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WASHINGTON, D. C.

THE EXTERNAL ANATOMYOF THE LARVA
OF THE PACIFIC COAST WIREWORM'

By H. P. La~cuesTER,® junior entomologist, Division of Truck Crop and Garden
Tusect hw;c-_s;a{ga.'ions, Bureau of Enlomology and Plunt Quaranline
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INTRODUCTION

The study of the external anatomy of the larva of the Pacific coast
wireworm (Limendus (Pheletes) canus Leconte)? is a part of the gen-
eral program of mvestigation direeted toward the economic control
of wireworms in the Pacific Northwest, It is preliminary to compara-
tive stodies of the several species of wireworms found in this section
of the United States. These Jater studies will be primarily taxo-
nomic, but based on this morphologieal study.,

The necessity for such a series of studies avises because of the
presence in cach district of & number of species of wireworms of
economic Importance. These species differ ccologically and physio-
logteally more than they do anatomically. Much of the effectiveness
ot past work on wireworm conteol has been handicapped, and in some
cases mvalidated, by the lack of knowledge of the species, or collection
of species, of wireworms represented in the experiment.

dieer
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1 Bubmitted for publlealion Tanoacy 80, 1089,

*The work way done st Walln Walla, Wash., as 4 part of the Tacifie Nortlhiwest wire-
waorin  investigalions virder {he Jdi i 3 LoLame,  The writer wishes te thank
Mr. Lane Tor his Dweipful assistanee wud eneour iwent, &, B, Wosdworth for rhe use
of bisiological marerinl and tfor his advice, and K. B, Snodgeass Cor hils helplul review of
thre mannseript aod wlditlone! sogeeslions,

* Order Colroptery, Cumbly Blrteridac,  {The ndult fomnie was deseribed a8 Limoniug
discoidens Lec.)

142720—30——1




N
2 TECHNICAL BULLETIN 633, U. 8. DEPT. OF AGRICULTURE

PURPOSE OF THE WORK

The purpose of this study was to lay a foundation for the compari-
son of the morphological structures of wireworins in order that the
characters of taxonomic valne might be found and the various eco-
nomic species determined from the larvae collected in the field. The
determination of the species of wireworms by rearing them to adulfs
has proved very unsatisfactory for either qualitative or quantitative
records, This is due to the long life cycle and the unfavorable re-
sponse of the larvae to laboratory rearing. At best, months elapse
before any adults are obtained, and rearing records indicate that
some larvae have lingered on for 1% years before pupating or dying,
Certainly the inter~st in the experiment or the value of the recom-
mendation would be lost before dafinite information coulid be obtained
by the rearing method.

The difficulties encountered in a taxonomic study of the larvae
of the family Elatei dae have not been overemphasized by past work-
ers. Schiddte (15),* Henriksen (7), Hyslop (9, 10}, Roberts (14),
Horst (8), Van Zwaluwenburg (£0), McDougall (13}, Subklew {19},
Guéniat (5), Glen (4}, and Hawkins (#) are some of the workers
whe have studied the family or a portion of it. In nearly every
instance the approach has been economie, and the purpose has heen
te find a simpie way to separate the shecles of larvae which may be
found together in the local fields where lamage is occrrring, Labo-
ratory studies of the Inrvae of the four species of the genus Limonius
of economic importance in the Pacific Northwest have shown the
impracticality of expecting any person outside the technical staff
to separate the species by any diseription or key that has been made
by normal taxonomic procedure,

Systematic experience readily illustrates the incompleteness of any
taxonomic description. Any anthor in preparing a description has
compared the new species with a written description or a mental
picture of the most nearly related species with which he is acquainted
at the time. The description is, therefore, made up of the variations
in the characters found in the earlier descriptions or in the mental
image. The taxonomist has developed a group of characters at
which to look when examining specimens of & certain group, and even
when examining representatives side by side under the binocular he
may overlook differences because they ave characters which he has
not been including in his mental image.

Since normal taxonomic procedure and the snggestions afforded
by literature did nnt provide any means of ready separation of the
Iarvae of the species of Zimondus associated in the farm land of the
Pacific Northwest, a different approach was deemed advisable, Tha
external anatomy of the larva of Limonius canus has been studied
and hoth descriptions and drawings have heen made in some detail
of all the parts of the body surface. This is to serve as & basig
for the descriptions of the other species. It will be necessary to
mention only those characters that differ, and if this study has
achieved its aim, no character will e found on any nearly related
wireworm whose counterpart has not been deseribed and illustrated
for this species,

¢ Ttalic numbers In parenthoeses refer to Literature Cited, p. 29,
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METHOCDS

The methods employed in this study have little to offer that may be
new. The species selected was the one whose larvae were most readily
avallable in large numbers, and several hundred larvae were used
during the study. The Jarge number of larvae used has so added to
the completeness of the study that individual variations might be
noted and yet not receive the value of characters of the species. The
uniformity of the larvae was remarkable, however, and little variation
was noted except in the ninth abdominal segment, where very minor
variations in_ tergal proportions and in the size of certain “warts”
were observed,

Drawings were made by two methods. Most of them were made by
the aid of an eyepiece micrometer and cross-section paper. All meas-
urements were carefully transferred to the paper and the completed
sketch bearing the location of all the features transferred by carbon
paper to the bristol board where the drawing was completed and inked,
with continual reference to the specimens being used as models.
Nearly transparent structures, or small ones that needed considerable
detail, were drawn by means of a microprojector. This consisted of
little more than a strong lght focused up through a compound micro-
scope equipped with a right-angle yrism attached to the eyepiece. This
latter only changes the direction of the light beam and divects it upon
the paper used for the drawing., The microprojector is of value only
when the material is thin, nearly transparent, in a single plane, and

mounted on a microscope slide so that 1t can be held on the stage of
the microscope; otherwise the measurement of the object and the

making of the sketch upon the cross-section paper yielded the more
satisfactory results.

The method practiced was to make the sketch of the part being
studied, then write a description as detailed as possible, complete the
drawing nsing other specimens as models, and then rewrite the descrip-
tion in the form desired for the completed study. The preliminary
studies were all completed prior to any of the rewriting. The final
work was checked so that the relationship of external features to inner
structures might be learned. This was made possible through the use
of the very excellent mieroscope slides made in this laboratory by
improved methods of histologieal technique,

Living larvae, larvae killed in hot water, larvae killed by drowning,
larval casts, and larval skins macerated in boiling alkaline solutions
were used. The various parts were dissected out, and in many of these
instance:. « saturated solution of chloral hydrate in glycerine was used
as a mecium. This made it possible to keep the minute mouth parts,
for example, on an uncovered microscope slide and examine them
from every angle with a compound microscope and the aid of a fine
dissecting needle. Material so prepared was stored away from dust
for several days at a time, and was very valuable for comparison with
permanent mounts. Mounts made of the macerated larval skin flat.
tened out to show all surfaces were of considerable value in the study
of the thoracic and abdominal segments,
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SYMBOLS USED IN JLLUSTRATIONS

a, anus. mde, dersal articulation of mandible.
ads, distal segment of antenna. mde, dorsal condyle of mandible.
ais, intermediate scgment of antenna. | mdi, distal lobe of mangdible.

amyg, anterior marginal groove. miy, lateral apodeme of mandible.
ent, antenna, mip, lateral projeclion of mandible.
aps, proximal segment of antenna. mama, mesal apodeme of mandible.
as, antennal socket. wipl, proximal lobe of mandible,
asj, supplementary joint of antenna.| mps, maxillary palpus.

aé, abdominal tergum. ms, median subure.

¢, cardo. msn, mesonotum.

ca, alacardo. min, metanotum,

ce, cavity in cuticula, mrve, ventral articulation of mandible.
co8, coronal sutore, mye, ventral condyle of mandible.

¢p, closing plate. n, nasale.

¢, subeardo, »nd, nasal depression.

csu, cardinal suture, niw, lateral wing of nasale.

£z, COXa. amp, median projection of nasale.
cra, coxal articulation, ng, subnasale,

czp, poslerior coxal suture, nse, nasal sensory organs.

cxs, anterior coxal suture. o, ocsoplhagus,

dls, dorsolateral suture of head, P, pleuran,

eph, epipharynx, pa, prosternal apophysis.
epm, epimeron. pam, anterior mesoplenrite or meta-
eps, epislernum, pleurite.

¥, [emur. par, parietal,
fr, “frons with nasale.” pes, postoceipital suture.

fs, fronial sulure. pes, presternum,

g, gelea, ¥n, pronotum.
gen, gena. pos, prosternum,
gs0, supra-ocsophageal ganglion, ppin, posterior mesopleurite or meta-
gu, gola. plenrite.

h, hypostoma. pr, postoecipital ridge.
hph, hypopharyox. prh, precoxal bridge.

hs, hvpostomal suture. ps, pleural suture,
im, inferscginental membrane. pla, prearsus.
lac, lacinia. s, stipes.

b, 1lahial brush. sd, dististipes.

I, “lower jaw'. gpi, spiraeie.

ip, iabiel palpus, 8t, sternun,
ipe, prelabium. ¢, tibin,
Ipo, postlabium, ta, tarsus.

ilg, laterotergile. fel, telson,

man, mandible, £p, posterior fenforium.

mb, mandibular brush,

THE LARVA

The larvae of Limonius canus ave among the most destructive wire-
worms of the Pacific Northwest, They are adapted to move aboub
through the soil and find their food in the roots and sceds in the
ground. Only an active larva conld subsist on the relatively small
food sources so widely distribnted thronghout the soil. The high
vosistance to movement offered by the soil makes the form and the
havdened covering of the wireworm important factors in its ability
{o move through the soil. Thus the Iarva under consideration has a
slender body, tough covering, fapered head, small and short legs
adupled to work cloge (o the body, and an anal structure that assists
in (he movement of the body. The separation of head, thorax. and
abdomen is not so appurent as in sonw of the less wiformly slender
coleopterons larvae, vel their funclions are s distinct, and the three
portions of the larval body will be deseribed separately.
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THE HEAD

The head is of the progmathous form with the preoral cavity
(mouth) at the anterior extremity and directly opposite the foramen
magnum on the posterior surface of the head. This modifeation of
the larval head from the perhaps more primitive hypognathous form
with the preoral cavity on the ventral surface of the hend appears to
be quite common among the more active of the coleopterous larvae,
especially among the predacious forms.

The main framework of the liead may be considered the head cap-
sule, while other features of importance would be the preoral cavity,
the antennae, and the various moving parts associated with the mouth.

THE HEAD CAPSULE

The head capsule cousists of the immovable sclevotized areas of the
head. In the larva of Zimenins canus the head capsule is so modified
as to be somewhat wedgelike, This wedge is pointed anteriorly, with
the opening of the preoral cavity, gnarded by the mandibles, at the
tip. The flattened surfaces of the wedge are dorsal and ventral, with
much of the ventral surface occupied by the various parts of the maxil-
lae and labium which are rather intimately united to form a large
movable plate termed the “lower jaw. The fusion of frons, elypeus,
and labram has resulted in an immovable and highly sclerorized plate
termed the “nasale,” a portion of which projects-anteriorly between
the mandibles and forms the most noteworthy fearwre of the dorsal
surface of the head capsule. Since the larva is entirely blind and the
antennae are sitnated very close to the base of the mandibles and im-
mediately laterad of them, the antennae, mandibles, aud “lower jaw,”
together with the preoral opening. occupy the gingle opening in the
visible part of the head capsule, The only other opening in this
sclerotized capsule is the oceipital foramen found in the posterior wall,
Instead of the comparatively small size of the oceipital foramen, or
foramen magmuni, as sometimes seen in msects, the opening is large,
as vwas noted by Stickney (78, p. 27) in the adult of -1 7aus sendatus (L.).
This Iarge foramen magnum oceupies nearly the entire posterior sur-
face of the head capsule, and its size may, in part, be the result of the
heavy musculature present in the reduced hend and the probably re-
lated migration of the ganglia of the brain inte the prothorax.

The head capsule of the larva of Limonius carus is thus seen to
consist of little more than a flattened dorsal plate sloping anteriorly,
and rounding lateral walls which narrow anteriorly and curve onto
the ventral surface for a comparatively short distance except at the
posterior end. where a gular arven unites the sides of the head capsule
posterior to the “Jowoer jaw.?

Segmentation lines may be considered as absent in the lLiead capsule,
and the various irregularities, sutures, and indentations are largely
due to the invaginations of the hody wall which supply the necessary
supports and points of attachment for the internal organs and mus-
cles.  The hypothesis that the wedse shape of the head is of value
to the larva in its movement through the soil is further supported by
the smoothmess of the surface of the eapsule, the roundness of corners,
and the Jocation of all sensory spines in depressions of (he yall,




0 TECHNICAL BULLETIN 623, U. 8. DEPY. OF AGRICULTURE

The epicranial suture and the before-mentioned nasale are the prin-
cipal features on the dorsal surface. The epicranial suture is so
modified that the hypothetical Y-form is not apparent. The frontal
sutures (fig. 1, 4, 75), the branches of the inverted Y, alone are readily
seen. If the bead of the hypothetical hypognathons insect were bent
upward into the prognathous position with the mouth raised into the
plane of the body, the stem of the Y and the sclerites which it is
supposed to separate would be shoved under the anterier margin of
the first thoracic tergite, the pronotum. When the larva of Zimonius
canus is greatly distended or when the head is mechanically bent
ventrally, an area of semimembranous tissue with a plainly discerni-
ble dorsal suture is exposed. This may be the parietals, the sclerites
in question, separated by the lost stem of the Y.

The frontal sutures depart from the hypothetical straight lines and
enclose an area resembling in shape o bulbous vase with flaring top.
These sutures arise from the dorsoposterior margin of the sclerotized
head capsule and adjacent to the semimembranous area. Their points
of origin are separated by a distance as great as the width of one of
the stipites in the “lower jaw.” The sutures arch laterally and ap-
proach again when slightly more than halfway to the anterior limits
of the head capsule. Here the sutures arve nearly parallel for a very
short distance and are about as widely separated as at the point of
origin. From here the sutures bend laterally and extend at right
angles to the median plane to where gradual and uniform curves will
talce them sround the outer margins of the hases of the mandibles.
Each would appear to pass between the base of the mandible and that
of the aitenna,

The scierite which is set off by these tivo sutures from the remainder
of the head capsule is the “frons with nasale” of Hyslop (10). It is
a fused plate containing the frons, clypeus, and nasal lobe without
indication of points of separation. The nasal lobe or nasale owes its
origin to the fusion of the plates and to the apparent disappearance
of the labrum. The nasale (fg. 1, 4, n) is of taxonomic Importance
both in placing the larva in the family Elateridae and in determining
the division of the family to which if belongs. Its importance, how-
ever, i much more limited than is_realized by many authors owing
to the changes wronght by wear during the period between molts.
The amount of wear is influenced by different types of foods. The
special structures of the nasale will be discussed more fully under a
separate heading.

The frons bears three pairs of bristles which are particularly
noticed. Other sctiferous punctures are often found nearer the
nasale, but arc not so outstanding, The pair situated within the
neck of the vase are noticed for their location rather than their size.
They are found, one on cach side, near the frontal sutures and where
theso sutures first approach one another. Two large spines are situ-
ated on the wings 0? the sclerite not far from the ends and about
midway between the base of the mandible and the frontal suture.
These spines, onc on each side, are similar in size and length to the
larger of those found on the stipites. The third, and last of the
pairs mentioned, are found one on each side near the frontal suture
and both posterior to and outside of the longer spines just described.,
These latter spines are greatly reduced, and in size are approximately
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Froure 1.—Head eapsule of larva of Linioniug canws! A, With mandibles and

antennae, dorsal view; B, without mandibles or antennae, ventral view.
Beth X 60,
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midway between the first and second pairs. £ similar comparison

may be made of the alveoli from which the spines arise. The alveoli
of the third pair of spines have about half the diameter of those of
the second pair, but are nearly twice the diameter of the alveoli of the
first paiv. ~Spines similar in size to these of the first pair ave to be
found in the front center of the selerite. and when several are present
they are often arranged in an are. Other setaceous growths appear
around the nasale. These latter will be discussed in connection with
that organ,

The areas of the head capsule outside the frons and nasale are very
generally fused from the postoecipital suture, from which arise the
frontal sutures, to the surfaces of mandibular articulation. The an-
tennal sclerites, the less sclerotized arens surrounding the base of
the antennae, are distinetly marked, while setae-bearing grooves, one
on each side, extend from the ventrolateral base of the mandible to
near {hie posterior mavgin of the capsule. The area thus formed sur-
rounds the “lower jaw.” Its free lateral margins are very greatly
infolded and are connected to the intolded lateral margins of the
stipites by a flexible membrane. The slender sclerites laterad of the
“lower jaw,” the hypostomaia (fig. 1 B, &), bend mesally at their
posterior end, where they are joined by the anteriovly-bent ventral
ends of the postoceipital ridges (fig. 1, B, pr).

The Iateral walls of the hewd capeule extend much farther pos-
teriorly than the posterior margin of the epleranium, the dorsal part
of the head. These lateral posterior extensions appear to be more
important in the articalation with the thoreie sepinents than does
thie dorsal marvgin.  Posterior to the postoceipital suture is a sclevite,
or series of sclevites, which may e more cervical than cephalic,
Dorsally the sclerotized part iz very narrow, including little more
than the posterior wall of the suture, and fades inte the interseg-
mental membrane connecting the head ta the prothorax.  As the arch
'of the head eapsule is followed laterally, and posteriorly. the width of
the selerite appears to inerease nntil ab the dorsolateral extrenities
it forms a tviangular plate whose acute angle exiends posteriorly
under the exoskeleton of the prothorax. This extension of the
sclerotized area is an invagination of the suture, however, for it lies
under the transparent intersegmental membrane and is a part of the
endoskeleton.

Between the anferiorly bent ends of the pustoceipital vidges is an
aren, the gula (fig. 1. B, gu). whose anterior portion is very slightly
colored and merges into the nonsclerotized membrane surrounding the
cardines of the lower jaw.” Tts posterior margin, however, is a struc-
tnre usually hidden within the prothorax. In the fully expanded
Iarva it appears as a navrow cupid's bow exiending neross the median
part of the ventral surface and stmilar n color to the longitud::-al
sutures of the cardines. It iz hrown in comparison to the vellow of
the part of the sclevite which is antevior to it and to the white of the
infersegmental membrane by which it 1x usualiy covered.

This bow-shaped posterior margin of the gula appears to extend
behind the postoceipital ridges and o strengthen the posterior margin
of the head eapsule. The posterior (entorial arms (fig, 2, A, ¢p) arise
on the inmer surface of the postoceipitud ridges withoul any external
indication of posterior tentorial pite. One prong of each extends
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dorsoposteriorty a shorr distance, but the longer pare extends dorso-
anteriorly. It passes direetly over the articulation of the posterior
tip of the cardo to the mesal end of the margin of the hypostonia and
serves as a support for the stomodaenm, the foregur.

THE Ny-iLe

Thie nusale is defined Iy Bivine awd Cratghead {1 p, &y ax—
. P

an anterfor and median proejection from frons, formed sither by a fusion of
frons, elrpeus aod Iabrim, or somwetimes by frons and clypeus alone; in this
latter cuse Wibrum is small aud hidden helow the nasal projoction,

A frue Tabrum in the sense of 2 movable upper 1ip has not been found
in the lavva of Limondes canos
142780— 30—
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The above definition of the nasale is subject to question in its ref-
erence to the larva of this species. It has a narrow median projection,
while in certain subfamilies of elaterid larvae the term “anterior and
median projection” would apply to much more of the anterior margin
than in this larva. For example, in the larva of Pyrophorus tuminosus
Tilig. {20, p. 248, fig. 2} the definition of the nasale would apply
to tm avea which would include the indentations on both sides of the
tgnterior and median projection” in larvae of Limontus canus.

TWhile the narrow median projection of this species is the most
highly sclerotized area and is the portion which is in direct apposi-
tion to the inmer tooth of each mandible, the base and lateral wall
of the deep indentations on each side of the median projection is ob-
sorved to assist in crushing food bodies. Thus, much of the work is
divided over the anterior margin. Moreover the sensory areas, which
form a part of many labra, ave largely situated on the lateral wings,
the mandibular sclerites of Guéniat (5, p. 108). TFurther, these duties
are not normally those of the clypeus. For these reasons it is best
1o include in the discussion of the nasale all the aveas on the anterior
margin of the fronto-clypeal sclerite which assist in the masticatory
processes and also the adjacent sensory areas.

As stated in the discussion of the head capsule, the nasale has been
considered of primary importance In the taxonomy of elaterid larvae.
This plate has considerablle value in the separation of groups and is
werhaps as variable between species as any structure on the larvae.
In the case of the various species of Limondus larvae reared, it has
been repeatedly observed that the mnasal projection, as well as the
tips of the mandibles, is very subject fo wear, the amount of wear
being in part dependent on the type of food. The larvae of Limonius
canis have been observed to be especially subject to variation in the
form of these wearing surfaces during the period between moits.
Because of the variation in the form of the nasal projection and
the mandibles their value as a specific character 1s very questionable.

The median projection (8g. 1. 4, nmp) appeais when viewed from
above as a nearly square extension into the space between the man-
Qdibles. Tt is sitnated much farther ventrally than can be shown in
a dorsal view; it is in apposition to the mandibles, in that the inner
tooth, the proximal lobe of the mandible, grinds against the under
surface of the nasal projection; and it is situated almost between the
mandibles as viewed from in front (fig. 8, 4). In freshly molted
speeimens the anterior end of the projection is trilohed and some-
what expanded. This effect may soon disappear in larvae that feed
on comparatively hard food, as wheat or corn kernels.

On ench side of the median projection is the depression in the
margin of the sclerite. These (fepressions {Gg. 1, 4, nd) are each
nearly as wide as the projection. Their walls are nearly vertical, und in
the basal wall of each is a cavity which contains two setal alvecl.
From each of these alveoli avises a strong bristle which extends
anteriorly over the cavity between the mandibles for a distance fully
twice the length of the median projection, and these bristles atinin
the tips of the closed mandibles. While the mesal walls of the de-
pressions are nearly straight and parallel, the lateral walls extend
anteriorly in a smooth arc to & point near the base of the proximal
Jobe of the closed mandible. A farther extension of this sclerite bends
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faterally over the mandible. The outer half of the lateral margin,
and most of the portion above the mandible, is provided with a dense
growth of bristles. This heavy brush of hairs is directed mesally
and somewhat anteriorly. It brushes the upper surface of the mandi-
ble and probably sweeps back any food particles that might cling
to the mandible as 1t is being opened,

The Iateral wings (fig. 1, 4, nlw), the mandibular sclerites of
Guéniat, in addition to the dorsal mandibnlar brushes on their mar-

-
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Figure 3.—Head capsule of larva of Limonius canus: A, Anterior view, with
mandibles and antennae; B, lateral view of left side. Both X 55.

gins, each bear two short but comparatively heavy spines. These
are similar in diameter to the largest ones on the fronto-clypeal
sclerite, but appear to be both shorter and more stifly fixed in tﬁeir
sockets. With the more lateral one of each pair of spines in the
nasale depressions they form lines extending diagonally forward and
over half the distance across the lateral wings., Near the base of the
nasal area and extending from the base of eacl depression laterally,
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fully as far as the terminal spine in each row, is a narrow area quite
uniformly supplied with sensory organs which appear to be different
from any others found on the larva.

Superficially these sensory organs (fig. 1, 4, nso) appear similar to
setal alveoli of average size, but without setae except for a minute dark
speck in the center. Sections through the nasal area, however, show
them to be globular bodies nearly flush with the surfuce of tle plate,
They completely fill their cavities in the sclerotized plate. Each
organ is nearly spherical, slightly flattened on top and with a minute
elevation, a liftle point, in the center of this flattened exterior surface.
The farther from the nasal depressions the organs are sitnated the
deeper they are in their sockets and the longer the median -spike,
Within, the organs each show a channel leading through the sclerotized
portions of the cuticuls. The channel is bent posteriorly and dis-
appears in the tissue on the inner surface of the cuticula.

The walls of the individual sensory organs arve thin while the
interior appears to be hollow. The stains being used on the prepared
slides do not differentiate nerve tissue, and turther studies will be
necessary to determine the type and amount of inuervation. The
general appearsnce of the organs is similar to that described for the
s(.ensilla, campaniformia of Snodgrass (17, p. §21) and Eltringham

3, p. 98).

Laterszlly from these sensory areas and connecting the brush-
bearing margin of the Iateral wing swith the fronto-clypeal sclerits
is a nearly transparent, uncolored avea which further covers the dorsal
surface of the mandible.

These regions described collectively under the name “nasale’” are
a part of the head capsule in that they are immovable, and with the
other areas described under the head eapsile form the only immovable
portions of the exoskeleton of the head. The endoskeleton will be
mentioned only as it influences the external portions.

THE PREORAL CAVITY

The preoral cavity of the larva of Limenius cunus presents some
interesting adaptations from the hypothetical primitive col--ipterous
larva. A development of considerable importance in the feeding
habits of the lavva is the presence of extensive hair brushes and sieves
in and around the preoral cavity. The amount of hair appears to be
much greater in this species than in many of those that have been
studied at the Jaboratory at Walla Walla. Wash., and is much greater
than that figured by Guénint (5, fig. 16. B, p. 112} for Agriotes
obscurvs (L},

Mention 1s made under other headings of the hair growth on
the laciniae, at the base of the mandibles, on the inner anterior angles
of the lateral wings of the nasale, on the tips of the labial palps and
the galeae, and on the dorsal surface of the labium. In addition to
these, other dense grow ths of hair are to be found on the hypopharynx
and the “closing plate” (fig. 4, /7).

The hair growth within the preoral cavity and along the lateral
margins of the hypopharynx is a_continuation of the rows of hairs
formed by the brushes on the laciniae. These rows along the mar-
gins of the hypopharynxs are composed of very many hairs d nearvly
fill the preoral cavity, while the individual hairs appear to be longer
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than those of the lacinine. Like those of tite lacinine these hypo-
pharangeal hairs point forward and inward. These hairs of the two
organs form long lines which assume much the form of a funnel for
the passage of food. The direction of the hairs, however, would very
efficiently prevent the passage of any large particles of food.

4 further obstructien to the funnellike food passage is the tuft
of hair, the labial brush (fig. 4, B, 1b), described as on the dorsal

FioURE 4.—TIlead parts of Inrva of Limonius canus: A, Precral eavily, dersal sur-
face. X 37; B, preoral eavity, ventral sarface, X 87; €, mandible, with
apodemes, > 0o,

surface of the lnbium, specifically the prelabium. These hairs are
erect in growth and form an obstruction across the food passago
about one-third of the distance from the anterior tip of the labium
to the closing plate when the parts are in an extended condition.
Since (hese hairs closely brush the upper surface of the preoral cavity,
the epipharynx, they divide the passage into two parts.

These two parts of the preoral cavity are evidently divisions of
the cibarinm.” There is no indication oI a salrvarium, nor has any
structure been found which might be considered as either salivary
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gland ov salivary meatus, and while digestive fluids are commonl
found in the preoral cavity they have been seen to be discharge
from the stomodaeum.

The anterior portion of the cavity is widely open in front and af-
fords a ready passage for food. The palpi and mandibles bring the
food into position while the hairs of the many brushes prevent its
escape laterally, The secondary or posterior portion is more heavily
clothed with hairs; even the ventral surface, the upper surface of the
hypopharynx, is clothed with short, anteriorly divscted hrirs. Micro-
scopic sections through this region show small; anteriorly directed
hairs on the ventral surface of the epipharynz, the roof of this portion
of the cavity, which gross dissections had failed to show. The hypo-
pharynx is restricted to this secondary portion of the cavity; for
the floor of the anterior portion is the labiwm and the lateral marging
of the lacinize, the mandibles are its walls, while the roof is formed
by the subnasale und the space anterior t¢ the nasale in which the
proximal lobes of the mandibles move.

The hypopharynx (fig. 4, B, kph), understood to be the ventral
surface of the portion of the preoral cavity posterior to the labium-
borne tuft of hairs, extends posteriorly to the clesing plate, the
structural mouth. The hypopharynx is very subject to being ex-
tended until the surface is smooth, or shortened until it forms one
or more extensive pockets or folds. Longitudinal muscles are so
attached to its under surtace as to make the primary pocket im-
mediately behind the labial tuft and the secondary pocket just anterior
to the closing plate. Its form is subject to the movements of the
sundry parts of the “lower jaw™ and somewhat to the movement of
the closing plate. Qbservations of the feeding larva and of the larva
when dissected in Ringer’s solution and electrically stimulated in-
dicate that every possible movement of these areas appears to be par-
ticipated in quite frequently. "The sundry palpi, the labiwm, and the
“lgwer jaw? as a unit are thrust forward and withdrawn; the anterior
end, or the posterior end, of the “lower jaw” is raised or lowered,
while a similar motion may be noted between the two sides of the
same arca which gives to it o lateral rocking motion in addition {o
the linear one.

The transverse sclerotized plate (fig. 4, B, ¢p) at the posterior end
of the hypopharynx is termed the “closing plate,” since it provides
a means of closing the opening into the alimentary canal. Properly
it is a portion of the digestive tract, of the mouth proper, and not of
the preoral eavity. It does, however, bear brushes of hairs and affords
a. posterior limit to the cavity. The posterior margin of the hypo-
phavynx is attached to the plate, while the ventral portion of the
anterior end of the stomodaeum is likewise attached to it. The lateral
wings are attached to the anterior portion of the head capsule by
strong mmnscles, and in gross dissections the plate has been found
{ightly pressed against the roof of the food meatus just posterior to
the thickened plate which is the subnasale and epipharynx. The plate
is readily detached from the ventral portion of the head and it is
moderately diffienlt to dissect open the preoral cavity so as o retain
the structure in the ventral half.

The closing plate is twice as wide as long and the anterior and pos-
terior faces ave approximately parallel, though the latter is rounded
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posteriorly in the middle. The four corners of the plate are extended
laterally and provide attachmments for muscles, The hair growths are
attached to the yellowish plate by a brief, but transparent, membrane,
They extend in a continuous row from near the posterior angles, along
the lateral ends, and across the antevior face of the plate. The hairs
are greatly reduced in length and in number for approximately the
middle one-third of the anterior margin. The remainder of the hair
growth supplements the lateral rows of the hypopharyngeal brushes,
Under certain conditions the brushes of the posterior portion of the
preorzl cavity are pushed forward and fill the space between the
nasale and the bases of the mandibles and extend as far us the tip of
the nasal projection.

The subnasale (fig. 3. 4. ns), the posterior surface of the nasal pro-
jection, is difficult to study sutisfactorily. If seen with transmitted
light it may show little more than the pattern of the less densely
sclerotized areas of the nasale. In this instance & would be a bluntly
three-lobed figure somewhat similar in shupe to the sasal projection
but considerably reduced. When viewed from the anterior end of the
nasal projection it is seen that the subimsale slopes ventro-posteriorly
and an mmpression i3 obtained of a gerrate margin, In well cleared
specimens, or when viewed by reflected light. and under magnifica-
tions of at least 80 diameters, the subnasule 1s seen to be provided with
conical projections or points over much of its surface. The arrange-
ment Is more comparable to that of the cells in a honeycomb than te
a system of rows. The length of the points appears to mcrease poste-
riorly though their bases are not greatly increased in size. This
condition continues posierior to the bases of the depressions on each
side of the nasal projection. These puints have been noted to be
sharper in recently molted larvae than in thuse which have fed for a
time. This would indicate that the projections arve subject to consid-
evable wear. The posterior margin uf the subnusale is abrupt, the
edge appearing right-angled with the posterior sirface extending
dorsally, Trangversely the posterior margin 13 smooth and arcuately
bent anteriorly near the ends. Flexible tissue forming the remainder
of the roof of the preoral cavity and of the anterior portion of the
stomedueun is attached (o this margin of the subnasale,

THE ANTENNAE

The movable parts of the head are the antennae, the mandibles, and
the “lower jaw.” The last iz the plate combming the maxiilae and
labium. The antennae are the least of the organs in size, bug are
morphologically considered to be the most anterior in point of origin,
and will be described first.

The larval antennae are situated laterad of the mandibles, The
antennal socket (fig. 3, B, s}, from which the antenna avises. occupies
the space provided by the lateral end of the anterior tip of the dorso-
ventrally flattened head capsule and the concavity on the lateral
margin of the mandible. The antenna as it arises from the antennal
socket is partially proteeted by the laternd surface of the mandible.
It is attached o the antennal socket by a flexible transpuarent membrane
which permits-of considerable retraction of the antenna, as well as
free movement in any direction. This membrune may Include an
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antennal sclevite. No artieulatory peint has been observed on the
larval antenna,

The antenna contains three sclerotized segments. The basal or
proximal segment (fig. 8, 3, aps) is one-half the length of the entire
antenna, while it is corvespondingly greater in diameter than either
of the more distal segments. This segment is larger than any of those
to be found in the maxillary palpus and is Jonger than either of the
segments of the galea of the same larva. Its form is cylindrical. but
a slight lateral bend in the segment is accentuated hy an entargement
at the distal end on the side away from the mandible. A few minate
spines ave near the distal end of the segment,

The intermediate segment (fig. 8, B, ais) is also intermediate in size.
Tt is slightly more than half as long. or as wide, as the proximal one.
On the other hand, it is Ionger than the distal segment and much greater
in diameter. Cylindrical in form, the segment increases slightly and
uniformly in diaméter toward the distal end, where it hears a_few
smal] spines. It is attached to fhe truncate distal end of the proximal
segment by a transparent membrane.

The distal segment (fig. 3. B. ads) is a slender sclevotized cylinder.
Tts distal end is rounded and membranous. This tip bears three,
perhaps four, shart but comparatively heavy spines with very thin
walls. Very minute papillae are also present on the membranous tip.
Sections through these delicate parts have not been studied.

A transpavent. unsclerotized. cone-shaped structure is associafed
with the distal segment on the truncate €ip of the intermediate segment,
This is termied the “supplementary joint of antenna® by Biving and
Craighead (7, p. §3). the “factile papilla” in referring to the draw-
ings made Ly Hyslop in the same publieation (pl. SG). the “sense
process” which Hyslop (10. p. 258} refers to Béving (1910}, and the
“yeeessory process of the antennae” by Whitehead (22, p. 229) in hig
list of abbreviations uged on the plates. It is generally found on the
antenmae of the Jarvae of the fanuly Elateridae, and in certain genera
the number of tactile papillse acquires importance as a faxonomic
character. Similar structures were noted in the illustrations of the
larvue of 45 coleopterous families. Its purpose is sensory, but further
study will be necessary o make cortain ag to the type of cells present.
In this species Lhe supplementary joint {8g. 3. B. wsf) avises from the
end of the infermediate segrment. and 1s mesad of the distal segment.

THE MANDIBLES

The mandibles are the ontstanding features of the larval head of
Limonius canus {fig. 1. A meny. They ave rugged, hieavily sclero-
tized. and brown. becoming black toward the tips. To jndge from
their appearance their functions arve those of grasping, pieremg. and
tearing rather than of grinding and pulverizing. '

Each mandible bears two teeth. The distal lobe {Ag. 4. O, mdl} is
the primary portion of the mandible. Tt is hent mesaliy, and in the
newly melted larva the distal lobe meets and overlups that of the
other mumdible when the inner or mesal margin of the mandible ap-
proaches the plane parallel to the median Iine ot the Jarval body.
This overlapping of the distal lohes iw charncteristic of the closed posi-
tion of the mandibies, These lohes are =suliject to wear, however, and
specimens of this species are frequently found in reared material the
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lobes of whose mandibles will not nieet. Normully the closed mandibles
provide the larva with a highly sclerotized edge to the wedge formed
by the anterior portion of i's hody. The narrowing of the mandible
iwardly is partially compensated for by the overlupping of the
tps, and & nearly transverse edge is provided this anterior t) 3 of the
wireworuy.

Approximately three-fifths of the distance from the base Lo the
anterior surfuce of the mandible, und on its inner surlace, 1 the prox-
imal Iobe (Hg. 4, ¢ mpdy, This is variously termed the retinaculum,
the proxidentis, and, perhaps, even the molar lobe. I¢ is somewhal
similar in shape and duvection to the distal lobe, but is smaller, is not
over half as long, and is directed posteriorly instead of slightly an-
teriorly as is the distal lobe. It uppewrs subject to heavy wear and
1s as apt to be worn down or broken as the morve prominent distal lobe.
Tvidently it has more of a molar duty than its pointed shape would
indicate. It is apposed to the nasal projection and to the surface of
the subnasal.,

Each mandible consists of the highly modified stub of a segmental
appendage. It has developed an articularory union wilhy the dorsal
surface of the head in addition to the one on the ventral surface, hus
modified its muscnluture 10 perniit of the opening and the powertul
closing action in a single plane, and has developed the rigidity of
structure to withstand normul weny,

The buse of the mandible is roughly triangular with the angles at
the two points of articulation and at the base of the mher op blade
edge. The dorsal articndation surface, dorsal condyle, preartis, or
epreondyle, is a distinet socket (fg. 2, Ly mnde), This socket is rather
deeply stken 1o the Lasat angie of the mundible wd articulates on
un arched thickening of the anterior margin of the frons (fg. I, 4,
mde). The appearance of this articulatory surfuce preeludes wny
movement other than in the one plane—any other would be uver jo-
regulur surfaces, It is a heavily selerotized projection of the cranial
margin which is rounded oniy an the line of the phe through which
the mandible moves. The union is very definitely a ginglymodal joint.

The ventral articulation, on the CORLEAry, conaists of a bafl-shaped
projection of the ventral fteral angrle of the base of 1he mandibie {lig.
1, 5, mea). "This ventral condyle {postartis) articulates in o socket,
in the anterior margin of the pleurostoma just outside the hypos-
tomal suture (fig. 4, ¢!, mee).  These ventral articelation surfaces
are of a type that woukl peroit movement in any plane. This is 1o
be expected, since the primitive insect forms show the ventrad condyle
as the only articululory surface aud since e primitive nandible
1s provided with a wider range of movement.

O the lateral base of the mandible appears w lateral projection
which s strengthencd by w ridge extendtng anterlorly along the
lateral surface of the organ (fig, 4, Oy mlp). This projection arises
from near the ventral condyle, and its lutéral end scrves as the point
of attachment for the smaller of the Lwo apodenes whiclt extend
postertorly into the eranial cavity {lig. 4, €y mda). This apodeme is
Lransparent i stroig conlrast to (he darkly colored muandibulur
structare. The ubductor mnselos are aitachod to its marging.

LEETE - By
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The angle at the base. of the cutting edge of the mandible is quite
acute. The mesal apodeme {fig, 4, ¢!, mma) avises from this basal
angle. This apodeme is larger than the lateral one but is, like it,
a thin. chitinous. nearly transparent plate. The greater part of this
plate lies in nearly the sume plane as the ventral suwrface of the
mandible, but the mesal linear margin is bent dorsaliy. Tlus pro-
vides a small dorsoventral plane and greatly strengthens the apodeme.

The munscles which are attached to these apodemes arise from
invaginations along the hypostomal suture {fig. 1, B. As) where it
purallels the cardines and from a similar invagination (fig. 1, 4, dis)
shown externally by the groove and series of spines on the dorsal
surface of the head and almost directly dorsad of the hypestomal
suture.  All the head capsnle. with the exception of a median band
narrower than the distance between the bases of the mandibles, is
devoted to the musculature of the mandibles.  The location of ganglia
of the brain in the prothorax has been mentioned (. 53). The food
neatus 15 to be found passing through the head capsule, the anterior
oanglia of the sympathetic nervous system is there. and at times
the anterior tips of the superoesophagenl ganglia; the remainder is
almost entirely the musculature deveted to the feeding process, and
most of it has to do with the opening and elesing of the mandibles.
These mandibular museles arise from the head capsule considerably
posterior to their points of attachment to the apodemes. Thus the
spontaneous and equal contraction of dorsal and ventral museles will
exert a posterior pull. and since these muscles arise from points in
a plane between the two apuademes their action will also exert a
fateral force. The force the adductor muscles apply to the mesal
apodeme will draw the tip of that organ backward and to the side
and in this manver cause the mandible te rotate on its axis and the
tip of the mandible fo describe an are ending in the closed position.
Similarly the foree exerted by the abductor muscles upon the lateral
apodeme will eause the mandible to swing cutward into the open
position, The relative power needed in the two movements of the
mandible is well illustrated by the comparison of the distances of
the respective points of attachment of t]ha two apodemes from the
plane of the axis and alzo the respective amounts of musculature. It
is very evident that many times as much power can be applied in
closing the mandibles as is necessary to open them.

The inner base of the mandible is provided with a brash of hairs,
termed by some authors the penicillus (fig. 4. ¢, mb), which points
anteriorly into the preoral cavity., Nearly a fourth of the inner edge
of the mandible is sheathed by these hairs. The hair-bearing surface
extends posteriorly past the base of the mandible as though to pro-
toct the connective membrane of the mandible ot this point.

Much of the dorsal and ventral surfuces of the mandibles is cleaned
by scrubbing hair growths on the lateral wings of the nasal region
and the various organs of the “lower jaw.” The lateral margin of
the mandible serves as a profection for the antenna. and its surface
appears smooth. The anterior surface, however, except the highly
sclerotized distal lobe, is sparsely clothed with extremely fine hairs
which atize from minute. but distinet. alveoli. These hairs ave prob-
ably sensory. those of the brushes having other primary purposes.
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THE “LOWER JAW"

The movable plate on the ventral surface of th~ head of a wire-
worm consists of n union of the various parts of the maxillae and
the labiam to provide a unit for movement. The various movements
in which this plate acts as a unit, together with its unified appear-
ance and taxonomic importance, Jead to the need of some term which
can be used for the unit. Boving and Craighead (1, pls. §4, 83)
illustrate the “veniral mouthparts,” Hyslop {10} repeatedly speaks
of *labium and maxiliae,” Guéniat (4, p. 172) ferms this plate the
maxillelabial apparatus (appareil maxillo-labial), Horst (8, pl. {,
£ 4, and in texf) uses the term “lower jas,” while Glen {4, p. 233)
ealls it the “hypostome.” The frst two terms are not specific enough
to describe u plate ng unified in action and appearance as that found
in the wireworm. The use of the term “hypostome” may be 2 mis-
interpretation. The ferm is applied to the labrum of trilobites and
other Crustacea {Websters dictionary). and to the lower portion of
the fuce of Diptera and Hemiptera by Smith (16). Snodgrass (17,
- 127Y, however, defines the term as applying to a portion of the
lateroventral surface of the head capsule, and in this description the
hypostomata ave considered the nuvrow sclerites of the head capsule
bordering the opening on the ventral surface of the head capsule.
Of the terms “maxillolabial apparatus” and “lower jaw” the latter
has the advantage of both brevity and an indication of unity, ad
the part called “lower jaw™ is to be understood as the unified movable
plate on the ventral surface of the larval head which is made up of
the parts of the maxillae and the Jabium. This is the plate Me-
Dougall (72} used for wmeasuremen(s instead of the head eapsule
when studying instars and larval growth,

The “lower jaw™ {fig. 2, B, 1j} 1s a newrly square area, its length
doubied by the addition of the pulpuslike structures at the aaterior
end and the two small and roughly trianguiar sclerites at the pos-
terior end.  The plate Hself is made up of three linear and parallel
sclerites. The form of the lateroposierior angles of the Interal yele-
rites and the width of the posterior end of the middie sclerite are
factors influencing {he form of the “lower jaw” and are of tuxonomic
mportance.  In the “lower jaw” of the larva of Limenius canus the
posterior angles of the lateral sclerites ave nearly 90° angles, and the
medial selerite is very shightly narrowed posteriorlyv, The middle
selerite, with its antertor appendages, is the Inbinm. The lalera
ones, with their unterior attuchments, and (he smaller posterior plutes
are the maxillae,

Tre Maxiira

The individual maxilla represents the least modified of the sey-
mented appendagres serving the inseet mouth, In (he wireworm of
this species the posterior, or proxinal, selevite, the cardo (fig. 1, B, ¢J,
is small and roughly trianngulur in shape. The lese Interal selerite
distal to the cardo is the stipes {#). At its anterior or distal end
are the two endite lobes normnlly found in the maxilla, ‘I mesal
Jobe is the lacmian (far). while the Iateral lobe is the gulen (4).
Slightly posterior to these terminal organs and at the fateral anglo
of Lhe slipes is the maxillary palpus (mps). Buach stracture will
be described under a separate heading,
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THE CARDY

The eardo (fig. 1, B. ¢) is the proximal segment of the maxilla and
is nearly right triangular in shape. The distal end. the base of the
triangle, fits divectly apainst the proximal end of the stipes und is
conmected to it by a briet but very flexible membrane. The mesal
marein, the perpendienlar of the triangle. is somewhat irvegular and
meraes into the membranows tissue connecting the two cardines. The
lateral mnrgin, the hypotenuse, ix move regular and, hecause of its
infolding. much darker in eolor. This infolded margin greatly n-
crepses the rigidity of the carde. which is further strengthened by
the invagination of the sutuve which passes longitudinally through
the selerite. The eardinal sutnre (rvn} approximately bisects the
distal margin of the cardo and passes longitudinally throngh the
selerite in an undulatory eourse to near the proximal end of the
lateral margin. The suture firmly unites the two pavts of the cardo,
the mesal or subeardo {ax). and the Iateral or alacavde fea).

The proximal end of the cardo ix strengthened by the fision of
the infolded tateral movgin and the eardinal sutwee. This end articu-
lates with the posterior end of the marein of the hypostoma. The
jeints ar the two ends of the eardo permit the backward and for.
ward movement of the “lower jaw.”™ When the “lower jaw™ is ve-
tracted the cardo is in a nearly perpendicular position. but when the
muscles that arise from the under surfuce of the rentorinm and are
attached to the inner =urface of the cardo near 2 distal end contract,
the cardo is pulled into a hovizental position and the “lower jaw™ is
shoved anteriorty the Tength of the canlinal selevites, This illustrates
the Imits of movement of the “lower jaw™ and the inportasee of the
cardines in itz movements,

A single sera is Jocaled i the aluieardo midway between b= lateral
margins and toward the distal end.  Thix »eta s similar in <ize to
the smaller ones of the group of four at the distal el of the <tipes,
The alveolus shows white in eomtrast to the brownish yellow of tho
survomuling plate,

THF STIPEs

The stipes (g 1, B, vy 1= the largest part of the maxilla, and the
twe stipites. togethier with the postlabinm which is between them,
form the Inveer part of the “lower jaw.” TFach =tipes b= a nearly
rectaneular plate, The inner. or mesal. mavgin i3 steaight and eon-
nected to the postlabium by a narrow membrane. The inner proximal
angle is practically a right angle ov very slightly obtuse, whereas the
ouler proximal one closely approaches a vight angle but <l rs from
the inner in being rounded. The lateral margin of the sclerite is
very nearly straight, and very nearly parallel to the inner margin,
The distal end of the stipes is not sa smonthly rectangulae, Tt serves
ags the bage for the attachment of the maxillary palpus, the aalen,
and the lacinia in that ovder from the lateral to the mesal angles,

The mesal margin of the stipes is slightly bent inward.  The amount
of the inward bead gradually increases distallv. The onter margin,
however, is bent inward « distance approximately one-half the breadth
of the ventral surfuce of the selerite.  This infelded lateral margin of
the stipes is again bent. thiz time mesally. The result is & flange of
the scterite which is parallel to the ventral surface. Similarly the
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infolded margin of the hirpostoma {p. 8) 12 doubly bent. but the
flange thus formed extends under tle stipes rather than back wniler
the "hypostoma. has the inwardl, or mesal. bent flanze of the
stipes rests tipon the extended, ar mesaty bent. Hange of the hypostoma.
The width of the fdange of the stipes i= vedneed distally. while the
depth of the depression in. aiul the wilth of the opening hetween, the
hypostomae is reduced proximally,  The very Hexible mewibrane con-
necting the stipes to the hypostoma arvises from the adoes of these
flange-like margins.

A group of spines, nsually four in nwwber, form an ireoular vow
alnmg the margin near the distal angle of the visible portion of the
stipes. The most proximal of these i perhaps half az long as the
selerite, It viewed founi the <ame anelo. and arives from a conipuratively
larae, piceular, nonsclerotized pir. The second spine of the series
15 not over a thivd as long s thie Bret and noies from a ~mall alvealns
situated near the marpin of the stipes. The third spine i= <imilar in
size to the first. Tts afveolws i< w0 far on o the slope of the marein
that from the normal viewpoine it does not appeatr ax large as that
of the first.  The la-t =nine in the vow is similar in size to the fecond,
and its alveolus is farther fron, the margin than that of the third,

The lateral marain of the stipes heds =lightly outwaud from a point
proximal to the Hest spine af rhe groun, and the infolding nf the
margin is greatly diminizhed from approximately this same place.
Directly acroms the plare from the second spine of the series and on
the inner margin of the <tipes i au aren which in elegred ruaterial
is apt to appear to be 1 lavge alvealus.  The =tmeture ix not on the
ventral swrface of the wripes. however. and appears to have some
relarion to the proximal end of the anterior-mesal face of the lacinia,

The discel end of the <tipes shows one. and <ometimes two, distinet
sutitres o the ventral surface in <one speetes of elaterid larvae. In
Hy-lop’s figure ot the larval moucl Drts of Wonorr pedine anpitug
(Hb=ty (Biving and Craighead, 7, PSSO iy the area thos saf
off is termed the dististipes. These sutures wre not present on the
stipes of the lurva of Limonine rapus, A rather distinet line is formed.
however, by the Timits of <lorotization,  The nonsclerotized men may
be termecd the diztistipes (He. 1, B. /).

TIEE MAXILIARY PALDCS

The maxillary palpus (He 1, B, mp) of the larvn of Limonius
canns apparently consists of only four semmonts.  These have their
tubnine sules heavily selerofized "while the enls of i =Hents arp
colotless. When the paipus is artifivially exrended. 2= in the Hlus-
teadion, there develops an evagination of the memlyane surroniil-
ing the base of the proximul segment whicli may assuwe mueh the
appearance of a distinet segment,  On the other hand the palpuis
may be withdravwn into the distal emd of 1he stipes nearly the lewrth
of the proximal seement. Thix floxible menbrane does not aoiear
to have aoy of the charnereristins of n palpal =egment. but i- anly
the conuective menthane,

The thivid, or next to last, seement of the palpus bears two spines
near tha distal margin of the selevotized wren.  The proximal ceg-
ment frequently bears o similar spine.  The tip of the distal woq-
ment s provided with short, minute. tran=sparent sensory spines,
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These are distinctly different from those on the tip of the galea.
Oceasionni civeulnr areas similar in appeavance to the alveoli of the
gpines are found on the selevotized suvfaces, but are not seen to carry
spines.  These may also be sensory.

THE GALEM

The gnlea (Ag. 1. B. g} is a distinet, vobust lobe consisling of two
nearly equal segments. It is situated between the maxiliavy palpus
and the lacinia at the mid portion of the distal end of the stipes.
The distal segment of the galea Dears a Targe number of short, conrse
spines at its tip. This dense elunip of sensory spines canses the tip
of the segment to appenr reduced and drawn out. Several longer
spines form a ring around the sensory tip amnd are lnrae enough to
provide it with considernble protection, Normally the tipof the
alea is divected Forward and toward the median Hine, No paticular
activity has boen noted for the organ.

FHF LAtINIA

The lacinia (fg. 1. B, lac) is nornaliy the mesal endite of the
maxille. In the undisturbed farval mouth-parts it is hidden by the
nnmense growth of hairs with which it is elothed. This halr growth,
the lacinarastin. is locsied on (he ventral and mesal surfaces of the
licimin., The hairs form a dense brovh and ave divestod shahtly for-
ward but mostly toward (he median line and veach past the labial
palpus when it s in its normal position. Thie dense mnss of hoirs
very thoroughly ¢loses the opening hetween the maxilln aud the
fabium,

When the lacinia js dissected ont it proves to be a chitinous plate
wireh i strangly concave to allow its close appreach to the mesil
side of the galea. Tts mesal surface s a verteal wall set at right
angles to the horizontal plane of the stipes, and thix elongrated side
is attached to the infolded surface of the himer margin of the stipes
(see p. 21). Ty virtue of its vight-angle position the lactnia forms
the wall of a channel in which the tubular labium is permitied a
dlorsoventral movement.

Tre Lanivs

The labium does not show any signs of the pajred condition of
the sceond maxillae of primitive inseet forms except the paired
labinl palpi. The slender labinu, the middle portion of the “lower
jaw™ which separates the two masiiae, is reachly divided inlo two
parts. The distal portion, the prelabiwm (fig. 1. B {pe}, is freely
movable and bears the lnbial paipi (/p). whereas the proxinal por-
tion of the orgun, the postlabiwm (Zpe). is closely attached through-
ot mast of its lenmth to the mesal marging of the stipites. Consid-
erable confusion has develeped over the wse of terms for the various
parts of the insect labium, and the ternm useld heve appear lenst
cubjeet to misinterpretation.

TR IMOSTLANICM

The proximal portion of the Iabium in insects is frequently divided
into two parts or sclerites, the proximal selerile being termed the
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submentum and the distal one t! e mentum. These terms are also used
for the proximal and distal portions of the labium, respectively. The
elongate, flattened, sclerotized, proximal plate of the labiwmn of the
larva of Léimonius canus might be termed the submentum and the non-
sclerotized portion at its distal end the mentun. There is no distinet
division between the two parts exeept the rather gradual reduction in
sclerotization, It seems unnecessary to treat the prrts separately,

The postlabium (fig. 1, B, Tpo) "tapers proximal ly, and near the
proximal end is suddenly reduced in width. “The end is rounded. The
reduction of the plate 1s formed by, or is to provide voom for, the
alveoli from which arise spines similar in size to the largest of those
borne by the stipites. The spines are slightly distad of the proximal
corners of the stipites, and the end of the sclevite extends stightly into
the area between the cardines. The distal half of the solecotized
plate bears along the lateral margins oecasional regularly spaced
spines. These are nli small with the exception of the most distal one
on cach margin, This dista) spine is approximately as long as the
postlabium is wide at this point. The alveolus from which it avises
1 larger than the others in the row. The pits in which the alveoli
of the distal pair of spines are found mark the distal end of the
uniformiy sclerotized plate.

The membraneous ares at the distal purt of the postlabium is less
closcly united to the mesal margins of the stipites and partakes more
of the cylindrical form of the prelabium. The sides round in more
gradually and the ventral surface is not so flat as that of the more
heayily sclerotized proximal area. The distal end of the postiabium
is little more than an extensive connective membrane. It is possible

for the prelabium to be retracted into the distal end of tlie organ
until over half of its sclerotized plate is covered by the semitrans-
parent membrane of the postinbium.

TIHE I'RELABIT A

The distal portion of the labium, the preiabivm (fig. 1, B, Ipe),
forms the mesal part of the Jower lip of the opening of the preoral
cavity. Tt is not fixed Vike the nasale abave, hut is subject to exten-
sive movement backward and forward in the horizontal plane. This
movement is due to two sources. The entire “lower jaw” moves ag has
been mentioned, and in nddition the prelabium may be retracted into
the distal end of the postlabinm ndependently of the movement of
other mouth parts. A dorsoventral movement js also apparent,

The prelabium as viewed from the ventral surface is 1 pear-shape
sclerotized structure atiached to the postlabium by its smaller end
and with the palpi attached to the ventrelateral angles near the distal
end. The organ becomes less selerotized distally und the tip from the
bases of the palpi is membranous.

The glossae and paraglossue of the generalized insect labium have
disappeared except for the sensory area of the prelabial tip, The
Jabial paipigers and the lubiostipes have fused without any mdication
of the union.

Two spines arise near the distal tip and close to the median line.
Six spines are on the ventral surface of the sclerotized ares. The two
largest are somewhat smalier than those at the proximal end of the
postlabium. The pits which contain their alveoli are farther from the
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median line than ave the irner margins uf the bases of the palpi while
they mark the approximate point where the organ increases in width,
Near each of these large spines and tovard the lateral margin arises
a spine less than half ags long. The last two of these six spines are
near the proximal margin and in the plane of the largest. The lust
two are much the smallest.

The membranous tip is provided with short, blunt, transparent
sensory organs which appear different from those onany of the other
mouth parts. They are somewhat scattered over the surface sur-
rounding the tip, especially on the dovsal surface, Vevy little has
been learned of their cellular structure,

The prelabium, when dissected out, proves to be exylindrical in form
with the dorsa) surface forning a portion of the floor of the anterior
part of the preoral eavity. Tis surface is membranous, but posterior
Lo it and on the more proximal part of the prelabimm s a selerotized
aves from which arises a large, dense tuit of slender but stift bristles,
the Jabiat brush (fig. 4. B, /6. These bristles slant. forward at the
points of origin. but bend gradually apward until their tips are
directed dorsally. They appear to be somewhat bent away front the
mesal line further to outline the food meatus.

The sclerotized plate fron which the brrush arises is readily sepa-
rable from the remainder of the labitn and is Trequently left in the
preoral cavity when the “lower jaw™ is dissected away. The plate is
{he dorsal portion of the selerotized tube which forns the proximal
part of the prelabium.

The labial brush separates the preoral cavity. as has been men-
tioned, into two parts, and the plaze from which it arises serves for

the attachiment of the anterior margin of the hypepharynx.

THE TANIAL PALPL

"The labial palpi (fig. 1, &, {p) arise from the distal end of the
prelabium near the lateral edges, but on the ventral surface. Iach
consists of two segments. The scgments are similar in structure to
those of the muxillary palpi. The proximal segment is more slender
than those of the muxiliary palpy, but the distal segments are very
similar in size. Eaeh proximal or basal segment bears a spine on ity
ventral surface. Lhe spine is similar in size o those near the cistat
tip of the prelabinm.

The distal portion of each segment. as with the other pulpl and the
antennae, i covered with a semitransparent membrane in sharp dis-
tinetion to the strongly selesotized tubular walls of the body of the
segment.  The tip of the listal segment bears numerous sensovy
papillae which are sinilar in appearanes to the smaller ones on the
tips of the gmileae,

THE THORAX

When one of these wireworms is killed with hot waler, or exam-
inod alive after having been submerged in water for a day or two,
the body back of the head is scen to be nearly eylindrical while the
three thoracic segments are each provided with a pair of legs which
are oxtended ventrally from this eylinder. The skin is seen to con-
tain a definite number of harder hrownish areas. Fhese ave seen in
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cross section to be somewhat thinner than the intermediate membrane
and prove to be relatively inflexible. TUnder normal! conditions the
greater part of the thick, flexible membrane is not visible, since it is
folded under the sclerites, which may even overlap when the larva
Is in extreme contraction. The larvae of Limonius canus are ob-
served to maintain themselves in g nearly eylindrical form, somewhat
flattened beneath, when crawling. The legs are held close to the
flattened under surface.

THE PROTHORAX

The sclerites of the prothorax differ markedly from those of the
other two thoracic segments, the latter being much more like those
of the abdomen, but all are alike in having a large tergite covering
nearly the whole upper haif. The sternite heneath is next in size,
and there are two or three plenrites on each side that are much smal-
ler and vary in the successive segments.

THE ProvoTUM

Since most of the dorsal muscles are attached to the posterior mar-
gin of the head capsule and to the antecosta of the mesonotum, they
pass completely through the prothorax. For this rexson the prono-
tum (fig. 5, A, pn) bears folded ronncetive membrane {im) ut the
anterior as well as the posterior margin. This folded intersegmental
membrane permits of the telescoping of the adjacent segments and
15 found on the posterior margin of the dorsal surface of the thoracic
and first eight abdominal segments. The prothorax is the only seg-
ment which bears this tvpe of membrane on the znterior margin,
This is because the head cupsule telescopes into the prothorax rather
than over it.

The dorsal surface of the prothorax is a distinetly sclerotized, vel-
Jowish plate longitudinally divided by the median suture. The torm
“notum” is used to distingnish more readily betwoeen this aren of {ho
thoracic segments and the similar areas, the terga, of the abdominal
segments. This sclerotized area is greater than in the other thorucic
segments.  The length of the plate 15 as great as the greatest length
of the head capsule and a half longer than the notum of either of the
other thoracic segments. The sclerotization is intermedinte betwoen
that of the head capsule and that of the other thoracie and the ab-
dominal segments, The punctation is minate, seattered, and trrogu-
lar. The punctures are for the greater pavt nearly uniform in size,
the distance hetween them averaging about 10 times their diameters,

Six spines ave on each side of the pronotum near the posterior
margm. These arise two cach from depressions in a line paralle! to
this margin, The depressions are rounding and of greater diameter
than their distance in {rom the edge of the sclerotized ares, Two
alveoli, or spine sockets. are found in cach depression, one heing di-
rectly anterior to the other. These alveoli show as round white areas
surronnding the bases of the spines. The spines are brown, normally
erect. and vary somewhat in length, averaging about one-third the
Jength of the pronotum. They are comparable to the longer of the
spines found on the stipites. A'similar arrangement of spines is found
on_cach of the succeeding segmients to and including the eighth
abdominal.
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Tieure 5.—Cuticula of body segmeuts of Iarvie of Limonina copus split and
fnttened out to show nll parts on fhe sume pizne: A, Thoracie seguents;
B, eighth, ninth, and tenth nabdominal segments. Both X 1b.
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The pronotum, however, bears on each side near the anterior margin
SiX spines, very rarely more, which are not found on the dorsal sur-
face of the other segments. This peculiarity may result from the
fact that this is the only segment whose anferior margin is not at
times telescoped into the segment ahead. These spines are like those
just described in size and like them arise two from a depression, very
rarely three. Iach depression contains separate alveoli similarly

laced, but the depressions are more irregular in arrangement. The
ateral two are close together and equally near the anterior margin.
They are located nearer the median suture than the middle one of the
three on the posterior margin. The innermeost of the group is approxi-
mately twice as far from the margin. This depression is nearer the
median suture than the innermost of those near the posterior margin,
A single smaller spine is sometimes found Letween this last pair and
the more lateral two pairs.

The pronotum extends farther down over the sides than does this
sclerite on any of the other body segments. The sclerotization weak-
ens laterally from a line just outside of the lateralmost pair of anterior
spines, and gradually fades into the []Jleuml membrane. The anterior
and lateral margins are nearly straight, whereas the posterior margin
is slightly arcuate, the plate being gradually lengthened posteriorly
near the middle,

THE PROPLETRA

A portion of the propleura may be fused to the pronotum. A com-
parison with the abdominal segments would indicate that the outer-
most, pair of posterior spines should be berne by the pleurites, though
1t may be that these abdominal sclevites are laterotergites. On the
other thoracic segments similar pleurites, or laterotergites, are found
as in the abdominal segments. Their absence from the prothorax may
be a result of the heavier sclerotization which may have spread
across the membranes connecting the sclerites and fused them into o
common plate,

The pleural plates adjacent to the insertion of the legs are similar
to those in the other thoracic segments. The lateral margin of the coxa
shows a definite articulation with the coxapleurite. The pleural suture
(fig. 5, 4, ps), which gives strength to (he coxapleyrite, extends later-
ally a short distance, then bends forward into the episternum. The
anterior extension of the suture is nearly as long as its basal portion.
The suture is a very distinet, dark-brown line. The internal pleural
ridge is visible in cleared material.

The episternum (fig. 5, 4, eps) extends anteriorly from the basal
portion of the pleural suture and parallels the margin of the pro-
notum. Anteriorly it fuses with the proslernunt (pos) by means
of the precoxal bridge (prb).

The epimeron (fig. 5, 4, epim) is separated from the pleural suture
by a very narrow semimembranous area. It extends posteriorly
along the margin of the pronotum and bends around behind the coxa
to form the gradually less sclerotized postcoxal Lridge, It bears
a very small spine nearly in line with the posterior margin of the
coxa,

The amount of pigment and the degree of opaqueness of these
sclerites is difficnlt to express. The epimeron blends into the sur-
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rounding membrane on all its margins, least at the anterior end. The
episternum is distinetly margined along the inner edge until it joins
the precoxal bridge. Two Jarge spines mark this edge, the anterior
one marking the point where the episternum joins the precoxal
bridge. The fused arvea of episternum, precoxal bridge, and sternum
fade out anteriorly, while the inner leg of the inverted V formed by
this fusion fades out along all its margins.

ToE DPPROSTERNUM

The outstanding sclevite of the prosternal avea is the presternum,
the acvosternite of Horst (8, p. 34). Korschelt (17, vol. 2, p. 533 and
fig. 87) in describing the Dysiscus larva states that Berlese calls this
plate the acrosternite and uses the term in his illustration, but in his
discussion he terms it the “brustschild,” while Weber (%1, fig. )
illustrates the presternum as a portion of the head capsule in elaterid
larvae. ‘This plate (fig. 5, 4, pes) appears as an isosceles triangle
with its base forming the anterior margin of the ventral surface of
the prothorax and closely attached to the posterior surface of the
head. This sclerite is as intimately connected to the head as it is to
the other parts of the prothorax. The slightly blunted apex of the
triangle reachcs two-thirds of the distance from the anterior margin
of the segment to a line between the centers of the coxae. The
roughly diamond-shaped area with one corner at the posterior tip of
the triangle and the opposile corner at the midpoint of its base is
the most heavily sclerotized portion of the prosternum. The prester-
num. together with the pronotum. forms a strong sclerotized ring
around the body as a support and shield for the head.

A sclerotized invagmation of the body wall, the prosternal
apophysis (fig. 5, 4, pa), which appears on the ventral surface as a
small, dark-brown, clengate portion of the endoskeleton, is on the
midline and about one-fourth of the distance from the base to the tip
of the triangle. It is situated at the apex of a small isoscles triangle
whose eqnal sides arise from the anterior margin of the presternum
and are marked by rows of extremely fine bristles, Each side line is
more distinct in the basal portion than near the tip, perhaps owing
1o the infolding of the surface to form the apophysis. éince the
triangle is indistinct, the bristles and their alveoli minute, the
apophysis is the only feature generally noted.

Midway between the anterior margins of the coxae is a small
sclerite lightly fused with those portions of the sternum which are
united to the ¢pisternum by means of the precoaxal bridge. A similar
but less sclerotized plate is at the midpoint of the posterior margin.

The arrangement of the spines on the sternum 1s quite definite. Tn
addition to the minute ones mentioned in connection with the
apophysis there are two spines on the presternum. They mark the
approximate lateral angles of the more heavily selerotized diamond-
shuped area. Between the two spines which mark the margin ef the
episternum and the tip of the presternum and within the sclevotized
aren are formd spines. One large and one smaller ave vrually found
on each side, their arrangement paralleling the margin of the prester-
num. Associated with them ave smaller. minute gpires. A minule
spine is found on each lateral margin of the plate between the coxae.
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THE MESOTHORAX AND METATHORAX

The mesothorax and metathorax are similar. A general descrip-
tion will be given with the variations noted as they are encountered.
These segments are intermediate in form as well ag in position be-
tween the prothorax and the abdominal segments. The mesothorax
bears a spiracle (fig. 5, 4, spd) on each lateral wall near the anterior
margin, whereas the metathorax, like the prothorax, bears none,
The middle thoracic segment also differs from the posterior one, the
metathorax, in the anterior margin of the notum being arcuate to
coincide with the posterior margin ot the pronotum, which is grad-
ually bent posteriorly in the vicinity of the medial suture. The
anterior margin of the metanotum, like the posterior margins of the
nota of both segments, is straight,

Trie Xota

These sclerotized plates cover the dorsal surface and extend at each
side onto the lateral surfaces. VWhile not occupying as nwuch of the
larval length as the pronotum, the mesonotnm (fig. 5, 4, msn) and
the metanotum {min) are each very similar to it. Like the pronctum,
they do not show any differentiafion into sclerites, the only suture
being the medial one (ms) marking the median line of the dorsal
surface, which is the line of the splitting of the cuticula at ecdysis.
The punctation is more variable in size than on the pronotum and
with the larger punctures somewhat denser {oward the anterior
margin.  The folded portion of the intersegmental membrane { im) is
Tound only on the posterior margins of these segments.

The two inner pair of spines on cach posterior corner are similar in
location to those on the pronotum. The third and outer pair of spines
has migrated anteriorly and is located alinost midway along the side of
each notum. The three pairs of spines on the anterior corners of the
pronotum have been replaced in each case by a single spine and a
groove. The single spine rises from a smaller depression and is slightly
farther from the median suture than is the middle nair of spines on
the posterior margin of t{he saume segment or the lateralmost pair of
spines on the anterior margin of the pronotum. It is situated well back
from the anterior margin, as far as the innermost of the anterior pairs
on the pronotum. Inward from this spine a groove develops which
extends mesally in a slight aie nearly parallel to the anterior margin
of the notum. It is as though made by a very small Angernail pushed
into the chitin of the plate and toward the front. Thus the ends of
the arc bend posteriorly and the anterior margin is thickened as though
the surface liad been shoved into itself, while the posterior margin is
gradually thinned toward the bottom of the groove.

Single small spines are sometimes fornd near each end of this groove.
They arise, when present, from alveoli which are similar in appearance
to many of the punclures of the notum. In the anterior corners of
the nota usually are found two or more, frequently several, minute
hairs arising from apparently novmal pmnetures. ~ The mesonotum
often shows more of these minnte hairs than does the metanotim,
Individual Iarvae may show varialion in arrangement and number on
the bwo sides of the body. While some of (he hairs nay be lost throngh
handling of the lavvae, even {he arrangement of the punctures which
contain the alveoli is not uniform in the speeies or the individual,
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THE PLEURA

Two scleriies on each lateral surface appear to be portions of the
pleura, The anterior sclerite in the mesothorax bears the spiracle
which in larvae is frequently a charvactevistic of the pleuron. The
posterior sclerite is the larger and is right-fviangunlar in form. It is
separated from the notum and the anterior sclerite by a wide band of
nonsclerotized tissue which extends from the posterior margin diag-
onnlly forward and downward to the anterior margin of the segment.
The anterior pleurite is separated from the notum by a narrow band
of conective tissne. This band js directed downward and backward
from the anterior margin to its inferception with the other diagonal.
Thus the lateral margin of the notum extends ventrally between the
two pleurites. This condition is noted only in these two segments, for
the Jateral margins of the pronctum and of the terga of the abdominal
segments are nearly straight. The two pleurites ave separated from
the sclerites beneath them by a line paraliel to the body axis. The
membrane along this line varies in width but forms an open band of
nonsclerotized tissue longitudinally across each segment and continuing
the line formed by the pleural membrane of the prothorax,

These two lateral sclerites may be portions of the episternum and
epimeron, they mayv be Iaterotergites, or they may be extrapleural
plates, but for purposes of distinction they can be termed the anterior
and posterior me«opleurites and metapleurites (fig. 5, 4, pem and
ppm).

The episternum (fig. 5, 4, eps) and epimeron (epm) of these thor-
acie semments are similar to those of the propleura. The coxapleurite
is on the lateral margin of the coxn and is determined by the pleural
snture (ps) and the pleural ridge. The pleural suture extends directly
from the coxa to the pleural membrane; it does not bend anteriorly
as in the prothorax.

The episternum ig shovier than in the prothorax owing to the greatly
reduced lengths of these sepments. It appears to be fused with the
precoxal bridge (prb}. but the sternal sclerites are so slightly colored
as to be impossibie to trace without special treatment. The sclero-
tized area, which is the episternum and probably some portion of the
sternum, very likely the precoxal bridge, is distinet from the area
located on the ventral surface. Its inner margin throughout most of
its length is marked by a row of conieal projections. These projections
are heavily sclerotized. darkly colored, quite rigidly attached to the
chitinous tissne, These short, heavy gpines arise from alveoli which
show as very narrow white rings around the bases of some of the
spines. In prepared sections through the body wall of the larva the
individual alveolus shows as a deep, close-fitting cup into which the
tapering base of the spine fits rigidly. From six to eight spines are
normally found aleng this dingonal margin of the episternumi. The
arrangement is usually in a row, but may become somewhat irregular
toward the front end. It gives much the appearance of u ctenidium,
On the episternum, especially toward the front margin, are a number
of minute spines arising from similarly minute and rather evenly
distributed punctures,

The epimeron is not separated from the pleursl suture as in the
propleura. The lateral margin is distinet, but the portion toward
the coxae and the postcoxal bridge fade into the conmective tissue with
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little line of demarcation. The sclerite bears a spine in line with the
coxae. Those on the metathorax are somewhat farther back than the
spine on each epimeron of the mesothorax.

THE STERXA

The sternal area (fig. 5, 4, s#) is membranouns in appearance and free
from selerotized plates except for small and but slightly colored areas
close to the intersegmental line at the anterior margin of each seg-
ment. There are three of these on each segment in a line across the
body. The lateral ones are more distinet than the one on the midline
of the ventral surface. The lateral ones, moreover, resemble in ap-
pearance, and in the presence of rather evenly distributed minute
spines, the anterior portion of the episternum, Since these plates
each Iie anterior to the episternum and precoxal bridge they may be
portions of this fused plate separated from it only by the transverse
mnfolding of the ventral surface. The sclevite on the midline shows
more of the structure of the sternal area.

The membranous-appearing areas are of varving intensity of struc-
ture. A wedge-shaped avea, with its elongated tip extending back-
ward between the coxae and with its base including the three slightly
sclerotized areas just described. is a sternal plate. It shows under
magnification and in certain lights to have n roughened surface and to
be connected with adjucent portions of the body surface by connective
tissue. Lack of sclerotization, or more probably lack of pigmentation,
has tended to make the plate indistinguishable. It bears eight moder-
ately small spines arranged in an elongate oval paralleling the base

of the wedge.
THE SPIRACLES

The presence of a pair of spiracles on the mesothoracic segment
has been noted. These are similar in appearance to the eight pairs
to be found on the first eight abdominal segments. They give the
appearance of each being two rather slender parallel openings in the
caticula. The slits are directed anteroposteriorly, and they increasa
slightly in size toward the anterior end.” Closer examination indicates
that the openings are only cross-striated grooves which increase in
depth anteriorly, and that much of the spiracle is in the area imme-
diately anterior to the grooves. The center of the anterior area is
scarred, and in sections through the cuticula this scar is seen to close
&1 opening into a chamber forming the onter end of the trachea. The
parallel grooves serve to bring the air i contact with a wali of the
tracheal chamber, and the gases diffuse through this wall,

The spiracles of the larva of Zimonius canus ('f-ig. 8) are very similar
in form and function to those of Alaus oculatus deseribed and illus-
trated by Snodgrass {(I7, p. 145, fig. 234, 4. B. ', D). The grooves
{the secondary atrial chambers of Snodgrass) are more nearly parallel
in the spiracles of the larva of L. canus than in A. oculatus. The V-
shaped form of the latter is similar to that observed in larvae of A.
melanops Lee. The scarred area is not so distinet in the larva of
L. conus as it 1s shown in the iliustration of A. ocwlatus or observed on
the larva of 4. melanops, and the color ot the spirvacular sclerite in
L. canus does not contrast so strongly with the rest of the hody surface
as in 4. melanops. This is due to the heavy pigmentation of most
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of the sclerites of the larva of Z. canus. In both instances the larval
spiracles are brown, but the nearby sclerites of L. cznus ave brownish
yellow whereas those of 4. mefenops ave nearly white.

THE LEGS

The six legs of the larva of Limonius canus ave simple in structure,
if not in appearance, and ave little modified from the typical larval
pattern. They each consist of coxa, trochanter, femur, tibia, u one-
segmented tarsus, and pretarsus with a single claw. "The pairs of the
ihree thoracie segments show lit{le difference in size or structure,

though they increase slightly in length
from front to back. They are short, com-
pactly tolded against the sterna, and en-
tirely hidden by the body when it is viewed
froml ahove. Their appearance is made
noteworthy by the large number of very
heavy spines with which the various seg-
menta of each leg are armed.

THE Coxa

The coxa (fig. 3, A, er) is much the
largest segment of the leg. It is oval in
form with its longer axis lying crosswise
of the larval body and protruding farther
and farther from the level of the sterna
as it approrches the median line of the
body. The single external arficulation
(e} is slightly in front of the midpoint
of the end nearest the pleural line. The
articulatory surface is dark and extends as
a slender pointed projection into the body
eavity.

From the hase of this point of articula-
tion two sutures arise with the correspond-
ing thickening and strengthening of the
enxal wall.  One, the antertor and perhaps
the coxal sufure (fig., 35, L. ces), continues
Frocne G—ahdominal spira- the “I.}L‘ 01_‘ the plenral suture and extends

clo of Limonius vanns, vighe vver the top of the coxa arching shightly

side of larva. X 200, anteriorly and reaching nearly to the inner
enel of the coxa and including the articu-
Iation of the trochanter. This suture or ridge forms the ventral
margin of the anterior face of the coxa. The posterior suture (fig. 5
A ewp). which has zome of the characteristies of the basicostal sulure,
follows the posterior surface around te the inner end and joins the
anterior suture. The aren inclosed by the two sutures forms a <e-
pression in which the fewur, tibia. and a portion of the tursus rest
when the leg is depressed.

The spines with which the coxa is armed are similar in color and
structure to those of the episternal margin in the mesothorax and
metathorax, while in size {hey are as large or larger, there being con-
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siderable varintion between those on the indizidual coxa. The more
rounding procoxae carry 4 few more of these spines on the anterior
surface than the more elongate mesocoxae and metacoxae. The num-
ber of spines ranges in {he neighborhood of 20 to 24. The posterior
sarfaces of the several coxase are very narrow, somewhat subjeet to the
rabbing of the leg segments. aud are generally free from spines of
this kind.
Tie Troomaxten

The trochanfer is a small sclerite fused to the proximal end of the
femur and 1s triangular in form when thie leg is viewed from the
side. 1n poesition, however, it is buried in the coxa, for the suture
conneeting it with the femur is tha line of connection with the coxa.
The trochanter forms a heavily sclevotized prolongation of the femur
extending into the coxt and providing aliachment for the various
muscles which move the trochaater and the attached fomur.

THE 'EMUR

The upper surface of the fomur (fig. 5, 4, f) is for the major por-
tion not sclevotized; even the distal part is very lightly constructed,
as this surface is In contact with the surface of the coxal depression.
The lateral aud ventral surfaces ave similar in appearance to the
sclerotized surfaces of the coxae. They Lear spines like those of
the coxae on the distal two-thirds. The portion neavest the trochanter
18 bare owing to its contact with the coxa when the log is extended.
The spimes number ubout 8 or 10 ou each side, leaving w strip length-
wise of the vential surfuce of this and the following segments bare,
The position of the spines serves to incresse the width of the (raction
surface as well as provide against slipping. These spines on the
anterior margin are_the heavier, less pointed, and tend to be in two
distinet and pavallel rows. Those on the posterior margin, us the
leg lies in its normal transverse position, are Jess regularly placed.
Two long hairs avise from the opposite ends and near the posterior
margin of the open strip between the two groups of spines, They
are several times as long as the spines.

TBE TInta

This intermediate sepment (Rg. 5. 4, ¢) has little to distinguish
it except that it is the first (o provide a complete eylinder. "The
margins of the ventral surface are similarly spined as i the femur.
The number of spines is shghtly reduced, six or seven Leing the
usual number.  Only one long hair is noted and it is townrd the
distal end of the segment,

THe Tatses

This single segment (Rg. 5, 4. fa) has the dorsal portion nearly
striaght, whereas the venteal surtace s ronndingly curved upward
toward the distal end to the comparatively small union with the
pretarsus.  The spines are arrnged in single rows along the mavgins
of the ventral surfuce and the sules of the unjon with Lhe pretarsus,
There are generally five on each side. As in the other segments,
the spines on the anterior margin ave much the heavier.
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Tie PRETARSUS

This dactylopoditelile terminal segment (fig. 5, 4, pta) counsists
primarily of a more heavily sclerotized structuve. The reduction
in the size of the eylinder which formed the leg is rapidly continued
and the tip is dwawn out into 2 single, slightly curved, clawlike
point,

THE ABDOMEN

The third body section of the larva of Limonius canus, the abdo-
men, continues the form shown by the thoracic segments when the
larva is killed in hot water or leff in water for several hours. The
body becomes distended and cylindrieal; the membranous areas be-
tween the various sclerites are exposed, and the relationships of the
sclerites and conjunctivae are meore apparent. In the contracted
condition little, if any, of the connective membrane may be seen, and
the relationships of the sclerites to one another are not entirely clear,
for they may even overlap. The living larva appears cylindrieal
above, widened and Hattened beneath,

The abdomen of this wireworm consists of 10 visible segments.
The first 8 are very uniform in size and structure, The ninth, the
terminal segment, carries the terminal armature and is of consid-
erable importance in the determination of species. The tenth seg-
ment forms a portion of the ventral surface of the ninth segment
and contains the anal opening. Since the tenth segment is not gen-
erally noticed, the wireworm may be considered as consisting of 12
body segments in addition to the head, 3 thoracic and 9 abdominal

segments,
FIRST TO EIGHTH SEGMENTS

Each of the first eight abdominal segments has the following six
distinet sclevites: The termum, sternum, two laterotergites, and two
pleurites. A very limited area avound each spiracle might be con-
sidered as a distinct sclerite, but since it consists primarily of the
sclerotization of the spiracle walls ic will be spoken of as the spiracle.

THEE TERGUM

The dorsal surface of cach segment in Limonius canus is protected
by a single sclerite, the tergum (fig. 3, B, at), which is divided longi-
tudinally into two equal parts by the median suture (ms). The
sclerotization of the terga 1s very similar to that of the nota of the
two preceding thoracic segments. The principal difference is to be
found in the greater length of the groove (fig. 5. B. amg) found on
each side and near the anterior margin. in comparison with those of
the mesothorax and metathorax. Whereas in these thoracic segments
the groove is compared to the print of u minute fingernail and ap-
pears to have developed from two depressions, each for a pair of
spines, as seen in the prothorax, on the abdominal terga the groove
parallels much of the anterior margin of the sclerite and latcrally
bends posteriorly and roughly parallels the lateral margin for nearly
half its length. ~ On the first abdominal fergite the anterior portion
of the groove is moderately short; it is Jongest on the second to fifth
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tergites and somewhat shorter in the more pusterior segments. It
decreases in intensity mesally and does not attain the meﬁmn suture,
The inner margin gradually fades from the darker sclerotized surface
to the nearly white bottom of the groove. The outside or anterior
and lateral margins, respectively, of the groove are dark and sharply
outlined. This margin is scalioped from one punctation of the ter-
gite to the next. These punctations. like the most of those which
are sparsely and somewhat irregularly spattered over the surface of
each tergum, are similar in appearance te those depressions which
bear spines. Under magnification of over 100 diameters and in cer-
tain lights most of these depressions appear to contain spines, but
under low powers the spines cannot be seen.

Certain spines are very readily seen.  One arises in the angle made
by each groove. Another is near the lateral margin of the tergum,
opposite the midpoint of the spiracle, and slightly posterior to the
spine just mentioned. Near the pesterior margin and paralleling it
are three depressions each of which bears two spines, These depres-
sions are elongate, contain two alveoli. ~uud extend at right angles to
the margin, The lateral depression bears the longest spines and is in
line with the single spine near the spiracle. The continuation of the
lateral portion of the groove would pass between this lateral depres-
sion and the middle one, while the inner depression is about midway
between the lateral margin and the median suture.

THE STERNUM

The sternum {fig. 5. B, s¢) is the sccond largest sclerite of the

abdominal segment. It covers most of the ventral side, and though
1t is made of several plates there is little indication of any division
throughout the sclerite. The width of the plate is sharply reduced in
the posterior half to provide space for the two plewrites, From a
point about one-third of the way back along the side of the sternum
the lateral margins bend from a line parallel with that of the hody
and extend diagonally backward toward a point near the middle of
the posterior margin of the sternumn. At shightly more than three-
fourths the length of the plate the marginal line turns slightly out-
ward and continues in that divection to Lhe posterior end of the plale.
The form of the pleurites is such as o fit into this indentation in the
sternum. The measurements are variable, since the size of the pleu-
rites decreases from segment te segment posteriorly, until in the eighth
segment the pleurite interferes but slightly with the parailel margins
of the sternum.

The number and position of the spines vary from segment to seg-
ment. In general the segments farthest back have the most spines.
The number along the lateral margin ranges from four to seven
spines comparable to those of the tergum. Smaller hairs may be
iguind In many of the punctures if the magnification is sufficiently

igh.

Trr LATEIOTERGITES

Next largest in size are the Jaterotergites (fig. 5, B, lg), the slender
sclerites paralieling the Iateral margins of the tergum. These appear
to have a narrow splinter of sclerotized plate split off from the ventral
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margin, The separation is broad at the anterior end. but gradually
narrows posteriorly and the splinter usnally appears to fuse with the
larger plate shortly posterior to the tip of the spiracle. In a few
instances, however, it has heen possible Lo mount sections of the body
wall so as to show a complete separation between the splinter and
the larger sclerite, When separated it is seen that the small selerito
is two-thirds the length of the larees one. The anterior halt of the
smaller plate is much widey than the posterior half: the change in
width occurs rather swddenly and on the margin nest {o the lurger
plate, whose margin shows a corresponding bulge, At this point of
the change of width a curions structure may be noted within tLe eutic-
ula. What appears to be a hollow tnbe (fig. 5. 2. ¢r) extends from
a darkened point on the margin of the larger sclerite across the
selerite to about its middle, the general direction being towuard the
posterior tip of the spiracle, This may be seen in most eleared larval
mounts under the disceeting microscope. and with the compound
microscope when the transmitted light s cut to a minimum. From
the cross section of (he larval body the structure appears to be a
selevotized rod within a definite tubular cavity, and this is also the
interpretation of the stroetnre as viewed from the inner surface of
the body wall.

Each of the larger laterotergites bears on its dorsal margin a pair
of spines similat to the ones found near the posterior margin of the
tergum.  This pair of spines is situated somewhat farther forward
than the posterior tergal ones. Neattered punetation is to be noted on
the surface of the plates. expecially toward rhe anterior end.

The mareins are, except for short disfances near the ends, very
distiner, aand appear to furn inward to serve as points of musele at-
tachment.  Cross vections of the larval body show lateral mnscles
attached to these narsins, expeeially the ventral,

Tasg Preira

The =mall gelerites inthnately asoclated with the sternum, and
becoming =maller progressively from seginent fo segment toward the
posterior of the larva, ave the pleura. The shape is ronghly that of a
choe with the fiat of the =ole directed t)hiillll('%}' forwarnd and toward
the stornum, the toe pointing forward. Two spines ave present on
each pleuron. exeept on the eighth segment. The larger is found near
the mulpoint of te margin favthest from the sterninm, the smaller
spine being somewhat farther from the margin and posterior to the
one jiist mentioned. Like the larerotergites these selerites are sparsely
punctate, nmore densely toward the auterior end. The margin nearest
the sternum. the shoe sole, i= the = distinetly outlined,

NINTH AND TENTH SEGMENTS

The niuth abdominal seament forms the posterior tip of the
hody. The segment i= Jonger than those immediately preceding it,
roundingly narrows the bady widrh, aixd does not hear spiracies but
carpies the heavily selerotized terminal armature. On the ventral
surfice between the ~termun of the ninth abdowminal segment and
the under surfnee of the terminal armature is the tenth abdominal
segment.
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Tor NINTH TFRGUM

The ninth tergum (fiz. 5. B. /%) has been expanded and modified
to fit a special condition. The lateral portions of the orooves char-
acteristic of the terga of the preceding abdominal segments have their
outer margins raised and intensified with inereasing sclerotization
posteriorly.  The posterior portion of the tergum is bent downward
and under to eielose the terminal portion of the segment. The size

Frovrr 7.—Mighth, ninth, amd denih sthidominnd seinenis of leva of Dimenins
cantig not fotiencd ont @ 4, Lol view s B, doesal view,  Porh # ).

and selerotization of the armatare of the poxterior ends of the Iateral
grooves continue fo increaze nntil portions extend hoth dorsally and
posteriorly considerably beyond the plate of the tergum,

This terminal armative. the urogomphi (fg. 7.1 and ), is of
taxonomic importance among the Luvae in the portion of the elaterid
family termed the Pyrophorinac. of which Linenrics is one of the
genera. I the Javvae of Limonins canus the urogomphi are paired,
each urogomphus consisting of a prolongation extending posteriorly
and divided at the tip into two prongs. One of these prongs is bent
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dorsally and narrowed to a blunt point. The mesal surface of this
prong 1s nearly perpendicular. The other prong is bent inward to-
ward the median line of the dorsal surface of the body. The tip
of this liorizontal prong points toward that of the horizontal prong
of the other urogomphus and slightly posteriorly. The two horizon-
tal prongs form at least two-thirds of the posterior wall that encloses
the space whose anterior wall is the downward-bent surface of the
tergmn and whose lateral walls are the basal portions of the uro-
gomphi. This enclozed space, the “kevhole,” is to be found in those
species of Limenius and Athous whose larvae have been examined.
In larvae of Limonivs canus the tips of the horizontal prongs never
approach close enough to arouse any question as to whether they
tonch. ‘The plane of these prongs is higher than that of the ninth
tergum, and the direction of the keyhole 1s backward as well as down-
ward, enough so that when the point of a No. 1 insect pin is inserted
gently into the keyhole from above and allowed to come to rest it
will form an angle of approximately 45° with the dorsal surface of
the larval body—the larva being held straight.

The scleratization of the ninth tergum is little if any heavier than
that of the preceding terga, and the punctation is very similar, Many
of the punctures of the ninth tergum, especially those of the lateral
and posterior surfaces of the segment, bear single spines comparable
in size with the paired ones of the preceding terga, The dorsal sur-
face does not bear the median suture characteristic of the thoracic
and first cight abdominal segments. It does bear, however, in the
median ares of the dorsal surface, two irregular longitudinal wrinkles
which appear as theugh the surface had been folded in to accom-
modate an excess of material.  These wrinkles are approximately hali
the length of the disk, slightly closer together posteriorly than ante-
riorly, and may be connected posteriorly. Two rows of heavy per-
pendicular muscles arise on the under surface of this plate and are
attached to the tenth segment.

The laterotergites as distinet sclerites have disappeared, their lateral
positions being taken by the margins of the tergum. The pleural
suture has given place to a very wide connective tissue which has much
the appearance of a connective membrane.

THE NINTH STERNUM

The sternum of the ninth segment (fig. 5, B, st9) Is a consoli-
dated plate occupying the anterior and lateral portions of the ventral
surface of the segment. It is more convex than the sterna of tho
preceding abdominal segments, and when gross mounts are made 1s
subject to splitting along the median line. The sclerotization is also
lheavier than that of 1he other sterna, though little darker in color.
The punctures are more distinet and many of them carry heavy
spines; about 18 or 20 are of average size 1nd tend to be gatherved
about the margins of the tenth segment. The outer osterior angles
of the sternum are hent backward and nearly enfold the {enth seg-
ment, Jeaving only & very short space where the connective membrane
of the tergum and the intersegmental membrane are in contact,
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THE TENTIT SEGMENT

The tenth segment (fig. 5, B), which has migrated from & terminal
position forward into the sternum of the ninth and turned the
ninth tergum downward and under as it drew it along, consists of
a small sclerotized plate, tho telson (fig. § B, fel), with a
ring of intersegmental folded membrane avound it and the anal
opening, the anus, occupying the major portion of its area.
The anus (fig. 6, B, @) is not only the posterior opening of the
digestive tract, but in the wireworm has assumed considerable
importance as an organ of locomotion. The opening appears
to have somewhat the action of a vacuom cup, and the organ
may be moved a considerable distance along an anterior-posterior
line without changing the direction of the face of the cup.
Another direction of movement of this organ which is very apparent
in the living larvae is its vertical movement. The purpose of the
movement is not so apparent as that which pushes the Iarva ahead
or assists it in withdrawing, but it may bring the prongs of the
urogimphi into contact with the soil when burrowing. Horst (8,
p. £9) in discussing the larvae of Agriotes spp., refers to the work
of Brass (2) and gives to the organ the name “Nachschieber,” or
back-pusher,

About 30 spines are distributed over the tenth segment and pro-
vide the surface with sensory structures,

The walls of the anus are another ring of folded membrane and
the external valve as seen is a longitudinal slit.
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