semenow.

Leptopus Hartig, Fam. Blatt. Holzwesp., p. 104, 1837 (non Latreille, 1809).

Type: Nematus {Leptopus) hypogastricus Hartig.*

= Tenthredo luridiventris Fallen.

=Platycanipus Schiodte.

Liolyda Ashmead, Can. Ent., vol. 30, p. 209, 1898.

Type: Lyda frontalis Westwood (designated).

=Cephaleia Panzer.

Lisconeura Rohwer, Bui. Amer. Mus. Nat. Hist., vol. 24, p. 529, 1908.

Type: Scolioneura vexabilis Brues (designated).

lithoryssus Brues, Bui. Amer. Mus. Nat. Hist, vol. 20, p. 492, fig. 1, 1906.

Type: Lithoryssus parvus Brues (designated).

Lithracia Cameron, Journ. Bombay Soc, vol. 14, p. 441, 1902.

Type: Lithracia Jlavipes Cameron.*

Loboceras W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 79, no. 35, 1882.

Type: Loboceras mexicanum W. F. Kirby.

lioderus Konow, Deutsch. ent. Zeitschr., p. 240, 1890.

Type: Tenthredo pratorum Fallen.

Lophyridea Ashmead, Can. Ent., vol. 30, p. 226, 1898.

Type: Lophyrus tropicus Norton (designated).

'=Loph.yroides Cameron.

Lophyroides Cameron, Ent. Monthl. Mag., vol. 19, p. 133, 1882.

Type: Lophyrus tropicus Norton (designated).

Iiophyrotoma Ashmead, Can. Ent., vol. 30, p. 230, 1898.

Type: Pterygophorus interruptus Klug (designated).

=Pterygophorus Klug.

Lophyrus Latreille, Hist. Nat. Crust. Ins., vol. 3, p. 302, 1802 (non Poll).

Type: Tenthredo pini Jjinnaeus.*

=Diprion Schrank (isogenotypic).

Lycaota Konow, Zeitschr. syst. Hym. Dipt., vol. 3, p. 147, 1903.

Type: Selandria sodalis Cresson.*

Lycosceles Konow, Zeitschr. syst. Hym. Dipt., vol. 5, p. 159, 1905.

Type: Lycosceles herbsti Konow .*

Lyda Fabricius, Syst. Piez., p. 43, no. 5, 1804.

Type: Tenthredo sylvatica Linnaeus (Curtis, 1831).

=PampMLius Latreille.
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Lygseonematus Konow, Deutsch. ent. Zeitschr., p. 238, 1890.

Type: Nematus pini 'Retzius.

MacgiUivraya Ashmead, Can. Ent., vol. 30, p. 257, 1898 (preoccupied).

Type: Macgillivraya oregonensis Ashmead (designated).

=MacgiIlivrayella Ashmead.

Macgillivrayella Ashmead, in Smith, Cat. Ins. N. J., p. 606, 1899 (n. n. for Macgil-

livraya Ashmead).

Type: Macgillivraya oregonensis Ashmead.

Macremphytus MacGillivray, Can. Ent., vol. 40, p. 368, October, 1908.

Type: Earpiphorus variamxs Norton (designated).

Macrocephus Schlechtendal, Ent. Nachr., vol. 4, p. 153, 1878.

Type: Macrocephus ulmarise Schlechtendal.*

= Tenthredo linearis Schrank, 1781.

=Hartigia Schiodte and Boie.

Macroclada Konow, Genera Insectorum, Fasc. 29, p. 46, 1906.

(An emended name for Cladomacra F. Smith.)

=Cladoinacra F. Smith.

Macrophya Dahlbom, Conspect. Tenthred. Scand., p. 11, no. 3, 1835.

Type: Tenthredo rusticus Linnseus (Westwood, 1840).

Macroxyela W. F. Kirby, List. Hym. Brit. Mus., vol. 1, p. 351, no. 109, 1882.

Type: Xyelaferruginea Say (designated).

Manoxyela Ashmead, Can. Ent., vol. 30, p. 206, 1898.

Type: Manoxyela californica Ashmead (designated).

=Pleroneura Konow.

Marlattia Ashmead, Can. Ent., vol. 30, p. 287, 1898.

Type: Hoplocampa laricis Marlatt (designated).

Mastigocera Klug, 18— Reference unknown, a synonym of Xyela by Lepeletier,

Encycl. Method., vol. 10, pt. 2, p. 577, 1828.

Megalodontes Latreille, Hist. Nat. Crust, et Ins., vol. 3, p. 302, 1802.

Type: Tenthredo cephalotes Fabricius (Latreille, 1810).

Megaxyela Ashmead, Can. Ent., vol. 30, p. 206, 1898.

Type: Xyela major Cresson (designated).

Melanopus Konow, Ann. k. k. Hofmus., Wien., vol. 12, p. 12, 1897.

Type: Tarpa fabricii Leach.*

Melanoselandria (Ashmead) MacGillivray, in Smith, Cat. Ins. N. J., p. 606, 1899;

Can. Ent., vol. 41, p. 404, November, 1909.

Type: Melanoselandria zabriskiei Ashmead.*
=Hypargyricus MacGillivray, 1908.

Melicerta Stephens, Illustr. Brit. Ent., Mandib., vol. 7, p. 95, no. 26, 1835 (preocc).

Type: Melicerta ochroleucus Stephens.*

=HeptaineIus Haliday, 1855.

Melinia O. Costa, Fauna Napoli, Tenthred., p. 41, 1859.

Type: Melinia minutissima O . Costa.

Mesoneura Hartig, Fam. Blatt. Holzwesp., p. 229, 1837.

Type: Tenthredo opaca Fabricius.*

Messa Leach, Zool. Misc., vol. 3, p. 126, no. 3, 1817.

Tj^e: Tenthredo {Emphytus) hortulana Klug.*

Metallus Forbes, 14th Rep. St. Ent. 111. for 1884, p. 87, 1885.

Type: Metallus rubi Forbes *
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Micrarge Ashmead, Can. Ent., vol. 30, p. 213, 1898.

Type: Atomocera ruficollis Norton (designated).

Miocephala Konow, Zeitschr. eyst. Hym. Dipt., vol. 7, p. 162, 1907.

Type: Miocephala chalybea Konow.*

Micronematus Konow, Deutsch. ent. Zeitschr., p. 239, 1890.

Type : Nematus pullus Forster.

= Nematus vionogyniae Hartig.

Mocsarya Konow, Termes. Fuzetek, vol. 20, p. 608, 1897.

Type: Oryssus metallicus Mocsary.*

Mogerus MacGillivray, Can. Ent., vol. 27, p. 281, October, 1895.

Type: Tenthredo (Allantus) lineolata Klug.

=Periclista Konow.

Monoctenus Dahlbom, Conspect. Tenthred. Scand., p. 7, 1835.

Type: Tenthredo juniperi Linnaeus.*

Monophadnoides Ashmead, Can. Ent., vol. 30, p. 253, October, 1898.

Type: Monophadnus rubi Harris (designated).

Monophadnus Hartig, Fam. Blatt. Holzwesp., p. 271, 1837.

Type: Tenthredo albipes Gmelin (Ashmead, 1898).

Monoplopus Konow, Wien. ent. Zeit., vol. 15, p. 173, 1896.

Type: Tenthredo saltuum Linnaeus.

Monosoma Viereck, Ann. Rep. N. J. State Mus., p. 583, 1909 (1910).

Type: Pcecilostoma inferentia Norton.*

=Moiisoina MacGillivray.

Monostegia 0. Costa, Fauna Napoli, Tenthred., p. 60, 1859.

Type: Tenthredo ahdominalis Fabricius (MacGillivray, 1908).

Monsoma MacGillivray, Can. Ent., vol. 40, p. 368, October, 1908.

Type: Pcecilostoma inferentia Norton (designated).

Nematoceros Konow, Wien. ent. Zeit., vol. 15, pp. 54, 52, 1896.

Type: Tenthredo luteola Klug.*

=Monostegia Costa (isogenotypic).

Nematoneura E. Andre, Spec. Hym. Europe, vol. 1, pt. 2, p. 576, no. 7^, 1881.

Type: Nematoneura violaceipennis Andre.*

Nematinus Rohwer, see p. 99.

Type: Tenthredo ahdominalis Panzer (designated).

Nematus Panzer, Krit. Revis., vol. 2, p. 44, 1806.

Type: Tenthredo septentrionalis Linnaeus (Latreille, 1810).

Neocharactus MacGillivray, Can. Ent., vol. 40, p. 293, August, 1908.

Type: Neocharactus 6a^en MacGillivray (designated).

Neoeurys Rohwer, Ent. News, vol. 22, p. 472, 1910.

Type: Neoeurys metallica Rohwer (designated).

Neopareophora MacGillivray, Can. Ent., vol. 40, p. 289, August, 1908.

Type: iVeopareop/iora marimi MacGillivray (designated).

Neoperga Ashmead, Can. Ent., vol. 30, p. 232, 1898.

Type: Perga amenaida Kirby (designated).

NeoptlHa Ashmead, Can. Ent., vol. 30, p. 213, 1898.

Type: Neoptilia mexicana Ashmead (designated).

Neopus Viereck, Ann. Rep. N. J. State Mus., p. 585, 1909 (1910).

Tyjje: Tenthredopsis quatuordecimpunctata Norton.

Neotomostethus MacGillivray, Can. Ent., vol. 40, p. 290, August, 1908.

Type: Neotomostethus hyalinv^ MacGillivray (designated).
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Nesodiprion Rohwer, Proc. U. S. Nat. Mus., vol. 39, no. 1777, p. 104, 1910.

Type: Lophyms japonicus Marlatt (designated).

Nesoselandria Rohwer, Proc. U. S. Nat. Mus., vol. 38, no. 1722, p. 657, 1910.

Type: Paraselandria imitatrix Ashuiead (designated).

Nesotaxonus Rohwer, Proc. U. S. Nat. Mus., vol. 39, no. 1777, p. Ill, 1910.

Type: Phyllotomaf flavescens Marlatt (designated).

Nesotomostethus Rohwer, Proc. U. S. Nat. Mus., vol. 39, no. 1777, p. 106, 1910.

Type: Blennocampa religiosa Marlatt (designated).

Netroceros Konow, Wien. ent. Zeit., vol. 15, p. 51, 1896.

Type: Eriocampa (Netroceros) rufiventris Konow.

Neurotoma Konow, Ann. k. k. Hofmus., Wien, vol. 12, p. 18, 1897.

Type: Tenthredo flaviventris Linnaeus (Rohwer, 1910).

NortoneUa Rohwer, Bui. Amer. Mus. Nat. Hist., vol. 24, p. 582, 1908.

Type: NortoneUa typica Rohwer (designated).

Nycteridium Fischer-Waldheim, Mem. Soc. Nat. Moscou, vol. 1, p. 286, 1806.

Type: Nycteridium fischeri Fischer.

Odontophyes Konow, Wien. ent. Zeit., vol. 18, p. 42, 1899.

Type: Pleroneura avingrata Dyar.*

Ophrynopus Konow, Termes. Fuzetek, vol. 20, p. 605, 1897.

Type: Ophrynopus andrei Konow.

Opisthoneirra Ashmead, Can. Ent., vol. 30, p. 287, 1898.

T^^pe: Opisthoneura crevecoeuri Ashmead (designated).

=noplocampa montana Cresson.

=Zaschizonyx Ashmead.

Oryssus Latreille, Prec. Car. Gener. Ins., p. Ill, no. 10, 1796.

Type: Oryssus coronatus Fabricius (Latreille, 1810).

Pachycephus J. P. Stein, Stett. ent. Zeit., vol. 37, p. 60, 1876.

Type: Pachycephus smyrnensis Stein.*

Pachylosticta Klug, Ent. Mon., p. 171, 1824.

Type: Pachylosticta tibialis Klug.

Pachylota Westwood, Arc. Ent., vol. 1, p. 24, pi. 7, fig. 3, 1841.

TjTDc: Pachylota audouinii Westwood.*

Pachynematus Konow, Deutsch. ent. Zeitschr., p. 238, 1890.

Type: Nematus caprcxYawzev.

— Nematus trisignatus Forster.

Pachyrotasis Hartig, Fam. Blatt. Holzwesp., p. 295, 1837.

Type: Tenthredo rapse Linnaeus (Westwood, 1840).

Palseotaxonus Brues, Bui. Mus. Comp. Zool., vol. 51, no. 10, p. 266, March, 1908.

Type: Palseotaxonus typicv^ Brues (designated).

Pamphilius Latreille, Hist. Nat. Crust Ins., vol. 3, p. 303, 1802.

Type: Tenthredo silvatica Linnaeus.*

Pampsilota Konow, Ent. Nachr., vol. 25, p. 76, 1899.

Type: Pampsilota afer Konow.

Parabatus MacGillivray, Ann. Ent. Soc. Amer., vol. 2, p. 262, 1909.

Tj^e: Parabates histrionicus MacGillivray (designated).

Parabia Semenow, Horae. Soc. Ent. Ross., vol. 25, p. 174, 1890.

Type: Para6ta_;otowZem Semenow (designated).

Paracharactus MacGillivray, Can. Ent., p. 292, August, 1908.

Tj^e: Paracharactus obscuratus MacGillivray (designated).
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Paralypia. W. F. Kirby, List. Hym. Brit. Mus., vol. 1, p. 33, no. 17, 1882.

Type: Paralypia picipes Kirby.*

Paraperga Ashmead, Can. Ent., vol. 30, p. 232, 1898.

Type: Perga jucunda Kirby (designated).

Paraselandria Ashmead, Can. Ent., vol. 30, p. 255, 1898.

Type: Tenthredo fiavans Klug (designated).

= Selandria Leach.

Parasiobia Ashmead, Can. Ent., vol. 30, p. 308, 1898.

Type: Strongylogaster rufocinctus Norton (designated).

Parastatis W. F. Kirby, Ent. Monthly Mag., vol. 18, p. 107, 1881.

Type: Parastatis indica W. F. Kirby.*

Parasyzygonia Rohwer (see p. 102).

Type: Syzygonia cyanoptera Klug (designated).

Parataxonus MacGillivray, Can. Ent., vol. 40, p. 367, October, 1908.

Type: Tox-onMS mttZiicoZor Norton (designated).

=Aphilodyctiuin Ashmead.

Parazarca Ashmead, in Dyar, Joum. N. Y. Ent. Soc, p. 128, 1898; also Can. Ent.,

vol. 30, p. 252, October, 1898.

Type: Parazarcafumipennis Ashmead (designated).

Paremphytus Brues, Bui. Mus. Comp. Zool., vol. 51, no. 10, p. 264, March, 1908.

Type: Paremphytus ostentus Brues.*

Pareophora Konow, Wien. ent. Zeit., vol. 5, pp. 184, 187, no. 3, 1886.

Type: Pareophora luridiventris Konow.
= Tenthredo (Allantus) nigripes Klug.

Paiirurus Konow, Wien. ent. Zeit., vol. 15, p. 43, 1896.

Type: Sirex juvencus Linnaeus.

Pectinia Brull6, Hist. Nat. Ins. Hym., vol. 4, p. 664, 1846.

Type: Tenthredo (AllantiLs) aterrima Klug (designated).

=Phyinatocera Dahlbom.

Pelmatopus Hartig, Fam. Blatt. Holzwesp., p. 244, 1837.

Type: Dolerus {Pelmatopus) minutv^ Hartig.*

Perantherix Westwood, Thes. Ent. Oxon., p. 109, 1874.

Type: Perantherix pumilio Westwood.*

Perga Leach, Zool. Misc., vol. 3, p. 115, 1817.

Type: Perga dorsalis Leach (Shipp, 1894).

Pergadopsis Shipp, Ent., vol. 27, pp. 339, 340, 1894.

Type: Perga dahlbomi Westwood (designated).

Periclista Konow, Wien. ent. Zeit., vol. 5, pp. 184, 186, no. 2, 1886.

Type: Tenthredo (Allantus) lineolata Klug.

Periclistoptera Ashmead, Can. Ent., vol. 30, p. 255, 1898.

Type: Monostegia quercus-alba Norton (designated).

Ashmead gave the type as alba.

=Eriocarapoides Konow.

Perineura Hartig, Fam. Blatt. Holzwesp., p. 303, 1837.

Type: Tenthredo rubi Panzer.*

Peronistilus Chigi, Ann. Mus. Zool. R. Univ. Napoli, n. s. vol. 1, no. 21, p. 26,1904.

Type: Cephus politissimus A. Costa.*

Perreyia BruUe, Hist. Nat. Ins. Hym., vol. 4, p. 661, 1846.

Type: Perreyia lepida Brull^.*

Peus Konow, Zeitschr. syst. Hym. Dipt., vol. 3, p. 315, 1903.

Type: Peus privtis Konow.*
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Pheenusa Cameron, Ent. Monthly Mag., vol. 12, p. 131, 1875.

Type: Phasnusa albipes Cameron.

=Messa Leach.

Philomastix Froggatt, Proc. Linn. Soc. N. S. Wales, (2) vol. 5, p. 467, 1890.

Type: Philomastix naucarrowi Froggatt.

Phlebatrophia MacGillivray, Can. Ent., p. 345, October, 1909.

Type: Phlebatrophia mathesoni MacGillivray (designated).

Phenacoperga Cockerell, Science, n. s. vol. 27, p. 113, 1908.

Type: Perga coloradensis Cockerell (designated).

Phrontosoma MacGillivray, Can. Ent., vol. 40, p. 366, October, 1908.

Type: Phrontosoma atrum MacGillivray (designated).

Phylacteophaga Froggatt, Proc. Linn. Soc. N. S. Wales, vol. 24, p. 130, 1899.

Type: Phylacteophaga eucalypti Froggatt.*

Phylloecus E. Newman, Ent. Mag., vol. 5, p. 485, 1838.

Type: Phylloecusfaunus E. Newman.
=Janus Stephens.

Phyllotoma Fallen, Mon. Tenthred. Suec, p. 25, 1829.

Type: Phyllotoma vagans Fallen.

Phymatocera Dahlbom, Conspect. Tenthred. Scand., p. 11, no. 2, 1835.

Type: Tenthredo (Allantus) aterrima Klug.*

Pinicola Brebisson, Bui. Soc. Philom. Paris, p. 116, 1818 (non Vieillot, 1805).

Type: Pinicola julii Brebisson.

=Xyela Dalman.

Plagiocera Klug, Jahrb. Insectenkunde, vol. 1, p. 227, no. 2, 1834.

Type: Plagiocera thoracica Klug.*

Plagioperga Shipp, Ent., vol. 27, pp. 339, 340, 1894.

Type: Perga mayrii Westwood (designated).

Platycampus Schiodte, Mag. Zool., vol. 9, p. 20, 1839 (footnote).

Type: Nematus (Leptopus) hypogastricu^ Biartig.

Pleroneura Konow, Ent. Nachr., vol. 23, p. 56, 1897.

Type: Xyela dahli'B.artig.

Poecilosoma Thomson, Scand. Hym., vol. 1, p. 227, 1871.

Emended spelling of Pcecilostoma.

Pcecilostoma Dahlbom, Conspect. Tenthred. Scand., p. 13, no. 8, 1835.

Type: Tenthredo guttatum Fallen.

=Einpria Lepeletier.

Poecilostomidea Ashmead, Can. Ent., vol. 30, p. 256, 1898.

Type: Pcecilostoma maculata Norton (designated).

=Enipria Lepeletier.

Polybates MacGillivray, Ann. Ent. Soc. Amer., vol. 2, p. 264, 1909.

Type: Polybates slossonse MacGilliYray (designated).

Polyclonus W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 97, no. 48, 1882.

Type: Polyclonus atratus W. F. Kirby.*

Polystichophagus Ashmead, Can. Ent., vol. 30, p. 310, 1898.

Type: Tenthredo Jilicis Klug (designated).

=Pseudotaxonus A. Costa.

Pompholyx Freymuth, Protoc. 47™® Seance Soc. Anthrop. Moscou, vol. 8, p. 216,

1870.

Type: Pompholyx dimorpha Freymuth.*

preocc.,=Cacosyndia Kirby.
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Pontania O. Costa, Fauna Napoli, Tenthred., p. 20, 1859.

Type: Nematus gallicola Stephens (Marlatt, 1896).

Poppia Konow, Zeitschr. syst. Hym. Dipt., vol. 4, p. 263, 1904.

Type: Poppia athaloides Konow.*

Praia (Wankowitz) Andre, Spec. Hym. Europe et Algerie, vol. 1, pt. 6, 1880; p. 572,

n. 3^ 1881.

Type: Praia taczanowshii (Wankowitz) Andre.*

Priophorus Dahlbom, Conspect. Tenthred. Scand., p. 4, no. 1, 1835.

Type: Priophorus pilicornis Dahlbom.
= Tenthredo padi Linnaeus.

Pristiphora Latreille, Consid. Generales, p. 294, 1810.

Type: Pteronus testaceus Jurine (designated).

Pristis Brulle, Hist. Nat. Ins. Hym., vol. 4, p. 665, 1846.

Type: Tenthredo punctigera Lepeletier.

= Tenthredo opaca Fabricius.

=Mesoneura Hartig.

Probleta Konow, Zeitschr. syst. Hym. Dipt., vol. 8, p. 161, 1908.

Type: Probleta langei Konow.

Prototaxonus Rohwer, Can. Ent., vol. 42, p. 49, February, 1910.

Type: Prototaxonus typicus Rohwer (designated).

Protemphytus Rohwer, Can. Ent., vol. 41, p. 92, March, 1909.

Type: Emphytus coloradensis Weldon (designated).

Pseudabia Schrottky, Ent. Rundschau, vol. 27, no. 23, p. 168, December 1, 1910.

Type: Pseudabia fusca Schrottky (designated).

Pseudoclavellaria Schultz, Spolia Hym., p. 87, 1906.

Type: Tenthredo ameriiix Linnaeus.

Pseudocimbex Rohwer, Bui. Amer. Mus. Nat. Hist., vol. 24, p. 526, 1908.

Type: Pseudocimbex clavatus Rohwer (designated).

Pseudocyphona Ashmead, Can. Ent., vol. 30, p. 211, 1898.

Type: Pseudocyphona mexicana Ashmead (designated).

Pseudodineura Konow, Wien. ent. Zeit., vol. 4, p. 297, 1885.

Type: Tenthredo (Allantus) parvula King.

Pseudoperga Guerin, Icon. Regne Anim., vol. 7, Insectes, p. 398, 1845.

Type: Perga lewisii Westwood (Shipp, 1894).

Pseudoperga Ashmead, Can. Ent., vol. 30, p. 232, 1898 (non Guerin).

Type: Perga polita Leach (designated).

Pseudosiobla Ashmead, Can. Ent., vol. 30, p. 308, 1898.

Type: Macrophya excavata Norton (designated).

Pseudosirex Weyenbergh, Arch. Mus. Teyler, vol. 3, p. 238, 1873.

Type: Pseudosirex darwinii Weyenbergh.

Pseudotaxonus A. Costa, Proc. Sist. Imenott. Ital., p. 157, 1894.

Type: Tenthredo filicis King.*

Ptenos Norton, Trans. Amer. Ent. Soc, vol. 4, p. 77, 1872.

Type: Ptenos niger Norton.

Pteronidea Rohwer (see p. 98).

Type: Nematus ventralis Say (designated).

Pteronus Panzer, Krit. Revis., vol. 2, p. 46, 1806

Type: Tenthredo pinilAnnaaxis.

=Diprion Schrank.
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Pterygophorinus Ashmead, Can. Ent., vol. 30, p. 230, September, 1898.

Type: Pterygophorus analis O. Costa (designated).

=Pterygoph.orus Klug.

Pterygophorus Klug, Mag. Ges. naturf. Freunde Berlin, vol. 6, p. 27G, 1812.

Type: Pterygophorus ductus Klug (Ashmead, 1898).

PtiUa Lepeletier, Mon. Tenthred., p. 49, 1823.

Type: Ptilia braziliensis Lepeletier.

Bethrax Cameron, Mem. & Proc. Manchester Lit. Phil. Soc., vol. 43, no. 3, p. 32, 1899.

Type: Rethrax carinata Cameron.*

Rhadinocersea Konow, Wien. ent. Zeit., vol. 5, pp. 184, 211, no. 5, 1886.

Type: Tenthredo (Allantus) micans Klug.

Rhagonyx Konow, Zeitschr. syst. Hym. Dipt., vol. 3, p. 108, 1903.

Type: Rhagonyx lituratus Konow.*

Rhipidioceros Konow, Ann. k.k. Hofmus., Wien., vol. 12, p. 2, 1897.

Type: Tarpa flabellicornis Germar.

Rhogogaster Konow, Deutsch. ent. Zeitschr., p. 338, 1884.

Type: Tenthredo viridis Linnaeus.

Rhogogastera Konow, Wien. ent. Zeit., vol. 4, p. 123, 1885.

(An emended spelling for Rhogogaster.)

Rhopographus Konow, Ent. Nachr., vol. 25, p. 79, 1899 (n. n. for Rhoptroceros)

.

Type: Rhoptroceros procinctus Konow.

Rhoptroceros Konow, Ent. Nachr., vol. 24, p. 276, 1898.

Type: Rhoptroceros procinctus Konow.*

preocc.,=Rhopographus Konow.

Rusobria Cameron, Trans. Ent. Soc. Lond., p. 150, 1878.

Type: Rusobria carinata Cameron.

Schizocera Lepeletier, Encycl. Method., Ins., vol. 10, pt. 2, p. 572, 1828.

Type: Hylotomafuscata \illers {VJestwood, 1840).

Sciapteryx Stephens, Illustr. Brit. Ent., Mandib., vol. 7, p. 56, no. 19, 1835.

Type: Tenthredo costalis Fabricius.*

Sciopteryx is an incorrect spelling.

Scobina Lepeletier, Encycl. Method., Ins., vol. 10, pt. 2, p. 574, 1828.

Type: Hylotomamelanocephala Lepeletier.*

Scohoneura Konow, Deutsch. ent. Zeitschr., p. 249, 1890.

Type: Tenthredo {Allantus) betuleti Klug (MacGillivray, 1909).

Selandria Leach, Zool. Misc., vol. 3, p. 126, no. 3, 1817.

Type: Tenthredo serva Fabricius (Brulle, 1846).

Senoclia Cameron, Trans. Ent. Soc. Lond., p. 88, 1877 (n. n. for Anisoarthra Cameron).

Type: Anisoarthra ccerulea Cameron.

Sericocera Brulle, Hist. Nat. Ins. Hym., vol. 4, p. 669, 1846.

Type: Sericocera spinolx^rwlld.

Siobla Cameron, Trans. Ent. Soc. Lond., p. 88, 1877.

Type: Siobla mooreana Cameron (Ashmead, 1898).

Sirex Linnaeus, Fauna Suec, ed. 29, p. 396, 1761.

Type: Sirex gigas Linnaeus.

Sjoestedtia Konow, Schwed. Zool. Exp., Kilimandjaro, p. 1, 1907.

Type: Sjoestedtia meruensis Konow.*

Sphaecophilus Provancher, Addit., Faun. Canad., p. 427, 1889.

Type: Sphsecophilus crawii Provancher.*
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Stevenia BruU^, Hist. Nat. Ins. Hym., vol. 4, p. 6G7, 1846.

No species.

Stirocorsia Konow, Ent. Nachr., vol. 23, p. 372, 1897.

Type: Stirocorsia Jcohli Konow *

Stelidarge Konow, Termes. Fuzetek, vol. 24, p. 58, 1901.

Type: Stelidarge diptycha Konow.*

Stromboceros Konow, Wien. ent. Zeit., vol. 4, pp. 19, 20, 1885.

Type: Tenthredo delicatulus Fallen.

Strongylogaster Dahlbom, Conspect. Tenthred. Scand., p. 13, no. 7, 1835.

Type: Tenthredo cingulata Fabricius (MacGillivray, 1908).

Strongylogasteroidea Ashmead, Can. Ent., vol. 30, p. 308, 1898.

Type: Strongylogaster aprilis Say (designated).

Sunoxa Cameron, Mem. & Proc. Manchester Lit. Phil. Soc, vol. 43, no. 3, p. 39, 1899.

Type: Sunoxa purpureifrons Cameron.*

Synairema Hartig, Fam. Blatt. Holzwesp., p. 314, 1837.

Type: Tenthredo delicatula Klug.*

Synaptoneura Konow, Zeitschr. syst. Hym. Dipt., vol. 8, p. 160, 1908.

Type: Synaptoneura boliviensis Konow.*

Syrista Konow, Wien. ent. Zeit., vol. 15, p. 152, 1896.

Type: Cephus parreyssi Spinola.*

Syzygonia Klug, Ent. Monogr., p. 175, 1824.

Type: Syzygonia cyanocephala Klug (Ashmead, 1898).

Syzygonidea Ashmead, Can. Ent., vol. 30, p. 230, September, 1898.

Type: Syzygonia cyanea Brulle (designated).

Tanymeles Konow, Zeitschr. syst. Hym. Dipt., vol. 6, p. 244, 1906.

Type: Tanymeles hilarulus Konow.*

Tanyphatna Konow, Zeitschr. syst. Hym. Dipt., vol. 6, p. 187, 1906.

Type: Tanyphatna pellos Konow

.

Tarpa Fabricius, Syst. Piez., p. 19, no. 2, 1804.

Type: Tarpa cephalotes Fabricius (Westwood, 1840).

=Megalodontes Latreille.

Taxonus Hartig, Fam. Blatt. Holzwesp., p. 297, 1837.

Type: Tenthredo (Allantus) nitida Klug) {= Tenthredo agorumFallen) (Konow, 1896).

Rohwer's remarks (Proc. U. S. Nat. Mus., vol. 39, no. 1777, p. Ill, 1910) are

incorrect. The type must be Tenthredo agorum Fallen. Ermilia O. Costa is

a synonym, being isogenotypic with Taxonus.

TenthredeUa Rohwer, Proc. U. S. Nat. Mus., vol. 39, no. 1777, p. 117, 1910.

Type: Tenthredo atra Linnaeus (designated).

=Tenthredo authors, not Linnaeus.

Tenthredina Rohwer, Proc. U. S. Nat. Mus., vol. 39, no. 1777, p. 116, 1910.

Type: Tenthredo fiavida Marlatt (designated).

Tenthredo Linnaeus, Syst. Nat., ed. 10, vol. 1, p. 343, no. 213, p. 555, no. 214, 1758.

Type: Tenthredo scrophulariae Linnaeus (Latreille, 1810).

Tenthredopsis 0. Costa, Fauna Napoli, Tenthred., p. 98, 1859.

Type: Tenthredo tessellata Klug.

Teredon Norton, Trans. Amer. Ent. Soc, vol. 2, p. 366, 1869.

Type: Tremez cubensis Cresson.

Teredonia W. F. Kirby, List Hym. Brit. Mus., vol. 1, }). 386, no. 7, 1882 (n. n. for

Teredon Norton).

Type: Tremex cubensis Cresson.
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Tetratneura Ashmead, Can. Ent., vol. 30, p. 256, 1898.

Type: Monostegia ignota Norton (designated).

=Einpria Lepeletier.

Themos Norton, Trans. Amer. Ent. Sec, vol. 1, p. 58, no. 19, 1867.

Type: Themos hyalinus Norton*

Thomsonia Konow, Deutsch. ent. Zeitsclir., p. 227, 1884.

Type: Perineura thomsonia Konow.

Thxinax Konow, Wien. ent. Zeit., vol. 4, pp. 19, 22, 1885. • '

Type: Strongylogaster contigua Konow (MacGillivray, 1908).

Thulea Say, Bost. Journ. Nat. Hist., vol. 1, no. 3, p. 214, 1836.

Type: Thulea nigra Sa-y .*

Tomostethus Konow, Wien. ent. Zeit., vol. 5, pp. 184, 214, no. 7, 1886.

Type: Tenthredo nigrita Fabricius.

Topotrita W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 48, no. 27, 1882.

Type: Hylotoma {Schizocera) leucocephala 'Klug*

Trachelus Jurine, Nouv. Method. Class. Hym., p. 70, pi. 2, fig. 9, 1807.

Type: Sirex tahidus Fabricius.

Trailia Cameron, Trans. Ent. Soc. Lond., p. 148, 1878.

Type: Trailia analis Cameron.

Tremex Jurine, Nouv. Method. Class. Hym., p. 80, 1807.

Type: Sirex fusdcornis Fabricius (Latreille, 1810).

Trichiocampus Hartig, Fam. Blatt. Holzwesp., p. 176, 1837.

Type: Nematus grandis Lepeletier.

= Tenthredo viminalis Fallen.

Trichiosoma Leach, Zool. Misc., vol. 3, p. 108, no. 2, 1817.

Type: Tenthredo lucorum Linnaeus (Curtis, 1824).

Trichiosomites Brues, Bui. Mus. Comp. Zool., vol. 51, no. 10, p. 259, March, 1908.

Type: Trichiosomites obliviosus Brues.*

Trichorhachus W. F. Kirby, List Hym. Brit. Mus., vol. 1, p. 39, no. 21, 1882.

Type: Trichorhachus nitidus W. F. Kirby.

Trichorrhachus Konow, Genera Insectorum, fasc. 29, p. 15, 1906.

Misspelling of Trichorhachus.

Trichotaxonus Rohwer, Proc. Ent. Soc. Wash., vol. 12, p. 30, 1910.

Type: Trichotaxonus readi Rohwer (designated).

Tristactus Konow, Ann. k. k. Hofmus., Wien., vol. 12, p. 12, 1897.

Type: Lyda judaicus Lepeletier.*

Tristegus Konow, Zeitschr. syst. Hym. Dipt., vol. 6, p. 370, 1906.

Type: Tristegus mimarius Konow.*

Tritokreion Schilling, tjbers. Arbeit, schles. Ges. Vaterl. cultur., i,j, p. 43, 1825.

No species.

Troch.oph.ora Konow, Zeitschr. syst. Hym. Dipt., vol. 5, p. 158, 1905.

Type: Trochophora duckei Konow.*

XJrocerites Heer, Denkschr. echweiz. Ges. Natur., vol. 22, p. 36, 1867.

Type: Urocerites spectabilis Heer.

TJrocerus (Geoffrey) Latreille. Geoffroy, Hist. Abr. Ins., vol. 2, p. 264, 1762;

Latreille, Hist. Nat. Crust. Ins., p. 304, 1802.

Type: Sirex gigas Linnaeus (Westwood, 1840).

= Sirex Linnaeus.

Waldheimia Brull^, Hist. Nat. Ins. Hym., vol. 4, p. 665, 1846.

Type: Waldheimia hraziliensis Lepeletier (designated).
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Xenapates W. F. Kirby, List. Hym. Brit. Mus., vol. 1, p. 180, no. 67, 1882.

Type: Dineura (?) africana Cameron.*

Xeris A. Costa, Prosp. Sist. Imenn. Ital., vol. 3, p. 259, 1894.

Type: Ichneumon spectrum Linnaeus.*

Xiphidion Provancher, Nat. Can., vol. 7, p. 374, 1875.

Type: Xiphidion canadense Provancher.*

=Xiphydria provancheri Cresson.

Xiphiura Fallen, Spec. Nov. Hym. Disp. Method, p. 11, no. 7, 1813.

No species included.

Xiphydria Latreille, Hist. Nat. Crust. Ins., vol. 3, p. 304, 1802.

Type: Ichneumon camelus Linnaeus.*

XyelaDalman, Svensk. Vet.-Akad. Handl., vol. 40, p. 122, no. 3, pi. 6, figs. 1-11, 1899.

Type: Xyela pusilla Dalman (Curtis, 1824).

Xyloecermatium L. Heyden, Berl. ent. Zeitschr., vol. 12, p. 227, 1868, (n. n. for

Xyloterus Hartig, non Erichson).

Type: Sirex fusdcornis Fabricius.

=Tremex Jurine.

Xyloperga Shipp, Ent., vol. 27, pp. 339, 340, 1894.

Tj'pe: Perga hallidayi Westwood (designated).

Xyloterus Hartig, Fam. Blatt. Holzwesp., p. 385, 1837 (non Erichson, 1836).

Type: Sirexfusdcornis Fabricius.

=Treinex Jm-ine.

Zarsea Leach, Zool. Misc., vol. 3, p. 113, no. 4, 1817.

Type Tenthredo fasciata Linnaeus.*

Zarca Cameron, Trans. Ent. Soc. Lond., p. 142, 1878.

Type: Zarca apicaKs Cameron.*

Zaschizonyx Ashmead, Can. Ent., vol. 30, p. 257, 1898.

Type: iJopZocampa montana Cresson (designated).

AN INDEX TO THE GENOTYPES,

EXPLANATORY.

The following index includes (1) the name of the species, (2) the

name of its author, (3) the name of the genus in which it was origi-

nally described, and (4) the name of the genus of wliich it is the

genotype. When a species given in the index is a synonym of

another genotype, a cross-reference is given to the genotype of which

it is a synonym. When a species was originally placed in the genus of

which it is the genotype, only one generic name is given. Species

placed in subgenera by older writers are cited in the subgenus only.

abbotiiW. F. Kirby (Hypolaepus). agrorum Fallen (Tenthredo, Ermilia).

abdominalis Fabricius (Tenthredo, Mono- "alba" Norton (Monostegia, Periclistop-

stegia). tera).

abdominalis Panzer (Tenthredo, Nema- albipes Cameron (Phaenusa).

tinus). albipes Konow (Anapeptamena).

seratus Newman (Eurys). albipes Gmelin (Tenthredo, Monophad-

sethiops Fabricius (Tenthredo, Endelom- nus).

yia). albiventris Klug (Allantus, Periclista).

afer Konow (Pampsilota). albodopictus Norton (Taxonus, Epitaxo-

africana Cameron (Dineura?, Xenapates). nus).
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alni Linnaeus (Tenthredo, Hemichroa).

alni Linnaeus (Tenthredo, Leptocerca

[=Hemichroa]).

alni Linnaeus (Tenthredo, Leptocercus

[=Hemichroa]).

alternans A. Costa (Anoplolyda).

amenaidaW. F. Kirby (Perga, Neoperga).

amerinse Linnaeus (Tenthredo, Pseudo-

clavellaria).

analis Cameron (Trailia).

analis O. Costa (Pterygophorus, Pterygo-

phorinus).

andrei Konow (Ophrynopus).

annulitarsis Cameron (Hennedyia).

apicalis Cameron (Zarca).

apicalis Say (Strongylogaster, Strongy-

logasteroidea).

apicalis Spinola (Gymnia).

armenius Konow (Ateuchopus).

arizonensis Ashmead (Eriocampidea).

arizonensis Ashmead (Eriocampidea,
Cockerellonis [=Eriocampidea]).

aterrima Klug (Allantus, Pectinia).

athalioides Konow (Poppia).

atra Linnaeus (Tenthredo, Tenthredella).

atratus W. F. Kirby (Polyclonus).

atroviolaceum Norton (Tenthredo,
Lagium).

atrum MacGillivray (Phrontosoma).

aterrima Klug (AUantus, Phymatocera)

.

audouinii Westwood (Pachylota).

avingrata Dyar (Pleroneura, Odonto-

phyes).

bakeri MacGillivray (Neocharactus).

betuleti Klug (Allantus, Scolioneura).

bipunctata Klug (Allantus, Ardis).

boliviensis Konow (Synaptoneura).

bolivari Konow (Labidarge).

braunsi Konow (Didocha).

braziliensis Lepeletier (Ptilia).

braziliensis Lepeletier (Waldheimia).

brevicornis Fallen (Hylotoma, Apros-

thema).

brevis Klug (Allantus, Hoplocampa).

buquetii Spinola (Aulacomerus).

buyssoni Konow (Heptacola).

californica Ashmead (Manoxyela).

californicus Marlatt (Gymnonychus).

camelus Linnaeus (Ichneumon, Hybono-
tus).

camelus Linnaeus (Ichneumon, Xiphy-

dria).

cameroni Westwood (Perga, Acantho-

perga).

canadense Provancher (Xiphidion).

capreae Panzer (Tenthredo, Pachynema-
tus).

carinata Cameron (Rethrax).

carinata Cameron (Rusobria).

cephalotes Fabricius (Tarpa).

cephalotes Fabricius (Tenthredo, Mega-

lodontes).

cephalotes Jakowlew (Allantus, Jerma-

kia).

cestatus Konow (Clydostomus).

chalybea Konow (Miocephala).

cinctus Klug (Pterygophorus).

cinctus Linnaeus (Tenthredo, Emphytus).
cingulata Fabricius (Tenthredo, Strongy-

logaster).

cinxia Klug (Allantus, Caliroa).

clavatus Rohwer (Pseudocimbex).

coerulea Cameron (Anisoarthra[Senoclia]).

ccerulea Cameron (Anisoarthra, Senoc-

lia).

coloradensis Cockerell (Perga, Phenaco-

perga).

coloradensis Weldon (Emphytus, Pro-

temphytus)

.

Columbiana Provancher. (Labidia. See

opimus Cresson.)

compressus Fabricius (Sirex, Ephippi-

notus).

connectens Stephens (Janus),

consobrina Klug (Tenthredo, Eniscia).

contigua Konow (Strongylogaster, Thri-

nax).

coronatus Fabricius (Tenthredo, Orys-

sus).

coronatus Klug (Emphytus, Aneugme-
nus).

coryicolum Dyar (Isodyctium).

costalis Fabricius (Tenthredo, Sciap-

teryx).

crassa Fallen (Tenthredo, Holcocneme).

craverii A. Costa (Laurentia).

crawii Provancher (Sphacophilus).

cressoni Westwood (Perga, Camptoperga).

crevecoeuri Ashmead (Opisthoneura. See

montana Cresson).

crinitus Konow (Lagideus).

crudum Konow (Eriglenum).

cruentatus Eversmann (Cephus, Evers-

mannella).

cubensis Cresson (Tremex, Teredon [=Ter-

edonia]).

cubensis Cresson (Tremex, Teredonia).

cyanea Brulle (Syzygonia, Syzygonidea).
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cyanooephala King (Syzygonia).

cyanocephala King (Syzygonia, Bergi-

ana).

cyanoptera King (Syzygonia, Parasyzygo-

nia).

cynosbati Linnaeus (Cephus, Janus),

cynosbati Linnaeus (Cephus, Phylloecua

[=Janus]),
dahlbomi Thomson (Caenoneura).

dahlbomi Westwood (Perga, Pergadop-

sis).

dahli Hartig (Xyela, Pleroneura).

darwinii Weyenbergh (Pseudosirex).

debilicornis Konow (Brachyphatnus).

debilis Say (Atomacera).

decora Konow (Acidiophora).

defessus Scudder (Atocus).

degeeri Khig (Allantus, Dineura).

delicatulus Fallen (Tenthredo, Strombo-

ceros).

delicatula Klug (Tenthredo, Synairema).

delta Provancher (Tenthredo, Bivena).

delta Provancher (Tenthredo, Homoeo-

neura [=Bivena]).

difformis Panzer (Tenthredo, Cladius).

dimorpha Freymuth (Pompholyx [=Ca-

cosyndia]).

dimorpha Freymuth (Pompholyx, Caco-

syndia).

diptycha Konow (Stelidarge).

divergens W. F. Kirby (Clarissa).

dohrnii Tischbein (Kaliosysphinga).

dorsalis Say (Acordulecera).

dorsalis Leach (Perga).

dubitatus Norton (Taxonus, Hemitaxo-

nus).

duckei Konow (Trochophora).

eburneiguttatum W. F. Kirby (Aglao-

stigma).

ectrapela Konow (Kokujewia).

eglanterise Fabricius (Tenthredo, Dosy-

theus).

ellisii Curtis (Dielocerus).

epiraelas Konow (Haplostegus).

equiseti Fallen (Tenthredo, Taxonus).

erythrocephala Linnaeus (Tenthredo,

Acantholyda).

eucalypti Froggatt (Phylacteophaga).

excavata Norton (Macrophya, Pseudosio-

bla).

fabricii Leach (Tarpa, Melanopus).

fallax Lepeletier (Nematus, Amaurone-

matus).

fasciata Linnseus (Tenthredo, Zaraea).

fascipennis Norton (Selandria, Calozarca.

faunus Newman. (Phylloecus. See cynos-

bati Linnseus).

ferruginea Say (Xyela, Macroxyela).

filiceti Klug (Blasticotoma).

filiformis Eversmann (Cephus, Calameu-

ta).

filicis Klug (Tenthredo, Polystichopha-

gus [=P8eudotaxonus]).

filicis Klug (Tenthredo, Pseudotaxonus).

flabellicornis Germar (Tarpa, Rhipidio-

ceros).

flavescens Marlatt (Phyllotoma?, Neso-

taxonus).

flavida Marlatt (Tenthredo, Tenthredina).

floricola O. Costa (Ebolia).

flavens Klug (Tenthredo, Paraselandria).

flavipes Cameron (Lithracia).

flaviventris Linnseus (Tenthredo, Neuro-

toma).

frontalis Westwood (Lyda, Liolyda).

fulvipes A. Costa (Amestastegia).

fumipennis Ashmead (Parazarca).

fumipennis Westwood (Brachytoma).

fumipennis W. F. Kirby (Acherdocerus).

furcata Fabricius (Ilylotoma, Cyphona).

furcata Villers (Ilylotoma, Schizocera).

fusca Schrottky (Pseudabia).

fuscicornis Hartig (Diphadnus).

fuscicornis Fabricius (Sirex, Tremex).

fuscicornis Fabricius (Sirex, Xyloecer-

matium [=Tremex]).
fuscicornis Fabricius (Sirex, Xyloterus

[=Tremex]).
gallicola Stephens (Nematus, Pontania).

gallse Newman. (Euura. See medullaris

Hartig).

gigas Linnseus (Sirex).

gigas Linnseus (Sirex, Urocerus [=Sirex]).

gonager Jurine (Dolerus).

grandis Lepeletier. (Trichocampus. See

viminalis Fallen.)

grandis Philippi (Brachyxiphus).

guttatum Fallen (Tenthredo, Pcecilo-

stoma).

hallidayi Westwood (Perga, Xyloperga).

healseiE. Newman. (Camponiscus. See

kiridiventris Fallen.)

herbsti Konow (Lycosceles).

hieroglyphica Christ (Tenthredo, Itycor-

sia).

hilarulus Konow (Tanymeles).

hirticornis Cameron (Incalia).

histrionicus MacGillivray (Parabates).
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hortulana Klug (Emphytus, Messa).

hyalinus MacGillivray (Neotomostethus).

hyalimis Norton (Themos).

hyperborea Kiaer (Ischyrocersea).

hypogastricus Hartig. (See luridiventris

Fallen.)

ianthe E. Newman (Fenusa, Asticta).

ignota Norton (Monostegia, Tetratneura).

imitatrix Ashmead (Paraselandria, Ne-

soselandria).

imperialis Smith (Hylotoma, Atherman-

thus).

incisa Cameron (Allomorpha).

indica W. F. Kirby (Farastitis).

inferentia Norton (Poecilostoma, Mon-

soma).

inferentia Norton (Poecilostoma, Mono-

soma [=Monsoma]).

infuscatus MacGillivray (Hypargyricus).

inopenus Konow (Canonias).

insolita Konow (Cladiucha).

interruptus Klug (Pterygophorus, Lo-

phyrotoma).

jakowleffi Konow (Caenocephus).

jakowlefE Konow (Dinax).

jakowlewi Semenow (Parabia).

jantheria Klug (Hylotoma, Cibdela).

japonica Marlatt (Lophyrus, Nesodi-

prion.)

jucuuda W. F. Kirby (Perga, Paraperga).

judaicus Lepeletier (Lyda, Tristactus).

julii Brebisson (Pinicola [=Xyela]).

julii Brebisson (Pinicola, Xyela).

juniperi Linnseus (Tenthredo, Monoc-

tenus).

juvencus Linnaeus (Sirex, Paururus).

klugii Burmeister (Athlophorus).

kohli Konow (Stirocorsia).

koreana Konow (Corymbas).

Iseta Westwood (Dictynna).

langei Konow (Probleta).

laricis Marlatt (Hoplocampa, Marlattia).

lepida Brulle (Perreyia).

lepidus Klug (Emphytus, Asticta [=Har-
piphorus]).

lepidus Klug (Emphytus, Harpiphorus).

leprieurii Spinola (Camptoprium).

leucocephala Klug (Schizocera, Topo-

trita).

lewisii Westwood (Perga, Pseudoperga)

.

limacina Retzius (Tenthredo, Eriocam-

poides).

lituratus Konow (Rhagonyx).

lobatus MacGillivray (Aphanisus).

lucorum Linnseus (Tenthredo, Trichio-

soma).

luridiventris Fallen (Tenthredo, Campo-
niscus [=Platycampus]).

luridiventris Fallen (Tenthredo, Lepto-

pus [=Platycampus]).

luridiventris Fallen (Tenthredo, Platy-

campus).

luridiventris Konow. (Pareophora. See

nigripes Klug.)

lutea Linnaeus (Tenthredo, Clavellaria).

lutea Linnaeus (Tenthredo, Cimbex).

luteola Klug (Tenthredo, Nematoceros).

luteiventris O. Costa. (Ephippinotus.

See compressus Fabricius.)

macropus Smith (Cladomacra).

maculata Marlatt (Cimbex, Agenocim-
bex).

maculata Norton (Poecilostoma, Poecilos-

tomidea).

maculipennis Stein (Lyda, Celidoptera).

maculipennis Stein (Lyda, Kelidoptera).

magrettii Konow (Colochelyna).

major Cresson (Xyela, Megaxyela).

major 0. Costa. (See satyrus Panzer.)

mandibularis Zaddach (Lyda, Gongylo-

corsia).

maria MacGillivray. (Bivena. See delta

Provancher.)

martini Lepeletier (Hylotoma, Didymia).

martini MacGillivray (Neopareophora).

mathesoni MacGillivray (Phlebatrophia).

mayrii Westwood (Perga, Plagioperga).

medullaris Hartig (Cryptocampus).

megapolitana Brauns (Konowia).

melanocephala Lepeletier (Hylotoma,

Scobina).

meruensis Konow (Sjoestedtia).

metallica Rohwer (Neoeurys).

metallicus Mocsary (Oryssus, Mocsarya).

mexicana Ashmead (Neoptilia).

mexicana Ashmead (Pseudocyphona).

mexicanum W. F. Kirby (Loboceras).

nigripes Klug (Allantus, Pareophora).

mimarius Konow (Tristegus).

minutissima O. Costa. (Melina. See
nigrita Westwood.)

minutus Hartig (Pelmatopus).

montana Cresson (Hoplocampa, Opistho-

neura [=Zaschizonyx]).

montana Cresson (Hoplocampa, Zaschiz-

onyx).

mooreana Cameron (Siobla).

moricei Konow (Characophygus).



96 MISCELLANEOUS FOREST INSECTS.

mono Konow (Dulophanes).

multicolor Norton (Taxonus, Parataxo-

nus).

naucarrowi Froggatt (Philomastix).

nemorata Fallen (Phyllotoma, Drnida).

niger Norton (Ptenos).

nigra Cameron (Fethalia).

nigra Say (Thulea).

nigrescens Rohwer (Diphamorphoa).

nigrita Fabricius (Tenthredo, Tomoste-

thue).

nigrita Westwood (Fenella).

nigrita Westwood (Fenella, Melinia).

nigricornis W. F Kirby (Hemidianeura).

nitens W. F. Kirby (Euryopsis).

nitidus W. F. Kirby (Trichorhachus).

obliviosus Brues (Trichiosomites).

obscura Linnseus (Tenthredo, Amasis).

obscuratus MacGillivray (Paracharactus).

occidentalis MacGillivray. (Cockerel-

lonis. See arizonensis Ashmead.)

ochroleucus Stephens (Melicerta [=Hep-

tamelus]).

ochroleuca Stephens (Melicerta, Hep-

tamelus).

ochropoda Stephens (Heterarthus, De-

catria).

ochropoda Klug (Emphytus, Heterar-

thus).

ceningensis Heer (Cephites).

opaca Fabricius (Tenthredo, Mesoneura).

opaca Fabricius (Tenthredo, Pristis [=Me-

soneura]).

opimus Cresson (Allantus, Labidia).

oregonensis Ashmead (Macgillivraya [=
Macgillivrayella]).

oregonensis Ashmead. (Macgillivraya,

Macgillivrayella).

ostentus Brues (Paremphytus).

ovata Linnaeus (Tenthredo, Eriocampa).

padi Linnaeus (Tenthredo, Priophorus).

parreyssi Spinola (Cephus, Syrista).

pallimacula Lepeletier (Empria).

pallipes Say (Strongylogaster, Hypotaxo-

nus).

parviceps Newman. (See nemorata

Fallen.)

parvulus Khig (AUantus, Pseudo-

dineura).

parvus Brues (Lithoryssus).

pectoralis Lepeletier (Nematus, Ano-

plonyx).

pellos Konow (Tanyphatna).

perplexus Konow (Emphyoides).

peruanus Konow (Hyperoceros).

picipes W. F. Kirby (Paralypia).

pictipennis Smith (Derecyrta).

pilicornis Dahlbom. (Priophorus. See

padi Linnaeus.)

pinguis Say (Strongylogaster, Dimorpho-

pteryx).

pini Linnaeus (Tenthredo, Anachoreta

[=Diprion]).

pini Linnaeus (Tenthredo, Diprion).

pini Linnaeus (Tenthredo, Lophyrus

[=Diprion]).

pini Retzius (Nematus, Lygaeonematus)

.

plumicornis Gu^rin (Oryssus, Chalinus).

polita Leach (Perga, Pseudoperga)

.

politissimus A. Costa (Cephus, Peronis-

tilus).

pratorum Fallen (Tenthredo, Loderus).

praecox Foerster (Epitactus).

privus Konow (Peus).

procer Konow (Bathyblepta).

procinctus Konow (Rhoptroceros [= Rho-

pographus]).

procinctus Konow (Rhoptroceros, Rhopo-

graphus).

pulchellaO. Costa. (Ermilia. Seeagorum

Fallen.)

pullus Foerster (Nematus, Micronema-

tus).

pumila Klug (Allantus, Entodecta).

pumila Klug (Cephalocera [=Corynophi-

lus]).

pumila Klug (Cephalocera, Corynophi-

lus).

pumila Klug (Emphytus, Aphadnurus

[=Fenusa]).

pumila Klug (Emphytus, Fenusa).

jjumilio Westwood (Perantherix).

punctigera Lepeletier. (Pristis. See

opaca Fabricius.)

purpureifrons Cameron (Sunoxa).

pusilla Dalman. (Xyela. See julii Br6-

bisson).

pusilla Klug (Allantus, Blennocampa).

pygmaeus Linnaeus (Sirex, Cephus).

pygmaea Say (Blennocampa, Erythra-

spides).

quattuordecimpunctata Norton (Ten-

thredo, Neopus).

rapae Linnaeus (Tenthredo, Pachyrotasis).

reedi Rohwer (Trichotaxonus).

reitteri Konow (Rhadinoceraea).

religiosa Marlatt (Blennocampa, Neso-

tomostethus).
reticulata Linnaeus (Tenthredo, Caeno-

lyda).
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rosse Harris. (Endelomyia. Seesethiops

Fabricius.)

rosse Linnseus (Tenthredo, Corynia [=Hy-
lotoma]).

rosse Linnseus (Tenthredo, Hylotoma).

rosarum Imhof et Labram. (See rosse

Linnseus.)

rotundiventris Cameron (Macrophya, Dip-

teromorpha).

rubi Forbes (Metallus).

riibi Harris (Hoplocampa, Monophad-

noides).

rubi Panzer (Tenthredo, Perineura).

rubripes Cresson (Strongylogaster, Aphilo-

dyctium).

rufocinctus Norton (Strongylogaster, Para-

siobla).

ruficollis Norton (Atomacera, Micrarge).

rufiventris Konow (Netroceros).

rugifrons Cameron (Beldonea).

rusticua Linnseus (Tenthredo, Ma-

cropliya).

saltuum Linnseus (Tenthredo, Monoplo-

pus).

eatyrus Panzer (Astatus, Cerobactrus

[=Hartigia]).

eatyrus Panzer (Astatus, Hartigia),

scapularis Lepeletier (Coryna).

scrophularite Linnseus (Tenthredo).

scrophularise Linnanis (Tenthredo, Allan-

tus [=Tenthredo]).

scutellata W. F. Kirby (Cerealces).

sebetia O. Costa (Caliroa).

septentrionalis Linnaeus (Tenthredo,

Croesus [=Nematus]).

septentrionalis Linnseus (Tenthredo, Ne-

niatus).

sericea Linnseus (Tenthredo, Abia).

serva Fabricius (Tenthredo, Selandria).

signata Fabricius (Tenthredo, Cephaleia).

sikkemensis Konow (Conaspidia).

singularis Ashmead (Gymniojiterus).

sjostedti Konow (Distega).

slossonte MacGillivray (Polybates).

smyrnensis Stein (Pachycephus).

sodalis Cresson (Selandria, Lycaota).

spectabilis Heer (Urocerites).

spectabilis MacGillivray (Ceratulus).

spectrum Linnaaus (Ichneumon, Xeris).

spinarum Fabricius (Tenthredo, Athalia).

spi noise Brulle (Seriocera).

etigmaticalis Cameron (Anisoneura [=Be-
leses]).

stigmaticalis Cameron (Anisoneura, Be-

leses).

strahlendorffi Konow (Electrocephalus).

sturnii Klug (Tenthredo, Encarsioneura).

sylvatica I/innseus (Tenthredo, Lyda
[=Pamphilius]).

sylvatica Linnseus (Tenthredo, Pamphil-

ius).

syringse Gradl (Cephosoma).

tabidus Fabricius (Sirex, Trachelus).

taczanowskii Andre (Praia),

tantillus O. Costa (Aphadnurus).
tessellata Klug (Tenthredo, Tenthre-

dopsis).

testaceus Jurine (Pteronus, Pristiphora)

.

testacea W. F. Kirby (Decameria).

thomsoni Konow (Perineura, Thomsonia).

thoracica Klug (Plagiocera).

tibialis Klug (Pachylosticta).

trimaculatus Say (Cephus, Adirus).

troglodytes Klug (Astatus).

tropicus Norton (Lophyrus, Lophyridea
[=Lophyroides]).

tropicus Norton (Lophyrus, Lophyroides).

truculenta Konow (Braunsiola).

townsendi Ashmead (Caloptilia).

typica Rohwer (Claremoutia).

typica Rohwer (Nortonella).

typicus Brues (Palseotaxonus).

typicus Rohwer (Prototaxonus).

ulmi Sundevall (Fenusa, Kaliofenusa).

vafer Linnseus (Tenthredo, Bactroceros).

vagans Fallen (Phyllotoma).

varianus Norton (Harpiphorus, Macrem-
phytus).

varinervis Spinola (Tenthredo, Antho-

leus).

varipes Cameron (Ancyloneura).

ventralis Say (Nematus, Pteronidea).

vexabilis Brues (Scolioneura, Lisconeura).

viduatus Zetterstedt (Nematus, Brachy-

colus).

viminalis Fallen (Tenthredo, Trichio-

campus).

violaceipennis Andre (Nematoneura).

viridipes Cameron (Busarbia).

viridis Linnseus (Tenthredo, Rhogogaster).

volupis Konow (Cerospastus).

ulmarise Schlechtendal (Macrocephus).

ustulatus Linnseus (Tenthredo, Cryptus).

weithii Ashmead (Acanthoptenos).

westwoodii Brulle (Dictynna).

zabriskiei Ashmead (Melanoselandria).
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SYNONYMY OF CERTAIN GENERA.

By cross-reference in the index to the genotypes it was found that

certain genera were isogenotypic. In some of these cases new names
were needed. Ne\\^ names and certain synonymy are given below.

THE SYNONYMS OF HARTIGIA SCHIODTE AND BOIE.

Schiodte (Kroyers Naturhistorisk Tidsskrift, vol. 2, p. 332, 1838)

gave the name Ilartigia for a certain cephid insect which differed from

Cephus pygsemus in characters of the antennae. This species was not

named, however, so the genus was without standing until 1855, when
F. Boie (Stett. ent. Zeit., vol. 16, p. 49) stated that Astatus satyrus

was the species which Schiodte had. This gives Hartigia standing

and makes satyrus the type—the genus being monobasic.

The genotypes of the genera Cerobactrus O. Costa and Cephosoma

Gradl are identical specifically with satyrus; consequently these

generic names fall to the older name Hartigia. The species satyrus

is also congeneric with Macrocephus ulmarise. Schlechtendal (=Ten-
thredo linearis Schrank) , so Macrocephus is a synonym of Hartigia.

The synonymy, therefore, is as follows

:

Hartigia Schiodte and Boie, 1855.

Cerobactrus 0. Costa, 1860.

Macrocephus Schlechtendal, 1878.

CepAosoma Gradl, 1881.

PTERONUS Panzer=DIPRION Schrank.

Panzer, in the original description of Pteronus, included the fol-

lowing species in the order named : Hylotoma frutetorum Fabricius,

Hylotoma dorsata Fabricius, Hylotoma juniperi Fabricius, Tenthredo

pini Linnaeus, and Tenthredo difformis Panzer. As the present-day

conception of Pteronus has to be changed, no species originally

included belonging to Pteronus Konow and authors, TentJiredo pini

Linnaeus has been chosen as the type, making Pteronus Panzer and

Diprion Schrank isogenotypic. Diprion is the older name, so

Pteronus Panzer is a synonym of Diprion Schrank.

Diprion Schrank, 1802.

Pteronus Panzer, 1806.

PTERONIDEA, N. N. FOR PTERONUS Konow and authors.

Pteronus Panzer being a synonym of Diprion Schrank, Pteronus

Konow and authors is without a name. For this the name Pteron-
IDEA may be used. The type of Pteronidea is Nematus ventralis Say,

which is congeneric withKonow's interpretation of Tenthredo myosotides

Fabricius. '
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THE SYNONYMS OF PLATYCAMPUS SCHIODTE.

Hartig, in 1837 (Fam. Blatt. Holzwesp., p. 184), described the

subgenus Leptopus for a new species, Tiypogastricus, which has proved

to be the same as Tentliredo luridiventris Fallen (1808). The name
Leptopus had already (Latreille, 1809) been used for a genus of

Hemiptera. Schiodte (Magasin de ZooL, vol. 9, p. 20, footnote, 1839)

proposed the name Platycampus for Leptopus Hartig.

E. Newman (Ent., vol. 4, pp. 215-217, 1869) describes the laiva and
adult of a sawfly under the name Camponiscus Tiealsei. The adult is

very poorly characterized and unrecognizable, but in 1873 (Ent.

Monthl. Mag., vol. 10, p. 84) P. Cameron says he has reared the same
larva as Newman describes, and that the adult is the same as Nematus
{Leptopus) Tiypogastricus Hartig. This synonymy establishes the

genus Camponiscus and makes it the same as Leptopus Hartig, the

two genera being isogenotypic.

F. W. Konow (Genera Insectorum, Fasc. 29, p. 48, 1906) uses the

name Leptocercus Thomson (a changed spelling for Leptocerca Hartig)

for this genus, but in this he is wrong, because Thomson divides

Leptocercus into Leptocercus s. s., which contains Tentliredo alni

Linnaeus, Tentliredo rufa Panzer, and Leptocercus nigriceps Thomson,
and is Hartig's genus Leptocerca. The second division of Thomson's
Leptocercus is Leptopus Hartig and contains Tentliredo luridiventris

Fallen. The Leptocercus Thomson s. s. is Leptocerca Hartig, not

Leptopus Hartig as Konow would have it.

The synonymy of this group is as follows:

Platycampus Schiodte, 1839.

Leptopus Hartig, 1837 (non Latreille, 1809).

Camponiscus E. Newman, 1869.

Leptocercus Konow, 1906 (non Thomson,' 1871).

CRCESUS Leach=NEMATUS Jurine.

Latreille (Considerations Generales, p. 435, 1810) fixed the.type of

Nematus as Tentliredo septentrionalis Jurine. Nematus septentrionalis

Jurine is the same as Tentliredo septentrionalis Linngeus. Leach (Zool.

Misc., vol. 3, p. 129, no. 1, 1817) based his genus Croesus on Tentliredo

septentrionalis Linnaeus; so Crcesus Leach is a synonym of Nematus,
the genera being isogenotypic.

Nematus Jurine, 1807.

Croesus Leach, 1817.

NEMATINUS, N. N. FOR NEMATUS Konow.

The fixing the type of Nematus as Tentliredo septentrionalis Linnaeus

and making Crcesus synonym of it necessitates a new name for

Nematus of Konow and authors. For Nematus Konow and authors

the name Nematinus may be used.

The type of Nematinus is Tentliredo ahdominalis Panzer.
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GYMNONYCHTJS Marlatt=DIPHADNTJS Hartig.

In 1837 Hartig (Fam. Blatt. Holzwesp., p. 225) formed a new sub-

genus {Di'phadnus) of Nematus for a species he called fuscicomis-

Later European writers have proved that Nematus {Di'phadnus)

fuscicomis Hartig is an aberrant form of his Nematus appendiculatus,

which for some time was placed in the genus PristipJiora.

Mr. C. L. Marlatt,*^ in his Revision of the Nematinse of North

America, described a new genus, GymnonycJius , for certain species

near PristipTiora, which have simple tarsal claws . Nematus appendicu-

latus Hartig belongs to this genus, but in 1837 a generic name was

given to an aberrant form of this species, so Mr. Marlatt's name must

fall as a synonym of DipJiadnus Hartig.

Diphadnus Hartig, 1837.

Gymnonychus Marlatt, 1896.

CALIROA O. Costa AND ERIOCAMPOIDES Konow.

In 1859 (Fauna Napoli, Tenthred., p. 59) O. Costa described the

genus Caliroa and included one species, C. sehetia O. Costa, which is

therefore the genotype. Later it was proved that Caliroa sehetia is

the same as Tenthredo (AUantus) cinxia Klug.

Rev. F. W. Konow in 1890 (Deutsch. ent. Zeitschr., 1890, p. 239)

described his genus Eriocampoides and in his list of species, page 248,

considers sehetia O. Costa as a synonym of cinxia Klug, but makes no

mention of the genus Caliroa.

Dr. William H. Ashmead in 1898 (Can. Ent., p. 256) divided

Konow's genus Eriocampoides into two genera, naming Monostegia

rosse Harris as the type of his new genus Endelomyia.

The group of species placed in the genus Eriocampoides by Konow
can well be separated into two distinct sections, one of which, Konow
to the contrary notwithstanding (for he says Caliroa was founded on a

male and not sufficiently characterized, Genera Insectorum, Fasc. 29,

p. 75, 1906), must be called Caliroa. The type of Eriocampoides being

the common pear slug limacina, that subgenus will contain those

species which have the clypeus emarginate, the pedicel subequal in

length with the scape, and the hind wings with usually two closed

discal cells in the female. The type of Endelomyia Ashmead is

Monostegia rosse Harris, which is the same as the European rose slug

setJiiops Fabricius. The subgenus Endelomyia is characterized as

having the clypeus truncate, the pedicel shorter than the scape (much

wider than long), and the hind wings with usually only one discal cell

in the female. Endelomyia is, however, a synonym of Caliroa, their

genotypes being strictly congeneric.

aJJ. S. Dept. Agr., Div. Ent., Tech. ser. 3, 1896.
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The differences between these two groups are hardly of generic

importance and could better be treated as subgenera, the arrangement
being as follows:

Genus Caliroa O. Costa, 1859.

Subgenus Caliroa O. Costa, 1859.

Endelomyia Ashmead, 1898.

Subgenus Eriocampoides Konow, 1890. (See Peridistoptera, p. 86.)

CIMBEX AND ALLIES.

Olivier (Encycl. Method., vol. 4, p. 22, 1789) characterized his genus
Clavellarius, but included no species in it. No species was ever placed

in the genus, but in 1791 (Encycl. Method., vol. 6, p. 18) Olivier says

that he changed the name to Cimhex because of the resemblance to the

botanical genus Clavaria. In the Encyclopedic Methodique, volume
5, page 764, 1790, the genus Cimhex is described and sixteen species are

placed in it. Since Clavellarius had no standing until 1791 it must
rank as a synonym of Cimhex as Olivier would have it.

Lamarck (Systeme des Animaux sans vertebres, p. 264, 1801) char-

acterized the genus Clavellaria, accrediting it to Olivier, but Olivier's

genus was Clavellarius. The only species placed in Clavellaria by
Lamarck was Tenihredo lutea Linnaeus, the genus being monobasic with
Tenthredo lutea as the type. Latreille (Considerations Generales,

1810), however, gave, as the type of Cimhex, Tenthredo lutea Linnaeus,

so Clavellaria Lamarck is a synonym of Cimhex, the genera being

isogenotypic.

W.A.wSchultz (Spolia Hymenopterologica, p. 87, 1906) proposed the

name Pseudoclavellaria for Clavellaria Leach and authors.

The synonymy is as follows

:

Cimbex Olivier (Encycl. Method., vol. 5, p. 764, 1790).

Clavellarius Olivier (Encycl. Method., vol. 4, p. 22, 1789; Encycl. Method., vol. 6,

p. 18, 1791).

Clavellaria Lamarck (Syst. Anim. sans. Vert., p. 264, 1801).

Pseudoclavellaria Schultz (Spolia Hym., p. 87, 1906).

Clavellaria Leach (Zool. Misc., vol. 3, p. Ill, 1817; and authors).

The above conclusions differ somewhat from those reached by
Schultz (Spolia Hym., 1906), but it is believed that they are correct.

SYZYGONIA AND ALLIES.

Klug (Ent. Mon., p. 175, 1824) described his genus Syzygoriia and
included two species, cyanoptera Klug and cyanocepJiala Klug. Dr.

William H. Ashmead (Can. Ent., p. 230, September, 1898) fixed the

type of King's genus as cyanocepJiala and described a genus which he
called Syzygonidea for Syzygonia cyanea Brulle. Brulle (Hist. Nat.

Ins. Hym., vol. 4, p. 671, 1846), in his remarks on /Sysy^oma, mentions
no species, but refers to plate 48 (fig. 2), where he figures Syzygonia
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cyanea and accredits it to Klug, but Klug described no such species

and the figure must stand as a description of cyanea Brulle, as it does

not agree with any described species.

Rev. F. W. Konow (Anal. Mus. Buenos Aires, vol. 6, pp. 397, 398,

1899) argues that Syzygonia cyanoptera Klug should be taken as the

type of Syzygonia, as this species came first in the list and forms the

first group. On these grounds he makes a new genus, Bergiana, for

Syzygonia cyanoce/phala Klug. Bergiana and Syzygonia are isogeno-

typic, so Bergiana falls as a synonym of Syzygonia.

PARASYZYGONIA, N. N. FOR SYZYGONIA Konow.

Since Bergiana Konow is a synonym of Syzygonia, Syzygonia Konow
must have a new name, as it is different from Syzygonidea Ashmead.

For Syzygonia Konow Parasyzygonia may be used.

The above-mentioned genera may be separated in the following

manner:

Radial cell of the fore wings not appendiculate (four cubital cells, the second

and third each receiving a recurrent nervure; antennae 6-jointed,

the third joint longer than the fourth, and the club gradually formed)

Syzygonidea Ashmead.

Radial cell of the fore wings distinctly appendiculate.

Antennae 5-jointed; third cubital cell receiving the second recurrent

nervure Syzygonia Klug.

Antennae 6-jointed; the second recurrent nervure interstitial with the

second transverse cubitus Parasyzygonia Rohwer.

Syzygonidea Ashmead.

Syzygonia cyanea Brulle.

Syzygonia Klug (Syn., Bergiana Konow).

Syzygonia q/anocephala Klug.

Parasyzygonia n.

Syzygonia cyanoptera Klug (type).

Syzygonia senea Perty.

THE WORK OF WILLIAM H. ASHMEAD ON THE TENTHRED-
INOIDEA.

The late Dr. William H. Ashmead's work on Tenthredinoidea was

confined almost entirely to the genera, very little being done on the

species. It was Doctor Ashmead's desire to give generic tables to

all the genera of Hymenoptera. Such an enormous task would never

have been undertaken by one less enthusiastic or energetic than

Doctor Ashmead. With all the routine duties connected with the

position held by this untiring worker there was but a limited time

for his researches, so of necessity a great deal of the work was done

in a hurry. This hurry caused mistakes, and the founding of genera

on what would seem to be trivial characters; but the greater number
of the genera founded by Aslimead are at least of subgeneric impor-

tance. In unpublished manuscript many of the mistakes and omis-
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sions were corrected by Doctor Ashmead, and it is most unfortunate

that these were not left in condition in which they could be published.

In the tables of the genera of Tenthredinoidea many genera were

described as new, and some of these were based on species hitherto

undescribed. The characters given in the tables are sufficient to

satisfy the technical requirements, so the generic and specific names
should date from their publication in the tables. Various writers

have considered the characters given in the tables to be of no value,

and in some cases this is correct. On this basis they have sunk into

the synonymy genera which have as good standing as many which

they recognize.

In the present paper the new genera founded on new species in

the tables in the Canadian Entomologist for 1898 are characterized

more completely, and a list of all the genera described, with the

synonymy, as far as it has been determined, is given. Unless other-

wise stated the types have been studied, and the conclusions based

on these studies.

AN ALPHABETICAL LIST OF THE GENERA OF TENTHREDINOIDEA
DESCRIBED BY WILLIAM H. ASHMEAD, WITH THE DETERMINED
SYNONYMY.

1. Acanthoptenos Ashmead. (==Arge Schrank.)

2. Aomodyctium Ashmead. (A genus without a species.)

3. Aphilodyctium Ashmead. (Syn.: Parataxonus MacGillivray.)

4. Caloptilia Ashmead. (Syn.: Labidarge Konow.)

5. Calozarca Ashmead. (=Parazarca Ashmead.)

6. Dimorphopteryx Ashmead.

7. Endelomyia Ashmead. (=Caliroa O. Costa.)

8. Eriocampidea Ashmead. (Syn.; Cockerellonis MacGillivray.)

9. Erythraspides Ashmead.

10. Gymniopterus Ashmead. (Type species lost.)

11. Hemitaxonus Ashmead

.

12. Homceoneura Ashmead. (=Bivena MacGillivray.)

13. Hypotaxonus Ashmead.

14. Liolyda Ashmead. (=Cephaleia Panzer.)

15. Lophyridea Ashmead. (=Loph.yroides Cameron.)

16. Lophyrotoma Ashmead. (=Pterygoph.orus Klug.)

17. Macgillivraya Ashmead. (=Macgillivrayell:a Ashmead.)

18. Macgillivrayella Ashmead.

19. Manoxyela Ashmead . (=Pleroneura Konow.)

20. Marlattia Ashmead.

21. Megaxyela Ashmead.

22. Melanoselandria Ashmead . (==Hypargyricus MacGillivray.)

Listed in Catalogue of Insects from New Jersey and without standing until

1909, when Doctor MacGillivray stated that it was a synonym of Ilypargyricus

MacGillivray. The synonymy is:

Melanoselandria (Ashmead) MacGillivray, 1909, =Hypargyricus
MacGillivray, 1908.

23. Micrarge Ashmead. (Syn.: Braunsiola Konow.)

24. Monophadnoides Ashmead.
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25. Neoperga Ashmead.

26. Neoptilia Ashmead.

27. Opisthoneura Ashmead. (=Zaschizonyx Ashmead.)

28. Paraperga Ashmead.

29. Paraselandria Ashmead. (= Selandria Leach.)

30. Parasiobla Ashmead.

31. Parazarca Ashmead. (Syn.: Calozarca Ashmead.)

32. Periclistoptera Ashmead. (=Eriocampoides Konow.)

33. Pcecilostomidea Ashmead . (=Einpria Lepeletier.)

34. Polystichophagus Ashmead. (=Pseudotaxonus A. Costa.)

35. Pseudoperga Ashmead (non Guerin).

36. Pseudosiobla Ashmead.

37. Pterygophorinus Ashmead. (=Pterygophorus Xhig.)

38. Strongylogasteroidea Ashmead.

39. Syzygonidea vVshmead.

40. Tetratneura Ashmead. (=Einpria Lepeletier.)

41. Zaschizonyx Ashmead.

In all, Ashmead described 41 genera of Tenthredinoidea. Of these

41 genera, 17 have been determined to be synonyms of older genera

and 5 have later genera for synonyms. Some of the segregates of

Perga defined by Ashmead will be classed as synonyms of the segre-

gates formed by Shipp. These will be discussed in a later paper.

BIBLIOGRAPHY OF THE MORE IMPORTANT WRITINGS OF WILLIAM
H. ASHMEAD ON TENTHREDINOIDEA.

Table of genera of XyeHdae. < In Dyar: Psyche, vol. 8, p. 214, 1898.

A generic table of the Bleunocampinte. < In Dyar: Journ. N. Y. Ent. Soc, vol. 6,

pp. 127-129, 1898.

Classification of the horntails and sawflies, or the suborder Phytophaga. In 7 parts.

< Can. Ent., vol. 30, 1898 (1), pp. 141-145; (2) pp. 177-188; (3) pp. 205-213; (4)

pp. 225-232; (5) pp. 249-257; (6) pp. 280-287; (7) pp. 305-316.

Order Hymenoptera. < In Smith: Insects of New Jersey, pp. 501-613, 1900.

A new oryssid from Chatham Islands, Bismarck Archipelago. •< Psyche, vol. 10,

p. 73, 1903.

Two new phytophagous Hymenoptera. < Can. Ent., vol. 35, p. 233, 1903.

Descriptions of four new horn-tails. < Can. Ent., vol. 30, pp. 63-64, 1904.

DESCRIPTION OF THE GENERA AND SPECIES.

MANOXYELA Ashmead=PLERONEURA Konow.

The type of Manoxyela californica Ashmead belongs to the genus

Pleroneura Konow, so Manoxyela is a synonym of Pleroneura.

Pleroneura Konow, Ent. Nachr., vol. 23, p. 56, 1897.

Manoxyela Ashmead, Can. Ent., vol. 30, p. 206, 1898.

PLERONEURA CALIFORNICA fAshmeadV

Manoxyela californica Ashmead, Can. Ent., vol. 30, p. 206, 1898.

Length to the end of the second abdominal segment, 2.5 mm.; length of fore wing,

4 mm. Lateral angles and middle production of the clypeus rounded; antennal

furrows wanting above the anterior ocellus; middle fovese elongate; anterior ocellus

in a slightly depressed basin, which is shar})l\- angled abfi\o: postocellar line slightly
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shorter than the ocellocular line, but longer than the ocelloccipital line; right mandible
with 2 inner teeth; head and parts of the thorax irregularly granular; tarsal claws

with a long bristle near the middle; stigma more than twice as long as wide, angled

below; venation very like Xyela julii; four posterior legs and abdomen beyond the

third segment wanting. Black; antennae, palpi, and legs reddish-yellow; wings

hyaline, venation pallid.

Type locality.—Alameda County, California. One specimen col-

lected in June.

Type.—Cat. No. 8887, U. S. National Museum.
Related to Pleroneura fulvicornis Rohwer.

ACANTHOPTENOS Ashmead=ARGE Schrank.

Aslimead (Can. Ent., p. 212, 1898) described liis genus Acan-
ihoptenos for Acanthoptenos weithii Ashmead. The genus is founded
upon an abberant specimen of Arge macleayi authors, the intercostal

vein being absent in the only perfect fore wing. Acanthoptenos is

therefore a synonym of Arge.

Arge Schrank, 1802.

Acanthoptenos Ashmead, 1898.

CALOPTILIA Ashmead.

Caloptilia Ashmead, Can. Ent., vol. 30, p. 212, 1898.

Type.—Caloptilia townsendi Ashmead.
Ashmead placed his genus Caloptilia in his subfamily Schizocerinse,

but in this he is wrong. The type of Caloptilia townsendi Ashmead
has the cross-vein in the intercostal cell present and belongs to his

Hylotominae. It is the same as Lahidarge Konow.

LABIDARGE Konow=CALOPTILIA Ashmead.

The error of Doctor Ashmead in placing Caloptilia in the Schizo-

cerinse caused Rev. F. W. Konow to form a new genus Lahidarge for

the same group of species. As Konow's genus was described a year
later than Ashmead's, it must rank as a synonym of Caloptilia.

Caloptilia Ashmead, Can. Ent., vol. 30, p. 212, 1898.

Lahidarge Konow, Ent. Nachr., vol. 25, p. 309, 1899.

CALOPTILIA TOWNSENDI Ashmead.

Caloptilia townsendi, Can. Ent., vol. 30, p. 212, 1898.

Reddish-yellow; head, spot on lateral lobe, four posterior tibiae and tarsi, and apex
of abdomen black; wings dusky hyaline with a broad yellow band behind the stigma.

Female.—Length, 8 mm. Labrum arcuately emarginate anteriorly; clypeus with a

V-shaped notch in the middle; supraclypeal area in cross section triangular; the usual

frontal basin sharply defined, the middle foveal area separated from the upper area

by a low, complete, transverse carina; the middle fovea with a spherical tubercle;

postocellar furrow angled; the postocellar area with longitudinal impressed line;

flagellum hairy, very slightly thickening apically; transverse median vein received

beyond the middle of the first discoidal cell; stigma elongate, rounded on the lower
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margin; saw with regular triangularly-shaped teeth; sheath at the apex obliquely

truncate. Reddish-yellow; flagellum, head (labrum and palpi excepted), a spot on

the lateral lobe of the mesonotum, four posterior tibiae and tarsi, and apical four

abdominal segments black; anterior tarsi dusky. Wings dusky hyaline, with a broad

yellow band behind the stigma; venation in the dusky part brown, in the yellow

part yellowish, basal part of the stigma yellowish.

Male.—Length, 8 mm. The male agrees with the characters given for the female

except that the supraclypeal area and clypeus are pale. Hypopygidium rounded

apically.

Type locality.—San Rafael, Jicoltepec, Mexico. Five females and

one male collected by C. H. T. Townsend (from the Ashmead collec-

tion). Also two females from Cordoba, Mexico, collected by Mr.

Frederick Knab.
Type.—Cat. No. 18134, U. S. National Museum.

PSEUDOCYPHONA Ashmead.

Pseudoeyphona Ashmead, Can. Ent., vol. 30, p. 211, 1898.

Type.—Pseudoeyphona mexicana Ashmead.

This genus belongs to the Schizocerinse and is related to Schizocem, but is readily

separated fi-om Schizocera and allies by the toothed tarsal claws. Habitus similar to

Schizocera. Clypeus and labrum emarginate; antennal carina present; eyes elongate

oval, slightly converging to the clypeus; malar space almost wanting; ocelli in a low

triangle, the lateral ones very little before the supraorbital line; antennae inserted

near the middle of the face, the third joint simple in the female and somewhat flat-

tened; thorax and abdomen normal for the group; tibias without lateral spurs; post-

basitarsis shorter than the following joints; claws with an erect inner tooth near the

middle; radial cell not appendiculate; four cubital cells, the second receiving both

recurrent veins; basal vein joining the subcosta at the origin of the cubitus; trans-

verse median received near the middle of the first discoidal cell; anal cell broadly

contracted; radial cell of the hind wings open at the apex; two closed discal cells in

the hind wing; the anal cell longly petiolate, the petiole longer than the cell.

PSEUDOCYPHONA MEXICANA Ashmead.

Pseudoeyphona mexicana Ashmead, Can. Ent., vol. 30, p. 211, 1898.

Black; mesonotum, scutellum, and upper part of the pleurae reddish; legs black;

wings dark.

Female.—Jjength, 7 mm. Labrum and clypeus very slightly arcuately emarginate;

supraclypeal area convex, triangular in outline, meeting the prominent middle carina

between the antennae; antennal foveae large and joining the supraclypeal fovea;

antennal furrows not well defined; ocellar basin represented by a gently depressed

area; postocellar furrow almost wanting; postocellar line shorter than the ocellocular

line; antennaeshort, the third joint broad, flattened; thorax normal ; transverse median

slightly beyond the middle of the first discoidal cell; third cubital cell about one-

third longer on the radius than on the cubitus; stigma robust, broadest at the base;

sheath with the lower margin marginate; saw with very small, close teeth. Black;

pronotum, mesonotum, scutellum, tegulae, and upper part of the mesopleurae reddish;

wings and venation blackish-brown.

Type locality.—San Rafael, Jicoltepec, Mexico. One female from

the Ashmead collection, collected by Mr. C. H. T. Townsend.

Type.—Csit. No. 13135, U. S. National Museum.
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NEOPTILIA Ashmead.

Neoptilia Ashmead, Can. Ent., vol. 30, p. 213, 1898.

Type.—Neoptilia mexicana Ashmead.

Belongs to the Schizocerides of Konow, and runs, in Konow's tables (Genera Insec-

torum, Fasc. 29, p. 13, 1906), in with Uemidianeura W. F. Kirby and Ptilia Lepeletier,

'

or to Rhagonyx Konow. Elongate, robust species; head not especially small or trans-

verse, not as wide as the thorax, much broader than high; clypeus and labrum emargi-

nate anteriorly; ocelli in a curved line, the lateral ones in front of the supraorbital line;

eyes slightly converging to the clypeus; malar space very narrow, antennal furrows

present; ocellocular line subequal with the postocellar line; antennse inserted in the

middle of the face, ciliate, furcate in the male, simple in the female and scarcely

thickening apically; tibiae without lateral spurs; post-basitarsis not as long as the

following joints; tarsal claws cleft, the inner tooth larger and shorter in the female;

thorax normal for the group. Venation of females as follows: Intercostal cell without

a cross-vein; radial cell with a strong appendiculation; four cubital cells, the second

receiving both recurrent veins, the second near the middle, the first near the base; basal

vein slightly basad of the origin of the cubitus, bent basally and not exactly parallel

with the first recurrent; transverse median slightly basad of the middle of the first

discoidal; anal cell very broadly contracted; in the hind wings the radial cell is long

and not closed at the apex; two closed discal cells, the upper one much longer; trans-

verse median at right angles with the anal vein; anal cell shorter than the rest of the

anal vein. The venation of the male differs from that of the female in the absence

of the second transverse cubitus. Basal plate with a narrow longitudinal suture.

Rhagonyx Konow (Zeitschr. syst. Hyin. Dipt., vol. 3, p. 108, 1903)

has the claws cleft, and is perhaps related to Neoptilia Ashmead.

NEOPTILIA MEXICANA Ashmead.

Neoptilia mexicann Ashmead, Can. Ent., vol. 30, p. 213, 1898.

Colored simliarly to Hijlotoma biramosa King, which has been placed

in different genera by different authors. There are some minor dif-

ferences, however, and the standing of hiramosa is so uncertain that

mexicana should be held distinct until King's type can be studied.

Female.—Length, 11 mm. Labrum deeply arcuately emarginate; clypeus with a

deep V-shaped notch; labrum, clypeus, and supraclypeal area with rather large punc-

tures; front with small well-separated punctures; vertex impunctate; supraclypeal

area broadly convex, triangular; carina between the antennae high but not sharp;

postocellar area parted, with a median furrow, wider than the cei^halocaudad length;

postocellar furrow not sharply defined; postocellar line subequal with the ocellocular

line; thorax shining; third cubital cell more than twice as long on the radius as on

cubitus. Black; angles of the pronotum broadly pallid; abdomen, except the black

second and third dorsal segments, pallid at the base and reddish yellow at the apex;

legs, except the anterior tibiae at base beneath, black; wings beyond the basal nervure

distinctly brown, basad hyaline; venation black; head with pale hair.

3Iale.—Length, 9.5 mm. The male differs from the female in the usual sexual

characters and the arcuately emarginate clypeus. Hypopygidium very large, apex
truncate.

Type locality.—San Rafael, Jicoltepec, Mexico. Three females and
one male in the collection of Dr. Wiiliam H, Ashmead.
Type.—Cat. No. 13133, U. S. National Museum.
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MARLATTIA Ashmead.

Marlattia Ashmead, Can. Ent., vol. 30, p. 287, 1898.

Type.—Hemicliroa laricis Marlatt.

Clypeus shallowly emarginate; malar space present; pentagonal area present;

antennae slender, filiform, fourth joint longer than tVie third; thorax normal for the

group; legs normal except for the simple tarsal claws; venation normal except the

intercostal vein, which is interstitial with the basal, and the third cubital cell, which is

short as in Pteronus.

Easily known from Hemichroa by the simple tarsal claws.

OPISTHONEURA Aslimead=ZASCHIZONYX Ashmead.

The type of Opisihoneura crevecoeuri Ashmead is the same as Hop-
locampa montana Cresson, which is the type of Zaschizonyx Ashmead.

Zaschizonyx Ashmead. Can. Ent., vol. 30, p. 257, 1898.

Opisthoneura Ashmead, Can. Ent., vol. 30, p. 287, 1898.

PARAZARCA Ashmead.

Parazarca Ashmead, in Dyar, Journ. N. Y. Ent. Soc, p. 128, 1898; Can.

Ent., p. 252, October, 1898. (Type, Parazarca fuinipennis Ashmead.)

Calozarca Ashmead, in Dyar, Journ. N. Y. Ent. Soc, p. 129, 1898; Can. Ent.,

p. 252, October, 1898. (Type, Selandriafascipennis Norton.)

Eyes large, subparallel or slightly converging to clypeus; malar space very narrow

so as to be nearly wanting; clypeus truncate, rather large as is the labrum; lateral

ocelli below the supraorbital line, the posterior orbits therefore rather narrow; antennae

hairy, pedicellum much longer than wide, third joint the longest, apical joints short

and narrowing apically; mesosternum with a distinct, triangular-shaped praesternum;

mesopleurge without a suture separating off a prepectus, metanotum with a distinct

"scutellum;" tarsal claws with a large inner tooth appearing cleft, also a small post-

basal tooth, basitarsis subequal with the following joints; wings of the normal blenno-

campid type; transverse median in the middle of first discoidal cell; third cubital

cell longer on the radius than the first and third combined; radial cell of the hind

wings appendiculate; no closed discal cell in the hind wings and the anal cell distinctly

petiolate.

PARAZARCA FITMIPENNIS Ashmead.

Parazarcafumipennis Ashmead, through Dyar, Journ. N. Y. Ent. Soc, p. 128,

1898.

Female.—Length, 7 mm. Lateral angles of the clypeus rounded; frontal fovese

broad, shallow, the lateral ones somewhat circular in outline; the middle fovea joining

with the ocellar basin and forming a broad, shallow, depressed area; antennal furrows

obsolete; postocellar furrow faintly indicated; lateral boundaries of the postocellar

area sharply defined; postocellar line a very little shorter than the ocelloccipital line;

stigma broadest at base, tapering gradually to the apex; second recurrent vein quite

free from the second transverse cubitus; sheath very robust, straight above, the apex

truncate, the oblique lower part emarginate; saw obliquely ribbed, the teeth small;

sharp, and regular. Shining reddish yellow; flagellum, spot inclosing ocelli, apex of

saw, and four posterior legs below middle of tibiaj black; anterior tarsi brownish,

wings brown, venation brownish black.

Male.—Length, 6 mm. Almost exactly as in female. Hypopygidium one and

one-fourth times as long as wide, the apex gently rounded.
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Type locality.—Frontero, Tabasco, Mexico. A male and female

from the Ashmead collection.

Type.—Cat. No. 13136, U. S. National Museum.

COCKERELLONIS MacGmivray=ERIOCAMPIDEA Ashmead.

Comparison of a specimen, from the original lot collected by Prof.

T. D. A. Cockerell and sent to the U. S. National Museum, of Cock-

erellonis ocddentalis MacGilHvray proves that this species is the same
as Eriocampidea arizonensis Ashmead. Cockerellonis MacGillivray is

therefore a synonym of Eriocampidea Ashmead.

Eriocampidea Ashmead, Can. Ent., vol. 30, p. 256, 1898.

Cockerellonis MacGillivray, Can. Ent., vol. 30, p. 365, 1908.

Inasmuch as MacGilHvray has described Coclcerellonis occidentalis

(Can. Ent., p. 365, 1908) completely, a description of Eriocampidea

arizonensis is not given here.

HYPOTAXONUS Ashmead.

Rohwer^gave this genus as a synonym of Ermilia O. Costa. As
his remarks on the type of Taxonus Hartig ^ are incorrect, this is

wrong, and for the present Hypotaxonus should be treated as a good

subgenus.

oProc. U. S. Nat. Mus., vol. 38, no. 1739, p. 203, 1910.

ftProc. U. S. Nat. Mus., vol. 39, no. 1777, p. Ill, 1910.

Q
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TECHNICAL P.APERS ON MISCELLANEOUS FOREST
INSECTS.

II. A REVISION OF THE POWDER-POST BEETLES OF THE FA/VIILY

LYCTID/E OF THE UNITED STATES AND EUROPE.

By E. J. Kraus,

Expert Preparator, Forest Insect Investigations.

INTRODUCTORY NOTE.

[By A. D. Hopkins.]

This contribution by Mr. Krau.s is based on a study (1) of the material in the

forest insect collection and general collections of the Bureau of Entomology and of the

United States National Museum and (2) of the types of species described by Doctor

Le Conte and Colonel Casey, and of specimens of European species submitted by Mr.

Edmund Reitter, of Austria. The family Lyctidse is represented in North America
by certain species which are of special economic importance as causing the injury to

seasoned wood products known as "powder post." These species have been the sub-

ject of extended investigation by the writer and his associates to determine their

habits, seasonal history, and practical methods of control. There has, therefore, been
special need of a revision of the group to bring the knowledge of systematic facts up to

date and to furnish a reliable basis for working up the biological data.

INTRODUCTION.

Much has been written regarding the members of the family

Lyctidse, especially with respect to their economic importance.

There has, however, been considerable doubt as to the correct iden-

tity of some of the species, perhaps more especially on account of

their enormous variability. In this paper the author has attempted

to point out the more prominent specific characters and give some-

thing of the range of variation within the species as he has recognized

them. For the determination of some of the species he has had occa-

sion to examine a series of several hundred specimens.

Through the courtesy of Col. T. L. Casey, the author has been per-

mitted to examine the types of his species. Mr. Samuel Hehshaw, of

the Museum of Comparative Zoology at Cambridge, Mass., has kindly

permitted him to mak(» a personal examination of the Le Conte types;

Dr. Henry Skinner, of the Academy of Natural Sciences, Philadel-

111
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phia, has generously afforded him a hke privilege with the Horn col-

lection, and Mr. Edmund Reitter, of Paskau, Austria, has sent him

representatives ol some of the European species.

In this connection the author desires to express his appreciation of

the facilities offered by Mr. E. A. Schwarz, of the Bureau of Ento-

mology, of the valuable assistance rendered by him in the study of the

material in the U. S. National Museum, and of his helpful advice in the

systematic work, and by Dr. A. D. Hopkins in allowing unlimited use

of the large series of specimens and notes of the forest insect collec-

tion of the Bureau of Entomology.

HISTORY.

The genus Lyctus and allied genera constitute a group which has

always been a source of perplexity to systematists, and the opinions

as to their relationship have been almost as many and varied as the

number of writers'who have ventured them, as may in a general way
be gained from the following summary:
The first reference to an insect belonging to the present family

Lyctidfe was made by Geoffroy (1762), whose description reads thus:

Dermestes oblongus fuscus, elylris striatis. Le dermeste levrier k slries.

The next reference is by Goeze (1777), who described the same

insect as Dermestes linearis. In 1783 Herbst again described and

figured the species as Dermestoides unvpunctatus. Olivier, first in 1 790,

and again in 1792, describes it as Ips ohlonga and gives a very good

figure of it. Fabricius (1792) erected the genus Lyctus and referred

to it 13 species, only one of which, L.canaliculatus Fabricius {linearis

Goeze), belongs to the genus as now recognized. L. linearis (Goeze)

is therefore the type of the genus. Herbst (1793) erected the genus

Bitoma, to which he referred his Dermestoides unipunctatus, together

with three other species. Latreille (1803) placed Lyctus, together

with BostricTius and several other genera, in the family Xylophages,

and in 1807 under the Bostrichini. In 1830 Stephens described

another species, hrunneus, and erected for it the genus Xylotrogus,

and referred both this genus and Lyctus to the Engidse, to which

family Melsheimer (1844) also referred several new species of Lyctus

and Xylotrogus (Trogoxylon) described by him. Wollaston (1854),

after comparison and dissection, considered Xylotrogus as synony-

mous with Lyctus and placed it in the Colydiadte. Lacordaire (1857)

considered Lyctus, including Xylotrogus Stephens, under the Cissides,

but remarked that the forms are in many ways aberrant and not well

placed there, especially because of the 5-segmented tarsi. He placed

(Xylotrogus) Trogoxylon j)arallelopipedus Melsheimer in Pycnomerus

under the Colydiidfe. ]\lellie (1848), in his monograph of the old

genus Cis, does not mention Lyctus. Thomson (1863), in his sequence
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of families, followed the Bostrichidae with the Lyctidae, of which he

gives the following synopsis

:

Caput pone oculoa rotundos valde prominulos in collum globosum constrictum

;

sulcis antennariis nullis; clypeo sutura frontali discreta; mento magno lato. Tro-

chanteres apice fere recta truncato. Antennae sub tuberculo frontali insertse, clava

2-3 articulata, compressa, prothoracis basin baud attingentes. Mesopleura coxas

intermedias baud attingentia. Coxae anticae subglobosse, parum exsertae, contiguae,

posticae marginem elytrorum attingentes, transversae, parum distantes. Episterna

metathoracis linearia, libera. Tibiae calcari antico uncinate. Tarsi 5-articulati,

compressi, articulo l:o obsoleto, 5:o reliquis simul sumtis longiore.

He divided the family into two tribes, Dinoderina and Lyctina,

the latter of which he diagnosed thus:

Antennae ll-articulatae, clava biarticulata. Labrum transversum, apice emargi-

nato, libero. Coxae anteriores rotundae parum, posticae, latins distantes. Tibiae

externe baud denticulatae. Acetabula antica occlusa.

Pascoe (1863) described the genus Minthea and remarked that in

Erichson's arrangement this genus, owing to the position of the

coxse and the large basal abdominal segment, would be placed with

Bothrideres and Sosylus in the Colydiidse. Redtenbacher (1874)

placed Lyctus in tlie Cryptophagides. In 1877 Kiesenwetter, in his

revision of the Anobiadse, divides the family into the Bostrichini,

Anobiini, and Ptinini, and again divides the Bostrichini into five

groups, Psoini, Sphindini, Lyctini, Bostrichini veri, and Hendeca-
tomini. Lyctus, in which he included Xylotrogus Stephens, was the

only representative of the Lyctini. He further remarked that while

this group is related to the Bostrichini it might well be considered

as a connection between the Anobiadae and the Colydii, but that it

was widely separated from Cis by its mouthparts and the antennal

and tarsal structure, and tliat eventually a separate family might
well be erected for it. He probably had not seen Thomson's work.

The following year (1878) Reitter published an article, "Beitrag zur

Kenntniss der Lyctidse." He assigned no characters to the family,

but referred to it Lyctus Fabricius, Trogoxylon Le Conte, Lyctoxylon

Reitter, new genus, and LyctopJiolis Reitter, new genus (Minthea

Pascoe), and described several new species. Le Conte and Horn
(1883) divided the Ptinidae into four subfamilies, Ptininae, Anobiinae,

Bostrichinae, and Lyctinae. To the Lyctinae are assigned Lyctus

Fabricius and Trogoxylon Le Conte. In 1885 Reitter again gave a

synopsis of the European species of Lyctus and Trogoxylon and
assigns them as before to the family Lyctidae. Case}^ (1890) de-

scribed several new species of Lyctus under the Ptinidae, but in the

appendix of the same paper referred the genus to his more broadly

conceived Cucujida?, and gave a discussion on its apparent relation-

ship to other families and genera. Lesne (1896-1898), in his revi-

sion of the Bostrichidae, divided that family into four tribes

—
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Psoinse, Polycaoninae, Dinoderinse, and Bostrychinae, but made no

mention of Lyctus. Kolbe (1901 ) has retained the Lyctidse as a family

and placed it in his Ileterorrhabden under tlie suborder Heterophaga;

and Ganglbauer (1903) placed the family between the Anobiidse and

Sphindidae in his Diversicornia under the suborder Polyphaga.

Reitter, in 1906, has the famil}^ between the Bostrychidse and the

Anobiidse.

Without doubt the family Lyctidse is a valid one, its members
possessing characters which will not readily admit of their being

placed in any other family. Tlie family Ptinidse of Le Conte and

Horn is a composite one, and the subfamilies Ptininae, Anobiinse,

Bostrichinaj, and Lyctinse are deserving of family rank and in fact

have already been so treated by European coleopterists. Wliile it

is not intended to treat extensively on the exact position of the

Lyctidae, it may be said that the family is apparently most closely

allied to the Bostrychidae, especially by the pentamerous tarsi with

the first segment very short, the method and point of insertion of

the antennae, and the only too well-known destructive liabits of the

larvae, which bore into the solid wood. The larva possesses three pairs

of well-developed prothoracic legs, and in form and structure is

scarcely to be distinguished from the bostrychid larva, but is totally

different from any scolytid larva to which it has been likened, the

resemblance being scarcely even superficial. The mouthparts of the

adult Lyctus are very similar to those of Dinoderus, especially in the

structure of the labium, maxillae, and the broad nientum. The
family has very little in common with the Cucujidae. As pointed

out above, the larva is of a wholly different character in form and
habits, and the adults, while agreeing in one character or another

with those found in certain other genera included by Colonel Casey in

his broadly conceived Cucujidae, have probably derived those char-

acters independently of any real connection with them. The family

seems best placed as in the latest (1906) edition of the Catalogus

Coleopterorum Europae, i. e., immediately after the Bostrychidae and
preceding the Ptinidae.

THE PRINCIPAL CHARACTERS OF THE FAMILY LYCTID^.

Mentum large, transverse, corneous; glossa coriaceous, ciliated;

palpi with 3 flexible segments.

Maxillse not exposed at base; galea subchitinous, densely ciliate at

apex, more strongly chitinized at base; lacinia subchitinous, fringed

with long ciliae; palpi moderately short, with four rather stout

segments.

Antennx at the sides of the head beneath the produced frontal

angles and before the eyes, eleven-segmented, clavate, the club

two-segmented and without porous sensitive areas.
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Head prominent, constricted behind the eyes; oral organs small;

epistoma distinct, labrum distinct.

Prothorax with the episterna and epimera fused; lateral margin

distinct or obsolete; coxal cavities rounded, closed behind.

Mesosternum small, surrounding the coxae anteriorly and at the

sides; mesepisternum and mesepimeron not attaining the coxa.

Metasternum long.

Elytra entire, completely covering the abdomen, epipleurge narrow.

Abdomen with five visible ventral segments, the first ^ always longer

than the second.

Anterior coxse, subcontiguous or widely separated, subglobose,

moderately prominent; middle coxse similar to anterior; posterior

coxse widely separated, transverse, subprominent 'internally, exter-

nally grooved for the reception of the thighs.

Legs not contractile, slender; tibise slender; tarsi five-segmented,

the first segment very short.

SYNOPSIS OF GENERA.

At present but three distinct genera belonging to this family are

recognized. They may be separated as follows:

Antennal club with both segments subequal, neither decidedly elongated; pronotum

varying in shape from subquadrate with all angles acute to cordate with the angles

rounded; elytra punctate, the punctures confused or distinctly seriate; pubes-

cence confused or seriate; anterior tibise slender, acutely produced externally;

tarsi slender Lyctus Fabricius.

Antennal club with both segments very strongly elongated, the segments much
longer than broad, the terminal one very much narrower than the preceding;

sides of head with three hooklike teeth; the prothorax as in Lyctus (Trogoxylon), the

margins, however, clothed with bristles; elytra punctured in not very regular rows,

the pubescence, however, scarcely in rows; anterior tibise on either side strongly

widened into a tooth externally, with a large tooth, straight at the base and hook-

like at the apex; tarsi rather slender; claw-segment simple Lyctozylon Reitter.

Antennal club with terminal segment elongate, sides of head with three weak teeth at

either side; margins of pronotum denticulated and, like the margins of the body,

with bristles; elytra striately punctured, with rows of erect bristles. Tibiae at the

outer angle unequal, ciuved, the anterior mdened into a tooth at the apex, with

a somewhat large curved spine; tarsal segments short, claw segment strongly

clavately thickened, claws simple, rather small; form of body and prothorax as in

Lyctus Minthea Pascoe.

REVISIONAL NOTES.

In the foregoing generic synopsis Trogoxylon Le Conte has been

placed wdth Lyctus, as has been done by Colonel Casey (1891).

Le Conte, in separating the genera, did so on the ground that Trogoxy-

lon did not have the anterior tibise prolonged at the outer apical

oThe first visible ventral segment in the Lyctidse is the third abdominal stemite.

(See Hopkins, Tech. Ser. 17, Pt. I, Bur, Ent., U, S. Dept. Agr.,.p. 55, fig. 38, 1909.)

76686°—11 2
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angle. As stated by Reitter, later by Casey, and as is easily seen, they

are produced and in some species as strongly as in any true Lyctus.

Reitter in his synopsis states that in Trogoxijlon the sides of the head

are provided with three hooklike teeth, that the pronotum has all its

angles sharp, and that the elytra arc without rows of punctures or

hairs, but that these are irregularly disposed. As a matter of fact,

Lyctus (Trogoxylon) impressus Comolli does have the three elevations

mentioned, but in all the species so far recognized in the United States

not only the tooth over the eye is obsolete, but the posterior angles

and margin of the epistoma are closely joined to the angles of the

front, so that the epistoma is but slightly depressed below the level

of the front, and the two elevations seen in many species of Lyctus

are not traceable—a character also observable in L. (Xylotrogus)

politus n. sp. The shape of the pronotum is of little value; in L.

hrunneus Stephens all the angles are acute. The elytral punctures in

L. (Trogoxylon) californicus Casey are decidedly striate and there is

a tendency to the same thing in L. curtulus Casey.

The first visible ventral segment in most species which would fall

in Trogoxylon is as long as the second and third combined, but in

others it is not longer than the second and one-half of the third.

Xylotrogus has long since been shown by Wollaston (1854) and

other writers to be synonymous with Lyctus, and Trogoxylon must

also be so considered, though it might well be regarded as repre-

senting a well-marked subgenus.

The species of the family Lyctidse are very variable, especially in

size. Well-developed individuals are frequently four or five times

larger than others, the difference in size perhaps depending largely

on food supply; for the offspring of those individuals which have

bred in the same piece of wood for four, five, or six generations are

very much smaller and quite different in some of the structural

details from the first individuals reared. Accompanying the decrease

in size are found such changes as in the shape and punctation of the

pronotum and the punctation and pubescence of the elytra. As a

result, one must allow for much variation within the limits of the

species, and characters which might be of specific importance in

groups more constant in character can only be held to be individual.

SYNOPSIS OF SPECIES OF THE GENUS LYCTUS.

Elytral pubescence confused over the entire surface or sometimes in single rows,

never in double series separated by wide intervals; apical angles of the prothorax

usually decidedly prominent—if not, at least subprominent and the sides of

pronotum decidedly convergent posteriorly Division I, pages 117-119.

Elytral pubescence always arranged in distinct series, the series at the sides at least

separated by a double row of fine, deep punctures or a single row of large, shallow,

circular punctures Division II, pages 119-120.
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DIVISION I.

Elytral punctures confused, or somewhat striate, but if so, the series never impressed.

Subdivision A, pages 117-118.
Elytral punctures distinctly seriate, the series distinctly impressed.

Subdivision B, pages 118-119.

Subdivision A. (Trogoxylon Le Conte.)

Head with a distinct tubercle over the eye; pronotum quadrate, with the sides not
convergent posteriorly Section al,page 117.

Head without tubercle over the eye; pronotum with the sides more or less convero-ent
posteriorly Section a2, page n7.

Section al.

Length 3 to 4.5 mm.;- ferruginous. Pronotum opaque, very densely, evenly punc-
tured; anterior margin slightly trisinuate; sides sinuate, scarcely convergent
posteriorly; anterior and posterior angles very prominent, right, not at" all
rounded; median impression narrow, deep near the center of the disk, broadly
expanded toward anterior and posterior margins. Elytra subparallel, just visibly
wider at base than prothorax, extremely finely, densely, confusedly punctured;
pubescence fine, decumbent, confused. Head with front subconvex, densely,'
evenly punctiu-ed; frontal angles very prominent, narrowly rounded; side mar-
gins of epistoma forming an acute, slightly reflexed tooth; antennse slender, club
feeble, ovate. Abdomen slightly shiny below, excessively minutely punctured.

impressus Comolli, page 121.
Section a2.

*

Pronotum broader than long, the vestiture very short, coarse, and bristling; pro-
sternum distinctly punctured throughout Subsection bl, page 117.

Prothorax as long or longer than wide anteriorly, the pubescence rather long, fine, and
decumbent or subdecumbent; prosternum not punctured or but very feebly so
near its side margins Subsection b2, page 117.

Subsection hi.

Length 3 mm.; body nigro-piceous, short, broad, stout, subconvex, densely clothed
with short, stiff bristles. Prothorax feebly shiny; side margins strongly con-
vergent posteriorly; anterior margin broadly rounded; punctures large, deep,
more dense posteriorly; median impression shallow, broad; pro-episternal area
coarsely, distinctly punctured. Elytra broad, shiny, subparallel, densely,
coarsely punctured, the punctures feebly seriate. Head with front subconvex'
densely, evenly punctured; epistoma slightly depressed, side margins scarcely
reflexed, with a dense fringe of coarse bristles, which also occur on the angles of
the front; antennae stout. Abdomen subopaque below.

punctatus Le Conte, page 121.

Subsection b2.

Elytral punctures in distinct series; epistoma with side margins strongly reflexed.

Series cl, page 117.
Elytral punctures confused, without distinct serial arrangement ; epistoma not reflexed

^t sides
Series c2, page 118.

Series cl.

Length 2.2 to 2.5 mm.; very slender, parallel, compressed, castaneous throughout,
strongly shining. Prothorax with side margins rather strongly convergent pos-
teriorly; anterior margin strongly arcuate; anterior angles strongly rounded,
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posterior obtusely rounded; median impression very broad and shallow; punc-

tures coarse, rather dense, sparser and finer anteriorly. Elytra elongate, the

punctures small and arranged in distinct series, becoming confused toward suture

and base, the pubescence sj)arse and recumbent. Head with front scarcely con-

vex, densely, finely punctured; epistoma depressed, side margins strongly

reflexed; antennae slender. Abdomen shiny below, densely, exceedingly finely

punctured californicus Casey, page 121.

Series c2.

Length 2 to 4 mm.; elongate, rather slender, ferruginous to nigro-piceous. Prothorax

with side margins strongly convergent posteriorly; anterior margin strongly

trisinuate; anterior angles acutely rounded; posterior right, not at all rounded;

median impression very shallow, broad, deeper posteriorly; punctures fine and

dense. Elytra subparallel, slightly narrowed posteriorly; punctures very fine,

dense, confused; pubescence yellowish, fine, and dense. Head with front

subconvex, finely, densely punctured, the pubescence very short, reflexed at

the sides; antennae slender, the club large and prominent. Abdomen subopaque

below, densely, coarsely punctured parallelopipedus Melsheimer, page 121.

Length 2.7 to 3.3 mm.; stout, comparatively broad, castaneous to nigro-piceous. Pro-

thorax with the sides slightly convergent posteriorly; anterior margin broadly

rounded or faintly trisinuate; anterior angles acutely rounded; posterior obtuse

and blunt; median impression broad, rather deep, more so jjosteriorly; punctures

coarse and dense, less so anteriorly. Elytra stout, slightly narrowed toward

the base; punctiu-es coarse, dense, faintly, subseriately arranged toward sides;

pubescence rather coarse, sparse, decumbent, and arranged in faint series. Head
with front convex, densely, subrugosely punctured, the pubescence short and

fine; epistoma nearly flat, coarsely punctured, side margins very faintly reflexed;

antennae stout, the club robust, small, oval. Abdomen polished below, extremely

finely and sparsely punctm-ed curtulus Casey, page 122.

Subdivision B. (Xylotrogiis Stephens.)

Length 2.5 to 3.5 mm.; castaneous throughout. Pronotum shiny, strongly punctured

posteriorly, the punctures becoming very small or obsolete anteriorly; side

margins strongly sinuate; anterior angles very broadly rounded. Elytra with

the sides nearly parallel; strial punctures fine, close-set, confused near suture;

interspaces flat; pubescence fine, decumbent, sparse. Head with front densely,

evenly punctured, feebly shiny, scarcely impressed before the eyes; epistoma

convex, finely punctured, not at all elevated at lateral margins.

politus n. sp., page 122.

Length 3 to 5 mm.; rufo-fuscous throughout. Pronotum subopaque; side margins

nearly straight, densely, finely serrulate and strongly convergent posteriorly;

anterior angles acute, slightly prominent, blunt, but scarcely rounded; punctures

more dense posteriorly, finer, not becoming obsolete anteriorly. Elytra with

the sides nearly parallel; strial punctures fine, impressed; interspaces, especially

toward sides, subconvex; pubescence fine, decumbent. Head with front densely,

rather coarsely punctured, convex, strongly impressed at the sides before the eyes;

epistoma subconvex, its anterior angles distinctly elevated.

brunneus Stephens, page 123.

Length 4.5 to 5 mm. ; rufo-testaceous, head and i^rothorax piceous. Pronotum opaque,

punctato-scabrous; anterior margin very broadly curved; side margins feebly

sinuate, rather strongly convergent posteriorly; anterior angles subprominent,

obtuse, very broadly rounded, posterior obtuse, not rounded; median impres-

sion merely a narrow, feebly impressed fm-row extending from near anterior
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margin to posterior margin. Elytra shiny, subparallel, a little broader than

prothorax; punctures large, distinct, deep, circular, strongly seriate, the series

impressed; interspaces slightly convex; pubescence fine, sparse, seriate. Head

with front convex, opaque, densely, rugosely punctate; epistoma strongly de-

pressed, not at all elevated at the sides; antennae stout, the club large, elongate

oval pubescens Panzer, page 123.

DIVISION II.

Elytral striae composed of a double or sometimes a single row of fine, elongate, deeply

impressed punctiu-es Subdivision C, pages 119-120.

Elytral striae each composed of a single row of large, shallow, circular punctures.

Subdivision D, page 120.

Subdivision C.

Prothorax anteriorly distinctly narrower than the elytra at base.

Section a3, pages 119-120.

Prothorax fully as wide anteriorly as the elytra at their base Section a4, page 120.

Section aS.

Pronotum distinctly longer than wide, its anterior angles not at all prominent, very

broadly rounded; median impression merely a narrow, faintly impressed groove

from anterior to posterior margins; elytral interspaces frequently subconvex,

especially toward sides Subsection bl, page 119.

Pronotum quadrate or subquadrate; anterior angles distinct, subprominent but not

acute; median impression large, broadly oval, deep; elytral interspaces not at

all or but feebly convex Subsection b2, pages 119-120.

Subsection bl.

Length 2.1 to 4 mm.; castaneous. Pronotum opaque, punctato-scabrous; anterior

margin broadly rounded; side margins straight or slightly sinuate and convergent

posteriorly; anterior angles subobsolete; posterior sharp, everted. Elytra slightly

narrowed toward base; interspaces toward the sides feebly to rather strongly

elevated; pimctures coarse, elongate, and in double series between the inter-

spaces; pubescence fine, short, dense, decumbent. Head with front strongly

convex, densely punctured and granulose; epistoma narrow, depressed, side

margins strongly divergent posteriorly, anterior deeply emarginate, its anterior

angles not elevated; antennae slender, the club stout, narrowly oval. Abdomen
subopaque below, densely, finely, granulately punctured.

opaculus Le Conte, pages 123-124,

Subsection b2.

Length 3 to 5 mm.; ferruginous, head and prothorax slightly darker. Pronotum
opaque, punctate, scabrous; anterior margin broadly rounded; side margins

nearly straight, finely denticulate, acute, parallel or very faintly convergent

posteriorly; anterior angles subprominent, obtuse, blunt; posterior angles right,

prominent, not rounded; median impression broadly oval, deep. Elytra sub-

parallel, scarcely narrower anteriorly, convex but not more noticeably so at

their middle; strial punctures very fine, elongate, arranged in single or sometimes

in double soi'ies, especially toward sides; pubescence seriate, fine, sparse, decum-
bent. Head with front strongly convex, opaque, densely punctato-granulate,

sides slightly elevated over the eye; epistoma strongly depressed, narrow, its

anterior angles not elevated; antennae stout, the club strong, oval. Abdomen
subopaque below, densely, finely punctured. . .swfurafe Faldermann, page 124.
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Length, 3.5 to 4.5 mm.; fenuginous. Pronotum .^liiiiy, rather densely, Init not at

all scabrous or rugosely punctured, the punctures smaller and less dense ante-

riorly; median impression broadly oval, deep, not approaching anterior margin;

anterior margin broadly rounded, sides parallel, straight or faintly sinuate;

anterior angles obtusely rounded; posterior angles right, prominent, not at all

or very feebly rounded. Elytra broad, distinctly narrowed toward base, more

strongly convex at about their middle; interspaces not at all elevated; punctures

very fine, elongate, seriate as in opaculus; pubescence of medium length, fine,

decumbent, strongly seriate in arrangement. Plead with front strongly convex,

smooth, shiny, evenly but not densely punctured; epistoma depressed, its

anterior margin broadly emarginate, the anterior angles elevated and with coarse

pubescence; antennae very slender, the club weak, narrowly oval. Abdomen
feebly shiny below, exceedingly finely, densely punctured.

cavicollis Le Contc, page 124.

Section a4-

Length, 2.5 to 5.5 mm.; black. Pronotum shiny, rather densely ])ut not at all

rugosely punctured, median impression broad, shallow, narrow from posterior

margin to middle, where it becomes broadly, gradually expanded to the anterior

margin, rarely deep, suboval and scarcely expanded anteriorly; anterior margin

broadly rounded; side margins strongly arcuate and convergent posteriorly

or nearly straight and subparallel; anterior angles broadly rounded, not at all

prominent, posterior obtuse and feebly rounded or subrectangular and sharp.

Elytra elongate, convergent toward base, the interspaces flat or just visibly con-

vex; punctures very fine, seriate as in opandus; pubescence fine, sparse, decum-

bent, distinctly seriate. Head with front strongly convex, densely, subrugosely

punctured; epistoma depressed, anterior margin broadly emarginate, anterior

angles not elevated; antenna stout, clu1i prominent; abdomen shiny below,

densely, finely 'Jiunctured planicollis Le Conte, pages 124-125.

Length, 2.4 to 4.7 mm.; black. Pronotum opaque, punctato-scabrous; median

impression reduced to a shallow, narrow line from anterior to posterior margin;

anterior margin very strongly, broadly arcuate; side margins strongly curved

and convergent posteriorly; anterior angles very broadly, obtusely rounded;

posterior angles obtuse, not rounded. Elytra narrowed toward base; interspaces

.noticeably convex; punctures coarse, narrow, elongate, deep, seriate; pubescence

fine, sparse, seriate. Head with front strongly convex, scabrous; epistoma small,

depressed; anterior margin broadly emarginate; antennse slender, club strong,

compact, (jval. Abdomen subopaque below, very densely, finely punctured.

parrvhiK Casey, page 125.

Subdivision D.

Length 2.5 to 5 mm.; ferruginous. Pronotum opaque; surface very finely granulate

and pubescent; median impression oval, deep, extending from anterior fourth

to posterior fourth and thence very narrowly to posterior margin; anterior margin

strongly arcuate, sides straight or feel)ly sinuate, not at all or but scarcely nar-

rowed Ix'hind; anterior angles obtuse, broadly rounded; posterior angles right,

not at all rounded. Elytra just visi))ly narrowed toward liase; interspaces flat;

punctures shallow, circular, arranged in single series except at costal border, where

they are in double series; pubescence sparse, fine, decidedly seriate in arrange-

ment. Head with front strongly convex, side margins distinctly elevated over

the eye, densely, finely granulato-punctate; epistoma narrow, its anterior margin

broadly, deeply emarginate; anterior angles not elevated; antennaj slender,

noticeably pul)escent, club large and prominent. Abdomen feebly shiny below,

densely, fin(>ly punctate linearis Goeze, pages 125-126.
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SYSTEMATIC NOTES.

Genus LYCTTJS Fabricius.

Lyctus Fabricius, 1792, p. 502.

Xylotrogus Stephens, 1830, pp. 116-117.

Trogo.rylnn Le Conte, 1861, p. 209.

Lyctus impressus ("omolli.

Lyctus imprrssii.f ComnUi, 1837, pp. 40-85; Seidlitz, 1875, p. 160; Erichson, 1877,

p. 17.

Trogoxylon impressus (Comolli) Reitter, 1885, p. 100.,^

This species is the largest of the Trogoxylon group which the

author has seen. It is very distinct in the quadrate prothorax and in

the possession of the three elevations at the sides of the head, one over

the eye, another just before it at the frontal angle, and another at

the lateral angle of the epistoma.

Material examined.—A series of 5 specimens, very constant in

character, except in size. The species occurs in southern Europe,

but has not as 3'et been recorded from the United States,

Lyctus punctatus (Le Conte).

Trogoxylon punclatum Le Conte, 1866, p. 104.

Lyctus punctatus (Le Conte) Casey, 1891, pp. 13, 16.

This species is easily known by its short, broad form, coarse punc-

tation of the pronotum and elytra, and the stiff, short, ahiK^st squa-

mose pubescence.

Material examined.—A single specimen from Santa Rosa, Lower
California, and Le Conte's type, which is from Cape San Lucas, Lower
California.

Lyctus californicus Casey.

Lyctus californicus Casey, 1891, p. 14.

This species is readily recognized by its elongate, highly polished

body, and by the finely but definitely striated punctures of the elytra,

the pubescence of which is fine and sparse. It is easily distinguished

from L. curtulus, to which it is probably most closely allied, by its

more slender, parallel, elongate form, finer elytral punctures, and

other minor details. There is some variation in size and density of

color, but other characters are quite constant.

Material examined.—A series of 5 specimens from Santa Rosa,

Lower California. Colonel Casey's specimens are from Fort Yuma,
Cal.

Lyctus parallelopipedus (Melsheimer).

Xylotrogus pnrallelopipedus Mehheimer, 1844, p. 112.

Trogoxylon parallelopipedum (Melsheimer) Le Conte, 1861, p. 209; Le Conte and

Horn, 1883, p. 229.

Lyctus parallelopipedus (Melsheimer) Casey, 1891, p. 13.
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Most readily recognized by the very finel}^, densely, confusedly

punctured elytra, with the pubescence long, dense, fine, and decum-

bent, and the margin of the prothorax strongly trisinuate.

There is great variation in size, as usual. The side margins of the

prothorax are generally straight, sometimes slightly curved inward,

and the prothoracic punctures are generally fine.

Material examined.—A series of more than 100 specimens. Dis-

tributed throughout tlie eastern and southeastern United States.

Lyctus curtnlus Casey.

Lyctus curtulus Casey, 1891, p. 15.

One of the smaller species, easily separated from parallelopipedus

Melsheimer by its coarse elytral punctation, average smaller size,

and prothoracic structure, and from californicus Casey by its much
shorter, robust form, denser elytral pubescence, coarser and less

sinuate arrangement of elytral punctures, and in being much less

shiny.

There is considerable variation, more especially in size and colora-

tion, and likewise in the density and size of the prothoracic and

elytral punctures, in the convergence of the sides of pronotum, in

the sinuation of its anterior margin (the latter sometimes becoming

feebly trisinuate), and in the degree of depression of the epistoma.

A single specimen from Bonner, Mont., difi^ers quite noticeably in

several respects from the more typical examples of curtulus, and may
represent an undescribed species. However, it is placed here until

more specimens show it to be distinct.

Material examined.—A series of more than 300 specimens. Dis-

tributed throughout the southwestern United »States.

Lyctus politus n. sp.

Tijpe.—Cat. No. 7432, United States National Museum; U. S.

Department of Agriculture, No. 7414; one of 21 specimens collected

and reared by Dr. F. H. Chittenden from licorice at Washington,

D. C.

This species is readily separated from hrunneus Stephens by its

much shorter, broader form, more shiny, finely and less densely punc-

tured prothorax, and by the structure of the front as outlined in

the synopsis (p. 118).

There is considerable variation in size, and to a less extent in the

convergence of the sides of the prothorax posteriorly, and in the

pronotal punctation.

It is possible that this species has been already described, but the

author has been unable to place it in any of the species of which he has

had specimens or descriptions and has, in consequence, described

it as being new.
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Lyctus brunneus (Stephens).

Lyctus parasiticus Stephens, 1829, p. 94.

Xylotrogus brunneus Stephens, 1830, p. 116, pi. 18, fig. 4; Seidlitz, 1875, p. 160.

Lyctus glycyrrhizse Chevrolat, 1829-1838, .pp. 191-192, pi. 41, fig. 3.

Lyctus rugulosus Montrouzier, 1861, p. 266.

Lyctus brunneus (Stephens) Wollaston, 1854, p. 152; Erichson, 1877, p. 17; Reitter,

1885, p. 100; Reitter, 1906, p. 423.

Lyctus carolinas Casey, 1891, pp. 13-14.

This species, while allied to L. politus n. sp., is readily distinguished

by its larger size and coarser structure throughout and more acute

anterior angles of prothorax; the epistoma also is more depressed, its

posterior angles as in planicoUis Le Conte. The series of specimens

is very constant, except that there is the usual variation in size

and color. A single specimen from Philadelphia, Pa., is more slen-

der, the prothorax narrower and more constricted behind, with the

sides straight, and the anterior margin more strongly arcuate. It is

probably best placed here for the present. A series of 3 specimens

from Mr. Reitter shows considerable variations, more especially in the

shape of the prothorax, and one individual has the pronotum much
more coarsely punctured.

Matenal examined.—A series of 14 specimens. The species is

widely distributed throughout the world.

Lyctus pubescens Panzer.

Lyctus pubescens Panzer, 1793, fasc. 4, fig. 17; Erichson, 1877, p. 16; Reitter, 1878,

p. 196; Reitter, 1885, p. 99.

Lyctus bicolor ComoUi, 1837, p. 41; Seidlitz, 1875, p. 160.

Lyctus caucasicus Tournier, 1874, p. 412; Reitter, 1878, p. 196; Reitter, 1885, p. 99.

Lyctus pubescens v. caucasicus (Tournier) Reitter, 1906, p. 423.

The species is very distinct. It is perhaps more closely allied to

hrunneus Stephens than any other, both in elytral and prothoracic

structure, though very distinct from it. It is remarkable in having

the prothorax very much darker than the elytra, a character seldom

met with in this family.

Material examined.—Two specimens from Mr. Reitter are labeled

"Silesia, on Willow." One of them has the prothorax strongly nar-

rowed posteriorly, the other much less, although distinctly so. The

species occurs in Europe, but up to the present time it has not been

recorded from the United States.

Lyctus opaculus Le Conte.

Lyctus opaculus Le Conte, 1866, p. 103; Casey, 1890, p. 324; Casey, 1891, p. 13.

This species is remarkably distinct and easily separated by the

narrow, convex prothorax, the anterior angles being very broadly

rounded, the side margins strongly convergent posteriorly, the sur-

face opaque and very densely subrugosely punctured, the median
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impression long, shallow, and nairow, and the strial punctures of the

elytra deep and coarse.

There is considerable variation, more especialh^ in size, in the

acuteness of the posterior angles of the prothorax, in the convergence

of its side margins posteriorly, and in tlie elevati(m of the elytral

interspaces.

Material examined.—A series of 60 specimens. The species is

distributed throughout the eastern United States.

Lyctus suturalis Faldermann.

Lyctus suturalis Faldermann, 1837, p. 225; Reitter, 1878, p. 196; Reitter, 1885,

p. 99; Reitter, 1906, p. 423.

Lyctus deyrollei Tournier, 1874, p. 411.

This species is related to linearis Goeze in prothoracic structure,

but is wholly different in elycral structure, resembling, in this respect,

^j>?amcoZZisLeConte,t]iough quite different in that for the most part the

striae are made up of but a single row of exceedingly fine punctures.

The specimens are quite constant in character, though there is

considerable variation in the prominence and roundness of the

anterior angles of the prothorax.

Material examined.—A series of four specimens from Mr. Reitter.

The species occurs in the Caucasus. Up to the present time it has not

been recorded from the United States.

Lyctus cavicollis Le Conte.

Lyctus cavicoUis Le Conte, 1866, p. 103; Casey, 1890, p. 324; Casey, 1891, p. 13.

This species is very distinct, and is readily separated from the other

species by the shining, narrow, subquadrate, subconvex prothorax

with the sides parallel, the posterior angles sharply rectangular, and

the form generally stout. It is not closely allied to any other species.

It resembles lilaiiicoUis Le Conte in elytral structure, but the pro-

thorax is totally different. There is some variation in size, but the

structural details are quite constant.

Material exaniined.—A series of 25 specimens, all from Calift)rnia.

Lyctus planicollis I.,e Conte.

Lyctus planicollis Le Conte, 1858, p. 74; Le Conte, 1866, p. 103; Duges, 1883,

pp. 54-58; C5,sey, 1890, p. 324; Casey, 1891, p. 13.

{?)Lyctus carbonarius Waltl, 1832, p. 167.

This species is extremely variable; perhaps more so tJian any others

of the genus. Individuals range in length from 2.5 to 5.5 mm. The
prothorax varies from broader than long, \\dth the side margins

strongly sinuate and convergent posteriorly, to subquadrate and the

sides parallel; it is, however, always as wide anteriorly as the elytra

at base, the anterior angles always rounded, the posterior never so.
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The pronotum may be densely, evenly punctured over the entire

surface, or have the punctures less dense and the surface polished

anteriorly, but is never scabrous; the median impression varies

from very deep and becoming broadly expanded anteriorly, wdth a

small circular impression at either side, to subobsolete in the smaller

specimens.

Whether this species and carbonarius Waltl are synonymous the

author can not say, since he has not seen Waltl's description. How-
ever, he has 2 specimens which Mr. E. A. Schwarz tells him are

from Mexico, received through Dr. E. Duges from Guanajuato.

These specimens are probably from among the series on which Doctor

Duges based his ''Metamorphoses du Lyctus idanicollis." They
differ in some of the minor details from planicollis, more especially in

having the pronotal punctures coarser and less dense; and the median
impression is deep, oval, and not broadly expanded anteriorly. Should

these characters prove constant in a larger series they might well be

considered as representing a distinct species, probably carbonarius

Waltl, very closely allied to planicollis.

Material examined.—A series of over 500 specimens. The species

is found widely distributed throughout the entire United States

at least.

Lyctus parvtilus Casey.

Lyctiis parruhis Casey, 1884, p. 175; Casey. 1890. p. 325; Casey, 1891, p. 13.

This species is remarkably distinct and is separated at once from
the other species by the broad cordate prothorax and its dense,

coarse, subrugose punctation.

There is great variation in size and to a less degree in the shape

of the prothorax and in the acuteness of the posterior angles. In

general form it resembles planicollis Le Conte, but in structural details

resembles opaculus Le Conte. It is readil}" separated from either,

and is far removed ' from linearis Goeze, with which species it has

very little in common.
Material examined.—A series of about 50 specimens. Distributed

throughout the western and southwestern United States.

Lyctus linearis (Goeze).

Dermestes oblongiisfusciis, elytris striatis, Geoffroy, 1762, p. 103.

Dermestes linearis Goeze, 1777, p. 148; Thunberg, 1784, p. 4, no. 4.

Lyctus linearis (Goeze) Reitter, 1906, p. 423.

Dermestes ohlongus (Olivier) Fourcroy, 1785, p. 19, no. 9.

Ips oblonga Olivier, 1790, vol. 2. no. 18, sp. 8, pi. 1, fig. 5, a, b; 1792, p. 405,

no. 9.

Lyctus oblongiis (Olivier) Latrcille, 1804, p. 241; Latreille, 1807, p. 16, sp. 1:

Stephens, 1830, p. 117.

Dermestoidcs unipunctalus Horbst, 1783, p. 40, pi. 21, fig. H, h.

Bitoma unipunctata Herbst, J793, p. 26, pi. 46, fig. 3.
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Lyclus unipundatus (Herbst) Kiesenwetter, 1877, p. 15; Reitter, 1885, p. 99.

Lyctiis canaliculatus Fabricius, 1792, p. 504, no. 11; Panzer, 1793, fasc. 4, fig. 16;

Paykull, 1800, p. 332, no. 9; Fabricius, 1801, vol. 2, p. 562, no. 13; Gyllenhal,

1813, vol. 1, pt. 3, pp. 408-409, no. 1; Thomson, 1863, vol. 5, p. 204; Tournier,

1874, vol. 6, p. 411, no. 103.

Synchita canalicidata (Fabricius) Hellwig, 1792, vol. 4, p. 405, no. 8.

Lyctus slriatus Melsheimer, 1844. vol. 2, p. 112; Casey, 1890, vol. 5, p. 324; Casey,

1891, vol. 6, p. 13.

Lyrtus an/Zam Melsheimer, 1844, vol. 2, p. 113.

Lyctus pubfscens Duftschmid, 1825, vol. 3, p. 148.

Lyctus fiitinm Seidlitz, 1875, p. 16.

This species is at once and easily recognized by its peculiar, large,

shallow, circular punctures of the elytral striae, not observable in

any other of our species. There is considerable variation in size,

but in other respects the species is quite constant.

Material examined.—A series of several hundred specimens. Occurs

throughout the United States, Europe, and probably the entire

world.

Genus LYCTOXYLON Reitter.

Lycto.rylon Reitter, 1878.

Lyctoxylon japonum Reitter.

Tjyctoxylon japoniim Reitter. 187(S, p. 199.
'

Subdepressed, ferruginous, feebly shiny, rather densely clothed

with very short subsquamose bristles. Segments 1-4 of the antennae

subelongate, 5-9 subtransverse, club strongly elongate, cylindrical,

segments nearly three times as long as broad, the terminal one a

little narrower than the preceding. Head and prothorax densely

confusedly punctured, the punctures subpapillate. Prothorax a

little broader than long, more narrow toward the base, anterior

angles obtuse, posterior right, the sides setulose-ciliate, at the middle

of the dorsum longitudinally foveately impressed and with a short,

strongly excavate line before the scutellum. Elj^tra a little broader

than prothorax, parallel, more than twice as long as wide, either

elytron seriately, near the suture irregularly punctured, with short,

dense, just visibly seriate, subsetulose scales. Length 1.5 to 2 mm.
[Reitter.]

Material examined.—A series of 4 specimens from New Jersey,

reared from Japanese cane. The species was described from speci-

mens from Japan and China.

Genus MINTHEA Pascoe.

Minthea Pascoe, 1863, p. 97; Reitter, 1906, p. 423.

Lyctopholis Reitter, 1S78, p. 196; Everts, 1899, p. 565.
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Minthea rugicollis (Walker).

Ditoma rugicollis Walker, 1858, p. 206.

Minthea similata Pascoe, 1863, p. 141.

Minthea rugicollis (Walker) Waterhouse, 1894, p. 68; Arrow, 1904, pp. 35-36;

Reitter, 1906, p. 423.

Eulachus hispidtis Blackburn, 1885, p. 141.

Lyctopholis foveicollis Reitter, 1878, p. 199.

Prothorax at the middle of the dorsum with an oblong-oval, deeply

impressed foveola. Subcylindrical, ferruginous, feebly shiny, some-

what densely clothed with erect, white, subsquamose bristles thick-

ened at the apex. First segment of club of antennae subquadrately

transverse, the terminal half again as long as it, elongate oval. Pro-

thorax somewhat densely pimctate, the punctures scarcely separated,

not at all deeply impressed; elytra a little wider than prothorax, par-

allel, lightly seriately punctured, the punctures very feebly impressed,

interspaces just visibly rugose, feebly shining, the alternate ones with

erect seriate bristles. Length about 2 mm. [Translated from

Reitter's original description o^ fovficoUis.]

Minthea stichothrix (Reitter).

Lyctopholis stichothrix Reitter, 1878, p. 199.

Thorax with the dorsum scarcely excavated, but with an almost

obsolete longitudinal line at the middle, becoming less anteriorly at

the apex. Subcylindrical, ferruginous, rather densely clothed with

long, white, erect setae thickened at the apex. First segment of

antennal club transverse, the terminal segment three times as long

as the former, subcylindrical. Head and thorax confusedly, rugosely

punctured, opaque, the sides of the latter evidently denticulate and
ciliate; elytra seriately punctate, interspaces densely, rather strongly,

rugosely punctured, the alternate ones with seriate erect -setae.

Length 2.7 mm. [Reitter.]

Described from specimen from Bogota, Colombia. The species

occurs also in Europe.

Material examined.— One specimen from Mr. Reitter, labeled

"Styria;" another in the Horn collection, without name, labeled

"N. Y.," and with light-green square.

Representatives of the genus occur throughout the world, M. rugi-

collis Walker being recorded from the West Indies, Ceylon, Malay
Archipelago, Hawaiian Islands, and Europe. The single specimen

in the Horn collection, mentioned above, is, so far as the author is

aware, the only record of the genus in the United States,
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APPENDIX.

NOTES ON HABITS AND DISTRIBUTION, WITH LIST OF
DESCRIBED SPECIES."

By A. D. Hopkins,

In charge of Forest Insect Investigations.

HABITS.

So far as known, the species of the family Lyctidae Hve in dead and

dry wood of natural growth, in the seasoned sapwood of commercial

products, and in the pith of vines and the dried roots of herbaceous

plants, but do not infest the wood of coniferous trees.

Some of the species appear to prefer the dead and dry wood of

standing trees, shrubs, and vines under natural conditions, and there-

fore are rarely found in the commercial articles; for this reason they

are not subject to temporary or permanent removal from the natural

range of the species. The other species, which infest commercial

products, are subject to wide distribution over the world.

The following notes relate to species represented in the collections

of the United States National Museum and United States Depart-

ment of Agriculture, the habits of which have been observed by the

writer or recorded in connection with the specimens.^

THE GENUS LYCTUS

Division I.

SUBDIVISION A.

Section al.

L. impressus Comolli.—This species has been found in an umbrella

handle, in which it was evidently introduced into Mississippi.

Section a2.

Subsection hi.

L. punctatus (Le C'onte).—Habits not recorded.

« This portion of the paper was prepared some months after Mr. Kraiis submitted

his manuscript and includes data on additional specimens.
b The primary and secondary divisions, sections, and genus are included under

"habits " and "distribution " in order to aid in the comparison of facts concerning

allied groups and species.
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Subsection b2.

Series cl.

L. californicus Casey.—Recorded as breeding in adobe wall.

L. prseustus Erichson.—Habits not recorded.

Series c2.

L. parallelopipedus (Melsheimer),—Extensive observations have
been made on the habits of this species. It infests the seasoned sap-

wood of commercial products made from persimmon, hickory, ash,

oak, and bamboo; it also lives in the dead wood or natural growtli

of osage orange, sassafras, and fig.

L. curtulus Casey.—Common in dead wood or natural growth of

mesquite, Parkinsonia, mimosa, hackberry, cotton stems, and fig.

SUBDIVISION B.

L. politus Kraus.—Found in dried licorice roots.

L. hrunneus (Stephens).—In seasoned wood and dried herbaceous

roots.

L. pubescens Panzer.—Habits not recorded in connection with

specimen.

SUBDIVISION C.

Section a3.

Subserfion bl.

L. opaculus Le Conte.—In pith of dead grapevines.

Sjibsertinii b2.

L. suturalis Faldermann.—Habits not recorded.

L. cavicollis Le Conte.—In commercial products, seasoned orange

wood and hickory, tanbark oak, and cordwood of live oak.

Section a4.

L. cinerius Blanchard.—Habits not recorded.

L. planicoUis Le Conte.—Extensive observations have been made
on the habits of this species. It is common in commercial products

of seasoned ash, oak, hickory, persimmon, and sycamore. Rearing

records show that it may breed continually in the same wood during

a period of at least six years, or until all the wood tissue has been

converted into powder.

L. carhonarius Waltl.—In seasoned oak and bamboo, in natural

growth and in commercial products.

L. parvulus Casey.—In dead and dry wood of locust (Robinia neo-

mexicana), according to Schwarz.
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Division II.

SUBDIVISION D.

L. linearis (Goeze).—Extensive observations have been made on

the habits of this species. It is common in commercial prochicts of

seasoned hickory, oak, walnut, and ash, and occasionally in poplar,

wild cherry, and locust. It is not recorded from natural growth in

this country, but is said to infest such t^rowth, as w^ell as commercial

products, in Euro])e.

THE GENUS LYCTOXYLON.

L. japonum Keitter.—Found in walking stick from Japan and in

commercial articles made from bamboo in China.

THE GENUS MINTHEA.

M. rugicoUis (Walker).—Habits not recorded in specimens in the

national collection.

M. stichoihrix (Reitter).—Habits not recorded.

DISTRIBUTION.

The distribution of the species of the family Lyctidse presents some
interesting features, especially in regard to the natural habitat and

the temporary and permanent introductions.

The habits of some of the species which infest commercial products

make it possible for them to be widely distributed outside of their

natural range, but it does not necessarily follow that a species intro-

duced to another country in commercial products will become estab-

lished in its new environment. Therefore we find many records in

literature of localities in wliich specimens of a species have been col-

lected, some of which evidently represent accidental or temporary

introductions. Some other records may be held in doubt as to per-

manent introduction until they are verified by observations which

would indicate that the localities are either within the natural range

of the species or that the species has become established.

It would appear that the most reliable guide to the natural distri-

bution of the species is their habit of Rving in natural growth and

under natural conditions of exposure to climatic influences at all

seasons of the year.

In a study of the records represented by specimens in the national

collection and of the evidentlv authentic records in literature, it

would appear that tlie distribution of the species of the family Lyc-

tidse in the western continent is between about the forty-eighth paral-

lel north and tJie thirtieth parallel south, and in the eastern continent
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and Australia, from about the fifty-fifth parallel north to the fortieth

parallel south. The genus Lyctus has practically the same range as

the family; the genus Lyctoxylon seems to have its natural distribution

in eastern India and Asia between the twentieth and fortieth paral-

lels north; while in the genus Minthea one species is from Rodriguez

Island and the Philippines, with a record from southern Europe, and
the other species is from Bogota, Colombia, South America.

It appears that the center of distribution of the greatest number
of species of the family is between the twentieth and fortieth parallels

north in both continents.

The available evidence would indicate that the natural distri-

butions of the species studied by the writer are approximately as

follows:

THE GENUS LYCTUS

Division I.

SUBDIVISION A.

Section al.

• L. impressus ComoUi.—Northern Africa, southern Italy, Greece,

Spain, and the Caucasus. Probably temporarily introduced into

central Europe and southern North America.

Section a2.

Subsection' hi.

L. punctatus (Le Conte).—Lower California.

Subsection b2.

Series cl.

L. californicus Case}^.—Lower California.

L. prseustus Erichson.—Peru and BraziL

Series c2.

L. paraUelopipedus (Melsheimer).—Florida, Texas, Louisiana, Geor-

gia, South Carolina, Virginia, West Virginia, District of Columbia,

Long Island, N. Y., Ohio, and Missouri. The natural distribution

of the species is evidently in the South Atlantic and Gulf States, and
in part of the Mississippi and Ohio valleys, from which it has been tem-

j)orarily introduced into other States.

L. curtulus Casey.—California, Arizona, Texas, and Guatemala.

This evidently represents its natural distribution. One record from
Montana indicates temporary introduction, and a record from the

Sandwich Islands may represent a permanent introduction.
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SUBDIVISION B.

L. folitus Kraus.—Temporarily introduced into tlie District of

Columbia, probably from northern Spain or Italy, from whicli the

commercial product of licorice is exported.

L. hrunneus (Stephens).—Paraguay, Brazil, Cuba, and Mexico.

This evitlently indicates the natural range of the species, from which it

has probably been introduced and become established in Europe, Asia,

Africa, and Australia. It has been recorded from South Carolina,

from Philadelphia, Pa., and from Chicago, 111., which probably rep-

resent temporary introductions, although it is not at all improbable

that it may become permanently established in the Gulf States,

especially in Florida and Texas.

L. ])ubescens Panzer.—Recorded as common in southern and mid-

dle Europe, which may be its natural distribution.

SUBDIVISION C.

Section a3.

Stthsection hi.

L. opaculus Le Conte.—Michigan, Iowa, Nebraska, Ohio, Long

Island and Staten Island, N. Y., District of Columbia, and North

Carolina. This probably represents the natural distribution, and

since the species lives in natural growth it is not likely to be distrib-

uted out of its natural range.

Subsection h2.

L. suturalis Faldermann.—Caucasus, southern Russia.

L. cavicollis Le Conte.—California, several localities, with doubtful

record from Oregon.
Section a4.

L. cinereus Blanchard.—Chile.

L. planicollis Le Conte.—Arizona, Nevada, Texas, and the Gulf

and South Atlantic States. This range probably represents the natu-

ral distribution of the species, but it is frequently introduced tempo-

rarily into the Northern and Middle States and evidently into other

countries, since there is a definite record from Capetown, South

Africa, in lumber from the southern United States. This species is

evidently derived from one or more subtropical forms, of which L.

earlonarius is a representative.

L. carhonarius Waltl.—Mexico and Florida. This species is evi-

dently distinct from L. 'planicoUis, as indicated by a large series not

observed by Mr. Kraus, which had been reared by Mr. H. G. Hub-

bard from winter-killed bamboo in Florida. The specimens from

Florida and Mexico are readily distinguished from average speci-

mens of pJanicoUis by their more reddish color but otherwise agree
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with characters mentioned by Mr. Kraiis. It is probable that

there is some overlapping of the ranges of these two allied species

in Florida and from Texas to California, and that in such localities

occasional specimens will be found which occupy an intermediate

position.

L. parvulus Casey.—Arizona, California, and Utah. This evi-

dently indicates the natural distribution of the species.

Division II.

SUBDIVISION D.

L. linearis (Goeze).—This species is recorded in literature as extend-

ing over Europe, and especially England, France, and Germany,
where it lives in natural growth, cordwood, etc. This evidently rep-

resents its natural habitat, from which it has been introduced in

commercial wood products to many other countries of the world,

but it would appear from observations and records in the United
States that it becomes permanently established only in those coun-
tries with climates similar to that of central and northern Europe.
The species appears to be permanently established in the States

north of North Carolina, Tennessee, and Arkansas. There are a

great many records from this area, including Maine, Massachusetts,

New York, Pennsylvania, Virginia, West Virginia, Ohio, Indiana,

Michigan, Illinois, Missouri, Iowa, and Minnesota. The specimens
in the national collection show but a single record from the South
Atlantic and Gulf States, and that is evidently a temporary intro-

duction. Undoubtedly the species is frequently carried into the

southern region, but evidently does not survive there.

THE GENUS LYCTOXYLON.

L. ja/ponum Reitter.—Japan, China, and India. This probably
represents the natural range of the species, from which it has been
introduced into Europe, America, and other countries, possibly

becoming established in those with climatic conditions similar to

that of its original habitat. The recorded intioductions into the

United States are from China into California and Massachusetts, and
probably from Japan into New Jersey.

THE GENUS MINTHEA.

M.. rugicollis (Walker) .—Philippine Islands, Siam, China, Ceylon,

and the Malay Archipelago. This probably represents the natural

habitat, from which it may have been introduced into Europe, the

West Indies, and the Hawaiian Islands.

M. stichothrix (Reitter).—Bogota, Colombia, South America.
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THE LYCTIDffi REPRESENTED IN THE COLLECTIONS EXAMINED
BY KRAUS AND HOPKINS.

(Classification according to Kraus.)

Genus LYCTTJS Fabricius.

Division I.

Subdivision A {Trogoxylon)

.

Section al.

impressus Comolli.

Section a2.

Subsection bl.

punctatus Le Conte.

Subsection b2.

Series cl.

californicus Casey.

prxiistus Erichsoii.

Series c2.

parallelopipedus Melsheimer.

curtulus Casey. •

Subdivision B (Xylotrogus).

politus Kraus.

brunneus Stephens.

pubescens Panzer.

Subdivision C (Lyctus).

Section a3.

Subsection bl.

opaculus Le Conte.

Subsection b2.

suturalis Faldermann.

cavicollis liC Conte.

Section a4.

Division II.

Subdivision D.

cinereiis Blanchard.

planicollis Le Conte.

carbonarius Waltl.

parvulus Casey.

linearis Goeze.

Genus LYCTOXYLON Reitter.

japonum Reitter.

Genus MINTHEA Pasco e.

nigicollis Walker.

stichothrix Reitter.
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LIST OF DESCRIBED SPECIES, WITH SYNONYMY ACCORDING TO
THE LITERATURE AND RECENT STUDIES BY THE AUTHORS.

Genus LYCTUS Fabricius.

sequalis Wollaston. S. Jago.

africanus Lesne. Africa.

brunneus (Xylotrogus) Slepheus. England; Australia; Japan; Paraguay; Brazil;

Cuba; Mexico; Philadelphia, Pa.

cai'olinse Casey. South Carolina.

colydioides Dejean. France.

gl:ycyrrhizx Chevrolat.

parasiticus Stephens.

rnguJosus Montrouzier. Woodlark Islands (near Australia).

californicus Casey. Lower California.

carbonarius Waltl. Mexico; Florida,

caucasicus Tournier. Caucasus (Russia).

cavicollis Le Conte. California; Missouri; Oregon.

cinereus Blanchard. Chile,

cornifrons Lesne. Obock, Africa (Red Sea).

costatus Blackburn. Australia.

curtulus Casey. Arizona; California; Montana; Texas; Guatemala; Sandwich

Islands.

depressicatus White. New Zealand.

discedens Blackburn. Australia.

disputans Walker. Ceylon.

foericoUis Reitter. Santo Domingo, \\'est Indies.

griseus Gorham. Guatemala,

hispidus Kiesenwetter.

scrie-hispidus Kiesenwetter. Japan.

impressus Comolli. Cordova, Mex.; Corinth, Greece; Gallia; Meridian, Miss,

var. capitalis Schauf. Algeria, Africa; Mallorca (Mediterranean).

castaneus Perroud. Middle Europe.

glabiatus Villa. Lombardia, Italy.

Iserei Galeazzi. Lombardia, Italy.

Iseripennis Faldermann. Caucasus; Greece,

leococianus Wollaston. Madeira.

linearis Goeze. Canada; District of Columbia; Illinois; Iowa; Indiana; Massachu-

setts; Maine; Michigan; Minnesota; Missouri; New York; Ohio; Pennsyl-

vania; Texas; West Virginia; Virginia; Middle Europe,

var. axeUarius Melsheimer. Pennsylvania.

canaliculatus Fabricius. Lampa, South America (Chile).

duftschmidti Des Grozes.

fuscus Seidlitz.

var.fuscus Melsheimer. Pennsylvania.

linearis Thunberg.

var. nitidus Dahl. Hungaria, Austria.

oblongus (Dermestes) Olivier.

pubescens Duftschmid.

striatus Melsheimer. Pennsylvania.

unipunctatus (Dermestoides) Herbst. Austria?

longicornis Reitter. Bogota, South America.

nitidicollis Reitter. Bogota, Colombia; Chile.
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obsetus Wollaston. S. Jago.

opaculus Le Conte. District of Columbia; Iowa; Long Island; Michigan; North

Carolina; Nebraska; Ohio; Pennsylvania; Texas; West Virginia,

parallelocollis Blackburn. Australia

parallelopipedus (Xylotrogus) Melsheimer. District of Columbia; Florida; Georgia;

Louisiana; Missouri; Ohio; South Carolina; Texas; West Virginia; Virginia; New
York.

parvulus Casey. Arizona; California; Utah,

planicollis Le Conte. Arizona; California; Colorado; District of Columbia; Florida;

Georgia; Illinois; Iowa; Mexico; Michigan; Minnesota; Missouri; Nevada; Ohio;

Oregon; South Carolina; Tennessee; Texas; Cape Town, Africa,

politus Kraus. (Reared at Washington, D. C.)

praeustus Erichson. Brazil; Peru,

prostomoides Gorham. Guatemala; Panama,

pubescens Panzer.

bicolor Comolli. Middle Europe.

caucasicus Tournier.

subarmatus Megerle. Austria.

punctatus (Trogoxylon) LeConte. Cape San Lucas and Santa Rosa, Lower California,

punctipennis Fauvel. Caen; New Caledonia; Sumatra.

recticolli (Trogoxylon) Reitter. La Plata,

retractus Walker. Ceylon,

simplex Reitter. Colombia.

suturalis Faldermann. Caucasus.

deyroUei Tournier. Mingrelia (Russia).

tomentosus Reitter. Mexico.

Genus LYCTOXYLON Reitter.

japonum Reitter. Hindostan; Europe; China; California; Massachusetts; New
Jersey; New York.

jalnophse Wollaston. San Antao.

Genus MINTHEA Pascoe.

rugicollis Walker. Philippine Islands.

Lyctopholis foericollis Reitter. Santo Domingo.

Eulachus hispitus Le Conte.

Ditoma rugicollis Walker. Rodrigues Is.; Missouri; Madagascar.

Minthea similata Pascoe. Styria Marhunaland, near Austria.

stichothrix Reitter.

Lyctopholis stichothrix Reitter. Bogota (Colombia); Africa; South Germany;

Austria.
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TECHNICAL PAPERS ON MISCELLANEOUS FOREST
INSECTS.

IV. STUDIES IN THE SAWFLY GENUS HOPLOCAMPA.

By S. A. RoHWER,

Agent and expert.

INTRODUCTORY NOTE.

(By A. D. Hopkins.]

This second contribution by Mr. Rohwer to technical information on the sawflies,

while not treating of species of known economic importance in their relation to forest

growth, conforms to our plan of giving in one series of publications the results of

the necessary general studies, by a specialist, of the entire group represented by
species and genera which are of special economic imi^ortance. This not only gives

the economic entomologist a comprehensive view of the whole group, but makes
available information on species which may prove to be injurious to indigenous or

cultivated plants.

INTRODUCTION.

In the Canadian Entomologist" the author has a paper treating

the sawfly genus Hoplocampa Hartig through the subgenus Macgil-

livrayella Ashmead. The present paper treats the Nearctic species

of the subgenus Hoplocampa, inchiding also a description of a new
species belonging to the subgenus Macgillivrayella.

The accompanying map (fig. 10) gives, in general, the distribution

of the genus. Macgillivrayella apparently does not occur in the

Palaearctic region. In America the species of the genus will probably

be found to occur from the Lower Austral Zone to the lower border

of the Boreal Zone.

The species of this genus are small, closely related, and without

striking specific characters. The characters used in the following

table were found to be reliable, but the saw of the female shoidd be

examined when possible. Lacking a large number of males, the

male genitalia were not studied, but, judging from the genitalia in

other genera of sawflies, they may be expected to possess good specific

oCan. Ent., vol. 42, pp. 242-244, July, 1910.
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characters. The color, in details, is not constant, although a normally

black or brownish species was never fountl to be uniformly pale, or

vice versa. The venation, as in many genera, is constant to the

typical form. The length of the upper and lower discal cells of the

hind wing apparently varies within a species (as in Hoplocampa
marlatti)

.

The descriptions were drawn up under a Carl Zeiss binocular with

a magnification of 35 diameters, although a Zeiss hand lens^ magnify-

ing 27 and 16 diameters, was used for the color description and
checking up.

The generic description given in the Canadian Entomologist °'

should be corrected and elaborated as follows:

Proepimerum (Eprrii) present.

Mesoprepectus (Ppctj) present.

Pleural suture of metathorax (PSg) straight from the coxal process (CxPj) to the

wing process (W P3), not curved as in Nematinae.

Metascutellum (Sclg) rather large.

Metapostnotum (P N^) as in Nematinae.

Hoplocampa (Macgillivrayella) pallida n. sp.

Runs in the table in the Canadian Entomologist^ to lacteipennis

Rohwer, but may be separated from that species by the large depres-

sions between the ocelli and orbits, higher, narrower occiput, paler

color, etc.

Female.—Length 5.5 mm. Head distinctly higher than broad, broadest just

above the antenna?; labrum rather broadly rounded; clypeus with a deep, obtusely

V-shaped emargination, lobes obtusely triangular; supraclypeal area more convex
near the clypeus; eyes diverging toward the clypeus; lateral fovese close to the

antennae, small, punctiform; antennal furrows not continuous; crest rather well

developed; frontal area raised; oceliar basin and middle fovea wanting; postocellar

area not defined; vertex depressed on each side of ocelli, so that the occiput is much
narrowed; antennae slender, third and fourth joints subequal; shining, practically

impunctate, cerci tapering; sheath straight above, gently rounded below; stigma

broad, slightly broader basad of middle; transverse radius received in middle of cell,

nearly at right angles with the radius; upper discal cell of hind wings slightly exceed-

ing lower on the outer margin. Pallid; legs, antennae, front, and dorsulum pale

yellowish; wings strongly milky-hyaline; venation pallid-hyaline, except stigma,

which is yellowish.

Type locality.—Michigan. One female from C. F. Baker collection.

Type.—Cat. No. 13469, U. S. National Museum.

Hoplocampa (Hoplocampa) orbitalis n. sp.

(Plate XXin, fig. 3; Plate XXIV, fig. 10.)

Female.—Length 4 mm. Labrum broadly rounded apically; clypeus rather

deeply emarginate, lobes obtusely triangular; supraclypeal area convex, polished;

antennal furrows and postocellar area as in koebelei; middle fovea elongate; oceliar

«Can. Ent., vol. 42, p. 242, July, 1910. &Can. Ent., vol. 42, p. 243, July, 1910.
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basin V-shaped, open below; crest poorly defined; head with small, scattered punc-

tures; antennae rather robust, third and fourth joints equal; stigma broadest at base,

tapering to apex; transverse radius normal; sheath and saw as in Plate XXIV,
figure 10, and Plate XXIII, figure 3. Black; antenna? brownish; head (except be-

tween antennal furrows above antenna?), teguhf, spot on lower angle of pronotum,

apex of venter, sheath, and legs below coxa? reddish-yellow; posterior tibite pallid,

posterior tarsi dusky; wings hyaline, iridescent; venation pale brown, stigma and

costa yellowish.

Type locality.—Montana.

Type.—Cat. No. 13472, U. S. National Museum.

Hopiocampa (Hoplocampa) koebelei n. sp.

(Plate XXIII, fig. 6; Plate XXIV, fig. 3.)

Female.—Length 3.5 mm. Labrum broad, obtusely triangular; clypeus broadly,

triangularly emarginate, lobes broad, sharply triangular; supraclypeal area convex,

polished; antennal fovea? not sharply defined; antennal furrows nearly continuous;

middle fovea transversely oval; crest poorly defined; ocellar basin reduced to a pit

below the ocellus; postocellar area well defined, the furrows punctiform laterally;

antennae wanting; head with small, distinct, separate punctures; stigma gently

rounded below, broadest a little basad of middle; transverse radius normal; upper

discal cell of hind wings slightly longer than lower; sheath and saw as in Plate

XXIV, figure 3, and Plate XXIII, figure G. Black; head (except inside antennal

furrows to postocellar furrow), pronotum, tegulae, venter, apex of tergum, and legs

below trochanters reddish-yellow; posterior tarsi dusky; wings hyaline, iridescent,

venation pale brown, stigma pallid.

Type locality.—Oregon. One female collected by Mr. Albert

Koebele.

Type.—Cat. No. 13473, U. S. National Museum.

Hoplocampa (Hoplocampa) alpestris n. sp.

(Plate XXIII, fig. 5; Plate XXIV, fig. 5; Plate XXV, fig. 1.)

Female.—Length 4.5 mm. Labrum obtusely angulate; clypeus with a shallow,

narrow, arcuate emargination, lobes broad, obtuse; supraclypeal area convex, pol-

ished; antennal fovea? poorly defined; antennal furrows nearly wanting; middle fovea

broad, shallow, better defined below; ocellar basin reduced to a circular depression

in front of the anterior ocellus; postocellar very poorly defined; head jDolished, nearly

impunctate, punctures very small and scattered; antennae slender, the third and

fourth joints subequal; mesothorax shining, polished; stigma broadest at base, taper-

ing to apex; transverse radius normal; sheath and saw as in Plate XXIV, figure 5, and

Plate XXIII, figure 5. Black; orbits (except at upper middle), clypeus, labrum,

mandibles, supraclypeal area, tegulae, a small spot on pronotum, ventral part of tergal

segments 6-9, and legs below coxae reddish-yellow; wings hyaline; venation rather

dark brown, stigma and coeta yellowish.

Male.—Length 3.5 mm. Structurally not differing in any important characters

from the female; hypopygidium broadly rounded to an obtusely angulate middle.

Reddish-yellow; antennae brownish; spot around the ocelli, anterior part of meso-

prescutum, metanotum, and most of tergum black; wings as in female.

Type locality.—Veta Pass, Colo. Two females and one male col-

lected June G, by Mr. E. A. Scliwarz.

Type.—Cat. No. 13474, U. S. National Museum.
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Hoplocampa (Hoplocampa) califomica n. sp.

Allied to hioculata Jlohwer, but may be separated by the table (p. 1 47)

.

Female.—Length 3.5 mm. Clypeus broadly, shallowly, angulately emarginate,

lobes broad, obtusely triangular; supraclypeal area convex, finely granular; anternal

furrows wanting, antennal fovese small; middle fovea elongate, shallow, not well

defined; ocellar depression small, distinct, not sharply defined; postocellar area well

defined on all sides; head and mesoscutum with small, separate, well-defined punc-

tui-es; antennae rather slender, third and fourth joints equal; sheath slightly c6ncave

above, slender, convex below from apex; cerci short, stout; stigma broadest near base,

strongly tapering to apex; transverse radius strongly oblique, in apical third of cell;

third cubital cell longer than the first and second combined. Black; clypeus, labrum,

mandibles (except piceous apices), orbits, occiput (except postocellar area), tegula?,

anterior legs (except coxse), intermediate femora, and part of posterior femora reddish-

yellow; posterior femora in part, most of four hind tibite, and tarsi black or brownish;

wings hyaline, iridescent; venation pale brown, stigma in part pallid.

Paratopotypes show that the four hind legs may be mostly black, the posterior orbits

pale and the pale spots on the occiput reduced in size.

Male.—Length 3 mm. Clypeus more obtusely emarginate than in female; third

joint shorter than fourtb; stigma not strongly tapering; hypopygidium narrowly

rounded at apex. Black; antennae, head (except interocellar area), margin of meso-
prescutum, lati, pectus, legs, and venter reddish-yellow; wings as in female.

Type locality.—Suisun, Cal., March 10, 1910 (R. W. Braiiclier);

ei'i'ht females and one male.

Type.—Cat. No. 13471, U. S. Xational Museum.

Hoplocampa (Hoplocampa) maiiatti n. sp.

(Plate XXIV, fig. 7.)

Female.—Length 3 mm. Labrum short, broadly rounded; clypeus shallowly emar-
ginate, lobes broad, obtuse; supraclypeal area shining, convex; middle fovea broad,

not sharply defined, spreading over the antennae; antennal furrows interrupted by
the rather well-defined crest; ocellar basin represented by a small fovea in front of the

anterior ocellus; postocellar area scarcely narrowing apically; postocellar furrow

strongly arcuate; front shining, with separate, well defined, small punctures; antennae

slender, third joint distinctly longer than fourth; venation very like montanicola

(Plate XXVI, fig. 3) ; upper discal cell much exceeding the lower on the outer margin;

sheath as in Plate XXIV, figure 7; saw concealed. Color reddish-yellow; antennae

brownish; spots on mesoscutum, the metanotum, and the tergum (except apex) black;

tarsi dusky; wings hyaline, iridescent; venation pale brown, stigma yellowish pallid.

Male.—Length 2.5 mm. Very like the female. Hypopygidium broadly rounded.

Type locality.—Riley County, Kans. Four specimens collected

by Mr. C. Ij. Marlatt in April.

Paratype locality.—Baldwin, Kans. Two females collected bv Mr.

J. C. Bridwell.

Type.—Cat. No. 13477, U. S. National Museum.

Hoplocampa (Hoplocampa) nevadensis n. sp.

(Plate XXni, fig. 10; Plate XXIV, flg. 4: Plate XXV, fig. 4.)

Female.—Length 4.5 mm. Labrum short, broadly rounded aj^ically; clypeus shal-

lowly, arcuately emarginate, lobes short, broad, obtusely rounded apically; supra-

clypeal area shining, not strongly convex; middle foveae poorly defined; antennal
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furrows not well defined; ocellar basin practically wanting; postocellar area well

delined, the postocellar furrow curved; head with small, distinct, rather close punc-

tures; antennae rather slender, third joint distinctly longer thaji fourth; venation

nearly as in montanicola (Plate XXVI, fig. 3); sheath and saw as in Plate XXIV,
figure 4, and Plate XXIII, figure 10. Color reddish-yellow; antennae above, inter-

ocellar area with two prongs before, posterior face of mesoscutum, metathorax (except

scutelluni), 'Vnd tergum (except apex and side;) black; wings hyaline, iridescent;

venation yellowish pallid.

Type locality.—Nevada. One female.

Type.—Cat. No. 13475, V. S. National Museum.

Hoplocampa (Hoplocanipa) xantha n. sp.

(Plate XXIII, fig. 9; Plato XXIV, fig. 1.)

Female.—Length 4 mm. Labrum rather narrow, broadly rounded; clypeus some-

what squarely emarginate, lobes broad, subtruncate; supraclypeal area shining, rather

strongly convex; middle fovea deep, well defined, rather small; antennal furrows inter-

rupted by the rather distinct crest; ocellar basin very shallow, practically wanting;

postocellar area somewhat convex, narrowing slightly posteriorly; postocellar furrow

somewhat arcuate; front shining, with small, separate, well-defined punctures; antennae

rather robust, third and fourth joints equal; venation of fore v/ing about as in mordani-

cola (Plate XXVI, fig. 3), but the stigma is broader, the second and third cubital cells

subequal in length; upper discal cell much exceeding the lower on the outer margin;

sheath and saw as in Plate XXIV, figure 1, and Plate XXIII, figure 9. Color red-

dish-yellow; antennre and basal part of tergum brownish; wings hyaline, iridescent;

venation yellowish-pallid

.

ParatojJOtypes indicate that the tergum, except apex and sides, is normally black;

venation normally as in halcyon (Plate XXVI, fig. 2), with a narrower stigma. The

in'terocellar area may be black; the middle fovea smaller than in type.

Type locality.—Ottawa, Canada. Four females from the Ashmead
collection.

Type.— Cat. No. 13478, U. S. National Museum.

Hoplocampa (Hoplocampa) occidentalis n. sp.

(Plate XXIV, fig. S; Plato XXV, flg. 5.)

Female.—Length 4 mm. l.abrum narrowly rounded apically; clypeus angulately

marginate, lobes triangular, narrowly obtuse; supraclypeal area convex dorsally,

shining; middle fovea spreading over the antennae, shallow; antennal furrows inter-

rupted by the broad rounded crest; ocellar basin large, well defined, rectangular in

outline; postocellar area scarcely narrowed posteriorly, flat; postocellar furrow nearly

straight; front with rather close small punctures; antenmc rather robust, the third

and fourth joints equal; venation nearly as in montanicola (PI. XXVI, fig. 3); sheath

as in Plate XXIV, figure 8; sawnotexserted. Color reddish-yellow; antennas brownish

above; interocellar area, large spot on mesoprescutum, small spots on mesoscutum,

the metanotum, and the tergum (exc^^t sides and apex) black; wings hyaline, iri-

descent; venation very pale brown, stigma and costa pallid.

Paratypes show that the mesonotum may be entirely pale, or the mesoscutum may
have two spots on each lobe. The black of the interocellar area is wanting in some

specimen;?.

Male.—Length 3 mm. Very like the female. Hypopygidium subtruncate, with

an angidate middle. The series shows the color to vary as follows: Mesoprescutum

without black, or spotted; mesoscutimi spotted or not; interocellar area pale or black.

In the Oregon specimens the head and mesonotum are usually entirely pale.
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Type locality.—Colorado. Two females and three males from "the

C. F. Baker collection.

Paratype locality.—Oregon. Males and females collected by Mr. A.

Koebele. Also a male from Placer County, Cal., June, which seems

to be the same species.

Type.—Cat. 13479, U. S. National Museum.

Hoplocampa (Hoplocampa) montanicola n. sp.

(Plate XXni, flg. 4; Plate XXIV, fig. 6; Plate XXV, figs 3, G; Plate XXVI, fig. 3.)

Female.—Length 4 mm. Labrum broadly rounded; clypeus rather deeply, sub-

angulately omarginate, lobes triangular, obtusely rounded; supraclypeal area shining,

somewhat convex; middle fovea small, well defined; antennal furrows interrupted

by the rounded frontal crest; ocellar basin shallow, well defined, rectangular in out-

line; postocellar area narrowing posteriorly, well defined; postocellar furrow arcuate;

front with sparse, small punctures; antennre rather robust, third and fourth joints

subequal; venation as in Plate XXVI, figure 3; upper discal cell exceeding the lower

on the outer margin; sheath and saw as in Plate XXIV, figiu-e 6, and Plate XXIII,
figure 4. Color reddish yellow; antennae beyond scape, posterior part of mesoscutum,

the mesoscutellum, the metanotum, and the tergum except apex black; wings hyaline,

iridescent; venation yellowish pallid.

Paratopotypes show that the scape and interocellar area may be black.

Male.—Length 3.5 mm. Sufficiently like the female to be easily associated with it.

In the following color characters it differs from the female: Antennpp reddish yellow,

interocellar area black, mesonotum black. Hyjiopygidium rounded apically to an

obtuse angle.

Type locality.—Montana. Four females and two males.

Type.—Cat. No. 1.3476, U. S. National Museum.

Hoplocampa (Hoplocampa) halcyon (Norton).

(Plate XXIII, flg. 8; Plate XXIV, fig. 9; Plate XXV, flg. 2; Plate XXVI, flg 2.)

Selandria {Hoplocampa) halcyon Norton, Proc. Boston Soc. Nat. Hist., vol. 8,

p. 222, 1861, no. 10, $ ^ ; Norton, Trans. Amer. Ent. Soc, vol. 1, p. 252,

1867, no. 16, $ ? .

In the collection of the American Entomological Society Hoplo-

campa {Hoplocampa) halcyon (Norton) was confused with Hoplocampa

( Macgillivrayella) lacteipennis Rohwer. That which agreed with. Nor-
ton's original description, and was from the type locality, has been

considered the type. Agreeing with this type, specimens have
been seen from the following localities: Ithaca, N. Y. (two females);

Canada (one female) ; McLean, X. Y., May 8, 1891 (male and female)

;

Washington, D. C, April 22, 1885 (one male); Clementon, N. J.,

April 25, 1909, Harbeck (one male which has the mesoscutum dark

brown). Norton records this species from Maine, Massachusetts,

Maryland, and Saskatchewan.

Konow'* states that this species feeds on Amelancliier canadensis.

Tiie only statement which seems to indicate such a habit is by Nor-

(^Zeitschr. syst. Hym. Dipt., vol. 1, p, 174, 1901; or Syst. Zusam. Chalastogastra,

p,46, 1901.
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ton:'* ''Taken in A])ril for successive years in Baltimore, by Mr.

Ulilor, on Amelanchier canadensis." Konow's statement needs veri-

fication.

Hoplocampa (Hoplocampa) bioculata Rohwor.

Iloplocampa bioculata Rohwer, Can. Ent., vol. 40, p. 179, 1908, 9.

In the collection of the U. S. National Museum there are many
females of this species from Colorado, two females from Pullman,

Wash. (C. V. Piper), and one female from Oregon (Koebele). There

are also males from Colorado.

Male.—Length 3.5 mm. Structurally like the female. Hypopygidium truncate

apically. Antennee orange color; head with more reddish-yellow than the female,

the postocellar area always black; legs below coxae, venter, and apical tergal segments

orange color; mesoprescutum sometimes margined with pale.

Hoplocampa (Hoplocampa) pallipes MacGillivray.

(Plate XXIII, fig. 7; Plate XXIV, fig. 2.)

Hoplocampa pallipes MacGillivray, Can. Ent., vol. 25, p. 239, 1893.

Two females which have been determined as this species are from

Pullman, Wash. (C. V. Piper). MacGillivray's specimens came from

Skokomish River, Wash.

Selandria canadensis Provancher.

Selandria canadensis Provancher, Add. Fauna Ent. Canada, pt. 2, p. 7, 1895;

1. c, p. 351.

This has been placed in Hoplocampa, but does not seem to belong in

this genus. Provancher says: "La cellule lanceolee fermee au

milieu; ailes inferieures avec une cellule discoidale." Hoplocampa

always has two discoidal cells. Nothing in the collection agrees with

this. On page 351 (1. c), after defining Hoplocampa on page 349

(1. c.) as follows: '"Cellule lanceolee contractee au milieu; ailes

inferieures a 2 cellules discoidales," Provancher places Selandria

canadensis in Hoplocampa.

Selandria flavicornis Provancher.

Selandria faricorn is Provancher, Nat. Can., vol. 10, p. 100, 1878.

Provancher'' placed this as a synonym of Hoplocampa halcyon

Norton. The original description says: "Cellule lanceolee petiolee."

The types of this and the above species may place these species in

different genera.

o Catalogue of the described Tenthredinidje and Uroceridse of North America.

<Trans. Amer. Ent. Soc, vol. 1, p. 252, 1867 (catalogue, p. 119).

b Add. Fauna Ent. Can., pt. 2, p. 351, 1888.
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Hoplocampa (?) atriceps Kirby.

Eoplocampa (?) atriceps Kirby, List Hym. Brit. Mus., vol. 1, p. 108, 1882, no. 19, 9 ;

pl.8, fig. 18.

Examination of the type of this species proves that it is the same as

Strongylogaster uncus Norton.

Hoplocampa lenis (Cresson).

Hoplocampa spissipes (Cresson).

These two species placed in Cresson's catalogue (1887) in Hoplo-

campa belong to Lycaota Konow.

Hoplocampa gentilis (Cresson).

Hoplocampa montana (Cresson).

These two species placed in Hoplocampa by Cresson (1887) belong

to ZascJiizonyx Ashmead.

Tenthredo (Allantus) obtusa Klug.

Tenthredo (Allantus) obtusa Klug, Mag. ges. Nat. Berlin, vol. 3, p. 55, 1814.

This species has been placed in Hoplocampa by Konow (1005).

King's original description says: "Die zweite Kubitalzelle nimmt zwei

zuriicklaufende Nerven auf, von welchen der zweite diclit von dem
Anfang der dritten Zelle sich einsenkt, " which excludes it from

Hoplocampa.

SYNOPTIC TABLE TO THE NEARCTIC SPECIES OF THE SUBGENUS
HOPLOCAMPA.

Males 1-

Females 7

.

1. Hypopygidium not regularly rounded apically, more or less angled at the sides

and apical middle -
Hypopygidium regularly rounded apically « 3.

2. Antennae very slender; mesonotum almost entirely pale; hypopygidium obtusely

angled apically occidentalis Rohwer.

Antennae more robust; mesonotum black; hypopygidium more acutely angled

apically '. montanicola Rohwer.

3. Clypeus nearly truncate, broadly arcuately emarginate (ocellar basin almost

wanting) 4.

Clypeus deeply emarginate, the emargination subangulate 5.

4. Mesopleurae and pectus black; hypopygidium truncate..-, bioculata Rohwer.

Mesopleurae and pectus pale; hypopygidium rounded californica Rohwer.

5. Third antennal joint distinctly longer than the fourth; stigma narrow, broadest

basad of middle marlatti Rohwer.

Third antennal joint subequal in length with the fourth 6.

o To determine this the hypopygidium should be viewed at right angles. \Mien

the hypopygidium is not regularly rounded, the sides are subparallel and the apex

slopes off obliquely to an angulate middle.
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6. Postocellar area well defined, twice as wide aa the cephalo-caudal length, flat,

stigma narrow; lanceolate cell of the fore-wings narrowly contracted (see

figure) alpcstris Roh.wer.

Postocellar area convex, not so sharply defined; stigma broader; contraction of the

lanceolate cell distinctly longer than the width of the cell (see figure),

halcyon Norton.

7. Mesopleurae and pectus black 8.

Mesopleurae and pectus pale 12.

8. Legs entirely fulvo-ferruginous; orbits continuously pale 9.

Legs more or less black or dusky, especially the posterior pair; orbits not con-

tinuously pale 11.

9. Ocellar basin of the normal type, open below, poorly defined; saw with very long

truncate teeth which are narrower at their bases; (clypeus deeply emarginate,

lobes narrow) orbitalis Rohwer.

Ocellar basin small, punctiform present only just in front of the anterior ocellus;

saw with narrow teeth 10.

10. Clypeus broadly, angulately emarginate, lobes sharply triangular; head distinctly

punctured; stigma gently rounded below l-oehelei Rohwer.

Clypeus arcuately emarginate, lobes broad, obtusely rounded, head shining, very

sparsely punctured; stigma strongly tapering alpestris Rohwer.

11. Supraclypeal area shiny, flattened, or but slightly convex; stigma rounded on

the lower margin; clypeus very shallowly emarginate hioculata Rohwer.

Supraclypeal area roughened, strongly convex; stigma strongly tapering; clypeus

rather deeply, angulately emarginate californka Rohwer.

12. Third antennal joint distinctly longer than the fourth 13.

Third and foiuth antennal joints subequal 14.

13. A small circular fovea in front of the anterior ocellus, mesoscutum with black spots

laterally viarlatti Rohwer.

No small fovea in front of the anterior ocellus; mesoscutum immaculate,

nevadensis Rohwer.

14. Ocellar basin practically wanting 15.

Ocellar basin large, distinct 16.

15. Middle fovea wanting; sheath narrowly rounded apically. . paW/pcs MacGillivray.

Middle fovea represented by a large shallow depression; sheath narrowly truncate

apically xantha Rohwer.

16. Sheath narrowly rounded apically; stigma broadest at base, tapering to apex,

halcyon Norton.

Sheath obtusely rounded or subtruncate apically: stigma narrower, gently

rounded below 17.

17. Scape black; sheath subtruncate apically. front of head closely punctured,

occidentalis Rohwer.

Scape pale; sheath obtusely rounded apically; front of head with separate, small,

distinct punctures montanicola Rohwer.

o
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The Sawfly Genus Hoplocampa.

FiK. ^.—]{(tpl<lf<ull|)^l (MacgUUvniti(Ua) oirgonamK: Front view of heart. Fig. 2.—Hop-
Idfainjia (Jliiiifocuinpa) Jiava: Front view of head. Fig. 'S.~Hi>plo(<nnpa(,Hoplocamp(i)
rhi/dlia: Saw. Fig. i.—HoplocaiiqM {lldji/didinjiit) iiiiuitiiuioilii: Saw. Fig. b.—Hoplo-

Saw. Fig. a.— Iliipli)Ciuiipa{IIoi)locampa) kocbclci: Saw.
iipd) pnUip)i>i: Saw. Fig. 8.

—

Jloplorampa (llnplocuinpa)
iijHi [ Jldp/ormiijxi) xa7itlia: Saw. Fig. ]0.

—

JIoplo-
;aw. (Original.)

. ...tipii ( Iltipiiifainpa) alpestris
Fig. 1.—lIopldramfKi (Hoplor,
halcijdii: Saw. Fig. ^.— Ihipln
campa (IId]il(ic(iinpa) wrniti n>
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The Sawfly Genus Hoplocampa.

Fir. 1.

—

Ilnphirnmpn (Ilniilnidiiiiia) .niDtlid: Sheath. Fig. 2.

—

IIo})h>cam}tft ( Hoplocampa)
pallipifi: Sheath. Fig. 'A.—Iloploroiiipn { Hoplormnpn) korhrh i: Sheath. Fig. A.—Hop-
/oi-iuiijin (Iloplocnitijin) vi ra</( ii.^is: Sheatli. Fig. .S.

—

]Ioploi-(iiii}ia{Uo}iUic(iiii]m) alpea-
^/.v.- Sheath. Fig. (i.

—

IlDplocaiiipn {Iloplorniiipd) iiioiitdiiicn/a: Slieath. Fig. 7.

—

llophiciiiiipii ( Ilop/orampa) marlalti: Sheatli. Kig. S.— llojilorainpa (Hoplocampa)
occiil( iitoU^: Sheatli. Fig. 9.—Hoplociiiiip(i {Hojihiciimpd) hnlcijov: Sheath. Fig. 10.—
Jlop/ocainpa (Hojilocuwpa) orbitalis: Sheath. (Original.)
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The Sawfly Genus Hoplocampa.

Fig- 1-

—

ll(rpl(ic(tiiipti (Hojdocwiipa) alpedris: Male, anterior wing. Fig. •i.—llophirumpa
(HoplofaiiiiKi) linlciion: Male, anal cell of fore wing. Fig. S.—IIoplocanipu (JIoplo-
raiiipa) inoiiliiiuco/it: Female, four basal antennal joints. F\g. A.—Hoplocampa {Hop-
Ini-aiiipa) iicniihiisii^: Female, four basal antennal joints. Fig. b.—Ifoplorampa
{llophirariipa) orci.ilentalin: Male antenjia. Fig. f>.—Hoplocampa {Hoplocampa) mon-
tanicdlti: Male luiteiina. (Original.)
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The Sawfly Genus Hoplocampa.

Fig.'[.—Jfi>pl<iriii,ii>(i I Jlojilncdiiijin) tlnrfi: Female, rarlial area in fore wiiiR. Fig. 2.—
HopliK'iiiiqm {Hi>i,l(,c(uiiii(ti liab-iio'ii: Feiimle, radial area in fore wing. Fig. 3.—IIop-
looumpa illDii/oniiiij/ii I iiiiiiitiiiiicnln: Female, radial area in fore wing. Fig. 4.

—

U<t]>-

locampa (ilacgilllcraijdla) lartripfmiis: Female, radial area in fore w^ing. (Original.)
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INTRODUCTION.

In this study of cerambycoid larvse the writer has adopted the

primary groups defined by Schi0dte/ but has given them family rank
under a superfamily. Schi0dte's primary groups, namely, Prionini,

Asemini, Cerambycini, Lepturini, and Lamiini, are easily recognized,

and up to the present time no other author has given a better division

of the family into primary groups. The \vriter proposes the raising

of these groups to family rank under the superfamily Cerambycoidea,
designating the families as Lamiidse, Cerambycidae, Lepturidse,

Prionidae, and Asemidae. Schi0dte gives most excellent plates

showing the characteristics of these difterent groups. He fails,

however, to give any tables of genera or to subdivide his primary
groups. He does give a morphological conspectus of the genera
known to him, but it is not in the form of a table by which the iden-

tity of any of the genera treated can be defmitely determined. And,
so far as the writer has been able to determine, no author has ever
attempted such a table for the entire superfamily as here recognized,

and for a very good reason, namely, the great difficulty experienced in

finding suitable characters upon which to base a table of genera.
Perris alone gives a table separating the genera Spondylis, Tetropium,
CriocepJialus, and Asemum, but further than this he does not go,

although he divides the entire family into groups, subgroups, etc.,

without indicating the characters by which his divisions are made.
Specific descriptions innumerable are given by different authors, but
these are practically worthless when it comes to identifying isolated

larvae.

The need for such a table is all too apparent. The larvsB of the
Cerambycoidea are much more commonly met with in an economic
way than are the adults. Thus larvae of a given species may be found

I De Metamorphosi Eleutheratonim Observationes: Bidrag til Insekternes Udviklingshistorie ved J. C.
Schj0dte.

42650°—12 249
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within their host perhaps during the greater part of the year, while

the adults are to be found in the host only within a very short period

of the year, namely, just before they leave the host. A tree or piece

of wood may be found to be badly infested and damaged by Ceram-

bycoid larvae, and no adults present to give a clue to the identity of

the species. In fact, there may be several species present. The
question immediately arises, "Which is the destructive species and

what is it ? What are the known habits of the species ? And what
relation to the damage done, and to the primary enemy, do the other

species bear?" Without knowing the identity of the destructive

species one is at sea as to its known habits and the methods which

may have been used to combat it. This necessitates the working out

of life history and habits in each case. It can thus be seen that much
time and labor would be saved if the larvae could be readily identified.

As indicated above, the making of a table by which the genera of

cerambycoid larvae can be recognized is extremely difficult. The
first requisite is, of course, the possession of authentically identified

specimens of the different genera. To gather together such a col-

lection is in itself a stupendous task. Cerambycoid larvae are to be

found in abundance, and in many cases in situations which seem to

indicate the identity of the species. But right here is where extreme

care must be exercised to avoid making serious mistakes. The fact

that a certain larva is taken from a piece of wood or bark, and that

later a certain adult Cerambycoid is reared from the same host, is

by no means proof that the larva and adult are the same species.

In fact, adults of two or three species are often reared from the same
piece of wood. The most conclusive proof of the identity of a given

larva is obtained by rearing it to the adult stage in a vial or other

receptacle, where it is kept entirely to itself until the adult stage is

reached. In order to do this the larva must be taken from its host

only after it has practically completed its growth. If the collector'

cuts out a half-grown larva there is practically no chance of rearing

it to the adult stage. It can not complete its growth and go through

its metamorphoses outside of its natural envirr-nment. However,

the building up of a collection of larvae identified by this method is

such a slow process that for practical purposes the writer has accepted

as authentic, identifications made in other ways. Thus, where sev-

eral larvae, exactly similar morphologically, have been found together

with pupae and adults, all of which are the same species, he has con-

sidered the larvae to be the same species as the adults.

In all, the writer has studied the larvae of 46 genera of Ceram-

bycoidea; 15 in the family Lamiidae, 18 in the family Cerambycidae, 5

in the family Lepturidae, 5 in the family Prionidae, and 3 in the family

Asemidae. Henshaw lists 175 genera of Cerambycidae for America

north of Mexico. Therefore it is readily seen that the present effort
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is a bare beginning of the work. The material studied has for the

most part been collected by the members of the Branch of Forest

Insect Investigations of the Bureau of Entomology, United States

Department of Agriculture.

The 46 genera referred to above are as follows: In the family

Lamiidse: Ptycliodes, MonoTiammus, Leptostylus, Dorcaschema, Acavr-

thoderes, Liopus, Hyperplatys, Oncideres, Goes, Lepturges, Plectrura,

SynapTimta, Saperda, GrapMsurus, and Acanthocinus. In the family

Cerambycidae : CJiion, (Erne, Tylonotus, Phymatodes, Euderces, Opsi-

mus, Clytanthus, CyrtopJiorus, Hylotrupes, Smodicum, ElapTiidion,

Callidium, Romaleum, PJiysocnemum, Cyllene, Neoclytus, Xylo-
trechus, and Notorhina. In the family Lepturidse: Desmocerus,

Bellamira, Leptura, Rhagium, and UlocJisetes. In the family Prioni-

dse: Tragosoma, Prionus, Ergates, Orthosoma, and MaUodon. In the

family Asemidae: Asemum, Tetropium, and Atimia.

The following table is based upon these genera and beyond the

family characters may not be found applicable to the entire super-

family. (See also Plate XXVII.)

Superfamily CERAMBYCOIDEA.

Head much longer than broad, deeply invaginated into the prothorax Division I.

Head as broad as long, or broader than long, not deeply invaginated into the pro-

thorax Division II.

DIVISION I.

Labrum large; clypeus large, filling frontal margin Family Lamiidae.

DIVISION II.

Labrum small; clypeus small, not filling frontal margin Subdivision A.
Labrum large; clypeus large, filling frontal margin Subdivision B.

Subdivision A.

Without spines or tubercles on anal and ninth abdominal segments.

Family Cerambycidse.

Subdivision B.

Head somewhat flattened; sides of head behind epistoma separated, angulate. Legs
quite long Family Lepturidae.

Head not flattened; sides of head not separated immediately behind epistoma. Legs

moderate Section al

.

Section al.

Sides of head behind epistoma fused for some distance, later separating, angulate.

Head invaginated into prothorax almost to base of maxillae. Usually larvae of very
large size Family Prionidae.

Sides of head behind epistoma fused almost to apex, farther back each one rounded.

Head not invaginated into prothorax to base of maxillae. Larvae of medium size.

Family Asemidae.
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Family Lamiid^.

Abdominal segments bearing fleshy tubercles Division I.

Abdominal segments without fleshy tubercles Division II.

DIVISION I.

Dorsal aspect of ninth abdominal segment smooth Subdivision A.

Dorsal aspect of ninth abdominal segment bearing one or more spines or chitinous

tubercles Subdivision B.

Subdivision A.

Sternum of prothorax not separated from sternellum by well-defined, deep suture.

Section al.

Sternum of prothorax separated from sternellum by well-defined, deep suture.

Section a2.

Section al.

Pleural folds present on at least seven abdominal segments Subsection bl.

Pleural folds not present on more than three abdominal segments Subsection b2.

Subsection bl.

Anal segment bearing a group of small spines on ventral aspect Ptychodes.

Anal segment without spines Monohammus.

Subsection b2.

Gular suture or sutures present Series cl.

Gular suture or sutures lacking Series c2.

Series cl.

Posterior half of protergum alutaceous Leptostylus.

Posterior half of protergum smooth and shining Dorcaschema.

Posterior half of protergum rugose and shining Acanthoderes.

Series c2.

Epipleural sutures of prothorax deep at posterior end and extending almost entire

length of segment. Anterior half of protergum sparsely but evenly clothed with

long erect hairs Liopus.

Epipleural sutures of prothorax extending only about half the length of segment.

Anterior half of protergum with only a few straggling hairs Eyperplatys.

Section a2.

Epistoma with many parallel longitudinal carinae Oncideres.

Epistoma without parallel longitudinal carinse Goes.

Subdivision B.

Ninth abdominal segment bearing a single, slender, strongly chitinized spine pointing

dorsally Lepturges.

Ninth abdominal segment bearing a more or less fleshy spine pointing posteriorly.

Plectrura.

Ninth abdominal segment bearing two very small, closely placed, chitinized points

sometimes apparently merged into one Synaphoeta

DIVISION II.

All abdominal segments bearing pleural folds Saperda.

Pleural folds borne only on posterior three abdominal segments Subdivision C.
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Subdivision C.

Ninth abdominal segment with blunt chitinized tubercle on posterior dorsal margin.

Graphisurus.

Ninth abdominal segment without chitinized tubercle Acanthodniis.

Family Cerambycid^.

Epipleural lines on protergum distinct for entire length of prothorax Division I.

Epipleural lines on protergum indistinct, or faintly impressed on anterior part of pro-

tergum Division II.

DIVISION I.

Legs present Subdivision A.

Legs lacking Subdivision B.

Subdivision A.

Legs long Section al.

Legs short Section a2.

Section al

.

Long hairs on anterior part of protergum dense. Median line of protergum showing

for entire length of segment Chion.

Section a2.

Head bearing long, dense hairs near base of antennae CEme.

Head not bearing long, dense hairs near base of antennae Subsection bl.

Subsection bl.

Median line on protergum distinct only on anterior portion of segment. . . . Tylonotus.

Median line on protergum distinct on posterior portion of segment Series cl.

iSeries cl.

Head with an ocellus near base of each antenna Phymatodes.

Head without ocelli Euderces.

Subdivision B.

Median line of protergum indistinct Opsimus.

Median line of protergum distinct Section a3.

Section aS.

Median line of protergum deeply impressed on anterior half of segment. . . Clytanthus.

Median line of protergum not deeply impressed on anterior half of segment.

Cyrtophorus,
DIVISION II.

Sternum and sternellum of prothorax differentiated Subdivision C.

Sternum and sternellum of prothorax not differentiated Subdivision D.

Subdivision C.

Body robust. Abdominal segments 3, 4, 5, and 6 not constricted near middle.

HylotTupes bajulus.

Body slender. Abdominal segments 3, 4, 5, and 6 constricted near middle.

Smodicum.
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Subdivision D.

Legs long Section a4.

Legs short Section a5.

Legs lacking Section a6.

Section a4.

Body very slender Elaphidion.

Body robust Subsection b2.

Subsection b2.

Anterior part of protergum viiih scarcely any hairs Callidium antennatum.

Anterior part of protergum sparsely clothed -wdth long hairs Series c2.

Series c2.

Scutum, scutellum, and postscutellum of both mesotergum and metatergum plainly

differentiated Romaleum.

Scutum, scutellum, and postscutellum of mesotergum and metatergum not differen-

tiated Subseries dl

.

Suhscrics dl

.

Head with an ocellus near base of each antenna Physocnemum.

Head without ocelli.

Sides of thoracic and abdominal segments bearing long, dense, yellowish hairs.

Callidium seremn.

Sides of thoracic and abdominal segments not bearing long, dense, yellowish hairs,

Hylotrupes (ligneus and amethystinus)

.

Section a5.

Head with 3 ocelli at each side Cyllene {rohinix, crinicornis and antennatus).

Head with not more than one ocellus at each side Neoclytus.

Section a6.

Xylotrechus, Notorhina, and Cyllene caryx, impossible of separation by the author.

Family Lepturid^.

Abdominal segments bearing fleshy tubercles Division I.

Abdominal segments without fleshy tubercles Division II.

DIVISION I.

Mandibles very finely sulcate on middle third. Long hairs on eighth and ninth

abdominal segments arising from small tubercles Desmocerus.

Mandibles not finely sulcate on middle third Subdivision A.

Subdivision A.

Tubercles on first seven segments not closely placed, but separated from each other

and spherical Bellamira.

Tubercles closely grouped Leptura (with the exception of L. nitens).

DIVISION II.

Head very much flattened. Mandibles tridentate Rhagium.

Head not extremely flattened. Mandibles bidentate Subdivision B.
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Subdivision B.

Each mandible with a rather prominent groove or sulcus extending longitudinally on

anterior third TJlochxtes.

Mandibles without prominent groove on anterior third Leptura nitens.

Family Prionid^.

Sternum and sternellum of prothorax divided by a well defined, ciu"ved suture.

Division I.

Sternum and sternellum of prothorax not divided by a well defined, curved suture.

Division II.

DIVISION I.

Presternum and sternum of prothorax not divided Tragosoma.

Presternum and sternum of prothorax divided Subdivision A.

Subdivision A.

Scutellum of mesothorax short, dorsal. Presternum of prothorax in form of an equi-

lateral triangle Prionus.

Scutellum of mesothorax not showing. Presternum of prothorax small, transverse.

Ergates.

DIVISION II.

Epistoma bearing four more or less well-defined teeth or tubercles. Presternum of

prothorax not differentiated Orthosoma.

Epistoma without teeth or tubercles. Presternum small, triangular Mallodon.

Family Asemid^.

Labrum longer than broad Division I.

Asemum.

Labrum broader than long Division II,

DIVISION II.

Ninth abdominal segment bearing two small, narrowly separated, chitinized points

on dorsal aspect Tetropium.

Ninth abdominal segment bearing two chitinized points on dorsal aspect, widely

separated, and curved toward each other in the form of hooks Atimia.

The foregoing classification is based entirely upon the characters

of the larvae, irrespective of adult characters. Thus the genus Atimia

falls in the family Asemidae instead of in the Cerambycidse proper,

where it has been placed in the classification of the adults.

The writer reahzes fully the imperfections and deficiencies of this

work. And it is only with the hope that it may prove the basis of

a more complete and perfect classification of cerambycoid larvae that

he now offers it for publication.

ADDITIONAL COPIES of this publication
-ii- may be procured from the Superintend-
ent OF Documents, Government Printing
Office, Washington, D. C, at 5 cents per copy.
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TECHNICAL PAPERS ON MISCELLANEOUS
FOREST INSECTS.

VI. CHALCIDIDS INJURIOUS TO FOREST-TREE SEEDS.'

By S. A. RoHWER,

Entomological Assistant.

INTRODUCTION.

For a long time entomologists were loath to give up the theory that

all chalcidids were parasitic, and most of the species which attacked

the seeds of forest trees were originally described as being parasitic

on some other insect which either lived within the seeds of the trees

or lived within the cones, but in 1893 Wachtl recorded definitely that

Megastigmus spermotrophus lives within the seeds of Douglas fir and
is phytophagous. Even after this statement entomologists were loath

to believe that any chalcidids are not parasitic, and many of the fore-

most authorities on these insects believed up to the time of their

death that some day it would be proven that all chalcidids, with

the exception of certain few belonging to the genus Isosoma and
its allies, are parasitic. Of late years, however, most entomologists

have come to believe that the phytophagous habit in many of the

chalcidids is not uncommon. We know at present phytophagous
species of the family Collimanidae (olim Torymidge), of the sub-

families CoUimaninse and Megastigminse, and of the family Eury-
tomidae, the phytophagous species being in the tribes Isosomini

and Eurytomini. To these also may be added certain genera which
have been assigned to the family PerUampidse.

The species that attack seeds of forest trees are confined to the CoUi-

manidse, and most of them belong to the subfamily Megastigminse.

Summing up the literature on phytophagous Chalcidoidea belong-

ing to this family, it is possible to outline the life history of every

species which may live withm the seeds of forest trees. This would
be as follows: The egg is laid in the early summer or late spring,

I Although certain hymenopterous insects belonging to the superfamily Chalcidoidea have been shown
to be very injiu-ious to the seeds of certain forest trees, very little work has been done on these insects in

America. The present paper is a r&ume of the literature which deals with these insects, with a bibliog-

raphy of the literature. It is prepared to facilitate the work of field men and to call the attention of ento-

mologists in general to the damage done by these insects.

71311°—PT \l—13 157
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the larva feeding within the seed until it reaches maturity, passing

the winter within the seed as a prepupal larva, transforming into

a pupa early in the spring, and emerging as an adult in time to

oviposit in the rather young seeds of the trees. The egg-laying

habit of some of the chalcidids which attack the seeds of shrubs or

vines differs in a measure from that of those attacking the seeds of

trees; for instance, the grape-seed chalcidid (Evoxysorna vitis Saund.)

oviposits in the seeds that are quite hard, and the only way that

the female is able to deposit eggs within the seed of the grape is by
finding a soft portion of the shell which is known as the chalaza.

This is also the case with the seed chalcidid of Virginia creeper

(Prodecatoma pTiytophaga Crosby). The oviposition of species of

Megastigmus which live within the seeds of coniferous trees has never

been observed, but owing to the heavy, leathery texture of the cones

it is possible that oviposition occurs when the cones are very small.

Species of chalcidids feeding within the seeds of various plants

have proven in some cases to be of much economic importance. A
few examples will suffice to show this. Forty pounds of apple seed

planted at Budapest failed to give even a good standing of apple

seedlings, the seeds having been destroyed by the apple-seed chalcidid

(SyntoTnaspis druparum). The seeds of the Douglas fir usually gath-

ered in Aberdeenshire, Scotland, and amounting to over 300 bushels

were, according to a letter from Mr. John Crosier published by Mac-

Dougall in 1906, not worth gathering, owing to the attack of the Doug-

las fir seed chalcidid ( Megastigmus spermotropJius) . According to a

letter published by Riley in 1893, the seeds of the silver fir (Ahies

pectinata) in the forests of Denmark were so completely destroyed

during the years 1886 and 1888 by species of the genus Megastigmus

that not a single healthy seed could be found. As a great many of the

species of Megastigmus which are troublesome in Europe come from

the seed of the American conifers it is very likely that difficulty will

be found in North America on account of the attacks of these insects.

No parasite of the species of the genus Megastigmus is as yet known.

SYNTOMASPIS DBTJPARUM (Boheman).

This species, which normally attacks the apple but is known to

attack the seeds of mountain ash (Sorhu^ scandica, and probably

Sorhus latifolia) and hawthorn (Cratsegus), is very elaborately treated

by Crosby in his paper entitled "Certain seed-infesting chalcid fhes,"

where an account is given of practically the entire life history of this

insect. The egg is deposited by the female within the seed of an

apple when the apple is about thi-ee-fourths of an inch in diameter.

The young larva feeds within the seed and develops untU it hibernates

as a larva within the seed, pupatmg early in the spring and emerging

as an adult in June. As this species is not of any economic importance
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SO far as forest trees are concerned, no more details concerning it need

be given, but any one wishing to obtain information regarding this

insect may consult the above-mentioned paper by Crosby.

BIBLIOGRAPHY.

Ichneumon nigricornis Berger, 1803, p. 141.

Torymus druparum Boheman, 1833, p. 361. 9 $
Syntomaspis pubescens (Foerster) Mayr, 1874, p. 103. (There is some doubt as to this

being the same.)

Mokrezecki, 1906, pp. 390-392, figs. 1-2.

Syntomaspis druparum (Boheman) Gu^rin-M^neville, 1865, pp. 83-85.

Thomson, 1875, p. 76.

Horvath, 1886, p. 127.

Schlechtendal, 1888, p. 416.

Dalla Torre, 1898, p. 294.

Rodzianko, 1908.

Crosby, 1909, pp. 369-375, figs. 67-76.

MEGASTIGMTJS SP.

A species of Megastigmus is recorded by Kiley through rearings

conducted by Borries, from the Japanese Abies mariesii. Nothing

more is known about this species.

BIBLIOGRAPHY.

Megastigmus D. Riley, 1893, p. 360.

MEGASTIGMUS BBEVICAUDIS Ratzeburg.

This insect is considered by its original describer as probably a

parasite of a gall fly inhabiting the fruit of mountain ash {Sorlus

scandica), but Crosby has proven the species as entirely phytophagous

in habit, and has reared it from seeds of Sorbus aucuparia. Crosby

describes the larva as white, smaller than the larva of Syntomaspis

druparum, from which it may be distinguished by the mandibles

having four teeth on their inner margin and by the absence of brown

tubercules on the face. The oviposition habit and the egg of this

species are unknown, but it may be presumed that they are similar

to those of the foregoing species.

BIBLIOGRAPHY.

Megastigmus brevicaudis Ratzeburg, 1852, p. 225.

Dalla Torre, 1898, p. 286.

Crosby, 1909, pp. 375-377, figs. 78-79.

MEGASTIGMUS STROBILOBIUS Ratzburg.

The original describer of this insect considered it to be parasitic

on Tortrix strohilotina, but since then it has been shown by Judeich

and Nitsche that this species lives, as do other species of Megastigmus,

within the seeds of plants, this species choosing the amabilis fir {Abies
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amabilis). They also state that this species is distinct from Megas-

tigmus spertnotroj^hus, and that the larva is about 4 millimeters long,

whitish in color, and that the mandibles have three inner teeth.

Crosby records this species in Ahies pectmata. Riley records it from

Hooker hemlock (Tsuga mertensiana Itoolceriana) and from Ahies

excelsa.
BIBLIOGRAPHY.

Megastigmxis strohilohius Ratzeburg, 1848, p. 182.

Judeich and Nitsche, 1893, p. 704; 1895, p. 1339.

Riley, 1893, p. 260.

Crosby, 1909, p. 368.

Megastigmus pictus (Foerster) Mayr, 1874, p. 138.

Cameron, 1879, p. 138.

Dalla Torre (in part), 1898, p. 287.

MEGASTIGMTJS PINTJS Parfitt.

This species was considered by its original describer to be a parasite

on some species of Cynips which infested the seeds of the bristle-cone

fir (Ahies venusta) (according to the original describer this was con-

sidered as Picea hracteata), of a new species of Tsuga, and of the

noble fir {Ahies nohilis). In the original account "etc." is added

after the foregoing list, which implies that other coniferous seeds are

attacked by this insect. Riley, in referring to material reared by
Mr. Borries, of Copenhagen, Denmark, adds that this species has been

reared from the seeds of Shasta fir {Abies magnifica) , from the white

fir {Ahies concolor), from the grand fir {Ahies grandis), and from the

amabilis fir {Ahies amabilis), but as Riley allows great variation

withm this species it may be that some of these rearings actually

contained some of the other species of Megastigmus. Other than the

above mentioned list of food plants nothing is published concerning

the biology of this species.

BIBLIOGRAPHY.

Megastigmus pinus Parfitt, 1857, pp. 5543, 5629, 5721.

Dalla Torre, 1898, p. 287.

Riley, 1893, p. 360.

Crosby, 1909, p. 368.

MEGASTIGMUS SPERMOTROPHUS Wachtl.

This insect was originally described in 1893 by Wachtl, and at that

time Wachtl stated with assurance that this species of Megastigmus

was phytophagous and lived within the seeds of the Douglas fir

{Pseudotsuga taxifolia). Smce then two papers have treated this

insect m some detail. The first of these was by MacDougall in 1906.

MacDougall knew the larva and felt reasonably sure that this species

was phytophagous. Some of his statements as to emergence are not

without interest ; he states that from a lot of seeds harvested in Octo-

ber, 1904, he found larvae m May. June, July, August, September, Octo-
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ber, and November, 1905, and seemed to be of the opinion that the

great variation in the dates of emergence of this insect was due to the

irregularity of the hatching of the eggs and the coming to maturity

of the larvae. It may be, however, that the females which had
emerged in the receptacle containing the seeds oviposited withm the

seeds, thus accounting for the larvae found in the months of July,

August, September, October, and November, 1905, when the larvae

which would be adults in the spring of 1906 should bo feeding within

the seeds. MacDougall does not give sufficient information to make
his statement concerning variation m emergence conclusive, while

rearings by Crosby, Crosier, and Wachtl confirm this last supposition.

The egg has been obtained by Crosby by dissection of a female and
is described by him as "white, smooth, and spindle-shaped with a

very long pedicel at the anterior end and the vestige of one at the

opposite end. Length of body of egg, .36 mm. ; tail-like process,

.9 to 1.2 mm." The larva described by Crosby is as follows: "The
full-grown larva is yellowish white with brownish mouth parts;

its length varies from 2.5 to 3.5 millimeters. The surface is

smooth without apparent sculpture, and the hairs are very sparse

and microscopic in size. The inner margm of the mandibles is pro-

vided with thi'ee sharp teeth." The pupa is described by Crosby as

follows: "The pupa is yellowish w^hite and in the female has the

ovipositor curved over the back and reaching to about the middle of

the thorax. Length of female pupa, 3 mm. ; of male, 2.5 mm.

"

The oviposition of this species is unknown, and the shape of the egg

after having been deposited is not known. Neither has this insect been
recorded as having been reared from the seeds of any Douglas fir raised

in the United States. All seeds from which it has been reared were
collected in Aberdeenshire, Scotland, on the estate of Mr. John
Crosier. In this statement we must except the seeds from wliich the

species was reared by Wachtl, as it is presumed that these were col-

lected somewhere in the northwestern United vStates. Crosby also

records the larvae within the seeds of Douglas fir in Colorado, but

these seeds came from a nursery firm and definite locality could not

be secured.

Up to the present time this is the most mjurious chalcidid on
forest trees which has received the attention of any entomologist.

The attention which this insect has received m x\merica, with the

exception of the work done by Crosby, has been nil. MacDougall
recommends as protection from this species that the cones be gathered

as soon as ripe, and that, as soon as they will permit, the seed be

thrashed from them, and that this be fumigated without delay with

bisulphid of carbon. No experiments have been published concern-

ing the results of such fumigation, but except for killing the larvae

within the seed and preventing another generation of adults this

method can not be considered as valuable.
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BIBLIOGRAPHY.

Megastigmus spermotrophus Waclitl, 1893, p. 26, pi. 1.

Dalla Torre, 1898, p. 287.

MacDougall, 1906, pp. 52-65, 2 pie.

Crosby, 1909, pp. 379-380, fige. 85-89.

SUMMARY.

Up to the present time there are seven species of chalcidid flies

which are known to attack the seeds of the following forest trees:

ISorbus scandica.

Sorbits aucuparia.

Sorbus latifolia?

Amabilis fir Abies amabilis.

White fir Abies concolor.

Great silver fir Abies grandis.

Shasta fir Abies magnifica.

Bristlecone fir Abies venusta.

Noble fir Abies nobilis.

I

Abies excelsa.

Abies pectinata.

Abies mariesii.

Hooker hemlock Tsuga mertensiana hookeriana.

Unknown Tsuga Tsuga sp. (?)

Douglas fir Pseudotsuga taxifolia.

Of these seven species the eggs of two arc known, the larvae of four,

the pupae of two, the oviposition habit of one, and the emergence dates

of three. The only species of which the life history has been com-

pletely traced is that of the apple-seed chalcidid (Syntomaspis

drwparum) which is also known to attack the seeds of mountain ash.

BIBLIOGRAPHY.

The following bibliography is believed to be reasonably complete

for all the literature received in Washington up to November 1, 1912,

dealing with chalcidid flies which are phytophagous within the

seeds of forest trees.

1803. Berger, Francais.-—Extrait des observations sur un ver qui se trouve dans

I'interieure des p^pins de la pomme d'api. -^Bull. Sci. Soc. Philomatique

Paris, Ann. 12, p. 141.

1833. BoHEMAN, CarlH.—SkandinaviskaPteroraaliner. <Vetensk. Acad. Handl.,

pp. 329-380.

1879. Cameron, P.—On some new or little known British Hymenoptera. <Tran!'.

Ent. Soc. Lond., pp. 107-119.

1912. Crawford, J. C.—Descriptions of new Hymenoptera No. 5. <Proc. U. S.

Nat. Mu.=., vol. 43, pp. 163-188.

Change of the name Torymidsc to Collimanidaj.
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1909. Crosby, Cyrus R.—On certain seed-infesting chalcis-flies. <Bul. 265,

Cornell Univ., Coll. Agi-., Dept. Ent., pp. 367-388, pis. 1-2, figs. 67-98.

Original notes ou a number of seed-infesting chalcidids, with many figures.

1898. Dalla Torre, C. G. de.—Catalogiis Hymenopterorum, vol. 5, pp. 285-287,

294.
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Notes on Syntomaspis druparum.
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—
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125-127, pp. xviii-xix.

1895. JuDEicH, J. F., AND NiTSCHE, H.—Die Chalcididen. <Lelirbucli der Mit-

teleuropaischen Forstinsektenkunde, Bd. I, pp. 703-704; Bd. II, p. 1339.

1906. MacDougall, R. Stewart.— yfegastigmus spermotrophus Wachtl, as an enemy
of Douglas fir (Pseudotsuga taxifolia). <Trans. Roy. Scot. Arbor. Soc,
vol. 19, pp. 52-65, 2 pis.

Notes on this species, with remarics on the habits of chalcidids in general.

1874. Mayr, Gustav.—Die euiopaischen Torymiden biologisch und systematisch

bearbeitet. <Verh. zool.-bot. Ges. Wien, vol. 24, pp. 53-142.

1906. Mokrezecki, S.—Beitrag zur Kenntnis der Lebensweise von Syntomaspis
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Original description of Megastigmus pinus.
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1879. Schlechtendal, D. II. R. von.—Entomologische Aufzeichnimgen. <Jahi--

esbr. ver. Naturk. Zwickau, pp. 21-29.
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wespon. <Zeitschr. Natiu-wissensch. Halle, ser. 4, vol. 7 (61), pp. 415-419.
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Cerobactrus= Hartigia 98

Chalcidids injurious to forest-tree seeds

—

article 157-163

bibliography 162-163

general life history 157-158

summary 162

Cherry, wild, seasoned, infested by Lyctus linearis 132

Chion—
in table of families and genera of cerambycoid larvse 153

larvse studied by Webb 151

Cimbex, synonymy 101
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Page.

Clavellarvus=Cimhex 101
Clavellaria Lamarck= Cirribex 101
Clavellaria Lea,ch.=Pseiidoclavellaria 101

Clytanthiis—
in table of families and genera of cerambycoid larvae 153
larvae studied by Webb 151

Cocker€llonis=Enocampidea 109
CoUimanidee

—

bibliographic reference 162
certain species phytophagic 157

Cotton stems, dead, infestation by Lyctus curtulus. 131
Crataegus—

bibliographic reference 163
host of Syntomaspis druparum 158

Criocephalus, in table of larvae by Perris 149
Croesus= Nematus

_. 99
Cxirculionidae

—

as restricted '.

10
characters H
characters used by different authors 8

maxillary palpus 9
Cxu"culionoidea—

characters 11

proposed for Curculionidse of most authors 10
Gyllene—

larvae studied by Webb 151

(robiniae, crinicomis, and antennatus) in table of families and genera of

cerambycoia larvae 154

Jynips, erroneouslv considered host of Megastigmus pinvs 160
Cyrtophorus—

in table of families and genera of cerambycoid larvae 153

larvae studied by Webb 151

Dermestes linearis (see ?lso Lyctus linearis)—
a lyctid, reference to original description 112

=Lyctus linearis 125

Dermestes oblongu^fuscus, a lyctid, description by Geoffroy 112

Dennestotdes unipunctatus, a lyctid, placed in genus Bitoma, reference to origi-

nal description 112

Diprion, Pteronus a synonym 98
Desmocerus—

in table of families and genera of cerambycoid larvae 154

larvae studied by Webb 151

Diphadnus, Gymnonychus a synonym 100

Dorcaschema—
in table of families and genera of cerambycoid larvae 152

larvae studied by Webb i

.

151

Douglas fir. (See Pseudotsuga taxifolia.)

Douglas fir seed chalcidid. (See Megastigmus spermatrophus.)

Elaphidion—
in table of families and genera of cerambycoid larvae 154

larvae studied by Webb 151

Endelomyia—Caliroa 100-101
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Ergates— Page.

in table of families and genera of cerambycoid larvae 155

larvae studied by Webb .' 151

Eriocampidea, Cockerellonis a synonym 109

Eriocampoides, synonomy 100-101

Euderces—
in table of families and genera of cerambycoid larvae 153

larvae studied by Webb 151

Eudocimus—
in key to genera of Hylobiinae 10

statistical taxonomy T 29

Em-ytomidae, certain species phytopbagic 157

Eurytomini, certain species phytophagic 157

Fig, dead wood infested by Lyctus curtulus and L. parallelopipedus 131

Fir, amabilis. (See Abies amabilis.)

Fir, bristle-cone. (See Abies venusta.)

Fir, Douglas (see also Pseudotsuga taxifolia—
, . food plant of Megastigmus spermotrophus 158

Fir, grand. (See Abies grandis.)

Fir, noble. (See Abies nobilis.)

Fir, Shasta. (See Abies vnagnifica.)

Fir, silver. (See Abies pectinata.)

Fir, white. (See Abies concolor.)

Forest-tree seeds

—

chalcidids injurious thereto, bibliography 162-163

chalcidids injurious thereto, paper 157-163

Goes—
in table of families and genera of cerambycoid larvae 152

larvae studied by Webb 151

Grape, host of Evoxysoma vitis 158

Grape-seed chalcidid. (See Evoxysoma vitis.)

Grapevines, dead, infestation by Lyctus opaculus 131

Graphisurus—

in table of families and genera of cerambycoid larvae 153

larvae studied by Webb 151

Gymniopterus, type species lost 103

Gymnonychus=Diphadnus 100

Hackberry, dead wood infested by Lyctus curtulus 131

Eartigia, synonyms 98

Hawthorn. (See Crataegus.)

Hemlock, Hooker. (See Tsuga mertensiana hookeriana.)

Hickory, seasoned

—

infestation by Lyctus cavicollis 131

infestation by Lyctus linearis 132

infestation by Lyctus planicollis 131

sapwood products infested by Lyctus parallelopipedus 131

Eilipus—
in key to genera of Hylobiinae 10

statistical taxonomy 29

Hilipus choicus, Pissodes choicus a synonym 5

Hilipus erythrorhynchus, Pissodes erythrorhynchus a synonym 5

Hilipus flammiger, Pissodes flammiger a synonym 5

Eilipus onychinus, Pissodes onychinus a synonym 5

Eilipus picturatus, Pissodes picturatus a synonym 5
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Hilipus polymitus, Pissodes polymitus a synonym 5

Hilipus prodigialis, Pissodes prodigialis a synonym 5

Hilipus trachypterus, Pissodes trachypterus a synonym 5

Hopkins, A. D.—
paper, ' 'Appendix. Notes on Habits and Distribution with. List of

Described Species of the Family Lyctidse " 130-138

paper, ' 'Contributions toward a Monograph of the Bark-Weevils of the

Genus Pissodes^' 1-68

Hoplocampa—
article 139-148

description, corrected, of genus 141

distribution 139-140

synoptic table to the Nearctic species of the subgenus 147-148

Hoplocampa (?) atriceps, bibliographical reference, Strongylogaster uncus a

synonym 147

Hoplocampa (Hoplocampa) alpestris—
female 142

in table of species of subgenus 148

male 142

new species, description, type locality 142

Hoplocampa (Hoplocampa) bioculata—
bibliographical reference 14^

comparison with H. californica 143

distribution . 146

in table of species of subgenus 147

male 146

Hoplocampa (Hoplocampa) californica, female, male, type locality 143

Hoplocampa (Hoplocampa) halcyon—
bibliogi-aphical reference 145

comparison with H. (H.) xantha 144

in table of species of subgenus 148

systematic notes, distribution, food plant 145-146

Hoplocampa (Hoplocampa) koebelei—
comparison with H. orbitalis 141

female 142

in table of species of subgenus 148

type locality 142

Hoplocampa (Hoplocampa) marlatti—
female 143

in table of species of subgenus 147-148

male 143

paratype locality, type locality 143

Hoplocampa (Hoplocampa) montanicola—
comparison with H. marlatti 143

comparison with H. (H.) nevadensis, H. (H.) occidentalis, and H. (H.)

xantha 144

female 145

in table of species of subgenus 147, 148

male 145

type locailty 145
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Hoplocampa (Hoplocampa) nevadensis— Page.

female 143

in table of species of subgenus 148

type locality 144

Hoplocampa (Hoplocampa) occidentalis—
female 147, 148

male 144

paratype locality, type locality 145

Hoplocampa (Hoplocampa) orhitalis—
female 141

in table of species of subgenus 148

Hoplocampa (Hoplocampa) pallipes—
bibUograpMcal reference, distribution 146

in table of species of subgenus 148

Hoplocampa (Hoplocampa) xantha—
female 144

in table of species of subgenus 148

new species, description, type locality 144

Hoplocampa lactdpennis, comparison with H. (Macgillivrayella) pallida 14l

Hoplocampa lenis, a Lycaota 147

Hoplocampa (Macgillivrayella) lacteipennis, confused with. H. (H.) halcyon 145

Hoplocampa (Macgillivrayella) pallida, distinguished from H. lacteipennis,

female, type locality 141

Hoplocampa montana, a Zaschizonyx 147

Hoplocampa spissipes, a Lycaota 147

Hylobius, statistical taxonomy 29-30

Hylotoma biramosa, comparison with Neoptilia mexicana 107

Hylotrupes, larvae studied by Webb 151

Hylotrupes bajulus, in table of families and genera of cerambycoid larvae 153

Hylotrupes (ligneus and amethystinus), in table of families and genera of ceram-

bycoid larvse 164

Hyperplatys—
in table of families and genera of cerambycoid larvse 152

larvae studied by Webb 151

Hypomolyx, in key to genera of Hylobiinse 10

Hypotaxonus, a good subgenus 109

Ips oblonga, a lyctid, reference to original description 112

Index to genotypes of Tenthredinoidea 92-97

"Isogenotypic," definition of term 72

Isosoma, phytophagous habits 157

Kraus, E. J., paper, "A Revision of the Powder-Post Beetles of the Family

Lyctidae of the United States and Europe" 111-138

Labidarge— Caloptilia 105

Lamiidae, in table of families and genera of cerambycoid larvae 151, 152-153

Larix—
host of Pissodes laridnus 7

host of Pissodes notatus 6

host of Pissodes pini 7

species of Pissodes of which host 65, 66

Leptocercas=Platycampus 99

Leptopus=Platycampus Qg

Leptostylus—
in table of families and genera of cerambycoid larvae 152

larvae studied by Webb 151
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Leptura— Page.

in table of families and genera of cerambycoid larvae 154

larvae studied by Webb 151

Leptura nitens, in table of families and genera of cerambycoid larvae 155

Lepturges—
in table of families and genera of cerambycoid larvae 152

larvae studied by "Webb 151

Licorice roots, dead, infestation by Lyctus politus 131

I/iopxis—
in table of families and genera of cerambycoid larvae 152

larvae studied by Webb 151

Live oak cordwood, infested by Lyctus cavicollis 131

Locust, seasoned, infestation by Lyctus linearis 132

Locust. (See Robinia neomexicana.)

Lycaota, Hoplocampa lenis and H. spissipes belonging to that genus 147

Lyctidse

—

article 111-138

bibUography 128

characters 114-115

distribution 132-135

habits 130-132

history of classification .*. - - 112-114

list of described species, with synonymy 137-138

represented in collections examined by Kraus and Hopkins 136

revisional notes 115-116

synopsis of the family by Thomson 112-113

synopsis of the genera 115

systematic notes ,
121-127

Lyctoxylon—
description 115

distribution of species 135

habits of species 132

in synopsis of genera of family 115

systematic notes on species 126

Lyctoxylon japonum—
distribution 135

habits. 132

in list of described species 138

systematic notes 126

Lyctoxylon jalnophx, in list of described species 138

Lyctus—
distribution of species 133-135

habits of species 130-132

history 112-114

in synopsis of genera of family 115

list of described species 137-138

synonyms, systematic notes on species 121-126

synopsis of species 116-120

^I^ctus asqualis, in list of described species 137

Lyctus africanu^, in list of described species 137

Lyctus hrunneus—
comparison with L. politus 122

comparison with L. pubescens 123



172 MISCELLANEOUS FOREST INSECTS.

Lyctus brunneus—Continued. page.

description 118

distribution 134

habits 131

list of described species, synonyms 137

structural details 116

systematic notes, synonyms 123

Lyctus californicus—
comparison with L. curtulus 122

description 117-118

distribution 133

habits 131

in list of described species 137

systematic notes 121

Lyctus carbonarius—
distribution 134-135

habits 131

in list of described species 137

( ?) synonym of L. planicollis 124-125

Lyctus caucasicus, in list of described species 137

Lyctus cavicgllis—
description 120

distribution, habits 131

in list of described species 137

systematic notes 124

Lyctus cinereus—
distribution, habits - 131

in list of described species 137

Lyctus cornifrons, in list of described species 137

Lyctus costatus, in list of described species 137

Lyctus curtulus—
comparison with L. californicus 121

description in synopsis of species of genus 118

distribution 133

habits 131

in list of described species 137

structural details 116

systematic notes 122

Lyctus depressicatus, in list of described species 137

Lyctus discedens, in list of described species 137

Lyctus disputans, in list of described species 137

Lyctus foericollis, in list of described species 137

Lyctus griseus, in list of described species 137

Lyctus hispidus, in list of described species 137

Lyctus impressus—
description in synopsis of species of genus 117

distribution 133

habits 130

in list of described species, synonyms 137

Lyctus impressus var. capitalis in list of described species 137

Lyctus leococianus, in list of described species 137

Lyctus linearis—
comparison with L. parvulus 125

comparison with L. suturalis 124
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Lyctus linearis—^Continued. Page.

description in synopsis of species of genus 120

distribution 135

habits 132

in list of described species 137

systematic notes, synonyms 125-126

type of Lyctus 112

Lyctus longicornis, in list of described species 137

Lyctus nitidicollis, in list of described species 137

Lyctus opaculus—
comparison with L. parvulus 125

description in synopsis of species of genus 119

distribution 134

habits 131

in list of described species 138

systematic notes 123-124

.
Lyctus parollelopipedus—

description, in synopsis of species of genus 118

distribution 133

habits 131

in list of described species — 138

systematic notes, synonyms 121-122

Lyctus parvulus—
description in synopsis of species of genus 120

distribution 135

habits 131

in list of described species 138

systematic notes 125

Lyctus planicollis—
bibliographic reference 129

comparison with L. brunneus 123

comparison with L. cavicollis 124

comparison with L. parvulus 125

comparison with L. suturalis 124

description in synopsis of species of genus 120

distribution 134

habits I3I

in list of described species 138

systematic notes, synonym 124-125

Lyctus politus—
comparison with L. brunneus 123

distribution 134

habits 131

in list, of described species 138

n. sp. , description in synopsis of species of genus 118

new species, systematic notes 122

Lyctus prxustus—
distribution 133

habits 131

in list of described species 138

Lyctus prostomoides, in list of described species 138
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Lyctus pubescens— Page.

description in sjoiopsis of species of genus lig*

distribution 134

habits 131

in list of described species, synonyms 138

systematic notes, synonyms 123^

Lyctus punctatus—

description in synopsis of species of genus 117

distribution 133

habits 130

in list of described species 13&

systematic notes, synonym 121

Lyctus punctipennis, in list of described species 138

Lyctus recticolli, in list of described species 138

Lyctus retractus, in list of described species 138

Lyctus simplex, in list of described species 138

Lyctus suturalis—
description in sjoiopsis of species of genus 119^

distribution 134

habits 131

in list of described species, synonym 138

systematic notes, synonym 124

Lyctus tomentosus, in list of described species 138

Lyctus ( Trogoxylon) californicus, structural details 116

Lyctus ( Trogoxylon) impressus, structural details 116

Lyctus (Xylotrogus) politus, structural details 116

Macgillivrayella, distribution, subgenus 139

Macrocephus=Hartigia 98

Mallodon—
in table of families and genera of cerambycoid larvae 155

larvae studied by Webb 151

Manoxyela=Pleroneura 104

Marlattia, description, type species 108

Megastigminae, certain species phytophagic 157

Megastigmus, no parasite known 158

Megastigmus brevicaudis, bibliography, distinguished from Syntomaspis dru-

parum, habits, larva 159

Megastigmus D., bibliographic reference 159

Megastigmus pinus—
bibliography 160

bibliographic reference 163

habits 160

Megastigmus sp., reared from Abies mariesii, bibliography 159

Megastigmus spp.

—

bibliography loh

destruction of seed of Abies pectinata, oviposition habit 158

Megastigmus sperm,otrophus—
bibliographic reference 163

comparison of larva of M. strobilobitis therewith 160

destruction of Douglas fir seed 158

egg 161

habits, host 160

injury, oviposition, remedy against 161
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Megastigmus strobilobius, bibliography, recorded from Abies excelsa, A. pecti-

nata, and Tsuga mertensiana hookeriana 160

Mesquite, dead wood infested by Lyctus curtulus 131

Idiinosa, dead wood infested by Lyctus curtulus 131

Minthea—
description 115

distribution of species 135

habits of species 132

in synopsis of genera of family 115

synonym n 126

systematic notes on species 126-127

Minthea rugicollis—
distribution 135

habits 132

in list of described species, synonyms 138

systematic notes, synonyms 127

Minthea stichothrix—
distribution 135

habits 132

in list of described species, synonym 138

systematic notes, synonym 127

Monobasic, definition of term 72

Monohammus—
in table of famiUes and genera of cerambycoid larvae 152

larvae studied by Webb 151

Mountain ash. (See Sorbus scandica and S. latijolia.)

Nearctic species of the subgenus Hoplocampa, synoptic table 147-148

Nematus—
Croesus a synonym 99

Nematinus new name therefor 99

Nematinws, new name for Nematus 99

Neoclytus—
in table of families and genera of cerambycoid larvse 154

larvse studied by Webb 151

Neoplilia, description, type species 107

Neoptilia mexicana, description 107

Notorhina, larvee studied by Webb 151

Oak, seasoned

—

infestation by Lyctus carbonarius 131

infestation by Lyctus linearis 132

infestation by Lyctus planicollis 131

sapwood products infested by Lyctus parallelopipedus 131

Oak, tanbark, infestation by Lyctus cavicollis 131

(Erne—
in table of families and genera of cerambycoid larvse 153

larvse studied by Webb 151

Oncideres—
in table of families and genera of cerambycoid larvse 152

larvse studied by Webb 151

Opisthoneura=^Zaschizonyx 108

Opsimus:—
in table of families and genera of cerambycoid larvse 153

larvse studied by Webb 151
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Page.

Orange wood, seasoned, infestation by Lyclus cavicollis 131

Orthosoma—
in table of families and genera of cerambycoid larvae 155

larvae studied by Webb 151

Osage orange, dead wood infested by Lyclus parallelopipedtis 131

Pachylobius, in key to genera of Hylobiinte 10

Paraplinthus—
in key to genera of Hylobiinse 10

statistical taxonomy 29

Parasyzygonia—
in table of genera allied to Syzygonia 102

new name for Syzygonia Konow 102

Parazarca, description, synonymy 108

Parazarcajumipennis, description 108-109

Parkinsonia, dead wood infested by Lyctus curtulus 131

Perilampidae, certain genera phytophagic 157

Persimmon

—

seasoned, infestation by Lyctus planicollis 131

seasoned sapwood products infested by Lyctus parallelopipedus 131

Phymatodes—
in table of families and genera of cerambycoid larvae 153

larvae studied by Webb 151

Physocnemum—

•

in table of families and genera of cerambycoid larvae 154

larvae studied by Webb 151

Picea—
host of Pissodes 26, 43

host of Pissodes harcynix and H. notatus 6

host of Pissodes pini 7

host of Pissodes rotundatus 36, 61

host of Pissodes scrabricollis 7

host of Pissodes strobi 33, 48

probable host of Pissodes barberi ' 46

probable host of Pissodes rotundatus 36, 42

species of Pissodes of which host 65, 66

Picea bracteata, confusion of Abies venusta therewith 160

Picea canadensis, host of Pissodes coloradensis 36, 61

Picea canadensis (?), host of Pissodes rotundatus 61

Picea engelmanni—
host of Pissodes alascensis . . , 36, 61

host of Pissodes engelmanni 33, 41, 42, 48

probable host of Pissodes coloradensis 42, 61

Picea excelsa, host of Pissodes strobi 41, 42, 48

Picea mariana, host of Pissodes fiskei and P. nigrae, 35, 42, 59

Picea rubens—
host of Pissodes fiskei 35, 42, 59

host of Pissodes puncticollis 35, 42, 60

host of Pissodes strobi 41, 42, 48

Picea rubens (?), host of Pissodes rotundatus 61

Picea sitchensis—
host of Pissodes costatus 35, 41, 42, 57

host of Pissodes sitchensis 33, 41, 42, 47

Picea sitchensis (?), host of Pissodes barberi 41
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Pine (see also Pinus)— Page,

probable host of Pissodes canadensis 51

"Pine (?)," host of Pissodes costatus 6

Pinus—
host of Pissodes 26, 43

host of Pissodes affinis 6

host of Pissodes approximatus 33

host of Pissodes laricinus 7

host of Pissodes nemorensis 34

host of Pissodes piniphilus 7

probable host of Pissodes curriei 42, 65

Pinus banksiana. (See Pinus divaricata.)

Pinus californicus, distribution 53

Pinus cembra, host of Pissodes cembrse 7

Pinus contorta. (See Pinus murrayana.)

Pinus divaricata, host tree of Pissodes strobi 41, 42, 48

Pinus echmata—
host of Pissodes approxiinatus 41, 42, 49

host of Pissodes nemorensis 41, 42, 52

Pinus lambertiana, host of Pissodes yosemite 34, 41, 42, 54

Pinu^ murrayana (contorta), host of Pissodes webbi 41, 42, 54

Pinus murrayana, host of Pissodes murryanse 35, 60

Pinus palustris, host tree of Pissodes nemorensis 41, 42, 52

Pinus ponderosa, host of Pissodes californicus 41, 42, 53

host of Pissodes schwarzi » 41, 42

host of Pissodes webbi 34, 54

host of Pissodes yosemite 34, 41, 42, 54

Pinus ponderosa scopulorum—
host of Pissodes schwarzi 33, 51

host of Pissodes webbi 34, 54

Pinus pungens, host of Pissodes approximatus 41, 42, 49

Pinus radiata, host of Pissodes radiatae 34, 41, 42, 56

Pinus resinosa—
host of Pissodes approximatus 41, 42, 49

host of Pissodes strobi 33

Pinus rigida—
host of Pissodes approximatus 41, 42, 49

host of Pissodes strobi 41, 42, 4S

Pinus scopulorum—
host of Pissodes schwarzi 33, 41, 42

host of Pissodes webbi 41, 42, 54

Pinus sp. , host of Pissodes approximatus 33, 49

Pinus spp. , host of Pissodes nemorensis 34, 52

Pinus strobiformis, host of Pissodes webbi 34, 41, 42, 54

Pinus strobus—
host of Pissodes affinis 37, 42, 64

host of Pissodes approximatus 41, 42, 4©

host of Pissodes notatus - 6

host of Pissodes pini 7

host of Pissodes strobi 33, 41, 42, 48

Pinus sylvestris—
host of Pissodes notatus 6

host of Pissodes pini 7
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Pinus sylvestris—Continued. Page.

host of Pissodes radiatx (rare) 56

host of Pissodes validirostris 7

Pinus txda, host of Pissodes nemorensis 41, 42, 62

Pinus virginiana—
host of Pissodes approosimatus 41, 42, 49

host of Pissodes nemorensis 41, 42, 52

Pissodes—
anatomical details 12-23

article 1-68

bibliography 66-68

characters 11-12

characters common to species of genus 43

characters common to species of major and minor divisions 43-65

characters, generic 9

characters, subordinal and family 8-9

characters, tribal and subfamily 8-9

classification, natural, of North American species 27-30

description, original, of genus, and translation 3-5

distribution, general 27

distribution, table 40-41

eggs 23

habits, general 26-27

historical references 2

host 26

host trees, table 42

key to the species 30-32

larva 23

life history 27

list of species 6-7

morphological and physiological characters and characteristics 30

original, description 3

pupa 25

relations of species to host trees, table 41-42

revised classification 10

species described before 1909, with recorded distribution 6

species. North American 27-65

synopsis of adult characters : 32

synopsis of larval characters 39-40

synopsis of primary sexual characters 37

synopsis of pupal characters 38-39

synopsis of secondary sexual characters 37-38

table showing relations of species to host trees 41-42

table of distribution 40-41

taxonomy 8-25

Pissodes abietis = P. pini, reference to original description, distribution 7

Pissodes affinis—
bibliography 64

description 37

distinctive characters, distribution, host 64

in list of described species 66

variations 64
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Phsodes alascensis— Page.

description 36

distiactive characters, distribution, host 61

in key to species 31

Pissodes approzimatus—
description 33

distinctive characters 49

distribution 50

host trees 49

in key to species 30

variations 49

Pissodes barberi—
description 32

distinctive characters 45-46

distribution, host tree 46

in key to species 30

variations 46

Pissodes burkei—
characters 62

description 36

distribution, host 62

in key to species 31

variations 62

Pissodes californicus—
description 34

distinctive characters, host 53

in key to species 31

Pissodes canadensis—
description 34

distinctive characters, distribution, host 51

in key to species 31

variations 51

Pissodes cembra:—
in list of described species, habitat, host 66

reference to original description, distribution 7

Pissodes coloradensis—
description 36

distinctive characters 60

distribution, host 61

in key to species 31

variations 61

Pissodes costatus—
bibliography 57

description 35

distinctive characters, distribution 57

in key to species 31

variations 57

Pissodes curriei—
description 37

distinctive characters, distribution, host 65

in key to species 31

variations 65
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Pissodes deodarse— Page.

description 34

distinctive characters, distribution, host 53-

in key to species 31

variations v • 53-

Pissodes dubius—

-

bibliography 63

description 3ff

distinctive characters, distribution, host 63-

in key to species 31

variations 63

Pissodes engehnanni—
description 33

distinctive characters 47-48

distribution, host 48

in key to species 30-

variations 47

Pissodes fasciatus^

bibliography 56

description
''. 34

distinctive characters, distribution, host 56

in key to species 31

variations 56-

Pissodes fiskei—
bibliography and synonymy 59'

description 35

distinctive characters, distribution, host 59

in key to species 31

variations 59

Pissodes fraseri—
description 36

distinctive characters, distribution, host 63

in key to species 31

statistical taxonomy 29

variations 63

Pissodes gyllenhali—
in list of described species, habitat 66

reference to original description, distribution, synonym 6

Pissodes harcynias—

in list of described species, habitat, host 65

reference to original description, distribution, host, synonyms 6

Pissodes insignatus—
in list of described species, habitat, hosts 66

reference to original description, distribution, synonym 7

Pissodes irroratus—
in list of described species, habitat 66

reference to original description, distribution 7

Pissodes murrayanse—
description 3&

distinctive characters, distribution, host 60

Pissodes nemorensis—
bibliography and synonymy 52

description 4, 34

characters 2T
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Pissodes ncmorensis—Continued. Page.

distinctive characters 51-52

distril:)Ution, host 52

in key to species 31

variations 52

Pissodcs nigrse—
description > 35

distinctive characters, distribution, host 59

in key to species 31

A'ariations 50

Pissodes notatus, in list of described species, habitat, hosts ti5

Pissodes obsnirus—
in list of described species, habitat *)5

reference to original description, distribution 7

Pissodes fini, type of genus 5

Pissodes picese—
in list of described species, habitat, host 66

reference to original description, distribution, host, synonyms 6

Pissodes pint—
in list of described species, habitat, hosts 66

reference to original description, distribution, hosts, synonyms 7

Pissodes piniphilus, in list of described species, habitat, host 66

Pissodes piperi—
description. 36

distinctive characters, distribution, host 62

in key to species 3]

variations 62

Pissodes puncticoUis—
description 35

distinctive characters, distribution, host 60

in key to species 31

variations 60

Pissodes radiatse—
description 34

descriptive characters 55

_

distribution, host 56

in key to species 31

variations 55

Pissodes mtundatus-—
bibliography 62

description 36

distincti"\'e characters, distribution, host 61

ill key to species 31

variations 61

Pissodes rotun dicoUis—
in list of described species, habitat 66

reference to original description, distrilnition 7

Pissodes seahrirollis—
in list of described species, habitat, host 65

reference to original description, distribution, host 7

Pissorl/s sehwarzi—
bii)liography and synonymy 51

d(!3Ciiption 33

25170—20 3
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Pissodes schwarzi—Continued. rage.

distinctive characters 50

distribution, host 51

in key to species 30

variations 50

Pissodes siviilis-—
description 32

distinctive characters 44-45

in key to species 30

Pissodes sitchensis—
description 33

descriptive characters, distribution, host 47

in key to species 30

variations 47

Pissodes strobi—
bibliography and synonymy 49

description 33

distinctive characters, distribution, host 48

in key to species 30

statistical taxonomy 29

variations 48

Pissodes utahetisis—
description 32

distinctive characters, host 45

in key to species 30

variation 45

Pissodes validiwstris—
in list of described species, habitat, host 65

reference to original description, distribution, host, synonym 7

Pissodes webbi—
bibliography and synonymy 54

description 34

distinctive characters, distribution, host 54

in key to species 31

variations 54

Pissodes yosemite—
bibliography and synonymy 54

description j 34

distinctive characters 53

distribution 54

in key to species 31

variations 54

Pissodina^

—

generic characters 11

statistical taxonomy 29

Pissodini

—

subfamily, characters of N iisslin 9

tribe, characters of Bedel 8-9

Platycampus , synonyms 99

Plectrura—
in table of families and genera of cerambycoid larva- 1 52

larva^ studied l)y Webb 1 51

Pleroneura, Manoxyela a synonym 104

Pleroneura ralifornica, descri])tion, synonym 104-105
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Poplar, seasoned, infestation by Lycius linearis 132

Powder-post. beetles. (See Tyvctida'.)

Prionidic

—

family proposed 149

genera of larAae studied by Webb ] 51

in table of families and genera of cerambycoid larvte 151. 155

Frionus—
in table of families and genera of cerambycoid larAse 155

larvae studied by Webb 1 51

Prodecatoma phytophaga, oviposition habits 158

Pseudocyphona, description, type species 106

Pseudocyphona mexicana, description 106

Pseudotsugu—
host of PisHodes 26, 43

species of Pissodes of which host 65

Pseudotsuga douglosii, bibliographic reference 1 63

Psewlotsuga mucronata (see also P. taxifolia)—
host of Pissodes fasciatus 34, 42

Pseudotsuga taxifolia (see also /". mucronata)—
bibliographic reference 163

host of Megastigmus sperviotrophus 1 60-1 61

host of Pissodes fasciatus 41, 56

Pteroneura califarnica, description 104-1 05

Pteronidea, n. n. for Pteronus 98

Pteronus=Diprion 98

Ptychodes—
in table of families and genera of cerambycoid larvae 152

larvcc studied by Webb 151

Rhagium—
in table of families and genera of cerambycoid larvae 154

larvae studied by Webb 151

Rohinia neomexicana, dead and dry wood infested by Lyctus parvulus 131

ROHWER, S. A.

—

paper, " Chalcidids Injurious to Forest-Tree Seeds '' 157-163

paper, ''Studies in the Sawfly Genus lloplocampa " 139-148

paper, "The Genotypes of the Sawflies and Wood wasps, or the Super-

family Tenthredinoidea " 69-109

Roiruileum—
in table of families and genera of cerambycoid larva? 154

larvae studied by Webb 151

Roots, dried herbaceous, infestation by Lyctus brunneus 131

Rules of zoological nomenclature for the designation of type species of genera. . 71-72

Saperda—
in table of families and genera of cerambycoid larvae 152

larvae studied by Webb 151

Sassafras, dead wood infested by Lyctus parallelopipedus 131

Sawflies. (See Tenthredinoidea.)

Seed chalcidid of Virginia creeper. (See Prodecatoma phytophaga.)

Selandria canadensis, bibliographic reference, systematic notes 146

Selandria fiavicornis, bibliographic reference, systematic notes 146
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Smodicum— Page.

in table of families and genera of cerambycoid larvse 153

larvae studied by Webb 151

Sorhus aucuparia, food plant of Megastigmus brevicaudis 159

Sorhus latifolia, host of Syntomaspis druparnm 158

Sorbus scandicu—
host of Megastigmus brevicaudis 159

host of Syntomaspis druparum 158

Spondylis, in table of larvte by Perris • 149

Statistical taxonomy of Pissodes 28-30

Strongylngaster uncus, Hoplocampa (?) atriceps a synonym 147

Sycamore, seasoned , infestation by Lyctus pJanicoUis 131

Synaphccta—
in table of families and genera of cerambycoid larv;e 152

larvte studied by Webb 151

Syntomaspis druparum—
bibliographic reference 159

destruction of apple seeds 158

distinguished from Megastigmus brevicaudis 159

life history in brief 158

Syntomaspis pubescens, bibliographic reference 163

Syzygonia—
synonymy 101-102

in table of allied genera 102

Syzygonidea, in table of genera allied to Syzygonia 102

Tanbark oak, infestation by Lyctus cavicollis 131

Tenthredinoidea

—

alphabetical list of genera described by William H. Ashmead, with

determined synonymy 103-104

article 69-109

bibliography of more important writings of William H. Ashmead 104

catalogue of genotypes 72-92

genotype index 92-97

genotypes 69-109

synonyms of certain genera 98-102

work of William H. Ashmead 102-109

Tenthredo (Allantus) obtusa, bibliographical reference, not a Hoplocampa 147

Tetropium—
in table of families and genera of cerambycoid larvse 155

in table of larvae by Perris 149

larvae studied by Webb 151

Tortrix strobilotina, erroneously considered host of Megastigmus strobilobius 159

Torymidte {see also Collimanidae )

—

bibliographic reference 162

Tragosoma—
in table of families and genera of cerambycoid larvae 155

larvae studied by Webb 151

Tsuga mertensiana hookeriana, host of Megastigmus strobilobius 160

Tsuga sp. , food plant of Megastigmus pinus 160

Tylonotus—
in table of families and genera of cerambycoid larvae 153

larvae studied by Webb 151
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Ulochxtes—
Patce.m table of families and genera of cerambycoid larva? I55

larvae studied by Webb ; 252
I mbrella handle, Lyctus impressus found therein 130
Virginia creeper chalcidid. (See Prodecatoma phytophaga.)
Virginia creeper, host of I'rodecutoma phytnphaga 15S
Walking stick

. infestation by Lyctoxylon japonum I30
^Valnut. seasoned

, infestation by Lyctus linearis X32
Webb, J. L., paper, '\K Preliminary Synopsis of Cerambycoid Larvee" 1^9-155
Wood, seasoned, infestation by Lychis hrunneus 131
Woodwasps. (See Tenthredinoidea.)

Xylotrechm. larvae studied by Webb 151
Xylotrogus brunneus, reference to original description of genus and species^ ! ^ . 112
Xylotrogus paraUelopipedus. (See Trogoxylon parallelopipedus.)

'

Zoological nomenclature, rules of international commission for designation of
type species of genera 71-72
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