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THE COMPARATIVE LARVAL MORPHOLOGY OF REPRESENTAT!VE
NEW WORLD DRYOPOiID BEETLES
i NTRODUCT I ON

With the publlcation of Leng's checklist (1920), taxonomists be-
came aware of the need for a mors natural system of classifyling the
Coleoptera. Such a system could only be developed when an adequate
consideration of larval features Is taken Into account along with adult
features,

In spite of general recognition of the need for studies of larvae,
our present knowledge of the morphology of Immature dryopoid beetles
results from the work of a very |Iimited number of Investigators. The
classical work by Boving and Cralgheas (1931) represents the largest
single publication concerned with the . ‘vae of beetles. This work,
which Included a number of dryopolds, caused Leng and Mutchler (1933)

to make significant changes in thelr subsequent classification scheme,
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faml ly name of Drvonldas, studled the
external morphology of larval structures in selected genera. Later
studles by other investigators have necessitated changes In most of the
names used by West, but hls work represented a great contribution to
our knowledge of the taxonomic relationships suggested by the larvae of
dryopold beeties,

Sanderson (1938) noted in chronological sequence many changes in

the classlflcation scheme since the work of Boving and Cralghead. In
1
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addition, he presented a revision of the nearctic genera of eimids

(Sanderson, 1953-54), HIls identlfication of the larvae was based on
a process of association and elimlnation.

Bertrand (1955) attempted to show phylogenetic relationships using
many external larval characters. His work representsd another step In
the attempt to understand whether natural relationships may be corre-
fated with purely external features of dryopoid beetle larvae.

Hinton (1939) was of the oplinion that no valid phylogenetic system
could be based only on selected external features. He was the first to
attempt to establish family and generic relationships based on a corre-
lation of external and internal morphological features of dryopold beetle
larvae (Hinton, 1940).

A few other workers have made contributions to our knowledge of the
Internal morphology of Immature dryopolds. Their work has been confined
to speclfic Internal systems. Beler (1927) carried out a study of the
central nervous system of some selected beetle larvae, Including the
dryopolds, Susskind (1936) published a study of the respiratory system

In various Instars of Stenelmis sulcatus (a synonym of Steneimls quadrl-

maculata).

My objective was to expand our knowledge of the comparative mor-
phology of dryopold beetle larvae by describing In systematic detail the
external and Internal morphology of larvae of New Worid genera repre-
senting various body forms or types. This has involved examination of
external features, both Infacf and dissected, and Internal features, by
dissection and serial sections, In order to describe characters which
mightbe useful In establishing natural relationships among families and

among genera.



MATERIALS AND METHODS

Twenty~four genera belonging to three familles of dryopoid beetles
were used In this study., Most of the specimens were from the H. P,
Brown collectlion in the Stovall Museum of Sclence and History at the
Unlversity of Oklahoma In Norman, Other spsclimens were collected from
the Blue River, Clear Boggy Creek and Pennlngton Creek in southern
Oklahoma, The specimens obtalned from the museum were preserved in 80%
alcohol., Those collected were preserved In KAAD solution,

Preparation of the larvae for external study was carried out by
placing a larva In a depression made In tissue mat (paraffin) contained
In a centerwell Petrl dish, Tissue mat (melted at 52-54°C,) was poured
over the specimen, affixing It in place. Using a Bausch and Lomb Stereo-
Zoom dissecting microscope, the lablum, maxillae, mandibles, head,
thoracic sagments, abdominai segments, and operculum were dlssected.
Dissecting tools were constructed from Insect pins, dissecting needle
holders, disposable hypodermic needles, and razor biades. Each dis-
sected part was placed on a microscope slide which contalned Hoyer's
medium., The dissected part was covered with the medium and both were
covered with a cover slip, The dissected parts were allowed 2 - 5 days
to clear, When cleared, they were studled with a compound mlcroscope
and sketchaed with the aid of a camera lucida.

3




4
The Intersegmental membranes of the specimens used for Internal

study were perforated with a No. | insect pin, Each specimen was placed
In enough Mayer's paracarmine to cover it., Specimens were allowed to
remain In the stain for two hours, At the end of this time, the speci=-
mens were rinsed In tap water, Each specimen was placed, with the
ventral slde up, In a depression within the paraffin, It was affixed
there by pouring melted paratfin over it, After the paraffin cooled,
the specimens were exposed by removing a portion of the paraffin, With
the ald of the stereoscopic microscope and dissectiong tocols, sternal
plates were removed from the eighth abdominal segment forward., Internal
parts were observed, studied, sketched, and removed from t+he body. Ad-
ditional sketches were made of the Internal organs, then all body parts
were mounted on microscope slides In Hoyer's medium, All dissections
were made under water to prevent desiccation of the larval parts.
Preparation of the larvae for gsectlioning met with difficulty using
the paraffin method. The following procedure adapted from Woodring and
Cooke (1962) yielded moderate success.
t. Larvae were transferred from the preservation fluid to Bouin's
fixative.
2. Specimsns ware kept !n Bouln's for 12 hours,
3. Each specimen was transferred to a 50-50 mixtuie cf phenol and
chloral hydrate,
4, Each larva was passed through three changes of the above and
allowed to remain in the last change for one week,
5. Each larva was returned to Bouln's solution for 1=2 hours.
6. Specimens were placed In a 50=-50 mixture of dioxan and dis=-

+11led water for 24 hours,
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8.

9.

10.

1.

12,

13.

5
They were transferred to a pure solution of dioxan.

Each larva was transferred to a 50-50 mixture of dioxan and
N=butyl methacrylate, from which the hydroquinone inhibitor
had been removed, (The Inhibitor was removed by washing the
N~bm with 309 sodium hydroxide In a separatory funnel until
the sodium hydroxide was no longer turned brown by the hydro~
qulnone, After two washes with distllled water and several
passes through anydrous calcium sulfate, the N-bm was ready
for use.) |

Specimens were transferred to the pure monomer of N-bm and

O,

allowed +o inflitrate for 4«8 hours In an oven at 52-54"C

In Stender dishes,

A mixture of 2 grams of N=bm, 3 grams of benzoyl peroxide,
and 5 grams tissue mat was prepared. A small amount of the
mixture was placed In a small gelatin capsule. The capsule
was placed in the oven at 52-54°C for 4-8 hours, or untll the
mixture partly polymerized. This prevented the sinking of the
specimen to the bottom of the mixture in the capsule,

A larva was placed In the gelatin capsule and enough of the
unpolymerized mixture was added to keep the specimen near the
middle and perpendicular to the surface of the mixture.

The iarva=containing mixture was allowed to polymerize for 12
hours In an oven at 52-54°C, with the capsule affixed to the
slde of a beaker by cellophane tape,

After polymerization, the gelatin capsule was removed by
softening In water and the specimen-enclosing tissue mat-

plastic mixture was trimmed away close to the bady of the



specimen,
14, Speclimens were placed In moitcn tissue mat for two hours
in an oven at 52-54°C, |
15. Specimens were embedded in tissue mat, the maf was preparéd
for sectioning, and the sections were cut at 8-10 microns.
- various Techniques were used to combat static electricity.
16. Sectlons were affixed to microscope sildas with egg albumen
and stained with Mallory's +riple stain fol lowing the pro-
cedure of Gafigher and Koziofi (1964).
All hand t}lustrations were done by the writer and the |Iines next
to the flgures represent a length of 0.20 mm unless otherwise indlcated,
Gut contents of the larvae were ldentified by the wrlter with the
ald of works by Smlth (1950), Prescott (1954), Thompson (1959), Patrick
(1959), and Weber (1966).




PSEPHENIDAE (Lacordaire, 1854)

This famlly of water beetles and others related to 1+ have under-
gone a nurber of name changes (Murvosh, 1960). The old family name
Parnidae included three subfamilies: Psepheninas, Parninaes, and
Eiminae. Leng (1920) raised each of them to family rank, but used the
name Dryopidae Instead of Parnidae and Helmidae Instead of Elmidae.
West (1929), In a study of larval morphology, retained the famlly name
Dryopidae and Included In I+ the subfamilies Psepheninae, Dryopinae, and
Eiminae.

Leach and Sanderson (1959) listed five nearctic genera as belong-
Ing to this famlly. Specles of Psephenus occur widely over eastern,
central, and western parts of the United States, and south through
Central America. Eubrianax occurs in Callfornia, Oregon, western
Nevada, and the Orlent. Acneus has bsen recorded from Callfornia and
Oregon. Ectopria has been found in eastern and central United States
and Canada (Florida to Malne and Canada then wesTt to iowa, iissouri,

and Oklahoma). Dlcranopselaphus has been found in a few eastern states

and In Central America.

Adults are small, depressed, black or brown and sometimes varie-
gated, riparian or terrestrial bestles. Eggs (of Psephenus) are laid
on the undersides of stones In streams. Eggs hatch into flat-bodied,
broadly oval larvae which may or may not have a series of ventral gillis.

7
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Pupation occurs beneath the last larval Integument, Puypation may

occur in or out of the water. According to Hinton (1939) larvae have
max! llae with very large artlculating surfaces, Maxlllary palps may
be of 2, 3, or 4 segments. In all genera with well developed gillis,
spirecles are present, but are closed. Those without ventral gllis have
retractile anal glills and spiracles are rudimentary or absent.

Three genera were considered in this investigation, Psophenus
Ectopria, and the Neotropical genus Psephenops.

Psephenus (Haldeman, 1833)

According 1o Brown (1970b) thls genus is represented In the eastern
Unlted States and adjoinlng Canada by a single specles, P, herrickl
(Dekay, 1844), In the wastern stetes by three dlfferent specles: P,
haldemani (Horn, 1870) in Callfornia, Oregon, and ldaho, P, texanus
(Brown and Arrington, 1967) in southern Texas and P, murvoshl (Brown,
1970) In central Arlzona. Two additional new specles from Arizona will
soon be described by Brown and Murvesh.

As described by West (1929), larvae of Psephenus herrlicki have
flattenad, olllptical bodles. The larva proper Is concealed beneath an
arched carapace formad by the extension of the pleurites of the first
ten body segments. The entirs peripheral margin is bordered by a row
of jong halrs and [s capable of belng closely appressed +o rocks. Late-
ral lobes of the eleventh body segment (which Is the elghth abdomina)
segment) tend to be obliterated. The ninth abdomlnal segment Is com-
posed of a broad, fiat, rectangular dorsal sclerite and a small ventral
one, between which 1s located the anal opening.

The head, which Is vislble only In ventral view, bears three-seg-
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mented, elongated antennae. The flrst segment Is about equal In

length to the distance between the ocelli, the second, three~fourths
the length of the flrst, the third minute and composed of two small
segments lying side by slde. The larger of the latter bears distally

a tiny splne. The first antennal segment usually bears six halrs along
It+s posterlor margin, Ocelll are in two groups of six each,

Labrum broad, anterior margin stralght or slightly rounded, lateral
margins convex, each bearing a row of rather coarse spines. Mandible
large, heavlly sclerot] zed, especially near +he tips, bearing at about
mid=-point of Inner margin, a brush or tuft of bristles (the prostheca),
evidently sensory In function, Outline of mandible usually subtriangu-
far, Maxillae large, complex, and with palpi of four segments, Lacinla
with papillia=~llke prominences which taper info short, thick spines. Ga=-
lea more or less covered wlth short hairs., Stipes, flrst, and second
segments of palp bearing 1, 2, and 2 stout bristles, respectively., Lablum
short, broad, not heavlly sclerotized, and bearing a palr of three-seg-
mented palpl. Tlp of third segment, |ike fourth segment of maxl!llary
palp, beset with tiny tubercies evidentiy tactile in funcflén. Basal
segment of palp bearing three~branched spines. Mentum quadrangular and
broad.

Legs all similar and stout. Each leg thickly beset wlth hair and
bearing a single strong claw with a short Interior spine.

Gllis ventral, arranged in five pailrs and taking origin from the
posterior margin of abdominal segments 2-6, Each gill tuft composed
on +hq average of ten fllaments arranged In a somewhat comb-like fashlon.

Length of mature larva 8.4 mm, Width 5.75 mm,
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| have studied the external! and internal morphology of six larvae

of Psephenus texanus, collected In Del Rlo, Texas on August 26, 1967.
The specimens measured 7.20-9.04 mm In length and 4,1-5,.61 mm In width
at the flrst abdominal segment. Two specimens were ysed for histologl=-

cal study.

Psephenus texanus

Extarnal Morphology

Many of the characteristics outlined above by West (1929) were ob-
served, Additions and differences are noted below.

Dorsum: cutlcular nodules In pattern of Interlocking circles dis-
persed over the carapace. Dichotomous suture on anterior tergo-pleural
Junction of prothoracic carapace (Fig., 1). Proximal arm of suture
passes toward mid-dorsal iine, then assumes a subparalle! dlrection
wlth mid=-tergal suture. An antero-latera! section of first abdominal
tergite is subtriangular in outiine (Figs. 1, 2). Anterlor nodules on
second and third thoracic pleura and first 7 abdominal segments of cara-
pace run subparallel to anterior margins of pieura.

Head: bearing 3-segmented antennae as described by West (1929),
but no +iny spine was observed on the larger member of the third seg=-
ment. The first member bears 6-7 halrs along Its antero-lateral border
Instead of six only as described by West (1929), There are 5-6 ocelll
Just laterally to the base and 8~10 spinous setae at the base of each
antenna (Fig. 3). Labrum broad, anterlor margin rounded, and a trans-
verse row of tubercles, containing multibranched setose bristles, are

present (Fig. 3). Clypeus with anterior margin emarginate and convex
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lateral borders (Fig. 3). Lacinlia with distinct prominence on antero-

medlal surface. Maxillary palp consisting of four segments, with sug-
gestions of a palplfer (Fig, 4). Lateral spines on palpl vary in
number, Cardo sllipper=-shaped and articulating with stipes. Chisel=-
shaped Incisor of mandible adjacent to slanting molar surface (Fig. 5),
Ligula wide, with slightly irregular anterior periphery. First segment
of labial palp club-shaped, twice as long as segment two and slightly
less than twlice as long as the palpiger (Fig. 6).

Each leg consists of a coxa, trochanter, femur, tibiotarsus, and
tarsal claw. The internal tarsal claw spine was observed to be blunt
In all cases. The tiblotarsus Is slightly flattened on [nner and outer
proximal surfacas. Prothoracic and mesothoracic legs bear a distinct
depression at coxa-trochanter junction. First and second legs are ap=-
proximately the same length, Each segment of third leg (except for the
t+rochanter) Is longer than the corresponding segment of first and
second legs (Figs. 7A, B, C).

Spiracles located on mesothoracic and first 7 abdominal pleurites.
Elghth abdominal splracle located on lateral margin of 3th abdominal

tergite of carapace (Figs. 1, 2),

Internal Morpholoay

The material is divided Into gross Internal morphology and histo~
logical morphology. The condition In Psephenus texanus Is taken as a
basis of comparison and where other members of the family differ from

the above this is noted and illustrated with figures.

Digestlive System
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The al Imentary tract (Fig. 8), revealing no distinctive external

features, conslists of a stomodeum (a short buccal cavity, an esophagus,
an expanded crop, and a short proventriculus), a mesenteron (ventri-
culus), and a proctodeum (anterior Intestine and posterior Intestine).
The stomodeum shows no constrictions externally which suggest all of the
divisions listed. Evidence for |isting such zones will be glven below.
The mesenteron and proctodeum are approximately the same length, but
the stomodeum Is shorter. The mesenteron tapers as It Joins the proc-
todeum. A fold in the proctodeum causes it to lie along the posterior
one-fourth of the mesenteron. Posterlorly the proctodeum terminates at

t+he anus.

Resplratory System
The tracheal system Is amphipneustic (with only the first palr and

one or two palrs of posterior splracles open). Palred lateral vessels
regpresent maln lateral trunks, From them arise vessels which pass to
t+he head, gills, spiracles, and other parts of the larval body (Fig.
10). According to Hinton (1955) functional splracles In Psephenus
(those of the mesothorax and 8th abdominal segment) lack a functional
closing apparatus. The openings of the splracles are guarded by atria
largely filled with +iny cuticular processes, in addition, the spira-
cles are blforous (spiracles having two pouches of the atrium origin-
ally supposed to open separately to the exterlor).

Palred ventral gills arise between adbominal segments 2 and 3, 3
and 4, 4 and 5, 5 and 6, and 6 and 7. As Indicated by Hinton (1955),
the gills of Psephenus are branched prolongatlons of the body surface.

A tracheal branch extends Into each gill fllament, of which there are
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about eleven In each glil of Psephenus texanus.

Excretory System

Six malpighian tubules arise at the junction of mesenteron and
proctodeum (Fig. 8), They pass anterioriy over one~half the length
of the mesenteron and then posteriorly, followlng the folds of the gut.
They terminate within the space between the posterior end of the mesen-

teron and the posterlor intestine of the proctodeum,

Central Nervous System

Psephenus fexanus has a bilobed, pyriform supraesophageal ganglion
which Is located within the posterior part of the head capsule and
anterlor one-fourth of the prothorax (Fig. 9). Anterlorly It is drawn
out Into nerve tracts which send branches (optic) to the simple eyes.
Circumesophagea! connectives (the crura cerebri) connect the supraeso-
phageal gang!lion wlth the subesophageal ganglion, There are three en-
larged thoraclic ganglla and seven abdominal ganglia, The first abdominal
ganglion appears to be fused to the metathoracic ganglion and the 7th
Is the longest due to fusion of the 7+h and 8th., Extending beyond this
last abdominal ganglion are nerves which arise from Its lateral borders

(Fig. 9.

Histologlca! Morphology

Integument

The exocuticle takes up acld staln and averages 18 microns in
thickness. The endocuticle averages 40 microns In thickness and takes
up basic stain, The endocuticle consists of layers or bars which

appear Yo form rectangules. The epidermis Is formed by a thin layer
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of cells resting on a basement membrane,

Scattered dorsally over the carapace are multicellular nodules.
The noduies are 11 microns higher than t+he eplcuticle surface and with-
In each nodule Is a sensory bristie (Fig. 36), The nodules are not
present on the ventral surface of the carapace, nor on other parts of
the larva. Protruding from the exocuticle on the ventral slde of the
carapace are flabellate setae. On the legs are spinous setae which pass

from the endocuticle through the surfacs.

Digestive System

The external mouth parts are composed of palred mandibles, maxillae
and the labium, The mandlbles are hinged to the head by flirm atricula-
t+ions allowing only transverse movements of abductlion and adduction pro-
duced by respective muscles.

There Is no observable dlfferences between the wall of the buccal
cavity and that of the esophagus. The Innermost layer Is a heavy cuti~
cular Intima; external to this Is a thin layer of low eplthellal cells,
then a rather thin muscle fayer., No distinction can be made between
Inner longlitudinal and outer circular muscle layers, Posterlor to the
esophagus Is a difated crop. The crop proper takes up one-half of the
dilation. The wall of t+he crop is made up of a strong cuticular Intima,
a very low eplthellal layer and a basement membrane on which it rests,
+hen inner longitudinal and outer clrcular muscle layers which are
coverad by a connective tlssue layer. Following the crop Is the pro-
ventriculus, The anterior wall contains proventricular pads and teeth.
The teeth are subrectangular and triangular and form a complete ring

around the gut lumen (Fig. 11), In cross=section the teeth appear
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acute at the apex. Just behind or posterior to them, eplthelial cellis

are massed, forming scattered subtriangular organelles. On the surfaces
of the organel les are spines which project anteriorly toward the fofe-
gut (Fig. 11). Esophageal invaginations extend from the foregut into
the midgut., The form of the Invaginations suggests a sphincter or a
valve,

The midgut represents the most dlilated part of the allmentary tract.
Surrounding the lumen Is a peritrophic membrane. The eplithelium consists
of t+all columnar cells resting on a very thin basement membrane. A
striated border Is not very evident. The muscles conslst of a thin,
Inner layar of circular and several bands of outsar longitudinal muscles,

The hindgut exhibits a sllightly different appearance. The eplthe=~
ITa} cells are at first shorter than those of the mldgut, then they are
thrown Into six wide folds., The folds decrease to finger-like villi
which disappear toward the anus. The muscle layers of the anterior
hindgut are thicker than those of the midgut, but they decrease in thick-
ness posteriorly, The peritrophic membrane Is replaced here by a cuti~-

cular Intima,

Respiratory Sysiein

Structural ly the vessels do not differ from the description given
by Snodgrass (1935), The matrix layer of the trachea Is an epithel lum
of flat polygonal cells continuous with the epldermis around the splra-
cle. Outside Is a basement membrane and Inside Is a strong cuticular
Intima. The characteristic feature of a trachea is the closely-ringed ap-

pearance resulting from the presence of thickenings of the intima to form
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minute clrcular or spiral ridges called taenidlia.

The ventral gllls are pale filaments. In cross-section, their

penetration by branching tracheal vessels was avident.

Excretory System

Cel lular components of malpighian tubules do not differ from the
description by Patton (1953), They are long, narrow tubes composed of
a single layer of eplthelial cells. The cells are limlted externally
by a coat which often contalns muscie fibers and internaiiy by a dell-
cate membrane., Cross-sections of Psephenus texanus revealed that each
tubule appears as a ring of six large cells having prominent nuclel.

A brush border exists on the inner apices of the cells,

Central Nervous System

A complete neural sheath surrounds the braln, subesophageal, tho-
raclc, and abdomlnal ganglia. There apparently Is a medullary and a
cortlical zone in each of the ganglia. Basophllic material Is abundant,
Neurogllal nuclel are scattered throughout the tissue, Observations
d1d not reveal fibers ldentifiable as giant axons. All of the axons
appeared to be of the same size.

Examination of the sectlons revealed the braln, subesophageal,
t+horaclic, and abdominal ganglia to be connected transversely. Inter-
gangllonic membranes are present between all abdominal ganglla except

numbers seven and elght.

Sense_Organs

These organs are the ocelll, sensory setae of the lags, antennae,

palps, and the prosthecae. The ocelll consist of an aggregation of
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l1ght sensitive cells resembling the retinular cells of the compound

eye, covered by a simple corneal lens of fransparent cutlcl~, Multi-
cellular tactlle setae of the legs consist of cuticular bristies artl=
culated In cutlcular sockets and Innervated by sensory cells. Assocl=-
ated wilth such a sensliilum, according to Snodgrass (1935), are trichogen
and tormogen cells. On the antennae are spines with a bulbous base.
Attached to the mandibles and extending Into the buccal cavity are brush-
I1ke prosthecae, These, along with the palpl and associated spines or
halrs are postulated +o bear chemoreceptors. Chemoreceptors can be
determined as such only by physlological means. All of the above are
considered to be primary sense organs by the writer. They will be re-
ferred to as such throughout +this vork,

Study of vertical sections through the cuticular nodules suggests
that they apparently are campaniform organs, Workers have suspected

that they are sensitlve to water pressure changes in aquatic Insects.

Fat Bodles

Each fat body consists of several spherical masses of fat cells
within a meshwork, Assoclated with them are urlc acid granules and
lucogen globules, The badles f111 +he coelomic space and extend Into

the tips of the carapace between the upper and lower epidermls.

Gut Contents
Cross-sections of the gut revealed In the lumen diatoms (Rhopalodla,
Navicula, Meridion, Cocconels, Synedra, and Niitzschia), other algae

(Chlorococcus, Coccochloris, and Hormidium), sand, etc,
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Ectopria (LeConte, 1853) -~

The larva of Ectopria has been mistakenly described In several pub-
Itcations as that of Hellchus (Dryopidae), as pointed out by Leech and
Chandler (1959). Specimens have been col iected from Florida to Malne
and Canada west to lowa, Missourl, and Oklahoma (Brown, In press),

The following features identify the larva of Ectopria, as described
by West (1929) under the genus Hellchus,

Body: form ellliptical=ovate, flattened; lateral lobes of the
carapace are not closely jolned together. The portion of the carapace
derived from the prothorax Is characterized by backward=projecting
postero~lateral angles. Dorsal surface bearing many small tubercles
scattered Irregularly over the prothorax and lateral lobes, Mid~dors-
ally they are arranged in six longltudinal rows, the outer four jJolining
up anterforly In the pattern of a broken W, Lateral lobes of elighth
abdominal segment morphologically similar +o those of preceding segment,
Junction of pleura with sternum not in iine with base of lateral lobes,
but at a considerable distance nearsr the mid=line, Posterior abdominal
segment flattened and subrectangular. Dorsal sclerite silightly longer
than broad, ventral sclerite two-thirds as wide and nearly as long as
the dorsal one, Entlire margin of animal clilate with tufted hairs.
Ciitation tending to disappear on anterior and posterior borders of most
antero~lateral lobes.

Head: large, concealed beneath the carapace, usually directed for-
ward, capable of partial withdrawal Into a rather elaborate ccllar com=
posed of a reflected portion of the Integument of the neck. Antennae

composed of three segments, the first stout and barely twice as long as
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broad, second somewhat more siender and of slightly greater dlameter at

the middle than at elther end, and the third duplicate, composed of
simf lar members side by side. Basal segment of antennae usually bear-
Ing three strong spines and the second segment, one strong spine.

Labrum nearly two-thirds as long as broad. Anterior margln regular-
ly convex with silght antero-medial expansion and antero-lateral angles
heavily clilate with halr, Mandibles farge, elongate or short, subtri-
angular, heavily sclerotized, with stout Interior sensory filament
(prostheca) covered with distally directed setae, and surrounded at the
base with a considerable mass of sensory halrs., Maxlllae complex, rather
membranous, bearing small four-segmented palpl, the distal segment of
which Is very minute, Halrs on stipes and basal segments of palp notice~
ably branched, Galea without characteristic form, being roughly cubol-
dal, bearing distally about six, stout, curved splnes, together wlth many
lesser hairs which cover a large portion of Its surface, Lacinla simu=
lates a truncate slseve open along the free margln and bordersd distally
with many falrly stout splnes, Lablum membranous and twice as long as
broad., Anterior margin heavily clillate. Ventral surface morphology sug-
gests dlfferentiation Into glossa and paraglossae. Palpl of two segments
each In addltlion to a palpliger.

Ventral surface of femur characterized by the presence of several
modified splnes, Each spine short, considerably thickened, and bearing
many tlny processes. Each tarsal claw with a slender interior spine.

Anal gllls arrangsd In three tufts and capable of extrusion between
the ventral and dorsal sclerltes of posterior abdominal segment, Spira-

cles confined to pleurite of elghth abdominal segment,
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Length of mature larva 5.5 mm, Width 3.3 mm,

| have studled the external and Internal morphology of five larval

specimens of Ectopria nervosa, collected near Bunch, Adair County, Okla=

homa on May 4, 1963 and from the Mountain Fork River, McCurtain County,
Oktahoma on June 19, 1962, The larvae measured 4.84 mm. to 5.98 mm, in
length and 2,96 to 3,51 mm, in width, Two speclmens were used for histo-

logical study.

Ectopria nervosa

External Morphology

Many of the features of the structure (Flgs. 12, 13, 16A, B, 17,
18A, B) described by West (1929) for Ectoprla (referred to as Hellchus)

are 1llustrated by Ectoprla nervosa, which Is presumably the species

with which he worked. Some additional or different features are des-
cribed below.

Dorsum: Interpleural setae cuneate. Setae along pleural margin
spinous, Ninth tergite slightly truncate t+o rounded posteriorly and
slightly emarginate on lateral margins (Figs. 12, 13). Operculum with
non-sclerotlzed postero-lateral margin glving concave appearance. Parted
cuneate setae on ventral surface of operculum and [inear spines along
posterlor border (Flg. 19).

Head: clypeus wedge-shaped posterforly (Fig., 17). Six or more
spines on flrst segment of antenna, Maxillae (Fig, 15) differ slightly
from the structure fllustrated by West (1929). Cardo suboblanceolate.
Distinct protuberance at junctlion of lacinia and stipes (Fig. 15). La-
blum (Fig. 14) bears two-segmented palpi and mental palplgers are sug-

gested., Palplgers are suggested by an emargination below the outer
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{ateral base of the flrst palp segment. Antero-internal surface of

second member bears a secondary appendage and a palr of Incrassate
bristles on the apex, but emargination on antero-lateral surface of
sacond palp segment contains a tuft of setae. Anterior margin of lablum
bears a transverse row of subspherical tubercles from which arise sub=
obconic setae, Posteriorly to the subobconic setae are irregularly ar-
ranged setae tufts arising from small punctures, Setae on mental and
submental surfaces as figured (Fig., 14),

Legs: (Flgs. 18A, B) articulating surfaces dlstinct between coxa
and trochanter and between femur and tiblotarsus; tarsal claw spine long

and sharp, one=half as long as claw,

Internal Morphology

Nigestive System

The allmentary canal Is dlvided into the same divisions and is

folded as In Psephenus texanus. |t differs in that t+he hindgut Is long-

or than the forequt as well as the midgut (Flg. 20).

Resplratory Systam

The malin +rachea! vessels are nairad lateral +runks. Thev pass
posterliorly to termlnate In distinct splracles on the Internal part of
the 8+h abdominal pleurlte. Prilor +o the point of termination of the
vessels, Internal ventral and dorsal branches arise (Fig. 21). These
branches communlcate with dorsal and ventral gill tufts, As In Psephenus

texanus, the spiracles are blforous.

Excretory System

This system Is as that In Psephenus texanus,
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Cenfral Nervous System

The braln and subesophageal ganglla are as they are In Psephenus
Yexanugs, Three thoraclc ganglla are present. The metathoraclc ganglion
Is distinctly larger than the others In contrast +o all three ganglia
being of the same slze In Psephenus texanus, Eight discrete abdominal
ganglla occur In a serles (Fig, 22), There Is no evidence of a very

close assoclatlon or fusion,

Histologlcal Morphology

Integqumant

Exocuticle and endocutlicle average 14 and 25 microns In thickness,
respectively. Exocuticular and endocuticular relatlionships are as in

P. texanus,

Digestive System

The longl+tudinal and clrcular muscles of the buccal cavity are
thicker than In P, jexanus. The crop Is not unlike that In Psephenus
texanug, but there Is a distinct difference In the proventriculus. There
are apparently no triangular teeth at the anterior of this zone, but
there Is a circle of rectangular teeth (formed as a result of longltudinal
folds along this reglon of the gut) which are covered by small sclerotized
4ubercles (Flg. 23). Posteriorly irregular folds bearing blunt viiil
with a sclerotized Intima line the Inner wall of the proventriculus., Eso-
phageal Invaginations extend backward Into the midgut, the eplthelium
of which contalns many folds (Flg. 24)., The morphology of the folds sug-
gests that they have a secretory functlion. No such folds are present In

the wall of the proventriculus of Psephenus texanus,
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foblat calls of the midgut é}a rather distinct In Ectopria, In
contrast to the opposite condition In Pssphenus, Hindgut muscle layers

are as figured (Figq, 25),

Rasolratory System

Histologically, the tracheal system Is not different from that of
Psephenus. Anal alll filaments arse greater in number in comparison
with those of ventral glflls, but do not appear to differ histologically.
Examlnatlon of serial sectlons revealed that each of the three gills
racelves two tracheal vessels (Fig, 26), but a single vessel terminates

In the functional spiracle on the 8th abdominal pleurite,

Excratory System

The cellular components of the malplighlan tubules do not dlffer

from the descriptlon for Psephenus,

Central MNervous Systesm

The cellular components are not different from those found in

Pseghenus.

Sense Organs
Primary sense organs do notv differ nistoiogically frem these In
Psephenus. The tubercles on the carapace are apparently campan!form

orqans as found on Pgsephenus,

Fat Sodies
These bodies are similar to those found In Psephenus, An appa-
rant dlfference Is that each fat cell has an eccentrically placed flat

nucleus,
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Gut Contents

The nature of the gut contents suggests two possibilities, elther
a more efficient grinding system than In Psephenus or the Ingestion
of large amounts of debris and broken cell parts. The gut lumen con-

tained diatoms (Rhopalodla, Cosclnodiscus, and Cocconeis), filamentous

algae (Splrogyra), other algae (Coccochloris and Protococcus), mis-

cellaneous cell fragments, seeds, sand, and grit.

Psephenops (Grouvelle, 1898)

When described, this genus was based on a single specles, P, smithl
Grouvelle, of which only the male was known (Champion, 1913), A female
collected from the same site (the Antillean Islands of Grenada and St.
Vincent) as P, smithi and named Xexanchorlnus latus by Grouvelle was
later postulated to be the female of P. smithi (Dariington, 1936). This
genus Is represented in Guatemala, Haltl, Colombia, and the Antillean
Islands of Grenada and St. Vincent (Blackwelder, 1944),

{ have studled the external and internal morphology of three larvae
belleved to be Psephenops smithi from Bocono, Trujiilo, Venezuela, col-
lected on June 4 and 6, 1968, and from Tinaco, Venezuela, col lected on
June 1 of the same year, The specimens ranged from 2,5 to 5.2 mm in
tength and 2.5 0 3.0 mm in width., Two larvae were studled histologi-

cally.

Psephenops smithl

External Morphology
Dorsum: flattened, as In Psephenus, concealed beneath a protective

arched carapace. Pleurites of first through t+enth segments elongate.
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Pleurite of 1i1%h body sagment (elghth abdominal segment) absent or

rudimentary, Ninth abdominal terglte is rectangular and siightly less
than twice as wide as It Is long. Entira peripheral margin bordered

by cilla=llke halrs (Flgs. 27, 28). Dichotomous suture on anterior
Yergo=plaural Junctions of the carapacs. Proxima! arm of suture passes
toward mid=dorsal lIne and assumes a dIrectfon subparaflei with mid-dor=
sal suture (Fig., 28). An antero-lateral section of ¢irst abdominal tere
gite Is subtriangular In outline (Fligs. 27, 28). Sensory organelles on
second and third thoraclc segments form a wing-llke design adjacent o
mid-targal suture. Sensory nodules on dorsal surface of all pleurites
and ninth abdominal terglte,

Head: visible only from ventral vlew and covered by extended an-
terlor carapace; capable of the same movements as In Psephenus (Fig. 29),
Ocelll In two groups of six., Clypeus emarginate; labrum s!ightly emar-
glnate on mld=anterior margin, and covered with sensory bristies (Fig.
29), Antenna elongate; tlrst segment almost three times as long as
second; +third consists of two small segments lying side by side, the
inner member with a splas projoscting from I+s dlistal end. Flve to six
satae on distal end of flrst segment and one small spinous bristlie on
head lateral to anterior margin of tronvai suiure and paraiisi with
first segment of antenna (Fig. 29). Mandlbles subtriangular, with two
aplical teeth (Flg. 30). Prostheca short, bristles parted, not compact,
Cardo s!lipper-shaped (Fig. 31), lacinla elongated, and convex on medial
surface distally, with an aplcal row of clavate spines. Galea with
many spines of short and Intermediate length, Maxlillary palp four-seg-

mented; fourth segment bears several sensory bristies on distal end,
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and a palpifer Is suggested. Lablum membranous and contalns a medial

cleft (Figs. 32A, B). Many tubercles bearing parted cuneate setae cover
margin of labium,

Legs all rather similar but differing In length (Figs. 33A, B, C).
Tarsal claw with a short, blunt infternal spine. A slender spine as
long as the claw projects from outer base of claw.

Gills ventral and emerging from between the same segments as in

Psephenus. Functional spiracles on mesothorax and 8th abdominal pleurite.

{nternal Morphology

Digestive System

The outline of this system differs siightly from that of Psephenus
texanus (Fig., 34).

Resplratory System

This system does not differ from that of Psephenus texanus (Flg.

10).

Excretory System

This system Is similar to that found in Psephenus and Ectopria.

Central Nervous System
This system is simllar to that present In Psephenus texanus, except
that In gross view fusion of the third thoraclc and first abdominal

gangllia Is not suggested (Fig. 35).

Histological Morphology

Integument
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Exocuticle and endocuticle average 14 microns In thlckness. From

the surface of the exocuticle arise tubercles as In Psephenus and
Ectopria, The tubercles attaln a helght of 9 microns above the surface
of the exocuticle. The serlal sectlons revealed a groove along the mid=-

dorsal line (mid=tergal suture) with a width of 10 microns (Fig. 36).

Digestive System

The dllated buccal cavlty dlffers from that of Psephenus and
Ectopria In being Iined with a very thick cuticular Intima which de-
creases the dlameter of the lumen. The esophagus, which is not different

from that of Psephenus texanus, expands posteriorly into a crop. There

Is a ring of flat sclerotized plates which encircle the lumen (Fig. 37).
The presence of these plates deslgnates approximately one-half of the
crop as proventriculus.

Subcolumnar celis 1ining t+he wall of the midgut are covered by a
distinct peritrophic membrane. These tall cells are very close together,
reducing the lumen as In the buccal cavity (Figs. 36, 38).

Anterlorly the hindgut eplthellum is thrown up Into Irregular folds.
A thick cuticutar intima covers the epithelia, decreasing the lumen as

in the midgut and buccal cavity,

Resplratory System
The hlstology does not differ from t+hat glven for Psephenus.

Excretory System
This system Is sim!lar to that observed in Psephenus and Ectopria.

Central Nervous System
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The components of this system differ from those of Psephenus and

Ectopria only fn that an abundant number of fat cells are concentrated

around them,

Sensory Organs

Sensory components observed on Psephenops smithi are simiiar to

those observed on Psephenus and Ectopria,

Fat Bodles

The body cavity is very full of fat cells with the cytoplasm drawn
out Into star-shaped processes. Assoclated with the above are many urate

and glycogen granules.

Gut Contents

Serfal sections revealed identiflable material in the buccal cavity
and In the esophagus. In the remalning part of the gut, the substance
appeared as a bolus,

Organisms identified were diatoms (Nlizschla), cell fragments of

£1 lamentous algae, wood particles, sand granules, and debris.



EXPLANATION OF FIGURES

Figure 1. Psephenus taxanus, dorsal view of carapace.

Figure 2. Psenhenus texanus, ventral view of carapace.

Flgure 3, Psaphenus texanus, dorsal view of head,

Flgure 4, Psaphenus texanus, right maxiila,

Figure 5. Psephenus texanus, right mandible,

Flaure 6. Pgephenus texanus, ventral view of tablium,

Flaure 7. Psephenus texanus, legs,
A. Matathoracic leg
B. Mesothoracic leg
C. Prothoracic feq

Flqure 3, Psanhenus texanus, digestive tract. MT-malpighlan
tubule

Flgure 9, Psaphanus texanus, central nervous systam,

Figure 10, Pgsaphenus texanus, lateral tracheal vessel, alghth
spiracle, and vantral qlll of abdominal sclerites
6 and 7, TVetracheal vessel; GF=glll ¢1lament;
ES-alghth splracle,

Flqure 11, Psephenus toxanus, longitudinal sectton +through
nroventriculus, PPSeproventrlicular pad splne;
PP=proventricuiar pad; ST-scierorized tooth; e
longl tudinal muscle; PO-proventricular organ or
structure; CM=clrcular muscles; POS~=proventricular
organ splna; Es.Veasophageal invaglination,

Flgure 12, Ectopria nervosa, dorsal view of carapace.

Figure 13, Ectopria nervosa, ventral view of carapace,

riqure 14, Ectopria nervosa, ventral view of lablum,

Flgure 15, Ectoprla narvosa, ventral view of max!lia,
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31,

32,

30
Ectopria nervosa, right mandible.
A. Inner view
B. Dorsal view

Ectopria nervosa, dorsal view of head.

Ectopria nervosa, legs.
A. Prothoracic leg.
B. Metathoracic leg.

Ectopria nervosa, operculum,

Ectopria nervosa, dlgestive tract.

Ectopria nervosa, right posterior half of lateral
tracheal vessel with branches to gill and elghth
spiracle,

Ectopria nervosa, central nervous system,

Ectopria nervosa, transverse section through
anterfor of proventriculus. CMecircular muscles;
LM=longltudinal muscles; PT=proventricular tooth;
PS=proventricular spine.

Ectopria nervosa, transverse sectlon through
base of foregut. Es.V-esophageal Invaglnation,

chogrla nervosa transverse section through region of
hindgut, fy mass; Exo-exocuticle; Endo-
endocuticle; TM-transverse muscle; FB-fat body;
CM=clrcular muscle; P=section of a pleurite;
Ep~eplthelium; Cl=cuticle Intima.

Ectopria nervosa, transverse saction through

eighth abdominal segment., FM-fat mass; FB-fat body;
TV-tracheal vessel; TM=transverse musclie; TV -+rachaal
vessel in elghth abdominal pleurite,

Psephenops smithl, dorsal view of carapace.

Psephenops smlthi, ventral view of carapace.

Psephenops smithl, dorsal view of head.

Psephenops smlthl, ventral view of right mandible.

Psephenops smithl, ventral view of right maxllila.

Psephenops smithi, {ablum,
A, dorsal view
B. ventral view




Flgure 33,

Figure 34,
Figure 35.
Figure 36,

Flgure 37,

Figure 38,
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Psephenops smithi, legs.
A. Prothoracic leg
B. Mesothoracic leg
C. Metathoracic leg

Psephenops smithi, digestive tract.

Psephenops smithi, central nervous system.

Psephenops smithl, transverse sectlon through region of
the midgut. MG-midgut; MTG-mid-tergal groove;
VM=-ventral muscle; FB-fat body.

Psephenops smithi, longitudinal section through the
proventriculus revealing proventricular plates.,

Psephenops smithl, transverse section through the midgut.
LM=longl tudinal musclie; CM-clrcular muscle; L-lumen cof
gut.
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LIMNICHIDAE (Erichson, 1845)

Erichson In 1845 erected the +ribe Limnichinl to include a few
genera of Byrrhidae-~Limnichus and allied genera. Jacquelin du Val
1857-59 considerad Limnichites to be one of three groups of the
Byrrhidae {Hinton, 1939), Thomson in 1860 gave Limnichinl famlly rank
and placed it near the Dryopldae. Thls arrangement was not followed In
subsequent classifications because some later workers consldered the
Limnichidae to constitute only a tribe (Hinton, 1939), |

Hinton (1939) compared Internal and external features of specimens
of Limnichidae and Byrrhidae. As a result of his finding Limnichldae
was glven famlly rank and was transferred from the superfamlly Byrrholdea
to the superfamily Dryopoldea.

Arnett (1968) |1sts four genera as belonging to the Limnlichldae,
Species of Limnichus are generally distributed over the United States.
Lutrochus occurs In eastern, central, and southwestern Unlted States
and southward. Physemus contains a single specles found In southwestern
United States, and Throsclinus occurs on Intertidal mudflats of Texas
and southern Callfornla,

As described by Hinton (1939), larval features of family Importance
are: mandlibles without a series of long halrs on thel: marglns, post-
mentum undivided, submento-mental muscles absent, articulating mandibular
surface absent, abdomen with only nine segments, and blforous spiracles
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are on mesothorax and flrst elght abdominai sclerites.

The genus Lutrochus was studied in thls investigation.

Lutrochus (Erichson, 1847)

With the description of Lutrochus arizonicus from central Arizona

there are presently three species of this genus known within the Unlted
States, Including L, luteus LeConte (1852) from central Texas and Okla-
homa fto eastern New Mexico, and L. laticeps Casey (1893) from Maryland
to Michigan and eastern Oklahoma (Brown and Murvosh, 1970). Specles
have also been described from Cuba, Guatemala, Bollvia, Peru, and other
South American countries (Blackwelder, 1944),

Some generic features of Lutrochus larvae agreed on by Hinton (1939)
and Bertrand (1955) are gliven below.

Body: parallel=sidad, cuticle colored dorsally with variations of
brown and many pale spots forming a pattern. Cuticle ventrally unlcolor
except for operculum,

Head: large, rounded, slightly broader than long, and cuticle
sparsely pubescent. Ocelll In groups of six and separated from each
other, The sixth ocellus is located and directed ventralily near the
viclinlty of the mandibies. Antennae Three~segmeniad, ¥iirst ssgment mas-
sive and long, second short, third small, and flanked by a small lateral
segment. Maxllilae with four-segmented palpl and stipes fused to post-
mentum,

Sterna of thoracic segments mostly membranous, but with narrow,
moderately sclerot]zed pleura. Pleura of first two abdominal segments
bounded by sutures, third segment without a tergo=-pleural suture, but

with a distinet sterno-pleural suture, and segments four to eight forming
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complete sclerotized rings. Posterior sternal region of ninth abdominal

segment with a suboval operculum which bears wel|-developed claws that
are serrated on concave margin,

Legs short and robust, Increasing In length posteriorly,

| have studied the external and Internal morphology of larvae of
two specles of Lutrochus:

Lutrochus luteus, collected In Turner Falls, Oklahoma on April 16,

1960 and November 21, 1961, The specimens measured 4,3-5,1 mm In length
and 1.0-1.15 mm in width. Four specimens were used for the above study
and two were used for histological study.

Lutrochus "B", collected In Porto Franco, and in Ria Chim, Goias,
Brazil on June 10, 1964 and June 17, 1968 respactively. Three specimens

were used In the above study and two were studied histologically.
Lutrochus !uteus

External Morphology

The above features agreed on by Hinton and Bertrand vwere observed.
Some additions and dlfferences are glven below.

Dorsum: cuticle pubescent; straight long halrs (spines) extend
from ostia along posterior one-fourth of dorsal sclerites, along pos-
terior borders, and on ventral surface (Figs. 42, 43, 45), Many
tubercles are dlspersed among halr=-like spines on dorsal surface.
Branched membranous setae over anterior three-fourths of each dorsal
sclerite (Fig, 43) and short posteriorly=projecting spines are dlispersed
over abdominal sternites (Fig. 42).

Head: clypeus truncate and eplstomal suture not very distinct
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(Fig. 39), Labrum broad, twlce as wide as long, with transverse row of

thick tufted halrs near anterlor margin (Fig. 48), Antero-lateral bor-
ders of frons elevated forming cavitlss Into which antennae are Inserted.
Mandibles (Fig. 46) of both sides similar, beering five apical teeth,
and a prostheca which Is not obvious from ventral or dorsal view. Sen-
sory prosthecal brush at anterlor base of molar surface, and outer margin
with spinous setae (Fig. 46A)., Maxilia with multibranched setae at
Internal base of palp and no differentiation of a paipifer., Galea and
facinla soparate, galea robust with convex anterlor margin, and anterlor
border covered with bristies, Lacinta smail, cylindrical, and with a

few bristles (Fig. 48) arlsing from apex. Stipes elongate and not fused
with postmentum, Cardo absent or membranous. Lablum almost twlce as
long as broad, palp! two-segmented, wlth a welledefined palplger, mentum
emarglnate, and submentum undivided.

Thorax dorsally sculptured as cutlcle, Pronotum (Flg. 44) wlider
than long, sldes subparallel, and wider at base than at apex. Mesonotum
wlder than long and length one~half that of pronotum. Metanotum and
tergltas of elght abdominal segments simllar to mesonotum except for
+apering, Ninth abdominal segment siightly flattened, tapering pos-
teriorly, and with a2 rounded posterior margin (Fig, 40), Operculum as
flgured (Flg, 41).

Legs (Figs. 47A, B, C) composed of four segments, each segment
with spinous setae on all surfaces. Hooked tarsal claw on each leg bears
long and short Internal spines. Long splne one=half as long as tarsal

claw,

Internal Morpholoqy
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Digestive System

The alimentary tract (Flg. 49) is an elongated tube with no apparent
surface marking except sllight constrictions which serve to Indicate the
divisions between the foregut, midgut, and hindgut.

The foregut Is a short tube, approximately equal In length to the
hindgut, |+ consists of a narrow tube which constitutes the buccal
cavity and esophagus, and the dilated crop and proventriculus.

The midgut s the longest and most dilated part, without any con-
strictions. It Is separated from the foregut by an anterlor constriction
and from the hindgut at the polnt of origin of the malplghian tubules.

The hindgut 1s dllated near I+s Junction with the midgut, but it
+apers for a short distance then dilates +o form the anus. In comparison,

i+ Is second to the midgut in lumen diameter.,

Resplratory System

Lateral trunks are the primary tracheal vessels. They lle parallel
to the gut and send branches to the head, gut, and other Internal organs.
Posterior to the mesothoracic zone the vessels form four difations which
apparently functlion as alr sacs (Fig. 50). Posterlorly the dilatlions

are absent and each giii Tuf¥ receives i¥wo secondary vesss!s.

Excretory System
Six malpightan tubules arise at the midgut=hindgut Junctlon. They

pass anterforly over two~thirds or more of the midgut, turn posteriorly

and end free in the posterior body cavity (Fig. 49).

Central Nervous System

The brain conslists of a palr of pyriform ganglia with nerves passing
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toward the ocelll, antennas, and labrum, Clrcumasophageal connectives

pass ventrally from the braln and connect with +he subesophageal nanglion.
This ganglilon supplles fibars to the mandible, hypopharynx, lablum, and
max! llas, Throe spherical thoraclc ganglia are avident, t+he third belng
the larqest of the +hree, Elght spherlical abdominat qanglla were observed
In all cases except one, Examlnation of the peripheral nerves of thls

speciman ravealed that qanglia 7 and 8 had fused.

Histologlcai Morphoiogy

Integumant

Exocuticle and andocuticle average 18 and 64 microns In thickness,
rospactively, Exocuticle +akes up acld staln and endocuticle takes up
basic staln. Scattered over dorsal and ventral surfaces are splinous sotae.
Multicellular nodules are scatterad over the dorsum. The setae are set

in depressions withln the axocuticle (puncturas),

Nigastive System

A folded cutlcular intima Itnes the buccal cavity as It rests on a
flat layer of eplthellal cells, A basement membrane separates the
epitheiia from an underiying indistinct laysr of lengltudina! muscle
which Is surroundad by clrcular muscle. The lumen Is constricted In
the narrow ascphagus, which doas not dlffer histologlically from the
huccal cavity, Posterlorly the esophagus dllates and bacomes the crop
(Fig. 51). The eplthellal calls are flattened to doma~shaped, lle close
together, and bear spines which nrojact toward the lumen. The anterlor

ona~thlrd of the crop (proventriculus) bears triangufar teeth with a
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sclerotized intima. Along the wall posteriorly are subrectangular cells

with chitinized margins which are drawn out Into many spines (Fig. 52).
Each of t+he foregoing cells contalns an oval nucleus at Its base and
rests on a basement membrane (Fig. 53). A thin longitudinal muscle
layer lles beneath the basement membrane, and a thick circular muscle
layer follows. Behind the proventrlculus, esophageal Invaginations
project Into the midgut and appear as elongated folds or masses of
secretory cells (Fig. 24).

A peritrophic membrane replaces the cuticular Intima and lines the
mldgut lumen, apparently to protect the underlying brush-bordered cells.
These columnar cells and the goblet cells among them rest on a distinct
basement membrane. The clircular muscles lle outside this membrane, form-
ing a closely united ring around the midgut. Longltudinal muscle fibers
are found In many groups outside of the clircular muscle layer,

An Intima of chitin lines ‘the hindgut, faking the shape of the
underiying epithellal tayer, The epithellum is composed of low cells
forming vitl1l, +hen six distinct folds extending posteriorly to the
rectum. The order of the muscles is as In the foregut. The circular
muscle layer 1s thicker than in the midgut, but I+ becomes thinner
posterliorly. The longitudinal muscle layer contains larger flibers, but

t+he number of bundles is less than In the midgut.

Resplratory Svstem

Histologlcally the tracheae do not differ from the description
aglven by Snodgrass (1935), Serlal sectlons revealed lateral vessels

with an increase in diameter followed by a decrease posteriorly. This
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corresponds to the conclusions reached from gross study.

Excretory System

The morphology does not differ from the description given by Patton
(1953),

Central Nervous System

Serial sections revealed nerve cells of different sizes and
neurog!ia cells, Each ganglion conslsts of a medullary and a cortical

zone,

Sense Oragans

Primary sense organs are present which do not dlffer from the de-
scription glven for simlilar structures in the above genera. The setae
in punctures over the cutlicle of this genus are suggestive of the setal

sensliia described by Snodgrass (1935),

Fat Bodles

Indivldual masses conslst of fat globules enclosed in closely
meshed membranes. Uric acid and gliycogen granules are associated with
the fat bodies. The masses |le alongside the braln and esophagus, dor-
sally and laterally, along the qut, and along the margin of the peri-

toneum,

Gut Contents

Serlal sectlons of the gut revealed In the lumen diatoms (Rhopalodia,

Cocconels, Meridion, and Synedra), cell fragments of filamentous algae,

fungal spores, and debris.
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Lutrochus "8"

External Morphology

Dorsum: body subparallel, stightly cylindrical, and tapering
slightly at the ninth abdominal segment. Cuticle medium brown or brown-
Ish dorsally with well=defined spots or iines on head, thorax, and
abdomen, but differing In pattern from L. luteus, Pale |ine along lateral
surface from first abdominal segment to anterior margin of ninth. Pale
zlgzag llnes lateral to mid=tergal suture extend from pronotum to pos-
terior margin of elghth abdominal tergite, forming a dlamond-backed
design., Cutlicle ventrally pale or flavotestaceous except for operculum
which Is brownish with pale spots on postero-lataral surface., Most of
cuticular surface, dorsally and laterally, bears low tubercles (Figs. 54,
58, 60); In addltion. the dorsal anterlor margin of all segments except
prothorax bears a t+ransverse row of flat, posteriorly=projecting tubercles
(Fig. 55).

Head: retracted Into anterior projection of prothorax and with
epicranfal and frontal sutures as shown (Fig. 58)., Antenna as figured
(Fig. 57) and may be ratracted as in L. luteus. Clypeus short with
anterior margin slightly rounded. Labrum covered with fine straight
hairs of different lengths and with anterior margin siightly lunate (Flg.
58). Mandlble with four rounded apical teeth (Fig. 62), instead of
flve. A short tuft of sensory bristies (prostheca) is located on the
medlal surface, and branched setaes are on outer lateral surface (Fig. 56).
ralea and lacinla separate with apex of ‘each densely covered with setae

(Fig. 61). Stipes fused to postmentum, In contrast to condltion in L,
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luteus, and cardo not evident or membranous. Lablum with two-segmented

palpi, a palplger, and emarginate anterior margin,

Pronotum wider (Fig, 54) than long, sldes subparallel, and broader
at base than at apex. Mesonotum (Fig. 55) broader than long, but length
and width of metanotum are approximately equal. Ninth (Fig, 67A) ab-
dominal segment hemispheric in dorsal view, In lateral view, cylindrical
at junction with efghth abdominal segment and flattened posteriorly on
dorsal and ventral surfaces (Fig. 60).

Sterna of thoracic segments mostly membranous (Fig. 63, 64, 65).
Pleura of first two abdominal segments with tergo-pleural and sterno=-
pleural sutures, third segment with only a sterno-pleural suture (Fig.
66); abdominal segments 4-8 (Fig. 66), and basal part of ninth (Fig. 67B)
form compiete sclerotized rings. Claws attached to inner surface of
operculum (sternum of nlnth abdominal segment) appearing serrate because
of dentate setae on Internal surface (Fig, 59).

Legs divided Into coxa, trochanter, femur, tiblotarsus, and tarsal
claw (Flg, 68). Internal splne half as long as claw to which It Is
attached; usually with long splnes at Inner apex of femur and outer apex
of tiblotarsus.

Spiracies located on mesothorax and first through eighth abdominai
segments, all spiracles blforous, Three tufts of gllis extend from anal

chamber,

Internal Morphology

Digestive System

Morphologically this system (Fig., 69) Is simllar to that of L. luteus,
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Rasplratory System

The trachsal vessels differ from those In L. luteus In that the
dilation 1s uniform from the midgut toward the posterior intestine (Fig.
70). 1f one can deslgnate any enlargement of the vessel as an air sac,
then this specles exhibits them, but they are not as distinct as in

L. luteus.

Excratory System

The number of malplghian +ubules, point of origin, and thelir lo-

catlon along the qut are as in L, luteus,

Central Nervous System

The number and arrangement of the ganglla does not differ in the
two species, but abdominal ganglia are stightly larger in L. "B" (Fig.
71).

Histological Morphology

Intequment

Exocuticle and endocuticle respectively average 11 and 54 mlcrons
In thickness, Tubercles scattered over dorsum differ from those on L,
luteus as 1llustrated (Fig. 54, 60), Ventrally the tubercles are

similar to those on L. luteus.

Digestive Svstam

The buccal cavity, esophagus, and crop are as In L, luteus, but
the proventriculus reveals some differences. In contrast to the condltion

in L. luteus, longitudinal folds (primary and secondary) are present and
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their marglns bear many small tubercles., The tubercles bear on thelr

aplces sclerotized spines (Fig. 72). There apparently are no distinct
columnar cells wlth sclerotlzed, serrated margins. Arising from the
wall is an anvll=shaped sclerlte,

No significant difference in the midgut and hindgut (Fig. 73) of

the two specles was obvious,

Respiratory System

No difference between the two spacles was obvious.

Excratory System

The description given by Patton (1953) applies here as in L, luteus.

The tubule wall is cross section conslsts of 4=5 cells In both species.

Central Nervous System

No significant difference between the two specles was obvious.

Sense Qrgans

The histology Is similar to that in L. luteus,

Fat Bodles
The nature and disposition of fat bodles in the two specles are

similar,

Gut Contents
Sertal sectlons of +he gut revealed In the lumen dlatoms (Rhopalodla,

Cocconels, and Msridion), cell fragments of filamentous algae, and debris,




Flgure 39,

Figure 40,

Figure 41,

Figure 42,

Flgure 43,

Flgure 44,
Figure 45,

Figure 46,

Figure 47,

Figure 48,
Figure 49,
Flgure 50.

Figure 51,

Figure 52,

Fligure 53,

EXPLANATION OF FIGURES

Lutrochus Juteus, dorsal view of head.

Lutrochus luteus, ventral view of ninth abdomlnal
sclerlte,

Lutrochus |futeus, dorsal view of opercuilum,

Lutrochus |uteus, ventral view of 4-6 abdominal
sclerites.,

Lutrochus }uteus, dorsal view of 4-6 abdominal
sclerites,

Lutrochus iuteus, ventral view of thoracic reglon,

Lutrochus luteus, marginal spine.

tutrochus luteus, right mandible.
A. Dorsal view
B, Inner view

Lutrochus luteus, legs.
A. Prothoracic leg

B, Mesothoraclic leg

C. Metathoracic leg

Lutrochus luteus, ventral view of maxilla and labium.

Lutrochus iuteus, diges+ivs tract,

Lutrochus |uteus, right tateral tracheal vessel.

Lutrochus [uteus, longltudinal section through crop
and anterior margin of proventriculus.

Lutrochus luteus, longltudinal section through pro-
ventriculus. PO-proventriculus organ or cell structure;
S-sclerite or proventricular tooth; LM=longitudinal
muscle; CM=circular muscle.

Lutrochus luteus, transverse section through base of
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Flgure 54,
Figure 55,
Figure 56,
Flgure 57.
Figure 58.
Flgure 59,
Flgure 60,
Figure 61,
Figure 62,
Figure 63,
Flgure 64,
Flgure 65,
Figure 66,
Flgure 67,

Flgure 68,

Figure 69.
Flgure 70.
Figure 71,

Flgure 72,

Figure 73,
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proventriculus. Nenucleus; CMecircular muscle; LM-
longt tudinal muscle.

Lutrochus "B", pronotum.

Lutrochus "B"™, mesonotum,

Lutrochus "B", dorsal view of left mandible.

Lutrochus "B", antenna.

Lutrochus "8", dorsa! view of head.

Lutrochus "8", dorsal view of operculum.

Lutrochus "B", lataral view of ninth abdominal sclerite.

Lutrochus "8", ventral view of maxiliae and labium,

Lutrochus 8", inner view of mandible,

tutrochus "B", ventral view of prothorax.

Lutrochus "B", ventral view of mescthorax.

Lutrochus "8", ventral view of metathorax.

Lutrochus "B", 2-4 abdominal sternites.

Lutrochus "B", nlnth abdominal sclerite.
A. Dorsal view
B, Ventral view

Lutrochus "B", legs.
A, Prothoraclc lsg

B, Mesothoracic leg
C. Metathoracic leg

Lutrochus "9%, digestive Tracr,

Lutrochus "8", right lateral tracheal vessel.

Lutrochus "B", central nervous system.
Y

Lutrochus "B, transverse section through proventri-
culus. Hehalr of spine; S-sclerite; PF=primary fold;
SF-gecondary fold; Li-longitudinal muscle; CM-circular
muscle; Ep=epithelium,

Lutrochus "B", transverse section through anterior
Tntestine, DM=dorsal muscle; FB-fat body; CM-circular
muscle; LM-longltudinal muscle; Clecuticle Intima;
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Ep-eplthellum; VMeventral muscle; VNC-ventral nerve
cord; TV-tracheal vessel; BV-blood vessel; MT-malplighian
tubule.
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ELMIDAE (Westwood, 1838)

This, the largest family of Dryopoidea In North America, was
garller known uynder the family name Parnidae which was created In 1825
by Mcleay. VWestwood In 1839 preferrad Elmldae as a subfamlly under
Parnidae (Sanderson, 1938), Blatchley In 1910 consldered the famlily
Parnidaes as contalning thres distinct subfamilles, Psepheninae, Parninae,
and Eiminae (Sandarson, 1938), Leng (1920) ralsed Eiminae to famlly
rank but used the name Helmidae instead of Elmldae, and Parninae were
glven famlly rank under the name Nryopidae, Hinton In 1935 recognlzed
three subfamllies of Nryopidae: Larinae, Dryopinas, and Eimlinas. After
later concluding that the Eimidas are not closely related to the Dry-
opldas, Hinton (1939) separated the +two Into separate familles. He
demonstratad that the Larinae do not belong to the family Oryoplidae, but
to the Elmidse, and that tribal rank for this group Is only justified
whan dealing with adult beeties. Only one characfer separates Larini
from Eimini, that being the presence of tomentose tracts in all Eimini
and thelr absaence among the Larini (Hinton, 1939),

Brown (In press) llsts 24 North American genera as belonging to
this family, two in the tribe Larinl and twenty-two in the tribe Elminl.
Eimidas are distributed throughout North America, north to British Co-
fumbia, the freat Slave Lake, and eastern Canada, and south throughout
Central and South America, and the West Indles,
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in his synopsls, Sanderson (1953-1954) describes elmid larvae as

having +hres tufts of retractlie anal gills bearing slender fliaments,
one pair of hooks attached to an abdominal operculum, one to three
thoracic pleura, six to elght abdominal pleura, and the last abdominal
segmont slightly to deeply emarginate. The larvae are aquatic and live
sybmargad,

In addition to the above, Arnett (1968) llsts the followlng lar-
val features: body convex, cylindrical or depressed, or onisclform
with lateral projections, and size five to twelve mm long; hoad ex-
sarted, prognathous, eplcranlal suture distinct or absent, antennae
two~segmented, labrum arcuata, mandibles dentate or acute, and one pair

of ocelll.

Hexanchorus (Sharp, 1882)

According to Bertrand (1955) this genus Is widespread in Mexico,
Contral America and much of South America. It Is represented In Mar-
tinlque and fuadeloupe In the West Indles,

As described by Hinton (1940) the head of ‘he Haxanchorus larva
Is exposed whan viewad dorsally. Anterior margin betwsen base of an-
tennae and clypeus toothed and head bearing one +o six ocalll on sach
side. Antennae throe-segmented, not retractile, mandibles on both sides
simllar with three obtuse teeth and bearing a long, slender and densely
spinose prostheca., Maxl|lae with four-segmanted palpl and stipes show-
Ing no dlfferentliation into a palplfer., Galea and laclinia separate with
apex of each densely spinose, Lablal palpl two-segmented and prementum
with a palplger.

Prothoracic pleura divlidad Into three parts on each side, but
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masothoracic and metathoracic pleura divided Into two parts, Prosternum

divided Into an anterior and posterior sclerite, Fflrst six abdominal
sagments with pleura bounded by tergo~ and sterno-pleural sutures, seg-
ments seven and elght forming complete sclerotized rings.

| have studlied the external and Internal morphology of five larval

spacimens of Hexanchorus caralbus collected In Rio Monsleur, Saint

Joseph, Martinique on May 5, 1965, The speclimens averaged 3 mn In
length and 1 mm in width, Two specimens ware used for histological

study.
Haxanchorus caraibus

External Morphology

The generic features as described by Hinton (1940) were observed.
Scveral additionai features are glven balow,

Body. subcyllndrical and subparallel. Cuticle dorsally a mixture
of light and pale brown wilth dark brown spots scattersd over thorax.
Thoraclic and abdominal segments are coverad wlth spherical to oval
tubercles from which projact stiff satae (Figs 79, 33), AT posterior
margins of above sagments are tetra~spined tubercles which bear branched
setae (Figs., 79, 83)., from lateral surface project heavy tubercles
which bear subflabeltate (flabaellate = the appearance of an open fan),
highly branched, membraneous (Flgs, 76, 79, 83) setae. They cover the
margins of thoracic segments, but are confined to posterior portions of
first olfght abdominal segments, Cuticle sculpture of ninth segment as
anterior segments, Cutlicie ventrally, from thorax +o ninth abdominal

segmant, sculptured as dorsum,
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Head: subclircular, slightly tonger than broad, with eplcranial

and frontal sutures as !llustrated (Fig. 75). Cuticle pubascent;
t+ubercles spherical to oval, sorrated at base, and concave zt point of
emargence of halry setae, Six ocelll per mass, the two masses connected
by a transverse band of tubercles, Clypeus slightly truncate, bordered
lateratly by a fronto~-clypeal tooth on sach side. Antennae not retrac-
t+ile and with longer distal member bearing a hook-shaped organalle (Fig.
77). Labrum slightly emarginate along anterlor margin, with a transverse
line of stlff setae to each slda of eamargination, Mandible as shown
(Flg. 85) wilth short sansory brush In addition to a prostheca, Lablum

as figured (Fig, 84). n~alea and lacinia separate and apex of sach
densaly spinose., Stipes and postmentum separate, but slongate and closely
appressed; éardd as Illustrated (Fig. 84), and prementum without a well-
defined palpliger,

Pronotum, mesono*ﬁm, and metanotum wider than long (Fig. 83), First
?hrough‘sevenfh abdominal segments simiiar, whersas alghth Is modifled
dorsally +o form trlangular tubes on aplices of which are the elghth
t+racheal spiracles (Figs, 79, 80). Apparaently only sagmont elight and
anterior part of ninth form complete sclerotized rings.

Sterna of thoracic and tirst eight abdominai segments are sciero-
+ized (Flg. 74). Postarior sternal reglon of ninth forms operculum as
flgured (Flgs. 78, 81, 82). laws attached to ventral surface of
operculun serrate wlth setas on Inner margln (Figs. 82, 86) of curvature.

Legs all similar and as flgured (Flg. 87). Each segment slightly

increasing In length posteriorly,

Internal Morphology
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Nlaestiva System

The alimentary tract (Fig., 88) consists of three dlvislons: the
stomodeum, mesenteron, and proctodesum. The stomodeum or foregut Is the
shortast division and consists of the buccal cavity, esophagus and pro-
ventriculus, A distinct constriction divides the foregut from the mid-
qut. The longest divislon, the mesenteron or midgut, is a stralght tube
without any constrictions along I+s length., The proctodeum |s shorter
t+han the midgut, but longer than the foregut, and begins behind the point

of origin of +he malpighian tubules,

Qasplratory System

The main +racheal vessels are lataral trunks, which |le alongside
the qut. Between the qut and lateral trurks lie spherical alr sacs
which are connected to the lateral trunks and abdominal tracheal vessels
supplylng +he midgut (Flg. 93). Short transverse fracheal vessels In
+he mesothorax and flrst through sighth abdominal segments communicate

wlth splracles of the abovs segments,

Excreiory Systen
Six malpighlan tubules arise at the junction of midgut and hindgut,
The tubules pass anterioriy over haif of the midgut, +then pass posterioriy

to ond fres near +ho middle of the hindgut.

Cential Nervous System

H. caralbus has a pyriform bilobed brain from which nerve tracts
pass anterliorly to the ocelll and antennae. |+ Is connected by clrcum-
esophageal connectives to an oval subesophageal gangllon which supplies

larval mouth parts., The three thoraclc ganglla are relatively large and
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discrete; there are 8 dlscrate abdominal ganglla, the last belng largest

(Fige 89),
Histological Morphology
{ntequment

The axocuticle averages 5.2 microns in thickness and is tuberculate.
The tubercles rise 16 mlcrons above the epicuticle surface. The endo=
cuticlo averages 16 microns in thickness and Is lamlnated. Sensory cells
which communicate with +he spines and tuberclas of exocuticle are

situated here,

nigestive Systen

An [rregular cutlecular intima lines buccal cavity and esophagus,
followaed by a single layer of dome=shaped epithellal cells resting on
an indlistinct basement membrane., Below the membrane are indistinct
longltudinal muscla bands which are surrounded by a well-daveloped
clrcular muscle layer, The dllated crop which follows posterlorly Is
very short; most of the dilation Is taken up by the proventriculus. A
t+hin Intima lines tho crop and covers a layer of flattened epithelial
tissue. Tho muscle layers are as In the esophagus. Anterlorly and
laterally the proventriculus contalns cylindrical to rectangular-shaped
cel ls which bears spinous or serrate processes., All of the cells pro-
Ject posterlorly toward the mldgut (Flg., 91), At the base of the
proventriculus, these small cells have thelr aplces drawn out to form
spinous processes., o proventricular pads were observed and no large
basal proventricular cells. Esophageal Invaglnatlons extend posteriorly

from +he wall of the proventriculus Into +he midgut glving the appearance




P

90
of a distinct sphincter,

The cutlcular intima of the foregut Is replaced by a heavy peri=~
+rophic membrane which overlies a distinct layer of columnar cells
bearing brush borders, These cells have interspersed among them dis-
tinct goblet cells., Both cell +ypes rest on a distinct basement
membrane, Surrounding the membrane Is an Internal layer of clrcular
muscle and several bundles of longitudinal muscle externally.

Anteriorly the cuticular Intima Is thick and closely assoclated
with +the eplthelial cells, but posteriorly 1t becomes rather irreguiar.
The eplthelial cells are cuboidal to flat and are thrown up Into six
folds which are very pronounced toward +he rectum, Nsar the anus the
folds become Irregular as the lumen of the gut increases. The muscles
of this zone correspond to those of the foregut in respect to order or

position,

Respl ratory System

The histological morphology of the trachea and alr sacs present
in H, caraibus appears to correspond to the description given by

Snodgrass (1935),

Excraetory System

The structure of the malpighian tubules Is simllar t+o the descrip=-
tion given by Patton (1953), Each tubule consists of a cylinder of
cells |imited externally by a basement membrane. The inner margin of
the cells faclng the lumen of the tubule appears t+o have a brush border.
Heavy granulatlon of the cytoplasm makes individual cell boundaries

indistinct,
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Central Nervous System

A distinct neurlilemma covers each neural compent of this system.
Each component Is basophilic and fat cells are very abundant on the
margins. Neuroglia cells are abundant, farge fibers are concentrated

near the periphery, and small fibers are centrally situated.

Sense Organs

Sensory organs are primary (ocelli, antennae, palps, setae of
dorsum, venter;, palps, and mouth parts), sensltia campaniforma, and
sensllla basiconica. The sensilium basiconicum described by Snodgrass

(1935) is apparently an unspeciallzed form of the organ observed here.

Fat Bodies

These organs conslst of closely assoclated bunch=-1lke masses
which lie along the gut from the reglon of the esophagus to hindgut.
The masses Increase Iin slze posteriorly and contain many uric acid

and glycogen granules.

Gut_Contents

Sertal sectlions revealed In t+he gut lumen plant fragments, frag-
ments of ¢1lamentous algae, sand, and varfous types of unidentifiable

debris,

Lara (LeConte, 1852)
This genus contains our largest species of Elmidae and occurs only
In western North America (Sanderson, 1953), Speclmens have been col-
lected from British Columbla to southern Callfornia and eastward through

Idaho and Utah to Wyoming and Colorado (Brown, In press). The larva
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of the type species, Lara avara LeConte, was Illustrated by West (1929)

and Boving and Cralghead (1931). narlington (1929), using adult
characters, revised the genus. Presently there are two species and one

subspecles: Lara avara avara, L. avara amplipennis, and L. gehringl,

| have studied external and Internal morphologlcal features of
elght larval specimens of Lara avara, collected from Soap Creek, Tehama
County, Callfornia on November 20, 1952 and near Alta Slerra, Callfornia
July 14, 1969, The specimens averaged 12 mm In length and 3 mm In width.

Two speclimens were studled histologically.

Lara avara

External Morphology

The larval features observed by the writer correspond to those
described by West (1929) and Bertrand (1955), with minor changes and
addl tlons,

Body: elongate, subparallel, subcylindrical, and tapering caudally.
Cutlicle on dorsai slde dark greenish-brown. Ornamentation of all seg-
ments elaborate, consisting of tubercles and papillae arranged In an
irreqular pattern from anterior to posterior (Figs. 96, 98)., Lateral
marging of each terglte bear a complex row of backward-projecting pro-
cessaes (paplliae) which are also adorned with fine spines. The arrange-
ment of the ornamentation glves the effect of four (quadrangular)
longltudinal rows (two subdorsal and two lateral) of backward-projecting
processes extending the length of the dorsum, Cuticle ventrally only
siightly lighter +han dorsum.

Head: length and width are approximately equal and epicranial and
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frontal sutures as flgured (Fig., 92). cuticle pubescent, most of sur-

face covered by oval tubarcles, but near clypeus tubercles ars replaced
by a transverse |lne of branching membranous setae. Eyes consist of

five small ocelll on each side clustered near base of antenna. Antennae
consplcuous and halry; first segment short and robust; second elongate
and tapering, surrounded at base by prominent blade-|lke setae; third
minute and dupiicate, conslisting of two subequal, setose members. Labium
three times as broad as long, with a basal transverse row of small tuber-
cles, each bearing a large, branched seta; angles broadly rounded, and
anterior margin stralght. Clypeus narrow and bears two indistinct sub-
medial depressions, Small frontal spines adjacent to base of antennae
bearing branched setae (Flg. 92}, Mandibles of both sides similar, each
with three apical teeth, long prostheca, short Internal tuft of sensory
bristlies, and on outer lateral margin saeveral multi-branched setae (Figs,
94A, B). Maxilliae (Fig. 95) with four-segmented palpi, stipes showing

no dlfferentiation into a palplfer, galea and lacinia separate, each
bearing short apical spines, but those on taclnla are more robust. Palp
with first two segments subequal, short, broader than long; third seg-
ment slender, slightly longer than broad, and expanded aplcally; fourth
segment smaller and rounded, with a palr of stubby terminal spines.
Sltuated between palp and galea are many straight setae. Stipes separate
from postmentum and bearing along tateral margin numerous multi=branched,
membranous setas, Lablum (Flg. 93) subrectangular, fwlcé as long as
broad, and bearing two-segmented palpl and a palplger. Posimentum with
numerous multi=branched setae.

Pronotum broader +han long with transverse anterior groove (Fig.




a4
96) outlining receptacle for head. Mesonotum, metanotum, and first

elght abdominal segments ornamented as pronotum except that setal masses
are concentrated on posterlior half of each abdominal segment. Ninth
tergite (Flg. 98) tapering posteriorly with apex curved dorsally and
strongly emarglnate,

Sterna of thoracic segments mostly sclerotized, Prosternum pre-
sent, poststernum absent, and coxal cavities open posterioriy (Figs. 100,
101). Pleura consisting of +wo parts In prothorax and one part In meso-
thorax and metathorax, Pleura of first elght abdominal segments bounded
by sutures. Sternal region of first elight abdominal segments sculptured
simllarly. Posterlior sternal (Fig. 97) region of ninth segment forms
operculum as figured (Fig. 99)., Attached to operculum on dorsal surface
are two long, curved spines or claws,

Legs (Figs. 102A, B, C) all similar, increasing In size posteriorly.
Internal spine on tarsal claw three-fourths as long as claw, Outer
margin of trochanter with branched setas. Tiblotarsus with several
iarge, spinous setae on inner margin and a prominent seta at outer apex.

With nine spiracles, the first is located on a éosfero—laferal
protuberance at outer base of mesothoraclic segment and each of the
remaining elght communicates with a protuberance above heavy setae on
lateral margin of each of the first elght abdominal segments, All

spiracles are biforous.

Internal Morphology

Digestive System

The gross morphology of this system Is |ike +hat of Hexanchorus

(Fig. 103), In one specimen the foregut was folded, causing the ventral
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surfaces of +he crop and proventriculus to |le adjacent to each other

(Fig. 107), The midgut s t+he most robust dlvision, but the hindgut Is
siightly longer and a fold brings the upper posterlor intestine forward

almost to the lower mldgut reglon (Fig., 103),

Respiratory Svystem

This system is similar to that in Hexanchorus, The main tracheal
+runks are lateral ones and there are spherical alr sacs lying between

the trunks and gut in the ventricular reglon.

Excretory System

This system does not differ from that of Hexanchorus.,

Central Nervous System

There was no dlfference observed between the central nervous systems

of thls genus and Hexanchorus.

S S ————

Histological Morphology

Integument

Generally the morphology Is similar to that of Hexanchorus, It
ditfers in that the exocuticle avarages 14 mlcrons In +hlckness and
endocuticle averages 43 microns In thickness. Serial sections revealed
+he posterlor-projecting tubercles to have a core which extends down
Into +he endocuticle (Fig. 104), Scattered over the surface of them are
membranous setae and splnous setae. Ventral setae are as figured (Fig.

105).

Digestlve System
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The buccal cavity Is the only areas of the foregut which Is similar

+o that in Hexanchorus. The asophageal wall Is thrown up into six folds
and there Is a well~developed cuticular Intima, The crop Is longer,
wider, and bears a very thick cutlcular intlma. The muscular layers are
+hicker In comparison, but this could be correlated with the size of the
organism. The proventriculus Is very unlike that found in Hexanchorus.
Apparently there are no cylindrical to columnar cells as In Hexanchorus.
At the most anterlor part of this zone are subtrlangular cells with the
apex drawn out Into sclerotized splnes. Posteriorly there are longl-
tudinal folds which are modified laterally to form hellcal cords bearing
sclerotized borders (Flg. 106). This glves the appearance of rows of
beads within the proventriculus. Cslls on the wall of this area are |like
+hose In the anterlor zone, except that they are more dome-shaped. At
the posterior of thls reglon are cells ldentical to those located In the
anterior zone (Fig. 107).

The histology of the mldgut and hindgut (Fig., 108) is similar to

+hat ot Hexanchorus,

Resplratory System

The histcloglca! morphology of +his svstem does not differ from

+hat of Hexanchorus.,

Excretory System
This system does not differ from the description given by Patton

(1953). The tubules have a smaller lumen than Hexanchorus and six cells

may be dlistingulshed In cross section,

Central Narvous stfem
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This system differs from that of Hexanchorus in that nerve fibers

within ganglia apparently are unlform In slze,

Sense Oragans

These organs are primary and typical for both genera, There
apparently is a speciallzation of setae sensililae. Comparison of the
club=shaped tubercle with the senslila trichodea (Snodgrass, 1935) sug-

gests that they may be similar,

Fat Bodles

These bodles appear as irregular masses of cells enclosed by a
ITmiting membrane and dispersed around the gqut from the esophagus pos=
teriorly. Peripherally the fat forms mesh~-shaped masses and distinct
fat globules are evident, As In Hexanchorus there are uric acld and

glycogen granules,

Gut Contents

Serifal sections revealed in the gut lumen piant fragments, wood

flbers, cell wall components of ¢llamentous algas, and debris,

Potamophllops (Grouvelle, 1896)

This genus was formad by Grouvelle to Include Potamophllops clnersus

(Blanchard), which was collected in Corrientes Province of Argentina by
d'Orbigny and described in 1842, Adults are 5-7 mm in length, thorax
anteriorly with deep transverse groove, and posteriorly with two +ri=
angular depressions separated at ends by a medial narrow longitudlnal
ridge (Brulle, 1842), Hinton (1940) considered Potamophliops synonymous

wlth Hexanchorus, but he did not get to examine specimens In detall.
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Larvae have not previously been described.

| have studied external and internal morphological featuresof
five larval specimens of Potamophllops collected in the Rlo Bananal near
Aqua Azul, Para, Brazll on June 9, 1968, The specimens averaged 8.7 mm
in tength and 2.3 mm In width at t+he level of the meso- metathorax.

Two specimens were studied histologlically,

Potamophilops sp.

Extarnal Morphology

Body: paraflel and cylindrical t+o level of third abdominal segment
and posterlorly subparallel and tapering. Cuticle dark brown dorsally
and densely tuberculate with bundles of polysetas (Figs. 112, 117) from
pronotum t+o ninth abdominal terglite. Scattered sparsely among the
bundles are fillform setae (Fig., 112), the base of each surrounded by
a double row of scales. Tergal sutural |ine pale from first to elghth
abdominal segment, First elght abdominal tergites on each side with a
feeble submedial and sublateral carina composed of posteriorly~directed
tubercles relnforced with hoavy masses of setae. Ninth terglie with
strong posterlorly=-curved spines and simiiar but less prominent sub-
lateral carina on each side. cutlcle slightly lighter ventrally, with
small splnes on thorax, and larger spines on abdomen as |llustrated
(Figs. 116, 118),

Head: nearly round, slightly broader than long; eplcranial and
frontal sutures as shown (Fig, 109), With tubercles on central portion
of head and medlally along central portion of head and laterally along

frontal suture (Fig. 109). Tubercle-ilke splnes at anterlior margin of




99
frons. Each aeye with six fused ocelli. Antennae with three segments,

the +irst short and tubular, the second slender and longer than first,
and the third very small, with a small apical seta; alongside minute
segment Is a much larger spline extending from apex of second segment
(Fig. 109), Clypeus short, anterior margin siightly truncate, and dor-
sal surface bears minute punctures (Fig., 109)., Labrum bearing tufts of
slightly branching setae arising from a transverse row of cup=-shaped
tubercles, Mandlibles wlth four apical teeth, a long prostheca, and an
adJacent sensory brush consisting of sevaral close erect setae (Fig. 119);
outer margin bearing a t+uft of setas (Flg, 119), Maxillae (Fig. 113)
with four-segmented palp! and stipes showing no differentiation into a
palplfer. Galea and lacinla separate, cardo with a posteriorly directed
spinous part, and stipes with a number of large, branching, membranous
setae on antero~vantral surface. Lablum (Fig. 120) wlth postmentum
undivided, erect bristies covering ligula, palpl three segmented, and
no dlfferentiation into a palpiger. Solitary mental seta below third
segment.,

Pronotum wider +han long, siightly rounded anteriorly, with a
+ransverse groove on anterior one-fourth of tergal surface, and head

recessed Into projJection of pronofum as In Hexanchorus and Lara, Very

dark band along postero-lateral surface of pronotum Intersecting the
+ransverse groove anteriorly., A rather slight carina connects the
dark bands., Lateral marglns bordsred by pedlcellate tubercles bearing
large spines clothed with many secondary setae (Fig, 115), Posterior
margin with a row of pedicellate tubercles, each bearing a pair of two-

sagmented lateral spines and a terminal, fringed globuie or disk (Fig.
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111), Vllustrated (Fig, 112A) are only four of the foregolng organs or

organel les per segment, but 18-20 of them are located on each side
lateral to the mid~-tergal suture. Mesonotum broader than long, sides
parallel, otherwise similar to pronotum. Lateral C-shaped bands on
anterlor two-thlrds of mesonotum and metanotum connected by a siight
carina, Metanotum and first eight abdominal tergites simiiar to meso-
notum in ornamentation (Fig. 1128).

Ninth tergite longer than wide, apex strongly emarginate; pentagonal
In cross section, with mid-dorsal and ventro-lateral carinae more pro-
minent than mid-lateral carinae (Fig, 122). Posterior projecting pedl-
cel late tubercles bearing small spines coverad with setae along ventro-
lateral and mid-dorsal lines, dacreasing in slize posteriorly. The
mid=-dorsal tubercles have an obconic appearance from dorsal view. Other
ornamentation similar +o that of previous tergltes,

Sterna of thoracic segments sclerotized (Fig. 114). Prosternum
present, poststernum absent or membranous; coxal cavities open posteriorly.
Three pleura on prothorax, +wo on mesothorax and metathorax, and pleura
of first six abdominal segments bounded by sterno-pleural and tergo-
pleuvral sutures (Fligs. 110, 114), Segments seven and eight form com-
plete sclerotized rings except for mld-tergal suture (Fig, 110), and
anterior part of ninth forms complete sclerotized ring. Sterna of flrst
five abdominal segments similar and sixth sllghfl} t+apered. Posterior
sternal region of ninth forms an operculum o which two claws are
attached (Fig. 121). Abundant spinous setae are attached t+o the claws
(Flg. 121),

Legs (Figs. 123A, B, C) are similar, slightly differing in length.
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Tarsal claw spine longer than +arsal claw,

Internal Morphology

plgestive System

This system Is not unilke that of Hexanchorus and Lara (Fig. 124),

Respiratory System

This system Is simifar to that of Hexanchorus and Lara, The air

sacs are ovold In this genus (Fig. 125),

Excretory System

The morphology of this sytem corresponds to what was observed In

Hexanchorus and Lara,

Central Nervous System

The gross form of this sysfem resembles that of Hexanchorus and

Lara.

Histologlical Morphology

Integument

Exocuticle averages 14 mlicrons and endocuticle 54 microns in
+hickness., As In other Larinl, the exocuticie ts adorned with elabo=-
rate sensiila which involve the exo- and endocuticie (Fig, 126}, Such
sensilla are almost as complex ventrally (Fig. 127) as they are dor-
sally. Thelr morphology suggests that they are of at least three types:

+richodea, chaetlca, and basiconica (Snodgrass, 1935).

Nigestive System
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The foregut is unlike that In Hexanchorus in that there are folds

of the esophageal wall, an esophageal sclerite (Fig. 128), and cells In
+he anterior proventriculus are dome=iike and triangular In sectional
vliew, In addltlon, cells In the posterior reglon are columnar-shaped
and bear many sclerotized spines on thelr aplces (Fig. 129), There
are no specializations of jongitudinal folds as in Lara and apparently
Lara bears no columnar cells at the base of the proventriculus,

The mid= and hindguts do not differ from those of Hexanchorus and

Lara,

Resplratory System

There is no dlfference In this system among the Larlnl considered.

Excratory System

The diameter of +he tubules appears +o be smaller than in the
above genera of Larini and granular concentrations In the cytoplasm
prevented determination of cell boundaries, Generally the tubules

correspond to t+he description glven by Patton (1953).

Central Nervous System

No significant dlfference In thils system could be determined.

Sense Organs
These organs are primary, many are complex externally, but they are

histologlcally alltke In all genera of Larinl +reated thus far.

Fat Bodles
They are very sparse and are located near lateral and ventral mar-

alns of the sclerites internally., Here they form thin meshes.
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Gut Contents

Serlal sections revealed In t+he gut lumen diatoms (Cocconels),

f1lamentous algae, hydrophyte fragments, wood fibers, and debris,

Phanocerus (Sharp, 1882)
This genus Is wldespread in the neotropical region (Bertrand,

1955). One of the specles (Phanocerus clavicornis Sharp, 1882) Is

found from Central America and Mexico northward to Val Verde County,
Texas (known In +he United States only from Devil's River and San Fellpe
Creek In Del Rio, Texas).

Hinton (1940) presented a generic description of the larval form
and described the larva of P, clavicornis. HIs description is glven
below.

Head when viewed dorsally exposed and not concealed from above by
pronotum. One ocellus on each slde, antennae three-segmented, clypeus
fused with frons, maxilifae with four-segmented palpl, and stipes show-
Ing no differentiation Info a palpifer.

Prothoraclic pleura divided Into two parts with anterlior parts
meeting on mid=line., Meso- and metathoraclic pleura divided Into two
parts, First elght abdominal segments with pleura bounded by tergo-
and sterno=-p leural sutures,

Splracles annular and biforous, present on mesothorax and first
elght abdominal segments, opening at cuticle level or on aplces of small
tuberciles, |

| have studied external and internal morphological feature of five

larvae of Phanocerus clavicornls col lected near |zucar de Matamoros,
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Puebla, Mexico and Bocono, Trujillo, Venezuela on October 25, 1964 and

June 4, 1968 respectively. The specimens averaged 4.1 mm In length and

1.5 mm in width, Two specimens were used for histological study.

Phanocerus clavicornis

External Morpholo

The generic description glven below is t+he same as that described
by Hinton (1940) with some minor modifications.

Body: ¢flattened, subparallel, and slightly tapering posterioriy,
Cuticle yellow=brown, and rather translucent, bearing punctures on head,
pronotum, posterior +wo-thirds of mesonotum and metanotum, and first
elght abdominal tergites. Arising from (Fig, 145) each puncture
(average dlameter 10 microns) Is a stliff splnous seta (average diameter
3 microns). Anterior one=third of mesonotum and metanotum and first
eight abdominal tergites bear flat, posteriorly projecting tubercles
from which arise flat, oval setae. Anterior to the above are several
rows of scales with serrated posterior margins. Cuticle ventrally, same
color as dorsum, punctures few generally, but many on laterai pleural
expansions, Multi~spinous bristles adorn the margins of the coxal
cavities (Fig. 134),

Head: subcircular In outline, longer than wlide, with eplcranial
and frontal sutures as flgured (Fig. 133). Punctures end anteriorly on
frons at base of a transverse line of long setas. Each eye composed of
flve or six ocelll In a fused mass. Antennae with three segments: first
segment short and robust, second slender and longer than first or third,

and third consisting of a slender, setiform shaft subequal in length to
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Pusbia, Mexico and Bocono, Trujillo, Venezuela on October 25, 1964 and

June 4, 1968 respectively, The specimens averaged 4,1 mm In length and

1.5 mm in width., Two specimens were used for histological study.

Phanocerus clavicornis

External Morphology

The generlc description given below Is the same as that described
by Hinton (1940) with some minor modificatlons,

Body: #lattened, subparallel, and slightly tapering posterioriy.
Cuticle yellow=brown, and rather translucent, bearing punctures on head,
pronotum, posterior two=thirds of mesonotum and metanotum, and first
elght abdominal tergltes. Arisling from (Fig, 145) each puncture
(average diameter 10 microns) Is a stiff splnous seta (average diameter
3 microns), Anterior one~third of mesonotum and metanotum and first
elght abdominal +ergites bear flat, posteriorly projecting tubercles
from which arise flat, oval setae, Anterior to the above are several
rows of scales with serrated posterior margins. Cuyticle ventrally, same
color as dorsum, punctures few generally, but many on lateral pieurai
expansions, Multl-spinous bristies adorn fhe'ﬁarglns of the coxal
cavities (Fig, 134).

Head: subcircular In outline, longer than wide, with epicranlial
and frontal sutures as flgured (Fig. 133), Punctures end anteriorly on
frons at base of a transverse |ine of long setae. Each eye composed of
flve or six ocelll In a fused mass. Antennae with three segments: ¢irst
segment short and robust, second slender and longer than first or third,

and third consisting of a slender, setlform shaft subequal in length t+o
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+he basal segment and bearing a terminal spine (Fig. 133); also arising

from the apex of the second segment Is a small spine medial to the apical
segment, Clypeus truncated and slightly rugose at anterfor margin.
Labrum with anterior margin sllightly emarginate and angles broadly rounded;
anterior one-third bears a transverse row of multibranched setae, Inter-
spersed among the setae, on both sides of emargination and along rounded
border are +hlck brilsties averaging 46 microns In length. Mandibles
(Fig. 141) of both sides similar, bearing three apical teeth, a long
prostheca, and a short tuft of sensory setae anterior to prostheca; outer
fateral margin bearing +wo large, multibranched setas, not without, as
Hinton (1940) apparently thought. Maxlllae as shown (Fig. 139), Galea
and laclinia fused (a lline can be seen on a cleared specimen), Lablum
with two-segmented palpi, ligula round on lateral margins and slightly
emarglnate anteriorly. In Hinton's dlagram, 1t appears that the llgula
might have been {ost during dlssection.

Thoraclc and first eight abdominal tergltes broader than long
(Figs. 130, 131) with dorsal ornamentation as described above. Laterally
expanded pleurites of maesothorax, metathorax, and first sight abdominal
segments bear on antero-lateral and postero-lateral surfaces flattened,
dome-shaped, membranous tubercles, each bearing a long, stiff seta (Fig.
135), The above are only on postero=lateral margin of expanded pro=
thoraclc pleura, Ninth tergite flat with proportions as figured (Fig.
132), dorsal and ventral punctures, and postero-iateral setae arise
from short tubercles.

Sterna of thoracic segments and pleura sclerotized (Fig. 136, 137),

Pleura of first elght abdominal segments bounded by sutures. Posterior
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sternal region (Fig. 138) of ninth forms operculum (Fig. 140). Attached

+o operculum on inner side are two claws which bear a few elongated,
splnous getae on Inner and outer surfaces.

All legs simllar, segments decreasing In width, but Increasing
In length posteriorly, the metathoraclc legs being long and narrow (Fig.
142¢),

Spiracles on mesopleurite and first elght abdominal pleura.

internal Morphology

Digestlve System

This system Is not uniike that in Lara, Hexanchorus, or Pota-

mophilops (Fig. 143).

Resplratory System

The structure of this system does not differ in comparison with
other members of Larini. The alr sacs here are more ovate In outline

as In Potamoph! lops.

Excratory System

The number and morphology of the maipighlan tubules are similar

In all members of this +ribe.

central Nervous System

As In Hexanchorus, Lara, and Potamophlilops, this system consists
of supraesophageal, subesophageal, thoracic, and abdominal ganglia In
the same numbers, but the three thoraclc ganglia are proportionately

larger In Phanocerus (Fig. 144),
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Histologlcal Morphology

integument

Exocuticle and endocuticle average 9 and 29 microns in thickness
respectively., Both layers are histologically similar to those of other
members of the tribe, differing only in respect to cuticle sculpture.
Serial sectlons revealed setae within the punctures along dorsal surface
to have an average length from base of puncture to t+ip of setae of

approxImately 28 microns (Flg, 145),

Digestive System

The buccal cavity is typical for the tribe, but the esophageal

wall Is +hrown up into folds as In Lara and Potamophllops. The crop

1s typical, but the proventriculus differs from that of other tribe
members., Near the anterfor there are large and irregular viill
(resulting from modiflcation of longitudinal folds) which bear small
secondary lobes (Fig. 146); Coverlng the above is a cutlcular intima.
Posterlorly the secondary lobes become |larger (Fig, 147), At the base
of the folds are columnar cells which bear sclerotized spines on thelr
aplces only. Just anterior to whers esophageal valves project Into the
midgut, these splne~adorned cells reach their greatest dimenslons (24
microns In tength and 14 microns wide). A subrectangular sclerite
projacts from the dorsal foregut wall into the lumen.

The mid- and hindgut do not differ among members of this tribe.

resplratory System

The histologlical morphology does not dlffer among members of the

+ribe,
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Excretory System

This system is similar to that found in other members of the

+ribe,.

Central Nervous Sys+tem

No significant histologlical difference could be determined between

Phanocerus and other members of t+he tribe.

Sense Organs

Primary organs are present. Cutlcular appendages are not as
elaborate or as varled as in other members of the tribe, but examination
of the serial sectlons revealed no unique generic features for

Phanocerus.

Fat Bodles
The masses exist without any specific design. There are scattered
particles packed around the esophagus, very abundant beneath the midguft,

and on t+he lateral walls of the body cavity.

Gut Contents
Serlal sectlions revealed tn the gut lumen a large concentration

of debrls, some sand granules, and a few wood fragments,
Ancyronyx (Erichson, 1847)

Sanderson (1953) gave some dlagnostic features of larval forms
he considered to belong to this genus. He described the larva as being
broad, the posterior angles of first elght abdominal segments consplicuously

produced, opercular hooks less curved than those In many elmid genera,
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and the last abdominal segment broadly emarglinate at apex with angles

not produced.

Bertrand (1955) considered thls genus as bsing represented by
several species In the Oriental and Ethiopian Reglons, but by only
two species In America: A, perfectus Grouvelle in northern South
America and A, variegatus Germar in the United States, To Sanderson's
features for the larval form, he added several features. He described
the larval as having closed coxal cavities, only one epipleurite on
the prothorax, but two on the remalining thoracic segments.

The first antennal segment Is short and transverse and the second
more or less twice the length of t+he first. Maxillary palpi consist of
four segments.,

The head integument exhibits some rather farge cuticuler scales.
Cuticular tubercles are rounded, globular, now and then slightly blicuspld,
and those on pleura and sternal surfaces are very reduced. Tubercles on
posterior borders of tergltes are, on the contrary, large and compact
and such tubercies are usually present on the lateral prolongations,

porsal and ventral halrs are single and reduced. There are no
marglinal halrs; halrs on lateral prolongations are the {ongest, and
halrs on posterior borders of tergltes are wlde and palmate.

Bertrand (1965) postulated that many larvae which were considered
t+o belong to this genus prior to 1963, in fact, did not belong to this
genus. He also compared adults of Grouvelle's collection In the
Enfomologlcal Laboratory of the Paris Museum and notlced dlfferences
between the types speclies (A. variegata) and other species of this genus.

He concluded that this genus should be reduced to Include only one species,
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the type, and all others previously included In t+his genus should be

placed In another genus, for which he proposed the name Pseudancyronyx.

Ancyronyx varlegata, according to Brown (In press), is found In
the tnlted Statas in streams from Maine to Florida, westward to Wisconsin,
and in eastern parts of Kansas, Oklahoma, and Texas.

1 have studled external and Internal morphological featurss of four

larval specimens of Ancyronyx varlegata colliected from Flint Creek In

Nelaware County, Oklahoma, July 23, 1963. The speclmens averaged 4.5 mm

In length and 1.0 mm in width. Two specimens were studied histologlically.

Ancyronyx variegafa

External Morphology

Body: subparallel, subcylindrical, and tapering posteriorly.
Cuticle slightly pubescent, dorsal side medlum brown, with many pale
spots mixed with brown along anterlior one=third of mesonotum, metanotum
and lateral surface of first elight abdominal tergites. Distlnct pale
spot on mid=targal suture at head-pronotal junction and every segment
posteriorly +o the rear of 6th abdominal tergife. Each spot s connected
by a line along mld=targal suture. Seventh, slighth, and ninth tergltes
do not bear a mid=tergal suture, Body tuberculate (Figs. 149, 152, 153,
155) from base of head to posterlor margin of elghfh abdominal terglte.
Ninth terglte slightly darker than other terglites and also tuberculate.
Cuticle ventrally, pale yallow, except for operculum which appears slightly
darker. Ventral tubercles smaller and fewer than those of dorsum.

Head: colored as tergltes, but pale on postero~lateral parietal

surfaca; slightly broader than long, with eplicranial and frontal sutures
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as flgured (Fig., 149)., Eye ilkely composed of five fused ocalll. An=

tonnae threoe-sagmented, flrst segment robust, second cyllndrical, third
minute and setl form, bearing a small terminal seta. As In some other
elmids, the splne arlsing from the apex of the second segment |s sltuated
beslde the third segment, lateral to It and subequal to It in size (Fig.
149). Cylpeus truncate anteriorly and with lateral margin slightly
gmarginate (Flg., 149), Labrum longer than length of antennae, with an-
terfor margin slightly emarglinate, angles broadly rounded, and anterior
surface covered with spinous setae and tufts of branched setas. Fronto-
clypeal suture distinct, emarginate, crenate (borderad by tubercies),
Mandlble of both sldes similar (Fig, 148), with +hree aplcal teeth, an
elongate, comb=like prostheca, a line of adjacent sensory setae, and
outar lateral surface with four multi=branched bristles. Max!llas (Fig,
151) with four-segmentad palpl and stipes showing no differentiation
Into a palplfer. nalea and lacinla separate and apex of each densely
spinose. Stipes not fused to postmentum and cardo distinct and suboval.
Lablum (Fig. 150) subrectangular, with three-segmented palpl, and no
differsntiation of a premental palpiger (the presence of mental seta
below the base of the palp Instead of at the base suggests no palpiger),
Ligula divided along midline, with anterior medial margaln not covered

by setaes, and saetae on prementum as flgured (Fig. 150).

Pronotum (Flg. 155) wlder than long, sides subparallel, and broader
at base than at apex., Cuticle ornamented as frontal region of head.
Bordarad laterally with emarginate tubercles bearing slongate splinous
setae, Mesonotum (Flg. 155) broader t+han long and simllar to pronotum

axcept that lateral tubarcles ars confined to posterior two-thlrds of
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lateral margin behind spiracular protuberance. Metanotum and tergltes

of flrst elght abdominal segments similar In sculpture and proportions
+o mesonotum, but tubercular prolongations on abdominal sclerites con=
flned +o posterior one=third of lateral margin and spiracular protuber-
ances moved backwards t+o one-=half the length of the sclerites., Ninth
tergite with proportions as figured (Fig. 154), tubercles smali, lateral
spines small, postero-lateral marglns not drawn out into spines, and
apex slightly emarginate.

Sterna of thoracic segments sclerotized with pre= and poststernites
on prothorax, One pleurite on prothorax and two on meso~- and metathorax
(Figs. 157, 158). Pleura of abdominal segments 1=7 (Fig. 159) bounded
by sterno-pleural and tergo-pleural sutures: segment 8 and anterior part
of 9 form complete sclerotized rings. Sternites of first flve abdominal
segments are similar, but +he 6th and 7th taper posterioriy (Fig. 160).

Starnum (Figs. 161, 162) of ninth segment forms an operculum
which bears weakly curved claws on Its dorsal surface., Each claw bears
long setaa on Its Internal and external margins (Figs. 156, 162).

Legs as figured (Flg. 163). Each segment of each lag increases In

length posteriorly,

Internal Morphology

Digestiva System

The gross morphology of +hls system does not differ from that In
other elmids (Fig. 164),

Respiratory System

This system differs from all members of t+he Larinl in that no air
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sacs are prasent,

Excretory Svystem

This member of the +ribe Eiminl Is not different from any of the
Larint In respect to this system. There are six malplghlan tubules

and thelr relations with the gut are simliar,

Central Nervous System

The morpholegy of this system (Fig, 1635) is similar to that of the
other elmids described above, but the three thoracic gqanglia are ovoid

In Ancyronyx, diamond=-shaped in Phanocerus, and spherical In Lara,

Hexanchorus, and Potamophl lops.

Histologlcal Morphology

Intequment

Exocutlicle and endocuticle average 11 and 28 microns In thickness,
respectively, In longltudinal section dorsal +ubercles appear as
posteriorly=projecting splnes, A few bear assoclated setae (Fig. 167).
vantrally there are only a few long tubercles, but large spines emerge

from +he cuticular surface and project backwards (Flg. 166).

nigestive System

The buccal cavity has the same basic morphology as that of the qenera
of Larinl studled, but the esophagus has a lumen somewhat constricted by
the irregular nature of the cuticular intima, its folds and elevations.
The low eplthellum which Is thrown yp Into folds, Is llke that In Lara,

Phanocerus, and Potamophlilops., The crop Is typical, thin-walled, dllated,
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and I1nad with an Irregular cuticular Intima, The proventriculus differs

from the condit+lions In members of Larini In several ways. A ring of
distinct sclerites surrounds +he anterior of this reglon (proventricular
t+oeth), Just below are elevations bearing dome=-shaped serrations (pro-
ventricular pads) which also enclircle the lumen, Perlpheral cells bear-
ing sclerotlzed spines {lne the wall of +his reglon and at +he base

are columnar cclls bearing many sclerotlzed spines on thelr aplces (Flg.
168)., The basal calls In Ancyronvx (Flg, 169) are similar ‘o those In

Potamophilops, but they dtffer in that the cells In thls genus are closer

togsther, ars more abundant, and the crypts ars very narrow In contrast

to +he opposito condltlons observed In Potamophilops.,

The mid= and hlndguts are similar In 21l eimids consldered so far.

Resplratory System

This system does not differ from the condltlons found In other elmlds,

Excretory System

This system as dascribed by Patton (1953) does not differ among the

elmids consliderad gso far,

The neural structures ara simiiar to those of othar eimids.

Sanse Organs

Somo of t+he organs are olaborate externally as In the Larinl, but

primary senslila +ypes are alike histologlically,

Fat Bodles

They lle along the gut from the head reglon posteriorly. In head
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and thoraclc arsas they are compact, In the abdomen t+he masses are [oose

alobules enclosed within a |imiting membrane., In addition, fat cells line

surfaces of organs and walls of cavities.

Gut _Contonts
Serlal sectlons revealed In the qut lumen debris, wood fibers

(fragments), and hydrophyte body fragments.,

Austrollmnius (Carter and 2eck, 1929)

Carter and Zock arscted this gonus +o contaln +wo species described
by King In 13565 (Hinton, 1940). Fifty-two speclas have been dascribed
from Australia (Hinton, 1963) and at least 17 spacies are known from
Marth and South America. Of these, thrze species (A. formosus, A.
halffter]l, and A, sulclcollli<) have been collected as far north as
Maxico (Hinton, 1971),

| have studied external and Internal morphologlcal features of flve

tarval spacimens of Aystrollimnlus formosus Sharp, collected June 4, 1968

at Bocono, Truj!llo, Vanazuala and April 4, 1969 naar Sauclto, Guerrero,
Maxico, Tha spacimens avaraged 3.48 mm In {ength and Q.47 mm In width,

Two spocimons were studlied histologlically.

Austrollmnius formosus

Extarnal Morpholoqy

Body: parallele=sided, cylindrical, and t+apering at seventh abdominal
segment. DNorsal view tectiform. Cutlicle 11ght brown, concolorous. Ninth
+ergite colored |lke othar tergites. Cuticle ventrally llke dorsal sur-

faca,
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Head: (Flg. 172) stightly longer than broad, frontal suture as

shown (Flg. 172), and clypeal suture represented by a thin line sug-
qesting fuslon of ¢lypeus and frons. Cuticle pubescent; spinous and
¢labellate bristles (Figs. 172, 182) arlise from scattersd tubercles over
frons, but scales clothe most of this surface. Ocelll single and con-
fined to an ocellar zone, Antennas three-segmented, first segment robust,
second slender, and third small, consisting of a short segment bearing

a short spine and medial to a much ionger slender spine arising from
apex of second segment, Clypeus short with anterior margln t+runcate.
Labrum (Fig. 172) with a +ransverss row of flabellate setae near base,
many small halrs along apex, and sides broadly rounded, Mandibles of
both sldes similar (Fig. 185), with three apical teeth, a long, spinous
prostheca, and short, medially-directed sensory halrs. Maxiliae (Fig.
179) with four-segmented palpl!, galea and laclinla separate, apex of

sach densely spinosae, stipes not fused with postmentum, and cardo as
flgured (Fig. 176), Lablum (Fig. 177) with postmentum undivided and

palpl two-segmented. Prementum with a well-defined palpiger. Mentum

E

(Fige 177) with a long, movable spine postero-lateral to each palplger,
Ligula arcuate, undivided,

Pronotum (Flg. 174) broader than long, subparallel, silghtly
broader at base than at apex, and with a transverse qroove near anterior
one=-third. Cuticle ornamented as frons, With flabellate bristles along
lateral margins (Figs. 173, 174), scattered among dorsal scales, and

arising from aach member of a row of tubercles along the posterior

margin., M™osonotum broader than long, similar to pronotum but without

+rangverse groove; with submedlial and sublateral rows of tubercles.




|

117
Metanotum and tergites of first eight abdominal segments similar in

sculpture to mesonotum, but t+apering posteriorly, with tubercies on
posterior margins becoming fewer (Flg. 170). Ninth tergite (Fig. 171)
subcylindrical with proportions as figured: +ubercles parallel subdor-
sally and sublaterally. Posterior apex sharply tapered, with row of
flabellate setae along shallowly emaringate posterior margin (Fig. 171).

Sterna of thoracic segments mostly membranous (Figs. 178, 179).
Pleura sclerotized and divided into two pleurites on each thoracic seg~
ment (Figs. 178, 179). Pleura of first seven abdominal segments delimited
by sutures (Figs. 180, 181)., Eighth and ninth abdominal segments without
distinct pleura, Sternites of first eight abdominal segments are similar
(Figs. 180, 181) and posterior region of ninth forms an operculum (Figs.
183, 184). Attached to operculum on inner side are two feeble claws
bearing a few straight setae (Fig. 184). norsal posterior margln of
operculum bears a row of flabellate bristles (Fig., 186).

Legs (Fig. 187A, B, €) sparsely sefose and sculptured as figured.

Spiracle on each lateral surface of mesothorax and first eight

abdominal segments,

internal Morphology

Nigestive System

This system Is not unllke t+he same system in other elmids studied.

Resplratory System

This system is similar to that in Ancyronyx, but is unlike that
found In the Larini in not having air sacs as a part of the tracheal

system,
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Excretory System

This system 1s similar +o +he one found [n Ancyronyx and the Larini.

tentral Nervous System

This system presembles that of Ancyronyx,

Histologlical Morphology

lategument

Exocuticie and endocuticle average 5 and 18 microns In thickness
respectively, Tuybercles which bear the flabellate setas are distinct
In serial section (Fig., 188), Histological morphology of endocuticle

Is not dlfferant from that in other eimids,

Nigeatlve System

Buccal cavity, esophagus, and crop are similar to those In Ancyronyx.
The proventriculus differs In that Its anterior end contains long scle-
rotized spines which project posteriorly, almost closing the gqut lumen
(Fig. 189), At the base of this zone are flat sclerotized plates which
do not bear splnes (Flg, 190),

The mid=- and hindguts do not dlffer from those observed In other

elmlds,

Resplratory System
The description glven by Snodgrass (1935) can be applied here as

in other =imlds,

Excretory System

In serlal sectlon malpighlan tubules were not observable due to a high
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concentration of fat cells (fat bodlas), Presumably they are not

histologically differant from those In other elmids,

central Nervous System

Serlal sectlons did not reveal anything unusual in the neural

histologlcal morphology.

Sensa Organs

Thes2 organs aro slimllar +o thosa In all elmlds consldered.

Fat Bodles
They oxlst In Irregular shapes and sizes and are not enclosed by
a2 limiting membrane, They +end to fil] the coelom and prevent clear

observation of internal organs (Fig., 191),

Gut Contents

o material other than debrls could be Identiflad,

Elsianus (Sharp, 1382)

This Is a genus of the neotroplcal reglon which extends into the
nearctic reglon where It Is presently represented In the Unlited States

by +hrea snacles, Elslanus moestug (Horn, 1870) Is found beneath rocks

In Arlzona streams, E. texanus (Schaeffer, 1911) Is found In gravel or
under rocks In streams with a high calclum content from Austin, Texas to
southeastern New Mexlco and southward into Mexico, and E, shoemakel

Srown 1971 1s found In graval or beneath rocks in San Fellpe Creek In

nat Rlo, Texas and +he upper Rlo Salado In Coshulla, Mexlco (Brown, 19712).
Hinton, who Is prasently making a revision of thls genus, remarked

that Elslanus will probably end up second to Cylioepus In number of specleas.
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He indicated In 1940 that 18 species had besen described and over 20 more

were in his collection from South America (Hinton, 1940),

| have studied external and Internal morphological foatures of five
tarval specimens of £, texanus collected In Del Rlo, Texas on July 19,
1968, The specimens averaged 7.1 mm in length and 1.2 mm in width. Two

spaclmens were studled histologicalliy.

Elsianus texanus

External Morphology

With a few dlfferoences and additions *hils description corresponds
o +hat aiven for t+his aenus by Hinton (1940),

Body: parallel-sided, hemi=cylindrical, and crescent=-shaped in
cross~soction, ruticle dark brown on head, one-third of thorax through
aighth abdominal +ergite, and posterior two=thirds of ninth abdominal
tergite. Medium brown on all areas not Included abova. Cuticle pube-
scent, with scales on anterior one=third of all segments except pronotum.
complax setae arise from pos?er!of margin of cach segment (Fig. 193),
among the scales (Flg., 201) and from within punctures (Flg. 200}, Scat~
terad among the punctures and scales are a fow splnous bristles arlsing
from punctures which are surrounded by a rosefte of punctures (Fig. 134).
tCutlicle vantrally, colored as dorsum.

Head-: longer than broad, epicranial and frontal sutures as figured
(Flg. 192). cCuticle coverad with punctures 7 mlcrons in diameter, except
on posterlor. Punctures are approximately an equal distance apart and
bear flabellate bristles, Punctures are replaced by tubercles on anterior

margln of #rons. Eye conslsts of 5=6 ocalll forming a fused mass.
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Antennas three-segmented and capable of belng retracted (t+he morphology

of the qena-antennal junction Is as In Lufrochus); first and second seg~
mants subequal in length, third minute and setiform, with a smal! apical
seta, beside third sagment is a bristle of equal length, Clypeus with
rounded antsrior and lateral margins. nNistinct frontal tooth on each

side batween base of antenna and clypeus. Labrum (Fig., 192) with anterior
marqin roundad and slightly irregular, rasulting from the origin of many
large bristies along anterior marqin; two large bristles arise subdorsally
amid a +ransvarse row of flabellate bristles, Mandibles (Fig. 195) of
both sides similar, with +hree apical teeth, an elongated prostheca, and

a wide mass of short sensory setaa, Maxillas (Fig. 196) with four-
sagmented palpl and stipes showing no differentiation Into a palplifer.
halea and lacinia separate, apex of cach densely splnose, stipes and
postmentum separate, and cardo subtriangular. Lablum (Flg. 196) with
postmantum yndlvided, labial palpl two-sagmented, and nrementum with

a palpiger, One club-shapad seta is adjacent to outer base of each
palpiger and four are along anterior of prementum, below the base of
ligula (Flg. 196).

Pronotum broader than long, sides parallel, slightly broader at
base than at apex, with splinous setae along lateral margin. MesonotTum
broader than long. Metanotum and flrst elght abdominal tergltes similar
+o pronotum and mesonotum in ornamentation., Abdomlnal terglites 2-6 with
a sublateral longltudinal suture on esach slde. Ninth terglita with

rounded basal angles, +apering, and wlth apex strongly emarglinate (Fig.

206) .,

Prosternum reduced and poststernum (Flg. 197) distinct., Pleurites
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of prothorax, massothorax, and metathorax divided Into two parts each
(Flgs. 197, 198, 199), Plaura of first sevan abdominal segments bounded
by sterno=pleural and tergo~pieural suturss, Elighth and anterior of
ninth seaments form complete sclerotlized rings (Figs., 204, 205). Sternal
region of f#irst abdominal segment not like sterna of segments 2-3 (Flg.
202). Posterior sternum of ninth forms an operculum (Fig. 207A, B) which
hears distinct claws on 1+3 Innar surface, Claws with relatively short
bristies on antero~lateral and long bristles on Intarnal posterior mar-
ains,

Lags all similar (Fig. 298p, B, C) distinctively long and siendar
In relation to the size of thae spacimen,

Spiracles, as in other almlds, present on lateral surface of meso~
thorax and flrst eight abdominal sclerlites, but there Is a smell area

suggestive of a spiracle on lateral surtace of metathorax,

Internal Yorphology

Nigastive System

The gross morphology of this system Is similar to that in other

eimlids (Fig. 210),

Resplratory System
This system s similar in all respects to what has been observed In

other Elminl. There are no alr sacs, but there is a palr of tracheal

t+ubes which lead +o possible rudimentary metathoraclc spiracles. (Fig. 199),

Excratory System

This system Is similar In all respects to what has been observed in
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other elimlds.

rentral Mervous System

There are no siagnificant (Fig. 209) morphological dlffereonces be=

tween this agsnus and other elmids In respect to thls system,

Histologlical Morpholoagy

Intequment

txocuticle 11 mlcrons and ondocuticle 25 mlcrons In thickness.
Exocuticle dorsally in serlal saction as {llustrated (Fig. 211). Venit-
rally there Is a decrsase In the number of punctures and an increase in

+he number of tubercles (Flg, 212).

Nigestive System

nifferences from other eimids are sean in +the high, Irregular folds
of the esophageal wall (Fia. 213) and t+he villl coversd by a loose cutl-
cutar intlma In the crop (Flg. 214). An esophageal sclerite Is present
and there are many narrow folds along the foregut wall In the pro-
ventricular zone, Arising from the folds anterforly are many sclerotized
spines which fine the qut lumen (Fig. 215), Along the wall posterior to
+he base of +his zone the splnes are raplaced by columnar cells bearing
sclerot!ized multispinous aplces (Flg. 216), +the above corresponds some-
what to the condition in Ancyronyx, but proventricular pads ars not
apparant and basal calls are more robust (Fig, 217), Other features of
+his region are typical for the almids,

Tha midgut (Flg. 218) and hindgut morphology corresponds to that

of other elmlds,
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nesplratory System

This system does not differ from the description given by Snodgrass

(1935),

Excratory System

As in other elmids, the description Is simllar to the one qlven by

Paftton (1953),

Central Mervous System

Thls system Is generally simifar to that in other elmids, differing
only In that the ganglia appear in serial section to be divided into

cortical and medyllary arsas.

Sense Oraqgans

No dlstinct dlfferences in the histological makeup of the sensilla

wers observed In thls genus,

Fat Bodles

The concentration of thase bodles Is low. They exlst as thin masses
along the lateral gut wall and contain iargs fat glcbules In an Irregular
chaln., Each globule Is separated from Its neighbor by a thin cytoplasmic
strand and all members are contalned within a sac-iike membrane. The

bodias are most abundant around the midgut.

Gut Contents

Serlal sectlons revealed In the gut lumen diatoms (Cocconeis and
Navicula), fragments of fllamentous algae, many wood fragments, and

much debris,




nesplratory System

This system does not differ from the descriptlon given by Snodgrass

(1935),

Excretory System

As In other elmids, +he description Is similar to the one glven by

Patton (1953).

Central Nervous System

This system is generally simliar to that in other elmids, differing
only in that the ganglia appear in serial section to be divided Into

cortical and medullary areas,

Sense QOraans
No distinct dl fferencas In the histological mekeup of the sensllla

were ohserved In this genus.

Fat Bodles

Tha concentration of these bodles Is low. They exist as thin masses
along the laterai gut wail and contain large fat globules In an lrregular
chaln. Each globule Is separated from Its neighbor by a thin cyfoplasmic
strand and all members are contalnad within a sac-like membrane. The

bodies are most abundant around the midgut,

Gut Contents
Serlal sectlons revealed in the gut lumen dlatoms (Cocconels and

Navicula), fragments of filamentous algae, many wood fragments, and

much debris,




125

Macronychus (Muller, 1806)
This asnus Is found in t+he Mew and Old World., currently It contalns

three species: Macronychus quadrituberculatus Muller, in Europe and North

Africa, M, glabratus Say, in the tinlted States, and M. simpiex Hinton,

from the Malayan Penlnsula, Macronychus glabratus, according to Brown

(In press), Is found on submerged wood and debris In streams of the
eastern and central states of the United States, from Florida to Maine
and castsrn Texas and Oklahoma +o Wisconsin,

! have studled oxternal and Internal morphological features of flve

larval specimens of Marcronvychus alabratus, collected from the lllinols

River In Cherokes County, Oklahoma on July 23, 1963. The specimens aver=-
aged 6.5 mm In length and 1.4 mm In width, Two specimens were studled

histologically,

Marcronychus alabratus

External Morphology

This description Is |lke that qglven by West (1929) for this qenus
(which he called Stenelmls, type 4) with some additions and some siight
changes,

Body: parallel=sided and hemicylindrical +o level of fifth ab-
dominal segment, then tapering posteriorly., Cuticle on dorsal side
brownish-testaceous to brown. Mid=terqgal sutuyre ends posterior to flfth
abdominal terglta. Cutlicle tuberculate, pubescent, and with long bristles
on lateral and posterior margins of all tergltes from pronotum to ninth
abdominal segment, The last segment also bears a large number of halrs
and small tubercles,

Head: nearly round; broader +han long, with spicranial and frontal
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sutures as figured (Fig, 219), Cuticle brownish, pubescent; most of

surface with tubercles bearlng short, thick and irragular bristies (Flgs,
222, 231) and scatterad among the tubercies are long splrous bristies

(Fig. 230). Along lateral and posterior margins are scales which are
rounded to irrequiar anterlorly. Each eye apparently composed of 5

ocalll, Antennae three-segmented as flgured (Fig. 219). Clypeus sube-
truncate anterlorly wlth rounded margins. Labrum slightly emarginate,

with broadly rounded marglins, and with a basal +ransverse row of long,
branching, membranous bristles, Hsar antero-lateral margin of frons are
multibranched setae (Fig. 221), Mandibles (Fig. 220) of both slidses similar
with three apical teeth, a long prostheca, short eract sensory bristles,
and branching, membranous bristies on outer lateral margin, Maxillae

(Fig. 224) with four-segmented nalpi, tarminal element bearing a distinct
palr of sensory paplllas, stipes showing no dlfferentiation Into a palpi-
for, and galea and lacinla separats with apex of sach densely splnose.
Stipes separate from postmentum and cardo (Fig. 223) subtriangular. Labium
(Flg., 225) with postmentum undivided, lablal palpi three-segmented, and
premaentum wilthout a well=marked palpiger (based on the criterion of the
location of premental seta),

Pronotum (Fig. 228) broader than long, anterior rounded, subparaliel,
and slightly broader at base than at apeX. S!tight fransverse groove along
anterior third; anterlor lateral margin very slightly explanate. Cuticle
ornamented as on frons, Masonotum broader than long and simllar to
pronotum, Metanotum and flrst eight abdominal tergites similar in
structure to mesonotum, but thoracic tergltes do not have posteriorly-

located setae bearing expansiong as lateral margins of abdominal segments.
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Ninth abdominal tergite as figured (Flg. 235), highly tuberculate, and

with lateral setas (Flg. 237).: apsx with strong spinous projectlons and
strongly emarginate.

Poststernum absent, coxal cavities open posteriorly, and pro-
starnum fused with prepleurite (Fig., 226), Thoraclc segments bearing
3, 2 and 2 sclerotlized pleurltes respectively (Figs. 226, 227, 232),
Pleura of flrst six abdominal segments bounded by sutures (Flgs. 232, 233),
Sternites of first six abdominal segmaents similar in form and sculpture
(Figs. 232), Abdominal segments seven, alght, and anterior of ninth
form comp lete sclerotized rings (Flgs. 234, 239), Posterior reglion of
ninth forms an operculum as flgured (Figs, 236, 238): with apex dis=
tinctly triangular; attached to its Inner surfaco are feebly curved spines
bearing many bristles,

Legs (Flg, 40A, B, 0) are robust, heavily sculptured, and Increasing
in length posteriorly. {internal t+arsal spine extends to t+lp of tarsal
clav.

Snlracles on protuberances on lateral surfaces of metathorax and

abdominal segments one through elght.

Internal Morpholoay

ntagestive System

This system s similar +o0 what was observed In other eimids (Fig.

241),

nasplratory Sysiem

The maln +racheal vossels are lateral ones as In other elmids and

+his aenus Is simllar to the Larini in having alr sacs, They are oblong
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(Fig. 242) and extand lengthwise in the body cavity, They are attached
to the lateral vessels and viscera! vessels by long, thin tracheal

vessels,

Excretory System

This genus exhiblts six malpighlan tubules as In most other elmids

considered,

Central Nervous System

The gross morphology does not differ from the condltions In other

Eimini,

Hlstological Morpholoay

Intequment

Exocuticle and endocuticle 11 and 22 microns In +hlckness, respec-
tively (Flg. 243). The endocuticle doss not dlffer from that in other
elmlds.

Nlgestive System

The buccal cavity Is similar to that found In other elmlds, but
there are six high irregular folds (Fig. 246) of t+he esophagus as In
Elsianus., Along the qut wall +o the proventriculus there are six low
folds of t+he eplithellal layer and +he muscles (Fig, 244). The cuticular
tayer 1s highly folded and bears fine spines (Flg, 244), Near the base
of the proventriculus, +he folds become high and wide and crypts develop
between them. The aplces of +he folds become transformed Into or replaced
by sclerotized, multi~spinous, columnar organs (Fig., 245), Posteriorly

+he above cells yleld o folds, an ssophageal sclerite Is present, and
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aesophageal [nvaginations extend backward toward the mlidgut (Flg. 247),

The morphology here 1s similar to that observed In Elsianus, but the
spines along +he lumen are smaller and the basal cells appear stightly
different aplcally.
Tha basic components of the midgut are present as In all elmids,
but the eplthelial ecells are packed very close together, resulting In a
spindle=shaped appearance (Fig. 248), The lumen Is very constricted and
a perltrophic membrane Is not distinct, but It Is assumed to be present,
The six folds of the hindgut are generally subtruncate, thus not
as round as In other elmids, Other structures are simllar to those of

ofher elmlds.

Resplratory System

Nelther t+ha histology of +he alr sacs nor that of the tracheal

vessals dlffers from the conditions found in other elmids,

Excretory System

The morphology does not dlffer from the description given by Patton

(1953),

Generally this system is simllar to the conditions found in other

almids, but medullary and cortical zones are apparent.

Sense Organs

No fundamental differencs could be noted in thase organs In come

parison with other elmlds,
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Fat Bodles

Atl along and around +he qut they occur In spherical to oval masses,

closely packed against the qut wall, They appear +o be enclosed by a

timlting membrane.

Cfut Contents
Serial sections revealad within the qut lumen dlatoms (Dlatoma)

and debiris,

Naocy loopus (Brown, 1970)

This qenus was formulated to include certain elmid species which
previously were placed In the genus Cylloepus. Presently there are

soven known species, all in the New World: Neocylloepus petersoni from

Chlapas, “exico, N, arringtenl from Rio Axtla, Mexico, M, hintonl from

+he highlands of nentral Mexico, N. sculptipennis from western

Mexico to Nlcaragua, N, champloni (Sharp) from Panama, M, sandersonl
from Costa Plca and Panama, and N, bossell from Arizona, Texas
and northarn Mexico (Brown, 1970a),

| have studied oxternal and Internal morphologlical features of

ageney ]
gven Jarvas

E24

snaclmens of Msocv!loshus sandarson! collactad In Canoas,

Costa Rica and Pacora, Panama on November 10, 13966 and June 26, 1968
respectively. The specimens averaged 4.8 mm in length and 0.82 mm n

wldth, Two specimens were studled histologlically,

Neocy | loepus sandersoni

txternal Morphology

Thls descriptlon corrasponds to that glven by Brown (1970a) with
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slight mod] fications and additions,

Body: parallel-sided, cylindrical, and slightly tapering at
saventh abdominal segment. Cuticle dorsally, ferruginous, bearing
scalaes and bicuspld tubercles from which emerge spinous bristles, Mid=
tergal suturs extends from anterior of pronotum +o +wo-thirds the length
of alghth abdominal tergite, HNInth abdominal terglte tuberculate (Fig.
256), similar in color to anterior tergites, robust, tectiform In dorsal
viow, and bearing mid~dorsal, lateral, and sublateral carinae which are
accented by abundant tuberciaes., Posterior lateral margins of tergites
not elongated axcept by tha enlargment of bicuspid tubercles., Cuticle
ventrally a pale brown and bearing fewer tubercles,

Head: (Flg. 251) longer than broad and frontal suture as shown;
distinct taoth betwean hase of antennae and clypoaus. Fronto-clypeal
suture coverad bv anterioriy-projecting tuberclies along anterior margin
of frons. Eve conslsts of 5«6 fused ocelli; antennae three-segmented
(Flg, 251), ~lypeus truncata and with sllightly rounded margins. Labrum
with strongly rounded lateral margins and anterior margin broadly arcuate
to stralght; antero~lateral margins adorned with long spines: with a
t+ransverse row of small tubercles crossing middle portion (Figs. 251),
Mandibles (Fig. 253) on both sides similar, bearing three aplcal teeth,
a long prostheca, a brush or row of sensory setas on the Inner margin,
and apparently no bristies on outer lateral margin., Maxlllee (Fig. 249),
with four-segmented palpl and no differentiation Into a palpifer.

Galea and lacinia separate, densaly spinose on apices, and rather along-
ate In comparison with other eimids studied (Fig. 249), S+ipes not

fused to postmentum and cardo (Fig. 250) subtriangular. Lablum (Fig.
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252) with postmentum undivided, two-segmented palpl, and a distinct pre-
mantal palpiger. Adjacent to the external margin of paipiger is a mental
seta and lateral +o this Is a tooth=like alongation of anterior margin
of mentum,

Pronotum wider than long, sldes subparallel, slightly wider at base
+han at apex. Mesonotum and metanotum similar in proportions and or-
namentation to pronotum. First eight abdominal +tergites (Fig., 255) simllar
In sculpture and ornamentation +o matanotum. WNinth terglte subecylindrical,
slightiy tapered, and +runcate apically (Fig. 258),

Posternum (Fig. 257) suppressad, poststernum present; coxal cavities
partly separated by a thin sclerotized rod. Prothoracic, mesothoracic,
and metathoraclc pleura consist of two parts (Flgs. 257, 258, 259).

Pleura of flirst seven abdominal sagments bear tergo-pleural and sterno-
pteural sutures., Elghth abdominal segment with only the mid=tergal

suture (Fig, 260). Antericer part of ninth abdonminal segment forms a
complete sclerotlzed ring (Fig. 262)., Sternal reglon of ¢irst seven
ahdominal segments sculptured and ornamented similarly, Posterior sternal
region of ninth forms an opercylum (Fig, 261), attached to Inner surface
of which are two weakly-curved claws which bear a protuberance on outer
lataral marglns and setae on dorsal surface as figured,

legs (Flg. 254) elongate as In Elslanus and Necelmis and Increasing

in length posteriorly. Internal tarsal spine rather small in comparison
with other eimids,
Spiracles on protubsrances on lateral surfacas of mesothorax and

flrst elght abdominal segments,




Internal Morphology

Niasstlive Systenm

The morphology of +his system is not unlike that in other eimlds.

Rasplratory System

This system s similar to t+hat of other elmlds which lack alr sacs.

Excretory Svstom

Three palrs of malpighian fubules arise at the mldgut - hindgut

Junction as in all elmids conslidered.

fontral Nervous System

fanerally there are no gross dlfferences In +his system In com=

parison with other aimids,

Mlstoloal cal Morphology

ntegumant

Exocutlicle and endocutlcle average 5.4 and 10 microns in thlckness.
An outline of the tuberclas Is itllustrated (Flg, 263), but no distinctly

different generic features are prasent.

Nigestive Systom

The anterlor buccal cavity Is like that found In other elmlds.
The esophagus dlffers from that of Hexanchorus only In that no distinct
asophageal folds are apparent. The crop (Flg. 263) Is dlilated and
bears villl, but they ars not as elaborate as in Eilslanus. Anteriorly

the proventriculus contains elongated organelles wlth serrated posterior
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marglns; posterlorly, therz Is a row of triangular organelles with

sclorotized aplces. Just posterior t+o t+his region 1s a clrcle of dome-
shaped cells w{fh serrated marglns, followed posteriorly by cyllindrical
cells (Fig. 264) with Irregular apical serrations and distinct nuclel.
Posterlior t+o these proventricular cells Is an anvileshaped sclerite (Fig.
265), The structure of the proventriculus In thls aenus Is simliar fo
+hat In Hexanchorus,

The faaturss of the midgut and hindgut are gensrally similar to

those of a1l elmlds conslderaed oxcept Magronychus,

Resplratory System

There are no air sacs and +he nrimary +racheal vessels are lateral

ones. Hlistologically they do not differ $rom those of other elimids.

Excretory System

This system Is simitar to t+hat In other eimids studled,

Caontral Nervous System

No distinct features distinguish this genus from the other elmids.

Sanse Organs

The serfal sections did not reveal any distinct Internal difference

in the morphology of thess organs.

Fat Bodles
Small capsules and spherical bodles, uynited in oval masses In

sarial saction, are found along the gut. The bodlaes are very abundant

along +he midgut.

Gut Contents




135
Serlal sections revealed In t+hae qut {umen diatoms (Navicula, platoma

and Cocconals), ¢llamentous algae fragments, debrls, and wood fIlaments.

Neoelmis (Mysgrave, 1935)
This genus was created to contain a new specles of eimid from

Puerto, Rico and +o 11 Mysgrave added Elmis apicalls Sharp, E. caesa

LeConte, and E, minima nariington (Hinton, 1940). Hinton (1940) aiso

referred to +his genus Elmls simonl Srouvelle from Venezuela. Hinton

Is oresently revislng the qenus and descrlibing many new neotropical
specles, Only N, caesa has been collacted within the Unlited States.
This species Is found In aravel and under rocks In rlffles of clear
stroams with a high calclum content In south-cantral and southwestern
Texas and rarely In +he Arbuckle Mountaln rsglon of south=central lkla-
homa (Brown, In press),

| have studled external and internal morphologlical features of five
tarval spascimens of Neoelmls collacted in Bocono, Trujillo, Venezuela
on June 4, 1968 and Coahulla, Mexico, on August 17, 1970. The specimens
averaged 4 mm in length and 0.47 mm In width, Two specimens were

studied histologlcally.

Neoelnls sp.

External Morphology
The generlc description glven here Is like +hat glven by Hinton (1940)

wlth some addltlons and sllight modlfications.
Body: parallel=sided, cylindrical, and tapering at the ninth
abdominal segment, All segments from mesothorax posteriorly to the elghth

abdominal are approximately the same length and width. Cuticle on dor-




sal slde, tan In color and bearing lery low, bicuspld +ubercles from which
arise flabellate bristles (Fig. 271). Anterior and posterior margins

of prothorax and posterior margins of all segments posteriorly to ninth
abdominal tergite bear subrectangular, membranous scales which are
emarglinate along their aplces (Fig., 270). The mid~tergal sutural line
passes from anterior margln of prothorax to posterior margin of the sixth
abdominal segment. Ninth abdominal segment colored and tuberculate as

the anterlor tergltes. Ventral surface |ike the dorsum except that
tubercles are replaced by scales from which arise tlabellate setae.

Head (Fig., 266) slightly longer than wide and splcranial and frontal
sutures as flgured, Without tooth between base of antenna and clypeus.
Cuticle covered by scale~like tubercles centrally, but posteriorly and
lateral ly the tubercles become high. Spinous and flabellate bristles
arise from the above tubercles. Ocelli (5 ?) on each side fused into
a single mass. Antennae consist of three segments each; following
Bertrand's usage (1955), t+he +hird segment consists of two components
which are identical except for a spine on apex of inner member (Hinton
conslders the piece hearing the splne as the +true segment)., Clypeus
with anterlor margin truncate and slightly rounded lateral margins.
Labrum with antero~iaiterai margin bearing a serrate or crenztz appear-
ance resulting from the presence of spine sockets (Fig. 266); with a
rounded median marginal protuberance; crossing posterior third of labrum
Is a transverse row of small flabellate bristles. Mandibles (Fig. 268)
of both sides similar, with three apical teeth, and suggestions of a
fourth on the middie tooth; with dlstinct elongate prostheca and sensory

bristles on Inner surface whereas several small spinous bristlies or
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tufts are on the outer lateral margin. Maxillae with four-segmented

palpl and stipes showing no differentiation into a palpifer (Fig., 267);
aalea and lacinia separate, aplces densely spinose, stlipes separate from
postmentum, and cardo suboval, Lablum (Flig. 267) with two-segmented
palpl and a distinct palpiger. Ligula bearing only minute ornamentation.
Mentum bearing a large club-shaped palp on =2ach antero-lateral margln,

Pronotum widor than long, sides subparallel, slightly wider at
base than at apex. Mesonotum broador than long and similar to pronotum
except that rectangular bristles are only on nosterior margin of tergite.
Metanotum and terglites of first clight abdominal segments similar in
ornamentation (Flg. 269} and general proportions to mesonotum. Hinth
abdominal segment subconical, not emarginate at apex,

Prosternum supprassed in mide=ventral |lna, poststernum distinct,
and coxal cavlitles closad (Fig, 273), Pleura of prothorax, mesothorax,
and metathorax consisting of two parts each, Pleura of #irst seven
abdominal segments (Figs, 273, 274) bounded by sterno-pleural and tergo-
pleural sutures, Segment elght and anterior of ninth form complete
sclerotized rings. Posterior sternal region of ninth (Flg, 275) forms an
operculum which bears weakly curved claws (Flg. 276).

legs (Fig., 272) rather slender, with segments increasing in iengih
and decreasing In wldth posteriorly; covered with few spines; apparently
no Intarnal tarsal claw splnes are present,

Tracheal splracles on lateral surface of mesothorax and first elght

abdominal segments,

internal Morphology

Nigestive System
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This system is similar +o that In other elmids,

Respiratory System

The primary vessels, apparently, are lateral ones which communicate
with transverse vessels and subdivide as in other elmids not containlng

alr sacs.

Excretory System

With only four malpighlan tubules, two less than the number found

In other elmlds,

Central Nervous System

The morphology of this system is similar to that of other elmids.

Histologlcal Morphology

Exocuticle and endocuticle average 4 and 18 microns in thickness,
respectively. +the blcuspid tuberculate nature of the exocuticle is

very obvious In serial sectlon,

niaestive System

The buccal cavity, esophagus, crop, and anterfor of proventriculus
are llke those In Neocvlloepus in that there are present: columnar
organelles bearing sclerotized serrated apices; proventricular teeth
(triangular organelles which surround the anterior of the proventriculus);
dome-shaped, sclerotized folds (proventricular pads) bearing serrations;
and, posteriorly, subcolumnar cells which are serrated and sclerotized
(Fig. 277). This genus differs In that the basal cells appear to bear
a neck beneath the sclerotized apex.

The midgut and hindgut do not differ from these regions In other

elmids,
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Resplratory System

Histologlically these vessels #11 the description qlven by Snodgrass

(1935).

Excretory System
The natura of the tubules $its the description qiven by Patton (1953),

caentral Nervous System

This system is simllar to that observed in other elmlds.

Sense Organs

Only primary organs are present and they do not differ from those

in other almids,

rat Bodles
They exlst as clump=~1ike masses which appear to have no specific
order within the body wall, As in other eimids they are most abundant

around the mldgut,

But Contants
Serlal sectlons revealed In the qut fumen wood fibers, debris, and

9 AL [ Ears P
dgiatoms {Coccensis}.

Optiogsrvus (Sanderson, 1354)

This menus was created by Sanderson to Include numberous specles
formerly Included within the genus Haterllmnlus (Bertrand, 1955)., In the
Unlted Statas there are 13 specles which have been collected from the
south, northeast to Canada, central midwest, southwest, and northwest to

British Columbla, This genus and Microcy!loepus have the widest distrl-
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bution within the United States, buv no members of Qptioservus have yet
been col lected from Mexico (Sanderson, 1954).
| have studied external and internal morphological features of flve

iarval specimens of Opfioservus ovalis (?), collected from Grover Creek

near West Union, lowa on July 8, 1968 and near Berlin, Pennsylvania on
July 7, 1970. Specimens averaged 4.74 mm in [ength and 0,42 mm in width.

Two specimens were studied histologically,

Optioservus ovalis (7)

External Morphology

This generic description of larval morphology Is similar to that
given by Sanderson (1954) with slight modifications and some additions.

Body: subparallel-sided, cylindrical, and tapering at level of
fift+h abdominal segment. Cutlcle pubescent, dorsum brownlsh and tuber-
culate, With scales at posterior of head and anterlor of all tergites
except pronotum. Mid~tergal suture extends from anterior margin of pro-
notum t+o posterior of sixth abdominal segment and Is accented by a slight
sybmedlan carlna on each side. CuTicle ventrally brownish and ornamented
as dorsum, but tubercles are fewer,

Head: sllightly longer than broad, with epicranial and frontal
sutures as figured (Fig. 278). Cutlcle pubescent, with scales on pos=
terior of head and fubercles centrally which bear flabellate bristles
are dispersed around each of t+he ocellar zones. Antennae as flgured
(Fig. 278). First segment slightly wider than long; second about four
+Imes longer than wide; third slender and setiform with a small bristle;

spine alongside +thlird segment equal In length to segment, Antero-lataral
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margins of frons bear blynt tooth-like tubercles which bear flabellate

bristies. Ci{ypeus truncate anteriorly with angles on each side rounded.
Labrum (Flg. 278) with margin arcuate and densely setose; angles rounded;
wlth a +ransverse row of Irreqular, flabsllate bristies which extend
beyond the anterior margin, Labium (Fig. 279) with postmentum undivided,
palpl +wo=sagmented, mental setae at lateral base of a dlstinct palpiger,
and a short ligula which Is rounded anteriorly. Maxillaes (Fig. 280)

with four-segmented palpl, no differentlated palplfer, qalea and lacinla
separate wlth apices densely spinose, stlpes separate from postmentum,
and cardo suboval In outline, Mandlble (Fig. 281) with thrae aplcal
+eeth, a prostheca, oral setae anterlior to prostheca, and three siender
sotal t+utts on outer |ateratl margin.

Pronotum wider +han long, wider at base than at apex, and bears a
Weshaped furrow (Fig, 282), Margin explanate and bears large tubercles.
Mesonotum broader than long: margln explanate; cuticle ornamented as
sronotum, Hetanotum and #irst elght abdominal segments ornamented as
pronotum, margins explanate only on posterior third of sach abdominal
soqment. HNinth terglte tectliform, with medlan and lateral carlinae ac-
cented wlth tubercles, and posterior margin emarginate (Fig. 283),

Prosternum fused with propieurite and postpieuriie divided inio
two parts (Flg. 284), Poststernum absent or membranous. Mesothoracic
and matathoracic pleura consist of one part sach. Abdominal pleura of
f1rst seven segments delimlted by sterno-pleural and tergo-pleural
sutures, Elghth and anterior of ninth abdominal segments form complete
sclerotizaed rings. Sternal reglon of ninth forms an operculum (Fig. 286),

Attached to operculum on Inner surface are two strongly curved claws
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which bear siender setae,

Legs (Fig. 287) all similar, segments increasing in length posteriorly
and decreasing in width., Each tarsal claw bears a distinct internal

spine.

Internal Morphology

Digestive System

The morphology of this region is not unlike that of other elmids
(Fig. 288).

Respiratory System

The primary vessels are tha lateral ones, but they are supplemented

with alr sacs (Fig, 289), as present in the Larini,

Excretory System

There appear t+o be four malplighlan tubules as In Neoelmis,

Central Nervous System

The morphology of this system does not differ from that of other eimids.,

Histologlcal Morphology

I ntegument

Exocuticle and endocuticle average 18 and 54 microns in thickness.
In serial section the tubercles (Fig. 290) are distinct, but generally

the histology is not unllike that of other elmids.

Nigestive System

The buccal cavity and esophagus are generally similar to those in

other elmids. There are folds In the esophagus; the esophagus leads
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intfo a dilated crop, which continues into the proventriculus, Folds

in the wall of the proventriculus terminate in apices which are
sclerotized and serrated, are followed by proventricular teeth, pads
(Fig. 291), and columnar cells with multi~spinous margins. #any of
+hoe cslls, near the base of +he proventriculus, are drawn-out as
itiustrated (Fig, 292). The above morphology is similar to the con=

ditlons found In Neocylloepus and Neoelmis., At the posterior of the

foregut are an anvil-shaped sclerite and esophageal invaginations which
projJect toward the mldgut.
The midgut and hlndgut zones are not different from those in ofher

elmids, but the midgut s constricted due to the presence of alr sacs.

Respiratory System

Histologically the tracheal vessels and alr sacs are ln accord

with the description glven by Snodgrass (1935),

Excretory Systam

The malpighian +ubules are not unlike those of other elmid larvas

studled,

central Nervous Systenm

Mo distinct histologlcal feature Is present,

Sense Organs

No organs are revealed other than the primary ones.
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rat Bodies

Along the surface of the forequt the fat bodies are thin and cord-
like, but the masses bacome anlarged around the midgut. These masses

appear +o be onclosed within a membrane.

sut Contents
Serial sectlons revealed in the gut Jumen diatoms (Qpephora,

Cocconels, Hitzschla, Navicula, and Diatoma), debris, and algal fragments.

Cullmnlus (Das Gozis, 1886)

Berthélemy (1965) considered Qylimnlus Gozis +he same as Limnlus

Erfchson and Qulimnlus rivularis Rosenhauer 1856 the same as Limnius
varlabilis Ganglbauer 1904, In his treatment of the genus he consldered
eritical generic characters of ths antennae, operculum, and Infegumental
ornamentation,

Bertrand (1955), consldering Erichson's Limnius, noted that this
nenus is bast represented In the 0ld World, with only one or two species
in the Mew World, Bertrand (1955) and Brown (In press) recognize one
specles In +he Unlted States., According to Brown (In press), Qulimalus
latlusculus may be collected in gravel or under rocks In riffles of
clozr streams from Alabhama, aastern Tannessea, and South Qarolina, north-
east fo Canada, ranglng from cool lowland streams to elevations higher
than any of the other local aimids.

| have studled external and Internal morphological features of three

larval specimens of Qulimnius latlusculus collected In Watauga County,

North Carollna,1966. The specimens averaged 2,4 mm In length and 0.5 mm

In width, Two specimens were studied histologically,
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Qulimnius latiusculus

External Morphology

Under the qenus name Limnlus, Bertrand (1955) qave several larval
teatures of Qullmnlus, | have attempted +o expand his work with additions
and some modiflcations,

Body: parallel, cylindrical, and tapering at ¢#ifth abdominal segment.
Outicle dorsally light brown +o reddish=brown with numerous sub~bicuspld
tubercles arranged along tergal surface In submgdian, sublateral, and
lateral incompiete lines from pronotum to eighth abdominal terglite.
Simitar tubercles are also located along the posterior margin of each
terglic posterlorly to the same lavel, Hld=tergal suture extends from
anterior margin of pronotum to posterior of glxth abdomlinal segment.
Seventh +o ninth abdominal tergltes tectliform, Ninth tergite brownlsh and
tuberculate, Cutlcle ventrally light brown to pale, tubercles small
and few,

Head: slightly longer t+han broad, spicranial and frontal sutures
as figured (Fig. 293), Scale=like tubercies, from which arlse flabellate
satae over central, posterlor, and dorso-lateral surfaces. Anterior of
frons bears scattered $labellate setae, Eyes composed of 5 (7) fused
ocalll on sach side., Antennae three-segmented; basal segment broader
than long; second segment about four times as long as wide; thlird segment
small and setiform with a terminal bristie; spine alongside third segment
about three +Imes longer than segment (Fig. 293), Clypeus with straight
anterlor margln, rounded lateral margins. Labrum with anterlor margin
weakly emarginate and broadly rounded lateral margins; with a transverse

row of long and short bristies and many short setas bordering anterior



margin. Mandibles of both sides g?;!|ar, with three blunt apical ‘eeth,
posteriorly projecting prostheca, and » tuft of sensory setae (Fig. 295A,
B). Apparently there are no bristles along outer lateral marglins of
mandibles. Maxlllae (Fig. 294) with three~segmented palpl and stipes
showing no differentiation into a palpifer. Galea and lacinia appear
separate at anterlor and apex of each densely spinose, Stipes not fused
t+o postmentum and cardo as figured (Flg., 294), Lablum (Fig. 294) with
postmentum uyndlivided, palpi two-segmented, prementum without a distinct
palpiger, and mental seta below base of lablal palp.

Pronotum rounded, slightly wider than long, slightly broader at base
+han at apex, slightly explanate laterally., Masonotum and metanotum
similar to pronotum In ornamentation, but subrectangular In shape. First
elght abdominal segments (Fig. 297) simllar to metanotum in proportions
except +hat lateral expansions and assoclated tubercles are smaller.
Ninth t+ergite (Fig. 296) tectlform and tapering posteriorly., Submedlan
tubercles form a double row which merges posteriorly +o form a single
row. Posterior margin not drawn out into splnes, the slightly emarginate
appearance belng dus to the snlargement of t+erminal tubercles which bear
alongate flabellate setas.

Posterlor sternum absent, coxal cavitles open posteriorly, prosternum
and propleurite fused, and postpleurite divided Info two unequal com-
ponents (Fig, 298), Pleura on mesothorax and metathorax each divided
Into two unlits and pleura of flrst seven abdominal segments bounded by
tergo-pleural and sterno-pleural sutures (Figs, 298, 299), Eighth and
~anterior of ninth (Fig. 300) form complete sclerotized rings. Sternal

region of first elght abdominal sclerites scujptured similarly.
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Posterior sternal reglon of ninth forms an operculum which bears strongly

curved claws on its Inner surface (Fig. 301). Setas on anterlor surface
of claws are few in comparison with other elmids,

Legs (Flg. 302) bearing many spines and bristles. Internal tarsal
spine very distinct. Segments of each member Increasing in length
posteriorly.

Splracles occur laterally on mesothorax and first eight abdominal

segments,

Internal Morphology

Digestive System

The components and arrangsment of this system are as In other elmids.

Resplratory System

There are no alr sacs and t+he main vessels are the lateral ones.

Central Nervous System

This system Is not uynlike that found in other elmids,

Histological Morphology

intequment

Exocuticie and endocuticle averaged 4 and 7 microns in thickness,
respectively. Tubercles on dorsum are dome=shaped In cross-section and

bear small spinous processes (Flg, 303).

Dlgestive System

This system (Flg. 304) is similar to +hat of Neocylloepus, Neoeimls,

and Optloservus.

v
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Rasplratory System

This system does not differ from that of other elmlds with no alr

s58CS.

Excratory System
The description Is the same as that glven by Patton (1953),

Central Nervous System

The neural components are !like those present In other elmids,

Sense Organs

The primary sense organs are as those in other elmlds,

They conslst of follicle~llike masses enclosed within a meshwork of

connactive +ilssue,

Gut Contents
Serlal sectlons reveaied in the qut lumen dlatoms (Fragllaria,
Navicula, and foccenels), debris, wood £ilamants and filamentous algal

fragments,

Promoresia (Sanderson, 1954)
This genus was created by Sandsrson to Include some elmlids which

were previously placed ynder the genus Hoterlimnlus and eariler In

Limnius or Helmls, Two specles are Included within this genus: Promoresia

elegans LeConte and P, tardella Fall., Promoresia eleqgans Is found In

gravel and under rocks In riffles of cool streams from the Great Smoky

Mountains northeast to lower Mew England and P, tardeila Is found in
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aravel and among moss and rocks of cool streams In the Great Smoky

Mountains, In New England, and in eastern Canada (3rown, In press),
| studled external and Internal morphologlcal features of three

larval specimens of Promoresia tardella coliscted ¢rom the Ellls River,

north of Jackson, New Hampshire on July 5, 1966, The speclimens averaged
3.5 mm In length and 0.5 mm In width., Two specimens were studled histo-

logically,

Promoresia terdslia

External Morphology

Nescriptlons of Promoresia larvae have been given by West (1929), as

Eimis quadrinotatus Say, Sanderson (1954), and Bertrand (1955), The

following description Is simllar +o those given by the above with additions
and some slight modifications,

Body: parallel=sided, subcylindrical, and slightly +apering posteriorly.
cuticle dorsally llght +o medium brown, Head, thorax, and ninth abdominal
tergite ars darker than other body parts, Mid-tergal suture extends to
base of sixth abdominal seagment., Cuticle ventrally, similar to tergum,
unicoior, but wiTh a darksr brown cperculum.

Head: sllightly broader than long and epleranial and frontal sutures
as figured (Flg. 305), Cuticle pubescent with scales bearing flabellate
bristies on posterior portlon of gena and frons, Anteriorly on frons
there are short flabellate bristles and |aterally on frons and gena short
and long setae arlse from dorsal punctures. Ocelll with apparently four
unlts In each group. Antennae three-segmented; basal segment longer

+han broad; second segment almost four +imes as long as wide, third seg-
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mant small and setlform with a terminal bristle; spine alongside third

segment sllightly shorter than segment. Clypeus with anterlor margin
feably truncate, roundad on sach slde, and fronto-clypeal margin adorned
wlth a +ransverse row of membranous branching bristies. Labrum silightly
emarglnate at mid-anterior margin, slightly rounded laterally, and bear=-
Ing a +ransverse row of flabellate bristles, Mandibles (Flg. 306) of
both sides similar, with t+hree aplical teeth, a slender, clongated pros-
theca, and +wo or thrse large membranous spinous bristies on outer |ateral
margin, Maxlllae (Fig. 308) wlth four-segmented paipi, stipes showing
{ittle or no dlfferentiation into a palplfer, galea and lacinla separate,
and both are densely spinose at apex. Stipas not fused 4o postmentum and
cardo suboval, Lablum (Fig. 307) with three~segmented palpl and a pre=-
mental palplger Is only suggested. Twin spinous setao arlse from an-
terlor margin of pramantum medlal 1o palpl; mental setae or palpl at
base of suggested palplger.

Pronotum slightly fongar than broad, wider at base than at apex,
and with dlstinct submedlan and postero-lateral carinae. Submedlan carina
Is broad along anterior margin, but fapers posterioriy. A distinct
U=-shaped groove separates the carinae, which are accented by
numerous tuberclies as on posterlior margin of +he head. The posterior
axplanate lateral margins bear bicuspid tubercles from which arise brush-
Itke bristles, Mesonotum broader than long, simliar to pronotum axcept
t+hat dorsal and lateral carinae are more pronounced. nNepressions which
separate dorsal and lateral carinae are also more evident. Metanotum
(Fig. 310) similar +o mesonotum except that dorsal carinae are slightly

lower. Flrst +hrough elghth abdominal +erglites sculptured as metanotum
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except that dorsal carinae Increase In length posteriorly to form a

flattened ridge. Lateral carinae low, but In proportion to the segments,
Lateral carinae on aighth abdominal tergite Indistinct and lateral ex-
pansfon of tergite feeble. Ninth terglte with pronounced mid-dorsal
carina accented with spinous bristles, which decrease In helght pos-
teriorly. Apex slightly emarginate and adorned with a row of setae.
Cuticle tuberculate (Fig. 316) as on anterior segments, but tubercles are
arranged as flgured.

Prosternum present (fused with prepleurites), poststernum absent,
and coxal cavities open posteriorly (Fig. 313), Pleura consist of three
divisions on prothorax and one plece on each side of mesothorax (Fig.
314) and metathorax (Flg. 315). Pleura of first seven abdominal segments
delimited by sterno~pleural and tergo-pleural sutures (Fig. 315), Elghth
and anterior of ninth sclerlte form complete sclerotized rings. Sternal
reglon of first elght abdominal segments sculptured similarly; posterior
regicn of ninth forms an operculum which bears weakly curved claws on
its Inner margin (Fig, 311).

Legs (Fig. 312) all similar, Increasing In length posteriorly, and
heavily Invested with spinous bristles. Tarsal claw spines are present
and are approximately one-half the length of the tarsal claw.

Number and focation of spiracies as In other elmids.

Intfernal Morphology

nigestive System

This system Is not unlike the same system in other elmid larvae,

Resplratory System
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The morphology of this system Is +yplcal for those zimids not bear-

Ing alr sacs.

Excratory System

The morphology s typlcal for +hose elmlds with six malplghlian tubules.

Central Nervous System

The components of +his system are similar +o those present In other

aimlds studled,

Histologlcal Morphology

Integument

txocuticle and endocuticle 11 and 18 microns In thickness, res=-
pectively, nistinct spines which arise from t+he fuberclaes are avident

from the serlal sactlons (Flig, 318),

Digestive System
The conditions found in +he foregut (Fig., 317), midgut, and hind=

qut (Fig, 318) of this genus are similar to those $ound In Neocyl loepus,

Neoelnmis, Optloservus, and Qulimnius,

nespl ratory Systom

The histology doas not differ from the description glven by Snodgrass

(1935),

Excratory System

The histology does not differ from +he description gliven by Patton
(1953),
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Central Norvous System

The hlstology doss not dlffer from that of other elmids.

Sense_Organs

The primary organs are similar histologically to those present In

other elmids.

Fat Bodies

They are sac-llke massas of spherical bodles enclosed by a limiting

membrans and lylng along +he gut wall,

Gut Contents
Serlal soections revealed In the qut lumen dlatoms (Cocconels),

D e )

debris, and massive amounts of f1lamentous algal fragments,

Tolriolus (Hinton, 1940)

This qenus was formed by Hinton +o Include specimens which he had
aarlier placed In the genus Limnlus In 1934 and the aslatic qenus
Macronycholdes Champlon In 1936. A comparative study of the spacimens
and members of the latter genus revealed +hat his specimens shouid not
be Included within the genus Macronycholdes (Hinton, 1940). This work
by Hinton was supported by Bartrand (1955} when he compared +he larvae

of Hinton's specimens with the larvae of Macronycholdss,

According to Hinton (1940) Tolrliolus has been collected In Mexico
from +he districts of Temascaltepec, Tejupilco, Peal de Arriba, and Rio
Vorde, Brown has also t+aken It In the hlghlands of Guatemala,

I have studled external and Internal morphological features of three

larval specimens of Tolrlolus ungulatus collected near Antonlo, Mexico,
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on October 12, 1966, The specimens averaged 4,00 mm In length and 0.7

mm in wldth, TYwo specimens were studied histologlically,

Jolriolus unaulatus

Extarnal Morpholoagy

The followlng descriptlon Is Ilke that glven by Hinton (1940) with
slight modl fications,

Body: subparallel-sided, cyiindrical. and tapering posteriorly.
Cuticle ferruginous with tubercies concentrated on prominent lateral and
dorsal carlnae produclng dark brown Veshaped deslgns on mesothorax,
metathorax, and first elght abdominal fergltes. Pronotum also bears the
Yeshaped dasign or +he outline of mergling parallel [lnes. Ninth terglite
colored as anterior of body and subdorsal carlna accented by cubical
tubercles which bear posteriorly=-projecting setae, Cuticle ventrally
slightly paler +han color of dorsum. Operculum darker than sternites.
uvargins of coxal cavlities bordered with tubercles as fligured (Fig. 326),

Head: (Flg. 321) slightly longer +han broad, fronto-clypeal sutures
as flgurad, Anterior two thirds of frons coverad with blcuspld tuberclss
bearing spinous setae and posterior t+hird bears low scales., Each slde
of head bears eys composed of fused ocelll. Antennae consist of three
seqments as flaured (Flg, 321). rirst member broader than long; second
segment about four +imes as long as wide; third segment small and setl«
form with a terminal bristle; spine alongside third segment same length
as seoment, fClypeus with straight anterior margin, and with rounded
lateral marging, Labrum broad, sllightly emarglnate anterlorly and strongly

roundad laterally, The lateral margins are covered with poly=branched
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setae and the anterior margin bears thin bristles. Mandlbles on each

side similar, bearing three aplcal teeth, a long prostheca, short inner
bristies, and one t+o three brush=like bristlies on outer {ateral margin.
Maxi!lae (Fig. 319) with four-segmented palpi, stipes showing no
differentiation into a palpifer, galea and laclnla separate, and apex
of each densely spinose, Stipes nol fused with postmentum and cardo
subtriangular in outline. Labium (Fig., 322) with three~segmented palpt,
prementum with a short palpiger, and postmentum undivided. Small pre-
mental seta iocated at internal basse of {ablal palp and simllar large
seta located below base of palpiger. Lateral to palpl are four to five
spinous bristles and postmental setae as figured (Fig. 322),

Pronotum longer than broad, wider at base than at apex, and lateral
margin explanate. Cutlcle with signet=shaped tubercles over dorsal sur-
face and blcuspld ones [aterally and posteriorly. porsal carinae are
broad anteriforly and posteriorly, but slightly constricted medlally.
Accented tubercles glve the dorsum a crescent shape at the base of the
carina. Below the carina Is a distinct protuberance. Mesonotum
tuberculate, ornamented as pronotum, iaterai expansions conflned to
posterior two-thirds of tateral margin. Metanotum and first eight
abdominal tergites {(Flg. 323) sculptured as mesonotum, except +hat
mid=-dorsal carinae are more pronounced and |ateral expanslons are
more narrowed and confined to posterior half of lateral margins. Ninth
t+argite tectiform; dorsal carlna distinct; lateral margin slightly ex-
planate; apex notched (Fig. 3318),

Prosternum suppressed or fused with prepleurites and poststernum
present, coxal cavities eclosed, medially separated by a rod-shaped

sclerite (Fig, 326). Pleura on prothorax, mesothorax, and metathorax
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are divided Into two plates (Flgs. 326, 327, 328), Sterno-pleural

and tergo=-ploeural sutures on flrst sevsn abdominal segments, but elghth
and antaerior of ninth form complete sclerotized rings. Starnal reglons
of flrst eight abdominal segments sculptured similarly (Figs. 329, 330).
Postertor sternal reqlon of ninth (Fig. 331A) forms an operculum as
figured (Fig. 323).

Lags all simllar to mesothoracic leg (Fig. 325). Each segment
Increases in length posteriorly on each pair of legs.

Splracles situated on distinct protuberances of lateral surfaces

of mesothorax and flrst eight abdominal segments,

Intarnal 'forpholaogy

Nigostive System

The outllne of thils system does not dlffer from that of other

almids (Fig. 332),

Daspiratorv Svstom

The wmorphologqy of *his systam doss not differ from othar z2imids

lacking alr sacs,

Excrotory Svstem

There are six malpighian tubules which originate and terminate as

+hose In other elmids bearing the same number of fubules.

rantral Hervous Svsten

As In othar alimlds, thers are a pyriform, bilobad brain, 2 sub-

asophagaal ganglion, thraz +horaclc ganglia, and aight abdominal ganglia.
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Histolaglical Morphology

~ Integument

Exocuticie and endocuticle are 7.2 and 23,8 nicrons in thickness.

Histologically the andocuticle is similar to that observed in other elmids.

Niqestive 3ystem

The conditions found 1n the foragut, midgut, and hindgut of +this

ganus (Flg, 333) are similar to thos2 found In Neocylloepus, Neogimis,

Optioservus, Promoresia, and Quiimnius,.

Resplratory System

The histology fits the description glven by Snodgrass (1935),

Excretory System

The histology flts +ha description glven by Patton (1333),

Central Nervous System

The histology does not dlffer from the conditions observed in

other aimids,

Sensa Organs

The primary sense organs are simifar histologizally to those found

In other elmids,

Fat Bodles

in serial sectlon they appear as mesh~llke masses along the exter-
nal wall of the gut. Within the masses are fat globules, glycogen, and

urate granules,
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Sut Contents

Serlal sections ravealed In the qut lumen diatoms (Diatoma, Navicula,

Nitzschla, and Cocconeis), debris, and filamentous algal fragments.

Zaltzevia (Champion, 1923)
Insects of +his ganus, though primarily Asiatlc (Sanderson, 1233),
ara found In varlous narts of the westarn United States, Of the pre-

sently known spacles In the Unlted States, {altzevia parvula and

Zaltzevia thermas, the former Is usually found In gravel or under rocks

In fast mountaln strasms of western states from New Maxlco to California,

north to South Nakota, “entana, and Bristish Columbia, Z. fhermaz was

described from a warm spring in Montana and may b2 only an ecologlcal
varlant of Z, parvula (Brown, In press),
| have studied extsrnal and Internal morphological featuras of

three larval spacimens of Zaltzavia parvula collected near Boulder,

~olorado on August 27, 1954 and Plercey, California on July 7, 19672,
The specimens avaraged 3.1 mm In length and 0.49 mn in width, Two

spacimens wers studled histologlcally.

Zaltzevia parvula

Extarnal dorshology

The description given below supplemants aad slightly changes the
work on this larva by Bertrand (1953) and West (1925), who dascribed
it as larval type 6.

Body: very slongated, parallel-sidad, cylindrical, and suboval In

cross-saction. “uticle dorsally, brownish-testacaous +o a slightly dark

brown, Pala parte include labrum, ocsllar arzas, and clrcular pale
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areas on the lateral surfaces of the pronofum., Central areas of head

and pronotum are slightly darker than the surrounding arsas. Mid=-tergal
suture extends from anterior margin of pronotum to posterior of seventh
abdominal segment, Lateral suture extends from anterior of first to
posterior of seventh abdominal segment. Ninth abdominal tergite colored
as other abdominal terglites and subfriangular in shape. Cuticle ventrally,
colored as posterlor of dorsuﬁ, except for sternum of ninth sclerite which
is dark brown.

Head: slightly longer than broad, epicranial and frontal sutures
as figured (Fig. 334), Cuticle sparsely pubescent with long, scattered
hatrs; with scale~like tubercles posteriorly and punctures anteriorly
and medially. Arising from the punctures are spinous and flabellate
bristles. Anterior margin of frons bordered with bicuspid tubercles
from which arise spinous bristles. Margin between base of antennae and
clypeus toothed and bearing subflabellate bristies. Eyes apparently
composad of 5 fused ocelli on each sfide. Antennae (Fig. 334) three-
segmented and appear to be capable of beling retracted. Basal segment
longer than broad, second segment slightiy more than three times as long
as wide, third segment small and setiform with a ferminal bristle, and
spine alongside third segment about three +imes as long as segment.
Clypeus with straight anterior margin and rounded lateral margins. Lab-
rum feebly emarglinate along anterior margin and angle on each side broad-
ly rounded. A transverse row of flabellate setae adorns the anterior
half of +he labrum and along the apex are fine setae. Mandlbles (Fig.
348) on each side similar with three apical teeth (not two), oral

sensory bristies, a prostheca; thin bristies are along outer lateral
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margin, ™axillae (Fig, 338) with four-sagmented palipi and stipes show=

Ing no diffsrentiatlon into a palplfer. fAalea and lacinia short and
spinosa, but spines are slightly targer on lacinia, St+ipes not fused
with postmentum and cardo as fiqured, Lablum (Flg, 337) with postmen=-
tum yndivldad, lablal palni +hrse-seamentad, premental palpl or setae on
antaro-lateral margin of prementum iand llqula covered with fine halr,
Postmental palps or setae In sockets on antero-lateral margin of postmentum.

Pronotum (Flg. 335) broader than long, anterior margin with small,
irregular bicuspid tubarclas bearling spinous bristies, postarior margin
with large blcuspid tubercles; discoldal scales which lle along the
lateral and dorsal surfaces bear flabellate bristles. In between the
tuberclas and scales are many small nunctures, Mesonotum broader than
long, ornamentation similar to pronotum, except that bicuspld tubercles
are more abundant and around thelr margins nrs many scale~like tubercles.
Metanotum énd first slght abdominal tergites similar in sculpture and
proportions +o mesonotum, Ninth terglte with proportions as figured
(Fig. 339), expanded anterlor two-thirds taparing posteriorly. Sculp-
ture dlffars from other sclerites In that mid-dorsal tubercles form
two rows which merge near apex into a single row which forms a slightly
accentad mid-dorsai carina, Apex of smarglnate targite with enlargsd
marginal aplical tubercles forming lateral spines, from which arise brush-
11ke bristles {(Fig. 347).

Prosternum fused In mid-ventral line or divided by a mid=-ventral
suture; poststernum absent; coxal cavities open madlally and posteriorly.
Prothoracic plaura (Fig., 341) divided Into three parts, not two as stated

by Bartrand (1955), and pleaura of mesothorax (Fig. 342) and metathorax
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(Fige 343) conslsts of two parts each. Pleura of first seven abdominal

segments (Figs. 344, 346) bounded by tergo-plsural and sterno-pleural
sutures, Posterior sternal region of ninth (Fig. 349) forms an operculum
(Figs. 336, 345) which bears strongly curved setas-bearing claws. Seg-
mant alght and anterior of ninth form complete sclerotized rings.

Legs (Fig. 340) spinose and setose. The tibiotarsal segment of
each member increases slightly in length posteriorly and +he proximali
segments remain approximately the same length,

Spiracles on lateral surfaces of mesothorax and first eight ab-
dominal segments. Lateral and dorsal gl!l filaments are present as in

all ofther elmids,

Internal Morpholoay

Nigaestive System

This system in gross outline is not unlike that found In other

elmids.,

Respiratory System

The basic vessels are similar to those In other elmids not bearing

alr sacs (Fig. 349).

Excretory System

There appear to be four malpighian tubules as In Neoelmis and

Optloservus. Thelr positions are as In other elmid larvae,

Central Nervous System

This system Is not unlike +hat found In other elmids studied (Fig.

350), with the exceptlon that the thoracic qangllia are not much larger
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+han abdominal aanglia,

Histological Morphology

I ntegument

Exocuticle a2nd endocuticie 11 and 14 microns In thickness, respectively.
The endocuticie Is not histologlcally different from that in other elmid

larvae.

Nlgestive Svstenm

The features of the forogut (Fig., 351), midgut, and hindgut are

similar to those present in Neocylloepus, Heoeclmis, Optioservus, Promoresia,

Dulimnlus, and Tolriolus, axcept that the chitinized intima within the

hindgut s very thick in comparison with the same area In other almid

larvae.

Raespi ratory System

This system |s not unlike that found In other simid larvas studied.

Excretory Svystem

As In other aimld larvae studiad,

Cantral Nervous System

Histologlcally, this system is similar In all eimld larvae studied.

Sense Organs

Primary organs are present and under the conditlons of this investi-

gation they do not differ from such organs In other elmid larvae studied.

fat Bodles

These bodles consist of thin mesh-like masses of cytoplasm which
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surround fat globules and urate granules.

nut Contents

Serlal sectlons revealed in the gum lumen dlatoms (Navicula and

rocconels), debris, and filamentous algal fragments,

Xenzimls (Hinton, 1936)

This genus Includes spacies of small water beetles found from
Contral Mexlco through much of South America. The larva was not
described untl! 1971 (Brown, 1971b),

| have studled external and internal morphological feature of

fiva tarval specimens of Xonelmls bufo, collected In Tierra Colorada,

fuerrero, Mexico on March 3, 1969, The specimens averaged 2,34 mm In

length and 0,74 mm In wldth, Two specimens wero studled histologlcally.

Xanelmis bufo

Extarnal Morphology

This description Iz simllar +o that given by Brown (19715) with
sliaht moditications,

Body: robust, cyiindricai, and tapering from ¢1th abdomina!
segment posterlorly, rfutlcle dorsally brownlsh=-tastacaous to brown
with woll=-defined pals zones on head, subdorsal and lateral surfaces
of pronotum and first abdominal tergite., Contrasting dark areas ara
on pronotum. Mid~dorsal tergal line runs from anterior margin of
nronotum to posterior of fourth abdominal terglits and sublateral

suture oxtands from gsecond +o fifth abdominal sclerits, Anterior
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half of ninth abdominal t+ergite pale, but posteriorly It is brownish,

Cuticle ventrally, light brown and unicolor. Operculum pale anterior-
ly and brownish posteriorly,

Head: nearly round, partly withdrawn beneath pronotum, and with
accentad epicranial and frontal sutures as figured (Fig. 352). CutTicle
slightly pubascent wlth short, fine halrs over central area which arise
from apices of scale~iike tubercles. Each eye appears to conslst of
irregular pigmented masses (probably about 53 fused ocelli). Antennae
three segmentsd: flrst segment short and robust; second about four
times as long as wide; third segment small, setiform, and bears a tere
minal bristle; spine next to third segment over twice as long as segment.
Clypous short with anterior margln stralght and rounded lateral margins.
Labrum (Fig. 352) feebly emarglnate anteriorly and with lateral margins
strongly rounded; a transverse row of splnous bristles project from
dorsal surface and dense shorter bristles project from the anterior
margin. ™andibles (Flg. 353) on both sides slmilar, bearing three
roundsd to blunt aplical teeth; an elongate prostheca and shori sensory
bristles emerge from innsr surface., Apparentiy no outer lateral bristles
are prasent., A slightly ridged zone Is located posterior to the pros-
theca which suggests +he sxlstence of a molar surface (Fig. 353R),
Maxillas (Flg. 354) with four-segmented palpi and no differentiation of
a palplfer. nalea and laclnia separate and donsely splnose, bul spines
on lacinla larger than those on galea. Stipes not fused fo postmentum
and cardo oval and separate, Lablum (Flig. 354) with postmentum undivided;
ligula short, slightly emarginate, and bears short bristlas over ocuter

surface, Prementum as long as lablal palp and bears +hin scale=like
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+ubercles. £ach palp consists of three segments and dlfferentiation of

a palplger Is suggested. Such appears to be likely since the mental
sata is not at the base of the first segment of the palp. |In other
genera where a palplger is obvious | have observed mental sctae at
the base (internal or outer) of +he palpigers. Setal arrangswment on
postmentum as figured,

Pronotum (Fiq. 355) suboval, wider +han {ong, and bears bicuspid
tubarcles from which arise flat, spine~shaped bristles (Figs. 362, 363).
Mid=anterior and postero=-lateral margins smarginate and lateral margin
broadly rounded., A very slight lateral extension of pronotal tergum
Is present at postero~iateral margin. Mesonotum broader than fong,
sculpture similar o pronotum, but lateral tergal exfension more defined,
crescent shaped, and densely spinose. Metanotum and first eight abdominal
+eraites sculptured |ike mesonotum. Lateral extensions on terga similar
in proportion to size of segments. Hinth tergite (Fig. 336) sculptured
like anterior tergltes with distinct lateral apical spines, and with
slight plateau between spines, With a bristie situated on inner base of
aach apical spins (Fig. 359).

Prosternum with suture in mid-venftral line, Poststernum absent
and coxal cavities open posterlorly. On each side there are two pro-
thoracic pleurites (including those which mest mid=-ventrally), three on
mesothorax and three on metathorax (Fig., 357). Pleura of first six
ahbdominal segments are boundesd by tergo-pleural and sterno~pleural
sutures (Fig. 360). Seventh and cighth (Fig. 361) abdominal segments
bear no sutures and form complete sclerotized rings. Sternal region

of first six abdominal segments similar In sculpture and proportions.
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Posterior sternal region (Fig. 358) of ninth forms operculum (Fig. 364)

which bears strongly curved claws on innner surface, adorned with
membranous bristles,

Legs (Fig. 365) heavlly ornamented. Each leg increasing in length
posteriorly with distinct internal spines on the tarsal claws.

Spiracles on lateral surface of mesothorax and first eight abdominal
sclerites. Three tufts of aill filaments extend from opercular opening

as in other elmids,

Internal Morphology

nigestive System

The morphological outline is not different from that found in other

almids (Fig. 366).

nasniratory Svsten

The maln tracheal vessels ars the lateral ones, as in other elmids.

Thare is no 2vidence of alr sacs.

Excretory System

Six maipighian +ubuies ariss near the juncric
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as in other elmids.

Central Nervous System

A brain, subesophageal ganglion, three thoracic, and seven abdominal
canglia constitute the primary components (Fig, 367). Abdominal ganglia
5, 6, and 7 are enlarged. Ganglion saven Is larger than 5 and 6. Its

state results from the fusion of 7 and 8,
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Histologlcal Morphology

Integument

Exocuticle and endocuticle are 11 microns and 29 microns In thlckness,
respectively. Distinct emarginate tubercles are well Illustrated by the

serial section.

Nlgestive System

The qeneral morphology Is simllar to that of Zaltzevla, Neocylloepus,

o arn P et—————

Optioservus, Promoresia, OQullmnlus, and Tolrious. This genus dlffers

in that the proventriculus does not appear to be differentiated or is
more advanced due to fusion of tha columnar cells In comparison with the
above qgenera. This Is seen In the posteriorly located cylindrical cells
which bear sclerotized serrated aplces in the above genera; In this genus

thaey are smaller and much less differentiated (Fig. 368).

Respiratory System

This system Is not unllke that found In other eimids and there are

no alr sacs.

Excretory System

The morphology flt+s +he description glven by Patton (1953},

central Nervous System

The morphology does not differ from the conditions observed in all
elmlds studied.
Sense Organs

As In the other elmids studied, primary sense organs are present and

they are simllar histologically in serlal sectlon, differing only in the
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complex nature of thelr external processss.

Fat Bodles
They |16 along the qut wall and form mesh-like masses consisting of

many fat globules and urate acld granules.

fiut contents

Serial sections revealed In the gqut fumen diatoms (Navicula, Dlatoma,

Nitzschia, Cocconels, Coscinodiscus, Synedra, Rhopalodia, and Meloslira),

¢l lamentous algal fragments, and debris, Many gregarines were observed

within the forequt.

uicrocy | loepus (Hinton, 1935)

According to Bertrand (1955) there are approximately twenty specles
in this genus and 1t is represented in the Unlted States by about
twelve specles, Brown (In press) lists 10 specles and subspacies which
have been described from the Unlted States; these occur from Mexico
east to Flortda, west to Callfornia, north to Oregon, castward to ldaho,
Missour! and Tennesses, then along the zast coast to Malne, Hinton (1940)
noted that specles have been coiiected from southern Brazii, the BrivTish
West Indles (Trinldad, Tobago), Mexico, and Guatemala.

I have studied external and infernal morphologlcal features of four
larval specimens of Mlcrocylloepus pusilius collectsd from Pennington
Creek, Johnston County, Oklahoma on September 21, 1968 and the Agua Fria
niver In Arizona on July 10, 1965, The larvae averaged 3,3 mm In length

and 0,40 mm In width, Two specimens were studied histologically.
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Mlcrocy | loepus pusillus

External Morphology

Hinton (1940) gave a generic description of the larvai form of this
aanus, | have slightly modiflad hls dascription and pointed out additional
descriptive features,

Body: cylindrical and parallel-slided. Cuticle flavotestacsous
with pale spots at the base of sach tergite along the mid-tergal sutural
{1ne which terminates at postsrior of seventh abdominal tergite. In
additon, there Is a distinct sublateral suture which passes along the
first seven abdominal segments and which is covered with small tubercles.
There also appears to be subiateral suturs on the elghth abdominal
segmant, Ninth tergite wlth a dark brown apex. Cuticle ventrally, uni=
color, except for marglns around coxal cavifleg.

Head: slightly longer than broad: eplcranial and frontal sutures as
flgurad (Flg. 339), Marglin of frons bears wldely spaced serrated tubercles
from which smerge flabellate bristltes, rutlcle with rectangular tubercles
from which smerge small flabeliate bristies over anterlor two-thirds of
head, Posterior and lateral to ocelll are elongated bristles; along
jataral margin are antertorly-projecting setae, and on posterior vhitd
are low scala-~llke tubercles. Antennae consist of three segments: flrst
short and robust; second almost four times longer than wide; third bear-
Ing a +hin spine on apex; sata next to third segment siightly longer than
segment. Clypeus short, anterlor margin straight with angle on each side
roundad., Labrum broad at base; anterior margin slightly lrregular with
flabellate bristles allianed transversely along dorsal surface; lateral

apox with spinous setae, and angle on each side broadly rounded, *an-
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dibles (Flg. 371) of both sides similar, with three apical teeth, an elong-

ated prostheca, a number of erect oral setae, and two large multi-branched
bristles on outer lateral margin. Maxillae (Fig. 372) wlth four-segmented
palpl and stipes not differentiated info a palpifer. Galea and lacinia
separate, apex of each densely spinose, stipes separate from postmenium,
and cardo subtriangular. Labium (Fig. 374) with three~segmented palp

on each side and prementum not differentiated info a palpiger. At
ventro~lateral base of tirst palp segments are mental setae and at the
dorso~lateral margin are multibranched membranous brisflies. At base

of ligula near Internal apex of first palp member are long spinous
bristles, along the anterior margln are many short bristles, and post-
mental setae are as flgured.

Pronotum (Fig. 370) broader t+han long, sides subparallel, and slightly
broader at base than at apex. Transverse groove on anterior one-third
denotes the point where head Is inserted Infto prothorax, Protuberance on
postero=-lateral surface extending from subdorsal +o sublateral surface,
Bicuspid tubercles scattered over dorsal and lateral surfaces of tergum
and along the tergal margin are small flabellate bristles, Mesonotum
broader than jong, cuticle tuberculate as pronotum, but tubercles are more
orlented, forming four subdorsal (rregular rows which become more Irregular
from mid-tergal suture laterally. From anterlor to posterior these rows
diverge slightly. Metanotum and first elght abdominal tergites are
similar in sculpture and general proportions to mesonotum except that the
orfentation of the tubercles becomes less distinct posteriorly. Ninth ter-
alte (Fig. 373) tectiform and tapers posteriorly with a very feeble i{ateral

expansion In basal third of terglte. Apex feebly emarglnate, but wl+th-
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out pronounced spinous elongations of lateral apex. Tubercles alligned as

on other tergites, but differing in that subdorsal rows merge into a
single mid-dorsal row near t+he apex,

Prosternum suppressed, with prepleurites continguous along mid-
ventral line, poststernum distinct, and coxal cavities closed, being
separated medially by a thin, rod-shaped sclerite. Prothoracic, meso=
thoracic, and metathoracic pleura consist of 2, 3, and 3 parts respectively
(Figs. 375, 376), Pleura on first seven abdominal segments bounded by
sutures (Figs., 377, 378). Elghth segment (Fig., 378) forms a complete
sclerotized ring except for sublateral tergal suture. Sternal region
of first elght abdominal segments tuberculate as tergites, but tubercles
are without a [inear pattern and are fewer in number, Posterior sternal
region of ninth forms operculum with a t+runcated apex (Fig. 379). Claws
strongly curved toward apex, and bearing many setae,

Legs all similar to prothoracic leg (Flg., 380A). A proportional
increase In length of each segment occurs posterioriy.

Spiracles on lateral surface of mesothorax and first eight abdominal

segments as in other elmid larvae.

{nternal Morphoiogy

Nigestive System

The outline (Flg. 381) of this system is like +hat in other elmid

larvae,

Resplratory System

This system is llke that found in other elmid larvae without air
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Sacs.

Excretory System

There are six malpighfan tubuies along the gut of this genus as in

all genera considered except Neoelimis, Optioservus, and Zaitzevia.

Central Nervous System

This does not differ from t+he general plan of other elmid larvae.

Histologl cal Morphology

Intequment

Exocuticle and endocuticle 4 microns and 14 microns in thickness,
respectively, The endocuticle Is not different histologically from that

in other elmid larvae.

Nigestive System

The general hlstology of +hls larval system Is similar to that in

Zaltzevia, Neocy!lloaspus, Neoelmls, Optioservus, Promoresia, Qulmnius,

and Tolriolus. The proventriculus (Fig. 382) differs from Xenelmis In

+he same respects as do the above genera,

Rasplratory System

The description does not differ from the one given by Snodgrass (1935),

Excretory System

The description does not differ from the one given by Patton (1953),

central Nervous System

The hlistological nature of this system is not unlike that of other




173
oimld larvae considered.

Sense Organs

No unique features of the primary sense organs were revealed in the

serial sections.

Fat Bodies
These bodies occur as mesh=l1ke masses of fat globules. They lie,
as in other elmid tarvae, from the esophagus posteriorly to the anterior

hindgut and +hey are more concentrated around the midgut.

rfut Contents
Serial sections revealed In t+he gut lumen only sand and debris.

No ldentifiable plant material was evident,

nubriaphia (Sanderson, 1954)
Dubiraphla larvae have been known for a long +ime, but their
identity has been completely misunderstood, i+ was under +he name of

Ancyronyx varlegatus that +he larva was figured by Boving and Cralghead

(1931). Later Peterson dsscribed it under the genus Simsonia, which,

at the time, was appropriate (Bertrand, 1955). Sanderson (1954) showed
upon comparison of adult morphoiogy that the Australian genus Simsonia
should not include the New World speclies previously assigned to It. He
created the genus Dubliraphia +o Include most of them. This genus, which
presently contains five species, Is belng revised by Dr, Willlam Hi Isenhoff.
The genus Is represented In eastern, central, and western parts of the

United States (Brown, In press),

| have studied external and Internal morphological features of
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t+hree larval specimens of Dubiraphia sp. collected in Sulphur, Oklahoma

on November 9, 1968, The specimens averaged 6 mm In length and 0.38

mn in width, Two specimens were studied histologically.

Dubliraphlia sp.

External Morphology

To the larval description given by Sanderson (1954) | am adding
additional features.

Body: slender and t+apering posteriorly. Cuticle on dorsal side
pale unicolor., Ninth terglte colored as other abdominal terglites. Cuti-
cle ventrally colored as dorsum, except that operculum is dark.

Head: (Fig. 383) slightly longer +han wide; with scattered punctures,
from each of which arises a spinous seta, and along the lateral marglns
are fong splnous and short irregular flabellate bristles (Fig. 391),

Eyes composed of fused ocslll., Antennae with first segment broader than
long; second segment elongate and tapering; third segment minute and

setl form; belng much shorter than spine which is lateral t+o it. Clypeus
wlth anterior margin siralght and rounded on iateral margins. Labrum
fully arcuate anteriorly, rounded laterally, and wffh a transverse basal
row of tubercles bearing flabellate setas. Mandibles (Fig. 386) of both
sldes similar, with three apical teeth, a distinct elongated prostheca,
thin halr-like setae on outer lateral margins. Maxllilae (Fig. 385) with
four-segmented palpl and stipes showing no dlfferentiation of a palpifer,
Galea and lacinia separate and apex of each densely spinose., Stlpes not
fused with postmentum and cardo suboval. Labium with +wo-segmented paipl,

a well developed palpiger, and undivided, subcircular postmentum. Ligula
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with submarginal row of small bristles, Mental setae or palpl (Fig. 392)

are at the outer base of the palpiger and mental bristles are as flgured
(Flg. 387).

Pronotum wlder +han long, sides rounded; slightly broader at base
+han at apex. Cuticle pubescent, with many small tubercles, many of
which are blcuspld, Lateral margins with flabellate bristies, Mesonotum
broadaer than long and cuticle similar to pronotum,

#atanotum and +ergites of first elght abdominal segments similar In
sculpture and proportions to mesonotum (Fig., 389), Posterlor margins
of abdominal tergltes bordered with distinct bicuspld tubercles bearing
flabellate bristies., MNinth abdominal segment sculptured as other abdominal
sclerites, five +imes as long as wide, tapering posteriorly; apex drawn
out Into tataral spinous projections and amarginate,

Prosternum (Flg, 394) with propleurites meeting at mid=ventral tine.
With median triangular accesory (?) sclerite which may represent dls-
placed prosternum. Poststernum absent or membranous, coxal cavitles open
posteriorly and separated only by a membrancus partition; postpleurite
consists of one Isolated plece, Pleuron on aach slde of mssothorax con-
sists of +wo unequal non=contiguous pieces (Fig., 394). Pleura of meta~
thorax rather like those of mesothorax., Plsura on ¢irst elght abdominal
segments are delimited by sternc-pleural and tergo-pleural sutures (Fig.
388), Sterna ventrally sculptured |lke terga, but with fewer tubercles
and the punctures are shallow, Posterior sternal reglon of ninth (Fig.

393) forms an operculum (Fig. 390), which bears on its Inner side two

strongly curved claws,
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Legs (Fig. 384) all simlfar, increasing In length posterlorly, and

tarsal claws and spines are dlstinct. Tarsal claws are large and
strongly curved as flgured.

Spiracles occur on |ateral surface of mesothorax and first eight
abdominal segments, Each ahdominal splracle Is locataed on a distinct

protuberance,

Internal Morsholoay

Niagestive Systen

The qut resembles +hat of other eimids, but Is rather narrow.

Raspiratory System

There are no alr sacs and the tracheal vessels ars |ike those in

other elmids,

Excretory System

Thare are six malpighlan tubules which origlnate as In other elmlds

and +erminate free around the hindgut (Fig, 395),

Centratl Marvous System

The baslic morphology (Fig. 396) is llke that of other eimid larvae.

Histological Morpholoqy

integument

Exocuticle and andocuticie are 4 microns and 11 microns in thick=
‘ness, raspactively, the punctures are very distinct In serial section

and the endocuticle Is not different from that of other genera.
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Digestive System

The foregut, midgut, and hindgut of this genus are similar to these

areas In Microcylloepus, Tolrlolus, Optloservus, Neocsimis, Qufimnius,

Neocy! loepus, and Promoresia. This genus differs from Xenelmls In the

same manner as the above genera.

Resplratory System

The morphology s not uynlike that found In other elmid larvae.

Excretory System

No distingutshing histological teature Is present,

Central Nervous System

The morphology Is not unllke that found in other eimids.

Sense_0rgans

No organs other than the primary ones are obvious and histologically
they do not dlffer appreclably from those of other genera except in

degree of development of the processes.

Fat Bodles
They are mesh=iike masses nsar the pariphery of +he body wall and
closely assoclated with the midgut wall. Associated with them are urate

and glycogen granules.,

Gut Contents

Serlal sectlons revealed In the gut jumen diatoms (Dlatoma and

Navicula), wood fragments, debrls, and sand.



He*eralmlsigg%arp, 1882)

According to Bertrand (1955) three of the 15 New World specles of
t+his genus are found wlithin +he United States. Larvae have been col-
lacted In assocliatlon with adults in Mexico, Peru, Bollvla, Brazll,
French ulana, and Trinldad (B/W,1,) (Hinton, 1940), The three specles
mentioned above: H. gqlabra Horn, which occurs in lowland streams from
southern Maevada, through Arlzona, much of Mexlco, and into the Rio ,
frande River along the Toxas border; H., obasa Sharp cccurs In cold, fast,
high=elevation streams of Arizona and Maw Mexico, and H. vulnerata LeConte,
In streams of Oklahoma and Texas (Brown, In press),

I have studled external and Internal morphological features of

+welve larval specimens of Hetereimls vulnerata collected from Clear

Boggy and Blue Rivers In Johnston County, Oklahoma on September 21, 1968.
The specimens averaged 3.6 mm in length and 0.49 mm In width, Four

specimens were studled histologlically,

Hstareimls vulnerata

External Morphology

This descrlpticn 1z simllar o +hat by Hinton (1940) with slight
modt f1catlons,

Body: parallel=sided, hemicircular in cross~section, and tapering
from seventh to nlnth abdominal segments. Cuticle on dorsal side brownish-
testaceous to brown, Five distinct rows or carlinae accented by heavy
setiferous tubercles on each side of distinctly accented mid-tergal suture.
Thess rows or |ines pass froﬁ anterior of pronotum to postaerior of elghth

abdomInal +erglte, Carinae more !lnear on posterior than on anterior




tergltes., Setae and carlnae redJéga on ninth abdominal terglite to

four rows laterally and a double mid=dorsal row which becomes fused into
a single row at posterior of +he tergite. Cutlicle ventrally paie yellow
and unlicolor except around t+he edges of sterna, coxal cavities, and on
surface of operculum,

Head: slightly longer than wide, epicranial and frontal sutures as
figured (Fig, 397), anterlor two=thirds of cuticle heavily tuberculate
with small, scale~llke bicuspid tubercles (Flg. 400), and scattered among
t+hem are a few spinous setae, On posterior third and along lateral
marglns are rounded tubercles and spines. Eye on esach side small, com=-
posed of 5 (?) fused ocelll, Antennae three-segmented; first segment
about as broad as long; second segment about half as wide and twice as
long as first; third setiform and subequal +o spine beside it, bearing
a minute apical spine or halr, Clypeus short, with anterlor margin
straight and angle on each side slightly rounded. Labrum broadly arcu-
ate anteriorly (Fig. 397), and with a transverse row of branching setae.

i Smal!l ¢rontal teeth are adjacent to basal antennal segment and smal |
flabellate setae are along anterior margin of frons. Mandlibies on both
sides similar, with three apical teeth, a sensory brush anteriorly, a
long spinous prostheca, and a farge multibranched bristie on lateratl
margin (Fig. 399). Maxlilae with four-segmented palpl and stipes shows
no differentiation into a palpifer; galea and lacinla separate, their
aplces densely spinose; stlpes separate from postmentum, and cardo sub-

triangular. Lablum with +hree-~segmented palpl and an indistinct lablal

palpiger. Club=shaped mental palp posterior to basal member of labial

palp and anterior to spinous and flabellate bristles as figured (Fig.
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398), Liguia hemi-clrcular and boars short #labellate bristles along
anterlor margln,

Pronotum (Fig. 401) broader than long, with a slight transverse
groove on anterior third, sldes subparallel, bearing rectangular marginal
tubarcles from which arise curvaed bristles (Flg, 407): slightly broader
at base than at apex. Mesonotum, metanotum, and first elght abdominal
targites simllar o pronctum excapt that curved lateral bristles are
conflned to posterior two-thirds of abdominal sclerites., Ninth terglte
strongly +ect!form, aplcaily emarginate, tubercles drawn out at apex and
bearing spinous setas which qive the appearance of a posterior lengthenlng
ot the lateral aplcss.,

Prosternum suppressed, prepleurites fused madlally; poststernum
present; coxal cavitlas closed and separated by a rod=-shaped sclerlte
(Flg. 402). S+erna of #irst elght abdomina! segments similar In
sculptura and proportions., Prothoraclc, mesothoracic, and metathoracic
pleura divided Into 2, 3, and 3 plates respectively (Flgs. 402, 403, 404).
Pleura on ¢lrst seven abdominal segments bounded by tergo~pleural and
sterno~ploural sutures. Eighth sclorite forms a3 compieto scierot!zed
ring. Posterior of ninth (Fig, 406) forms an operculum which bears
strongly curved claws and setas as figured (Flg, 405),

Lags (Fig. 408) all similar. Each sagment increases In length
posteriorly, but decreases In wlidth,

Splracles on protuberances on lateral surfaces of mesothorax and
first elght abdominal segments, Suggestlon of a splracle on lateral

surface of metathorax was noted.
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Internal Morphology

Dlgsstlve System
The gross morphology Is simllar to that present in all aImld larvae

studiad,

Resolratory System

There are no air sacs and the qross morphology is like that found

in all »imlds except the Larinl, Macronychus, and Optloservus.

Excretory System

There are six malplighlan tubules and +heir organization does not

differ from what was observed in other elmids,

Central Hervous Systenm

Examination of saveral specimens revealed a bilobed brain, sub-
esophageal qanglla, three thoraclic ganglia, and seven or elght abdominal

ganglla (Fig. 412), depending on the degree of fuslon of ganglia 7 and 8,

Histologlcal Morphology

Intequmant

Exocuticie and endocuticie 7 microns and 17 microns In thickness,
respectively. Tsrgal setae of carlnae enter large canals through exo-

cuticle and endocuticle to underlying sensory cells,

Dlaest+ive System

This syatem (Flgs. 409, 410, 411, 412) Is simllar +o that present

In Microcylloepus, Tolrlolus, Optloservus, Naeceimls, Qulimnius, Promoresia,
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Neocy|loepus, and Dublraphia, 1+t differs from that of Xenelmis In the

same manner as does that of pubiraphla.

Resplratory System

The histology of the tracheal vessels of this elmld does not differ

from t+hat of others,

Excretory System

This system is like those of the genera considered eariier.

rontral Mervous System

Serfal sections through the braln and ganglia revealed that there
are large cells around the periphery and smaller ones Internally, sug-
gesting a meduliary and a cortlcal zone. In addition, there Is a
distinct neurilemma, both the latter and former have been observed In

other genera and represent no unique features.

Sense Organs

Primary sense organs are present as in other eimids and histologically
they do not differ greatly from other genera except in the development of

extarnal setal processes.

Fat Bodles
Oval and rod-shaped organelles are formed infto sac~-llke crescent-
shaped masses around the gqut. The mass Is most prominent In the region

of the midgut.

Gut Contents

Serlal sections revealed in the gut lumen only dirt and debris.
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Stensimis (Dufour, 1835)

This genus was formed by Leon Dufour in 1835 to Include Eimis
canal lculata Gyllenhall, a specles described from Eyrope in 1808, The
genus Is widely distributed in the Old and New Worlds, and includes
over 70 specles, In the new World, Stenelmis appears to be confined to
North Amerfca, |t represents t+he largest genus of North American Elmldae,
containing about 28 specles (Sanderson, 1953). Brown (in press) lists
27 species within +he United States, but Indicated that a numbsr of new
spacles awalt description.

The initlal description of pupa and larva of a North Amerlican specles
was glven by Matheson In 1914 (Sanderson, 1938), This was followed by a
detalled description of t+he {arva by West (1929),

i have studied external and Internal morphological features of 20
specimens of Stenelmlis sp. collected from Clear Boggy and Blue Rivers
In Johnston County, Oklahoma on September 21, 1968, The specimens
averaged 5.1 mm In length and 0.52 mm In width, Four specimens were

studled histologlcally,

Stenelmis sp.

External Morphology
This desctiption Is similar to that glven by West (1929) as his
"Type 5" larva, with slight modiflications and additlons.
Body: subparallei=slided and hemicylindrical. cuticle on dorsal
slde brownlsh-testaceous +o brown with numberous small irregulariy arranged
and poorly defined spots on head and tergites. Scattered among the above

“are paler areas which are scarce on t+he head and ninth abdominal terglte.
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cuticle ventrally, pale yellow and ynicolor except for operculum which

bears dark spots,

Head: slightly longer t+han broad, eplcranial and frontal sutures
as figured (Fig. 413), cutlcle sparsely pubescent, tuberculate, and from
tubercies arise branching setse (Fig., 417), One eye composed of fused
ocel ti on each side, Antennae threewsegmented and as flgured., Clypaus
with stralght anterlor margin and roundasd lateral margins. Labrum with
irregular anterior margin which bears spinous bristles; rounded |ateral
margins. Frontal tooth on each side at Junctlon of clypeus and first
antennal segment. Just behind fronto-clypeal suture lies a row of thin
flabellate bristies, Mandibies (Flg. 414) of both sides simliar, with
thraee aplcal teeth, an alongated prostheca, a row of oral bristies, and
at least one branched bristle on outer lateral margin., Maxlllas (Fig.
415) wlth four-segmented palpl and stipes showing no differentiation In-
+o a palplfer, Galea and lacinla separate and apex of each densely
spinose, St+ipes not fused to postmentum and cardo subtriangular. Lablum
with postmentum yndivided, bearing two-segmented pa}p!, and prementum
with a well-marked palplgor. Llgula emarginate and bearing long splines
on Infaro~lateral margin, Mentum bearing ‘ufts of bristles and mental
palp at outer base of palplger,

Pronotum wlder +han long, wlder at base than at apex. Cuticle sculp-
tured as frontal region of head, A slight groove on anterior third which
outllnes posterior of head; short tubercles along posterlior and lateral
margins. Mesonotum broader than long and simliar o pronotum in ornamen-
+atlon except that tubercles are slightly fewer in number. Metanotum

and flrst elght abdomlnal tergites simllar In sculpture and general
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proportions to mesonotum. Ninth abdominal terglte subtectiform; hemi-

circular In cross-section, siightly tapering, widely emarginate at apex,
with lateral apices drawn out into splines (Fig., 418).

Prosternum suppressed, +he prepleurites meeting at midline. Post=
sternum distinct and coxal cavities closed, Prepleurite not separated
from postpleurite by distinct suture. Mesopleura and metapleura each
divided into two plates (Fig. 416). Abdominal pleura bounded by tergo-
pleurai and sterno-pleura!l sutures on first seven segments. Eighth
abdominal segment forms a complete sclerotized ring. Sternal region
of flrst seven abdominai segments similar, Posterior sternal reglon of
ninth forms operculum which s suboval In ventral view, Attached to
dorsal surface of operculum are heavy, strongly curved claws; with setae
as fligured (Fig. 419) on lateral margins of operculum and claws,

Sculpture of all legs similar (Fig. 420), Prothoracic legs robust
and with short segments. Posterior legs more slender and segments longer.

Spiracles were observed only on the lateral margins of mesothorax
and first elght abdominal segments., No spliracies were observed on meta-
thorax, but based on the observations made while studying Heterelmis and

Neocyl loepus, | am Iinclined to agree with Susskind (1936) that tracheal

connections do pass toward possible (?) metathoracic splracles. Hlnton
(1939) seems to be In error in stating that her figure and description

are in error,

internal Morphology

Digestive System

The morphology of +hls tract Is not unlike that present In other elmids
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Fig. 421), The hindgut may or may not be folded. The presence of a fold

t+ends to be correlated with the size and age of +the larva,

Resplratory System

The main vessels are lateral ones and the morphology does not dlffer

from t+hat of other elmids and t+he description glven by Susskind (1936),

Excretory System

There are six maipighian tubuies existing in thres groups of two each,
As In all elmids considered, they arise at t+ha midgut=hindgut junction.
After passing anteriorly along the posterior t+wo-thirds of the midgut
t+hey pass posteriorly and may or may not become closely associated with

+he hindgut.

Histologlcal Morphology

Integument

Exocuticle and endocutlcle are 4 microns and 7 microns In thickness,
respectiviey. Serial sectlons revealed low, subtriangular Infegumental

t+ubercles, the cores of which penetrate Into the endocuticle.

Nlgestive System

This system is similar to that In other elmids such as Heterelmis.

Raesplratory System

Histologically thls system does not differ from the description

glven by Snodgrass (1935),

Excretory System
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The histology doss not differ from the description gliven by Patton

(1953),

Central Nervous System
Sertal sections revealed the brain and ganglia to be similar to

those present in other eimids.

Sense Organs

The primary organs have the same Internal histology as those In

other elmids.

Fat Bodies

The bodles are distinctly like those present in Heterelmis.

Gut Contents
Serlal sections revealed In the gut lumen diatoms (Diatoma and

Navicula), dirt, sand, and debris.
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Hexanchorus caralbus,
segments 1-4,

Hexanchorus caraibus,

Hexanchorus caralbus,

Hexanchorus caralbus,
and antenna.

Hexanchorus caralbus,
segment,

Hexanchorus caralbus,

Hexanchorus caralbus,

Hexanchorus caralbys,

Hexanchorus caralbus,
opercular claws.,

Hexanchorus caralbus,

tergltes 1-4,

Hexanchorus caralbus,

Hexanchorus caraibus,

Hexanchorus caralbus,

Hexanchorus caralbus,

Hexanchorus caralbus,
pighian tubules,

Hexanchorus caraibus,

Hexanchorus caraibus,

Hexanchorus caraibus,

ventral view of thorax and abdominal

dorsal view of head.
seta from lateral margin.

lateral view of head showing ocelli

ventral view of ninth abdominal

dorsal view of abdominal segments 5-8.

ventral view of abdominal segments 5-8.

ventral view of operculum,

dorsal view of operculum showing
dorsal view of t+horax and abdominal

ventral view of lablum and maxilla,
ventral view of |eft mandible.
opercular claw,

mesothoracic leg.

digestive tract and associated mal-

central nervous system,
alr sac.

longitudinal section through the
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proventriculus, AO=-anterlor proventricular organ or fold;
LO=-longltudinal or perlpheral organ; Es.Y-esophageal
invaglnation; L-lumen,
Lara avara, dorsal view of head,
Lara avara, ventral view of lablum,
Lara avara, right mandible
A, Internal view
B. Dorsal view
Lara avara, ventral view of left maxilla,
Lara avara, dorsal view of pronotum,
Lara avara, ventral view of ninth abdominal segment,
Lara avara, dorsal view of ninth abdominal segment.
Lara avara, ventral view of operculum with hooks.
Lara avara, ventral view of prothorax and mesothorax.
Lara avara, ventral view of metathorax.
Lara avara, legs.
A. Prothoracic leg
B. Mesothoracic leg
C. Metathoracic leg

Lara avara, digestive tract and associated malpighian tubules.

Lara avara, longitudinal sectlon through dorsal cuticular
seta,

Lara avara, fongitudinal section through ventral cuticular
SQTa,

Lara avara, longltudinai sectlon through proventriculus
showing the cord=like structures along the wall of this
organ,

Lara avara, longitudinal section through the proventriculus
i1lustrating t+he masses (cells ?) with posteriorly pro-

~jectIng spines. S=spine; C-crop; Es.V-asophageal Invagln-

ation,

Lara avara, cross section through the hindgut revealing
six folds and the thick cuticular intima. CM~circular
muscle; Ep.-eplithellial; LM-longltudinal muscle; Cl=~cuticular
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Potamophliops sp. dorsal view of head.

Potamophl lops sp., ventral view of abdominal segments 3-8.

Potamophl lops sp., stalked organ found at posterior marglin
of tergltes,

Potamophli lops spe., dorsal view of thorax and abdominal ter-
gltes 5-2.

Potamophlilops sp., dorsal view of abdominal tergites 3-8,

Potamophliops sp., ventral view of left maxilla,

Potamophliops sp., ventral view of thorax and abdominal
sagments 1=2,

Potamophilops sp., marginal seta,

Potamophl lops sp., seta on sternite,

Potamoph i lops sp., tuberclie on frons.

Potamophi lops sp., seta on thoracic sternite or pleuron,

Potamophilops sp., left mandible.

Potamoph i lops sp., ventral view of lablum,

Potamophl lops sp., dorsal view of operculum,

Potamoph!lops sp., lateral view of ninth abdominal segment.

Pofagggh!logs SPe, lOgse
A. Prothoracic leg

R, Masothoraclc leg

¢. Hetathoracic leg

potamophllops spe, digestive tract and assoclated malplighlan
+ubules,

Potamophl lops sp., alr sac,

Potamophi lops sp., cross section of a tergal tubercle.

Potamoph} lops sp., cross saction of ventral cuticle. Exo-
exocﬁicse; End-andocuticle,

Potamophllops sp., cross section of proventriculus 1liustrating
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a proventricular scilerite.

Potamophiiops sp., cross section of lower part of pro-

ventriculus.

LM=longitudinal muscle; PT=proventricular

tooth; CM=clrcular muscle.

Phanocerus clavicornis,
ferglites 1-2,

Phanocerus clavicornis,

Phanocerus clavicornis,
targlte.

Phanocarus clavlcornis,

Phanocerus clavicornls,

coxal cavity,

Phanocerus clavlcornls,
expansions,

Phanocerus clavicornls,
sagmants 1=2,

Phanocerus clavicornls,
3-8,

Phanocerus clavicornis,
segment,

Phanocerug clavicornls,

Phanocerus clavicornls,

Phanocerus clavicornls,

Phanocerus clavicornls,
A. Prothoracic leg
B. Mesothoraclic leg

C., Metathoracic leg

Phanocerus clavicornls,
malplghlan +ubules,

Phanocarus clavicernls,

Phanocerus clavicornls,

dorsal view of thorax and abdominai

abdominal +erglites 3-8,

dorsal view of ninth abdominal

dorsal view of head,

multispinous seta from margin of

seta from between adjacent pleural

vantral view of thorax and abdominal

ventral view of abdominal segments

ventral view of nlnth abdominal

ventral view of lablum and maxillase.
dorsal view of operculum,
right mandible,

’egs.

dlgestive tract and assoclated

central nervous system,

cross sactlion through the dorsal

cuticle illustrating cuticular spines and punctures.

Phanocerus clavicornls,

cross sectlon through anterlior +hird
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of provantriculus,

OM=clrcular muscle; LM=longltudinal

muscle; S-spine: Cl=cuticular intima; Ep.-epithella.

Phanocerus clavicornis, cross section through middle of

proventriculus,
Ancyronyx varlegata,

varlegata,

Ancyronyx

Ancyronyx variagata,

Ancyronyx variegata,

Ancyronyx variegata,

Ancyronyx variegeta,

Ancyronyx varlegata,

Ancyronyx varlegata,

Ancyronyx varleggta.

Ancyronyx variegata,

Ancyronyx varlegata,
thorax,

Ancyronyx varlegata,
segment,

Ancyronyx varlegata,

Ancyronyx variegata,

Ancyronyx variegata,

Ang!ron¥x varlegata,
A. Prothoraclc leg

B. Mesothoraclic leg
C. Motathoracic leg

Ang*ronxx variegata,
pighlan Tubules.

Ancyronyx varlegata,

Ancyronyx variegata,

Ancyronyx varlegata,

PF=primary fold; SF-~secondary fold.

gorsal view of left mandlble.

dorsal view of head,

ventral

vantral

view of lablum.

view of left maxlllia.

pronotal tubercle.

pronotal tubercle.

ninth abdominal tergite.

pronotum and mesonotum,

vantral
ventral

ventral

ventral

ventral

ventral

view of opsrculum,
viaw of prothorax,

view of mesothorax and meta-

view of tirst abdominal

view of abdominal segments

view of ninth abdominal segment.

dorsal view of operculum,

legs.

digestive t+ract and agsociated mal-

contral

nervous system,

cross section through ventral cuticle.

cross section through dorsal cuticle.
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End~endocuticle; Exo.-exocuticle; Ap-apodeme,

Ancyronyx varlegata, longitudinal section of proventriculus.
PS-proventricular sclerite (tooth); SP-sclaerotized pad;
PT=proventricular tooth; CH=circular muscle; LM=longltudinal

muscle,

Ancyronyx varlegata, cross section through base of pro=
ventriculus, ~proventricular tooth, call or organ;
PSeproventricular spline; LM-longitudinal muscle; MM=muse

cular mass.

Austrol imnius formosus,
segmant,

Austrol Imnlus $ormosus,

Austrol imnius formosus,

Austrolimnlus formosus,

Austrolimnlus formosus,

Austrolimnius formosus,

Austrolimnius formosus,

Austrolimnlus formosus,

Austroliimnius formosus,
mesothoraclc segments.

Aystrollmnlus formosus,

Austrollmnius formosus,

Austrolimnius formosus,
=7,

Austrollmnius formosus,
sota,

Austrolimnius formosus,
segmant,

Austrolimnlus formosus,

Austrol imnius formosus,

Austrolimnlus formosus,

dorsal view of seventh abdominal

ninth abdominal t+erglte.

dorsal view of head,

lateral seta,

prothoracic and mesothoraclic tergltes.
right maxilia.

cardo,

ventral view of jablum,

ventral view of prothoracic and

vantral view of matathorax.
ventral view of first abdominal segment.

ventral view of abdominal segment

tergal tuberclie bearing ¢iabellate

ventral view of ninth abdominal

dorsal view of operculum with hooks.
right mandible,

apex of operculum,
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Austrolimniug formosus, legs.

A. Prothoracic leg
B, Mesothoracic leg
. Metathoracic lag

Austrollmnlug formosus, cross section of dorsal and lateral
cuticle, Exo,~exocuticle; End.-endocuticle.

Austrollmnius formosus, cross section at anterior third
of proventriculus, CM=circular muscle; S-sclerite or
proventricular tooth,

Austrolimnius formosus, cross section of posterior third
of proventriculus,

Austroilmnlus formosus, cross sectlon of hody through
postarior hindgut raglon, HG-hindgut; TV=tracheai vessel,

Elslanus texanus, dorsal view of head,

Elslanus toxanus, peripheral spine on tergites.

Elslanus texanus, tergal spine.

Elslanus texanus, |aft mandible,

Elslanus texanus, ventral view of labium and maxiiia,

Elslanus texanus, vantral visw of prothorax.

Elslanus texanus, ventral view of mesothorax.

Elslanus texanus, ventral view of metathorax.

Eisianus texanus, starnal tubercle and seta.

Elslanus texanus, sternal tubercie and seta,

Elslanus taoxanus, ventral view or first abdcminal ssgeent.

Elsianus texanus, ventral view of seventh abdominal segment.

Elslanus texanus, ventral view of alghth abdominal segment.

Elslanus texanus, ventral view of ninth abdeminal segment,

Elslanus texanus, nlnth abdominal terglte.

Elslanus texanus, opercuium,

A. DNorsal view
8. Ventral view
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Figure 221,
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Elslanus texanus, legs.
A. Prothoracic leg
B, Mesothoracic leg
. Metathoraclec leg

Elslanus texanus, digestive +ract,

Elslanus texanus, central nervous system.

Elslanus texanus, cross sectlon of dorsal cuticle. Exo.=-

exocuticle; End.~endocuticle,

Elslanus texanus, cross section of ventral cuticle.
Exo.~=oxocuticle; End,~endocuticle,

Eislanus +exanus, cross section through esophagus.
Cl=cuticle Inatima; LM=longitudinal muscle; CM=circular
muscle; Ep.-apithellum,

Elslanus texanus, cross sectlon through crop. CH=clrcular
muscle; LM-longitudinal muscie; Ep.~epithelium; Cl-cuticle
intima.

Elslanus texanus, cross section through anterior third
of proventriculus, PS=proventricular spine,

Elsianus texanus, cross section through posterior third
of proventriculus. PO=proventricular organ or cell (?)
LM=longltudinal muscle; CM=clrcular muscle.

Elslanus texanus, basal part of proventriculus., Chi=
clrcular muscle; SSA=sclerotized serrated apparatus or
proventricular organ,

Elslanus texanus, cross section of body through reglon of midgut.
Epe.=eplthel lum; LM-iongitudinal muscle; CMecircular muscle;
rB=-fat body; DM=dorsal muscle; TV-tracheal vessel; End,-
endocuticle; Exo.=exocuticle; PM=per!trophic membrane;
VNC-ventral nerve cord,

Macronychus glabratus, dorsal view of head.
Macronychus glabratus, ventral view of right mendible.

Macronychus glabratus, seta from region of fronto-clypeal
Junction,

Macronychus glabratus, seta from antaro-lateral margln of
frons.
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Flgure 234,

Flgure 235,
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Figure 239,

Flgure 240,
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Macronychus glabratus,

Macronychus glabratus,
Macronychus qlabratus,
Macronychus qlabratus,

Macronychus qglabratus,

Macronychus glabratus,
metathoracic fargifes.

cardo.

ventral view of left maxilila.
ventral view of lablum.
ventral view of prothorax.
ventral velw of mesothorax.

prothoraclc, mesothoracic, and

sata of the type on lateral and

Macronychus glabratus,
posterior margins of thoracic and first elght abdomlnal

segments.

Macronychus glabratus,

Macronychus glabratus,

sata from dorsum of head,
seta from dorsum of hoad.

ventral view of metathoracic

Macronychus glabratus
and firsT abdominal segments,

Macronychus glabratus,
sagment,

Macronychus qlabratus,
segmen‘l‘.

Macronychus g!abrafus,
sagment,

Macronychus qlabratus,

Macronychus glabratus,
ninth tergite.

Macronychus glabrafus,

Macronychus glabratus,
SegmonT,

Macronychus glabratus,
A. Prothoraclic leg
8. Masothoracic leg
¢. Metathoraclic leg

Macronychus qlabratus,
Macronychus glabrafus,

ventral view of sixth abdominal

ventral view of sevanth abdomlnal

dorsal view of ninth abdominal

ventral view of operculum.

sota from lateral margin of

dorsal view of operculum,

ventral view of ninth abdominal

legs.

dlgestlive tract.

alr sac.
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Figure 253,
Figure 254,

Flgure 255,

Figura 256,
Figurs 257,
Figure 258,
Flgure 239,
Figure 260,

Figure 261,

197

Macronychus qlabratus, cross section of tergal cuticle.
Exo.=axocuticle; tnd.~endocuticle,

Macronychus glabratus, cross section through the crop.
AM=circular muscle; Ep-eplthellum; LM-fongitudinal
muscle; Cl=cuticular intima,

Macronvchys glabratus, cross section through base of

proventricuius., PO=proventricular organ,

Macgronychus glabeatys, cross sectlon through esophagus.
LM4=longltudinal muscle; Cl=cuticular intima,

Magronychus glabratys, cross sectlon through lower region
of proventriculus near junctlion wlth mldgut. Se-sclerite;
Ep=aplthollum,

Macronychus glabratus, cross section through midgut.

LM=longltudinal muscle; CM=circular muscle; BM=basement
membrane; &p,=eplthelium,

Neocvlloepus sandersonl, ventral view of right maxilla,
Neocvlloepus sandergonl, cardo.

Neocylloapys gandersonl, dorsal view of head.
Neogylloepug sandersonl, ventral view of lablum.
Neogvlicapus sandersonl, right mandible,

Neocylioepus sandersoni, legs.
A. Prothoracic leg
B. Mesothoracic leg
C. Metathoraclc leg

Neocy | loepus sandersonl, dorsal view of abdominal segments

1-2;

Neocy | loepus sandersonl, dorsal view of abdominal segment.
Neocyl lospus sandersonl, ventral view of prothorax,

Neocy | loepus sandersoni, ventral view of mesothorax.
Neocyl loepus sandersoni, ventral view of metathorax.

Neocyl lospus sandersonl, ventral view of abdominal segments
7"8.

Neocyl loapus sandersonl, dorsal view of operculum.




Figure 262,

Flgure 263,

Flgure 264,

Fi qure 2635,

Flgure 266,
Figure 267,
Figure 268,
Figure 269,
Figure 270,
Flgure 271,
Figure 272,

Figure 273,

274,

v -

Flour
Flgurs 275,
Figure 276,
Figure 277,

Flgure 278,
Figure 279,

Figure 280,

145
Neocyllospus sandersoni, veniral view of ninth abdominal
segment,

Neo%xlloegus sandersoni, cross saction of body through

region of crop. DM-dorsal muscle; FB=fat body; Ep.-eplthe-

| Tum; Cl=cuticular Intima; VNC-ventral nerve cord; Ve
vontral muscle

Neocy|loepus sandersoni, basal portion of proventriculus,

PO-proventricular organ; L¥=-longltudinal muscle; CMe
clrcular muscle

Neocyl lospus sandersoni, cross sectlon through regicn of
posterior proventriculus, FB-fat body; S=-sclerite;

PO=-proventricular organ (base); CM=circular muscie; Th
transverse muscle; YNC=ventral narve cord

Neoalmis sp., dorsal view of head,

Neosimls sp., vantral view of labium and maxilla.
Neosimis sp., right mandible.

Neocelmis sp., dorsal view of t+hird abdominal segment,
Neoelmls sp., seta at posterior tergal margin.

Neoelmls sp., seta on tergal surfacs,

Neosimls sp., legs,

A. Prothoraclc leg

B. Mesothoracic leg
¢. Metathoraclc leg

Naosimis sp., ventral view of prothorax, mesothorax, meta-
thorax, and 1-2 abdominal sagments,

Neoelimls sp., ventral view of seventh abdominal segment.

Neoeimls sp.m vantral view of ninth abdomlinal segment.

Neocaelmls sp., dorsal view of operculum.

Neosimls sp,, cross sectlion t+hrough basal part of pro-
ventriculus, LM-longitudinal muscle; CM=clrcular muscle;
PO=proventricular organ

Optloservus ovalls (?), dorsal view of head.

Optloservus ovalls (?), ventral view of lablum.

Optloservus ovalls (?), ventral view of laft maxilla,



Flgure 281,
Flgure 282,
Flgure 283,

Figure 284,
Flgure 285,
Figure 286,
Flgure 287,

Figure 288,
F!gur‘a 289,
Figure 290,

Figure 291,

Figure 292,

Figure 293,

Figure 294,

Flgure 295,

Figure 296,

Flgure 297,

Figure 298,

Filgure 299,

Figure 300,

Xelg
Rale

Optioservus ovalis (?7),

Optloservus ovalls (?),

Optloservus
mant,

ovalls (7),

nptloservus ovalls (7),

Optloservus ovalls (?),

Optloservus ovalis (7),

Optloservus
A
8.

OS¢ ovalls (1),
Prothoracic leg
Mesothoraclie log

Optloservus ovalis (?),

Optioservus ovalls (7),

optloservug ovalls (?),

right mandible.
dorsal view of pronotum.

dorsal view of ninth abdominal seg-

ventral view of prothorax.
ventral view of mesothorax.
dorsal view of operculum.

legs.

digestive tract,
alr sac.
cross sactlon of tergal cuticle,

ecross sectlon of anterior third

Optloservus ovalls (7),
og proventricuius, CMecircular muscle; LM=longltudlnal

muscle; PP=proventricul

Optloservus ovalls (?),

ar pad; Cl=cuticular Intima

cross section of basal part of

proventr!culus.‘iﬁb-provenfrlcular organ; LM=fongltudinal

muscia,

Oullmnius latlusculus,

Oulimnius latfusculus,

Oultmatus tatlusculus,
A. nNorsal view
B. Inner view

Oullmnlus latlusculus,
sagment,

Oullmnlus latiusculus,
3-3,

dorsatl view of head.

ventral view of fabium and mexilia.
mandible,

lateral view of ninth abdominal

dorsal view of abdominal tergltes

ventral view of prothorax, mesothorax,

Oulimnlus latiusculus
motathorax, and first abdominal segment,

Oullmnius latlusculus,
G=7,

OQulimnfus latlusculus,

ventral view of abdominal segments

ventral view of ninth abdominal




Flgure 301,
Figure 302,

Figure 303.

Figurs 304,

Figure 305,
Figure 306.
Flgure 307,
Figurs 308,
Figure 309,
Figure 310,
Figure 311,
Flgure 312,
Figure 313,
Flgure 314,
Flgure 313,

cloura 314,

riqure 317,

Figure 318,

Figure 319,
Figure 320,

segment,

Qulimnlus latlusculus, dorsal view of oparculum,

Oullmnlus iatlusculus, mesothoracic lag,

Ouilmnlus latlusculus, cross section of tergal cuticle.
Exo.=axocuticle; End.-endocuticle

Quiimnlus latlusculus, longitudinal section of proventriculus,
PT=proventricular tooth; PP=proventricular pad; PO=

proventricular organ; L¥=-longltudinal muscle; CM=clrcular
muscle

Promoresla tardella, dorsal view of head.
Promoresia tardalla, right mandible.

Eromoresia tardalla, lablum,

Promoresia tardella, ventral view of left maxilla,
Promoresia tardella, tergal tubercle.

Promoresla tardella, dorsal view of metanotum,
Promoresis tardella, dorsal view of operculum.
Promorgsia terdella, metathoraclc leg.

Promoresia tardella, ventral view of prothorax.
Promorasia tardetla, ventral view of mesothorax.
Promorasia tardslla, ventral view of metathorax and first

ahdomi nal segment,

Promoraala +ardella. lateral view of ninth abdominal segment.

tardalla, longitudinal section t+hrough the
proventriculus. PT-proventriculus +ooth; PP=proventriculus
pad; LM=longitudinal muscle; CM=clrcular muscle; PO=-
proventricular organ

Promoresia tardella, cross section of body through region

of hindgut. Exo.=sxccuticle; nBV=-dorsal blood vessel; End.-
endocuticle; FB=-fat body; TV~-tracheal vessel; YNC-ventral
nerve cord; MT=malpighlian tubule

Yolriolus unagulatug, ventral view of rlight maxilla.
Iolrlolus ungulatys, right mandlble,




Flgure 321,
Figure 322,
Flgure 323,
Flgure 324,
Figure 325,
rigure 326,
Flgure 327,
Figure 328,
Figure 329,
Figure 330,

Flgure 331,

Flgure 332,

Flgure 333,

Flgure 334,
Flqure 333,
Flgure 336,
cloure 337,
Figure 338,
Figurs 339,
Flgure 340,

Flgure 341,
rigure 342,

5

Toirlolus ungulatus, dorsal view of head.

Tolrlolus ungulatus, tabluym,

Tolriolus ungulatus, dorsal view of first abdominal segment.

Tolrlolus ungulatus, dorsal view of opsrculum.

Tolriolus ungulatus, mesothoracic leg.

Tolrlolus ungulatus, ventral view of prothorax.

Tolriolus ungulatus, ventral view of mesothorax.

Tolriolus ungulatus, ventral view of metathorax.

Tolriolus ungulstus, ventral view of first abdominal segment.

Tolriolus ungulatus, ventral view of seventh abdominal
sagment,

Toiriolus ungulatus, ninth abdominal segment,

A. Ventral view

B. Lateral view

Tolrlolus ungulatus, digestive tract and malplighlan tubules.

Tolrlolus ungulatus, longltudinal sectlion of proventriculus.
PT=proventricular tooth; PP-proventricular pad; PO-proventri-
cular organ; Li=longitudinal muscie; CH=clrcular muscle

Zaitzevia parvula, dorsal view of head.

Zaltzevia parvula, dorsal view of pronotum,

Zaltzevla parvula, ventral view of operculum,

Zal+zavia narvula, lablum.

Zaltzevia parvula, left maxille.

7Zaltzevia parvula, dorsal view of ninth abdominal segment.

Zaltzavia parvula, legs.
AR. Prothoracic leg

B. Mesothoraclc lag

', Metathoracic leg

Zaltzevia parvula, ventral view of prothorax.

Zaltzavla parvula, ventral view of mesothorax.




Flgure 343,
Flgure 344,
Figure 345,
Figure 346,
Figure 347,
Flgure 348,
Flgure 349,
Figure 350.

Flgure 351,

Figure 352,

Flqure 353,

Flgure 354,
Flgul‘e 355.

Figure 356.

Figura 357,

Figure 358,
Flgure 359,
Flgurs 360,
Flgure 361.
Figure 362,
Figure 363,
Flgure 364,
Figure 365,

A
e

Zaltzevia parvula, Qen*ral view of metathorax.

Zaltzevla parvula, ventral view of #irst abdominal segment.

Zaitzevia parvula, dorsal view of operculum,

Zaltzevia parvula, ventral view abdominal segments G=7.

Zaltzevla parvula, ventral view of ninth abdominal segment.

Zaltzavla parvula, mandible.

Zaltzevia parvula, one branch of |ateral trachexul vessels.

Zaltzevia parvula, central narvous system,

Zaltzevia parvula, longltudinal sectlon through proventriculus.
Pl=proventricular +ooth; PP=proventricular pad; PO=pro-
ventricular organ

Xenalmis bufo, dorsal view of head,

Xenelmis bufo, mandibls,
A. Infernal view
B8, Norsal view

xaneimls bufo, lablum and maxillas.

Xonelmls bufo, dorsal view of thorax and abdominal segments
“'2.

Xeneimis bufo, dorsal view of abdominal segments 8=9,

Xenalmls bufo, ventral view of thoraclic and first abdominal
SGQMQI";SQ

Xenalmis bufo, ventral view of ninth abdominal segment,

Xenelmis bufo, seta internal +o postero-lateral splne,

Xene|mis bufo, ventral view of ninth abdominal segment.

Xensimis bufo, ventral view of abdominal segments 6-7.

Xenelmls bufo, tergal seta,

Xenalmls bufo, tergal seta,

Xanalmls bufo, dorsal view of operculum,

Xenslmls bufo, legs.




Figure 366.
Flgure 367.

Flgure 368,

Flgure 369,
Figure 370,
Figure 371,
Flgure 372,
Figure 373.

Figure 374.
Flagure 375,

Figure 376.

Flgure 377.

Figura 378,

rigure 379.
Flgure 380,

Flgure 381,

Figure 382,

=5
A. Prothoraclc leg
8. Masothoracic leg
©. Metathoraclc leg

Xenslmis bufo, dlgestive +ract and malplghian tubules.

Xenaelmls bufo, central nervous system,

Xanelmis bufo

longitudinal sectlon of proventriculus.

fM=clrcular muscle; LM=longltudinal muscle; PT=proventri-
cular tooth; PP=provantricular pad; PO-proventricular
organ; FPO=fused proventricular organs

Microcy | lospus pusillus,

Microcy!l lcepus pusillus,

Microcylloepus pusililus,

Mlcrocyl loepus pusilius,

Microcyllospus pusillus,
segment,

Mlcrocy! loepus pusillus,

Microcylliospus pusiilus
mesoThoracic Segments,
Microcy!loepus pusiilus,
segment.,

Microcyl loepus pusiilus,
segnent,

Ml crocy! loepus pusiiius,
ments 7=8.

Microecy!loapus pusiilus,
Mlcrocy!loepus pust!iius
2. Prothoracic fag
8. Mssothoracic leg
¢, Metathoracic leg

Microcy! loepus pusllilus,
tubules,

Micro

| loopus pusilius,
proventriculus, =-proventrlcular tooth;

dorsal vlew of head,
dorsa! view of pronctum.
left mandible,

right maxiila,

dorsa! view of ninth abdominal

Jabtun.

ventral view of prothoraclic and

vantral view of metathoracic

ventral view of flrst abdominal

ventral view of abdominal seg-

dorsal view of opsrculum.

logs.

digestive tract and malpighlan

longlitudinal section +through

fold; PO=proventricular organ; PP-proventricular pad;

PF=proventricular



Fl qure 383,

Flgure 384,

Figure 385,
Flgure 386,
Flgure 387,
Flgure 388,
Flgure 389,
Figure 390,
Figure 391,
Figure 392,
Figure 393,
Flgure 394,
Flaure 3935,
Flgure 396,
Figure 397,
Floure 398,

Flgure 399,
Figure 400,
rlgure 401,
Figure 402,
Figure 403,
Figure 404,

LM={ongl tudinal muséle; CM=clrcular muscle; Es.V=esophageal
Invagination

Nubiraphls

Sp., dorsal view of head,

Sp., logs,

A, Prothoracic leg
B. Masothoracic leg
. Metathoraclc ieg

Nublraphia
Dubiraphia
Nubliraphia
nublraphia
Nublraphia
Dublraphla
Publraphia
Dyblraphia
Nublraphia

Heteraimls

sp., ventral view cof right maxiila,
s5pa, rlght mandible,

sp., lablum,
SP., veniral view of ¢lrst abdominal éegmenf.
Sps, dorsal viaw of abdominal segments 4-8,
sp., dorsal vlevw of operculum,
sp., thoraclic t+ergal seta,
sp., thoraclic targal splne,
sps, ventral view of ninth abdomlnal segment.
sp., ventral view of thoraclc segments.,
sp., dlgestive tract and malplighian tubules,
sp., central nervous system,

vuinarata, dorsal view of head.

Hetoralmls

vulnerata, ventral view of left maxilla and

Yok B
T

Hotoeraimls

vulnerata, mandible,

Hetorelmls

vulnarata, tergal scale,

Heterelimls

vulnerata, dorsal view of pronotum.

Hoterolmis

vulnerata, ventral view of prothorax.

Heteroimis

vulnerata, ventral view of mesothorax,

Hetorolimls

vulnerata, ventral view of metathorax and flrst

abdominal segment.




Flgure 405,
Flgure 406,

Flgure 407,
Flgure 408,

Figurs 409,

Flgure 410,

Flgure 411,

Flgurs 412,

Flgure 413,
Flgure 414,
Flqure 415,
Flgure 416,
Flgure 417,
Flgure 418,

'l

Hoteralmlis vulnerata, dorsal view of operculum,

Heterelmis vulnerata, ventral view of nlnth abdominal
segment,

Heteralmls vulnerata, tergal marglnal seta,

Hetereimls vulinerata, loegs.
A. Prothoraclc leg

B. Mesothoraclc leg

C. Metathoraclic lag

Heterelmls vulnerata, cross section through crop,
CM-circular musclie; LM~longitudinal muscle; CS=-cuticular
spine; Ep.-epithelium,

Heterelmlis vulnerata, cross sectlon through hindgut.

CM=clrcular muscie; LM=longltudinal muscle; Ep.-eplthelium;
Cl=cuticular initma

Heterslmis vulnerata, cross sectlon t+hrough midgut. L=

longl tudinal muscle; CM=clrcular muscle; Ep.-eplthellium;

PM=peritrophlc membrane; RC-regenerative csll (2) or
goblet cell,

Hetersimls vulnerata, longltudinal section, with cross

sections as follows:

A, cross section through brain,

B. cross section t+hrough crop,

C. cross section through proventriculus

ND. cross saction through proventriculus

E. cross section through proventriculus

F. cross sactfon through base of proventriculus and
anterior of midaut.

. cross saction through midgut,

H. cross section through anterior Intestine

I. eross sectlon +hrough posterior tntestine.

J. eross sacticn through anus gllis,

Stenelimis sp., dorsal view of head.

Stonelmls sp., right mandible.

Steneimlis sp., lablum and left maxil!la.

Stenalmls sp., ventral view of t+horax.
Stenelmis sp., tergal scale and seta,

Stenelmis sp., dorsal view of ninth abdominal segment.



Figure 419, Stenaimls sp., dorsal view of operculum,

Flgure 420. Stenelmls sp., legs.
A. Prothoracic leg
B. Mesothoracic leg
C. Metathoraclic leg

Figure 421, Stensimls sp., digestive tract and malpighlan tubules.
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DISCUSSION

This work brings out the need for taking into account total larval
morphology !n order to Insure sound phylogentic reasoning, | have clted
sevaral Investligations concerned only with external larval structures.
Only Hinton's works of 1932 and 1940 reveal a concentrated effort to
corralate external and internal morphology in order +o establish true
phylogenatic relationships between dryopelds.,

My efforts wers to axpand present knowledgs by dellmlting some
dlagnostic characters of dryopold beetle larvas, Since there are many
foatures which might be subject +o varlations assoclated with age, |
had t+o distingulsh such characters from valld qeneral characters.
According o Davis and Heywood (1963), a good character is ona which
has a narrow range of expression and can be casily recognlzed., Characters
used to aroup genera into a famlly are many. Using my findings, |
shall attempt to correlate speclfic external and Internal features which
support or oppose the prasently accepted taxonomic scheme,

One character which has not been ysed ‘o establish phylogenetic
relationshine betwssn dryopolds is ths structure of the proventriculus.
Work by Falt In 1906 and Swalne in 1918 led them to conclude that the
proventriculus has +axonomic value (Judd, 1947), The diversity of struc-
+ure displayed by the proventriculus of Insects has |ed several authors

+o base keys for [dentification of genera on the characters of this
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organ,

Balfour-Browne (1935) concluded that the proventricuius In Dytiscidae
exhiblts a very interesting process of evolution, In an sarlier paper
he formulated a key using this structure to separate 22 genera and noticed
+hat 1+ compared squally with a key formed using tersal claw morphology

(Bal fourBrowne, 1934).

External Morphology

PSEPHENI DAE

Psephenus, Psephenops, and Ectopria, as Indicated in the descriptions,

axhiblt different features which clearly define them as separate genera,
but a flattened, olliptical body form with the entlire peripheral margin
bordersed by rows of long halrs suggests a specitlic morphological relation-

ship between Psephenus and Psephenops. Concealment ot the larva proper

bensath an arched carapace formed by extenslons of the pleurites Is a
conmon feature of all thrue gensra. Features of Ectopria, such as an
elliptical, flattenad=ovate body with expanded pleura which are not jJoined

together marginally as In Psophanus and Psephenops revealed one difference

between Ectobprla and the above.

The head, which Is only visible In ventral view, bears ‘three-segmentad
antennac In all three genera. In contrast to the slender nature of this
structure on t+he head of Pgephenus and Psephenops, I+ Is +hick and robust
on the head ot Ectopria, Segments one and two are long and short respectively
on Psephenus and Pssphsnops, but both are robust on Ectopria.

There Is a simllarity between the ligulas of Psephenus and Psephenops
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which 13 not present In Ectopria. This structure Is not broad, but

much reduced and the lablal outline Is more rectangular In Ectopria (Fig.
14), Nelther Psephenops nor Psaphenus bears a distinct transverse row
of setae along the ventral margin of the llgula,

Max!llae reveal the same degree of dlfference between Psephenus,
Psephenops, and Ectopris as the above characters, Maxillary palps arise
along the mid-lateral margin of +he stipes In +he former gencra, but at
+he antero-lateral margin of the stlpas in the latter genus.

Legs of Psephenus and Psephenops arse simllar in sculptfure and

proportions, tarsal claws are emarginata on Inner antero=-lateral marglns,
and oach bears a blunt Internal tarsal splne. This Is In contrast to the

absence of emargination and the prasence of a long Internal tarsal claw

spine In Ectopria.

Internal Morphology

Ssrlal sections revealed differencas within the forequts of the
above genera, Some of the dlfferencas apparently are generic. | feel
+hat the spinous organelles which |ine +he posterior of the proventriculus
in Psapnhenus (Fig. 11) are probably also present in Psephenops, but they
are smaller or were not revealed by the histological praparations. Con=
trasting Ectopria with Psephenus and Psephenops, the proventricular teeth
are blunt and bear peripheral spines or nodules. Such featuraes are not
evident on the provo&frlcular teath of Psephenus or Psephenops,

As noted by the flgures (9 and 22) there Is a contrasting difference
tn the slze of the metathoraclc ganglia and In Ectopria there are elight
distinct abdominal ganglia which are not closely assoclated or fused

posteriorly as In Psephenus or Psephenops. This Is In direct conflict
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with the opinlon of Hinton (1939) that an alliptical flattened body

Is correlated with fusion of the abdominai ganglla.

Comments
I+ 1s obvlious that Ectopria bears a few features which are shared by

Psephenus and Psephenops but there are many which are not. 1f one places

emphasis on a single stage of development In an attempt to establish
natural relatlonships (Hinton, 1939 states that no natural system of
classlfication can be established from a consideration of a single stage
of development) one might bs Inciined to separate Ectopria and Psephenus
into separate families,.

Leech and Chandler (1963) are of t+he sbove opinion. Arnett (1968)
places Ectoprlia in a separate family, +he Dascliliidae, based on adul+
morphology. Leng (1933) recognized the different and similar features
of these +wo aenera and placed them in separate subfamllles, Psepheninae
and Eubriinae, rrowson (1967), who notes a need for a revision of the
fami ly Psephenlidas, states that Psephenus, Eubrla, and its allies belong

In Psephenidae according to both adult and larval characters.

External Morphology

LIMNICHI DAE

Limnlchid larvae are dlfferent from psephenid larvas In not having
the flattened, elliptical body form, They are parallel-sided, cylindrical,
and +he nlnth abdominal sclerits bears a rounded apex. The general body
outline Is simlilar to +hat of the Elmidae. The above features are fllu-

strated by both species of Lutrochus, but several described features
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distingulsh between them,

The mest obvious difference is the arrangement of the frontal suture
(Figs. 39, 58)., Thers are four aplcal mandlibular teeth In L. "B", but
five In L, luteus; the outer lateral margin of the mandible bears spinous
satae In L. luteus, but branching ones in L, "B"; fuslon of stipes and
postmentum occurs In L, "8", but not In L. luteus, and the anterior mar-
qln of the llgula Is emarginate In L, "B", but not In L, luteus,

Legs are robust In both speclios. The proportions of ornamentation
of each palr of jegs are similar,

A family tralt for {imnlchids postulated by Hinton (1939) is fusion
of the stipes and postmentum, but such Is not cbvious In L, luteus, His
description of larval Lutrochus sp. In the same paper [liustrates some
of the features of L. "B", | have not seen Hinton's specimens, but

based upon hls description | conclude +hat +hey are different specles.

Internal Morphology

Thers afa obvious dlfferences between foraguts of these specises,
In L. luteus, #he perlpheral and basal proventricular armature consists
of large cylindrical structures (cells) with serrated margins. in Lutrochus
"g" the proventricular armature consists of small cells (?) which are in
the form of primary folds. The fusion of them results In forming secondary
folds, From the aplces of the folds arise hair-Ilke spines,

Modl ticatlons of t+ubular tracheal vessels are also evident In both
specles, The dllatlons do not represent alr sacs as observed In Larinl
and some Elminl, As deflned by Snodgrass (1935), "An alr sac Is any

consplicuous enlargement In the course of 2 tracheal vessel,”
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The number of malplghlan tubules (6) doss not vary in the two speciles,

but it was noted that thelr distal ends did not always fuse with the wall

of +he hindgut as postulated by Hinten (1939),

comments

The work with Lutrochus has polnted out the errors in the list of
family traits for |imnichlds set forth by Hinton (1939) (fusion of the
stipes and postmentum in limnlchld larvae, no alr sacs, and fusion of the
distal ends of the malpighian tubules to +he hindgut)., The errors | have
pointed out have obviously become clear to him, This would explain the
intentlon of R, A. Crowson and Hinton to create a new family (Lutrochldae),
separating 1+ from the famlly Limnlchidae on +the basis of adult as well as
larval characters,

Sanderson (1953) suggests that limnichids are close to elmids In
retaining three=branchad anal gllls, but they are toward the dryopld line.
comparing +he morphology of Lutrochus to the elmlds which | have consldered,
| have reached the conclusion that the limnlchids are close to the elmids,
but Just how near they are to the dryopld line | do not care to speculate
at t+his +ime, [+ is apparent that the degree of closeness between Limni-

chlidaa and Dryopidae should be Investigated further.

ELMI DAE

rnood characters of taxonomic merit for dlagnosing eimld larvas have
been confined o a considaration of the shape, sculpture, and morphology
of +he head, thoraclc sclerltes, abdominal sclerites, and ninth abdominal

segment, Some of the workers who have made contributions have been clted
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in this paper,

External Morphology

In my attempt +o expand tha above list, | have looked for external
features which might show some correlation and thus suggest some evolu=
tlonary trends. Following Davis and Heywood's (1363) definition of a
good character, | decided on the following: numbar of abdominal pleurlitss,
the presence or absenca of a poststernum and +he numbsr of thoracic

pleurites,

Comments

nata from the descriptions for 2ach genus studled have allowed me
t+o speculate that the ancastral form of all slmlds probably contalned
membranous thoracic pleura and sterna and sight abdominal pleurites.
From t+he ancestral form arose two main lines, one with partial scleroti-
zatlon of the +horacic pleura and starna (+his line arose first) and
fater a line with total sclerot!zatlion of the thoracic pleura and ster-
nites., Benera with partlal sclerotization of the pleura and sterna
never devaloped poststerna and the most unspeciailized genera contaln few
thoracic pleura,

Consideration of the genera studled In respect to these characters
divides them Info t+wo main groups. Genera not conforming fo the pattern
may be considered +o be [ndependant |ines of evoiution,

Lara would be the most unspeclalized genus (8 abdominal pleurites)
with a 2~1=1 thoraclic pleurite pattern, Dublraphla (8 abdominal pleurites)
and Austrolimnius (7 abdominal pleurites) could follow with a 2~2-2

thoraclc pleurlte sequenca, Austrolimnius belng slightly mors specialized
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+han nubliraphia as fs avident by +he loss of one abdominal pleurits.

Xenolmis could represent an Independent line with 5 abdominal pleurltes
and 3 2-3-3 thoracic pleurite sequence. On the maln line could be
Promoresia (7 abdominal pleurites) and Optioservus (7 abdominal pleurites)
with a 3-1-1 t+horacic pleurite sequence, followed by Zaltzevia (7 abdominal
pleurites), Qulimnius (7 abdominal pleurites), Macronychus (6 abdomlnal

pleurites), Potamophilops (5 abdominal pleurites), and Hexanchorus (6

ahdominal pleurites) with 2 3-2=-2 thoracic pleurite sequence. The last
three genera are more spacialized than Zaltzevia and Qulimnius.

From the second line: (and basad on the general outline of the ven~
+tral thorax Macronychus could be closer +o it than | speculate) arose
Stenslmis (7 abdominal pleurites) and Ancyronyx (7 abdominal pleuritas)
with a 0 (no dlvislon of +he prothoracic pleurite) =2=2 thoracic pleurite
sequenca. Unllke the +irst major 1ine, sach member of +his Iine developed
a poststornum, Following could be Tolrfolus (7 abdominal pleurites),

Neocy | loepus (7 abdominal pleurites), Elslanus (7 abdominal pleurltes),

Neocelmis (7 ahdominal pleurites), and Phanocerus (8 abdominal pleurites)
with a 2=2-2 +horacic plaurlte sequence, | suspect that Phanccerus re-
presents an Indapendent line of evolution, Finally there could follow

Microcyl loepus (7 abdominal pleurltes) and Hetarelmis (7 abdominai pieurives)

with a 2=3-3 thoraclc pattern sequenca,

Internal Morphology

Two Internal components appear +o it the criteria set forth by Davis
and Heywood. They are the presence or absence of alr sacs and the histo=

togtcal morphology of t+he proventriculus.
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rommsnts

i+ 1s my oplnion that alr sacs in a larva repraesent an unspecialized
conditlon., They are found in larvae which are not far from the ancestral
form or +hose bearlng several unspoclallzed fcatures., Thils might explaln
thelr presence in larvae both with and without a poststernum., They are
present In all larvae studied possessing eight abdominal pleurites except

Nnubiraphia, nNublraphia could balong on the ancestral line which gave

rise +o non=air sac bearing forms which do not contaln a poststernum,

ising +he histological morphology of +he proventriculus as a criterion.
The genera can be placed Into five groups, as follows:

1. (a) Stenelmis

(b) nubiraphla
(c) Microcy!lloepus

{d) Heocelimls
{a) Elslanus

(£) Hotersimls

(g) Optioservus

(h) Ancyronyx
(1) Zaltzevia

(}) Promoresia

(k) Hexanchorus

(1) Tolriolus

(m) Neocyl loepus

(n) Oulimnlus

(o) Potamophllops

2. (a) Lara

ang—



3. (3) Phanocarus

4, (a) Austrollmnius

5, {a) Xenelmls

The histology of the proventriculus of sach qenus In group one (1)
Il lustrates several features In common as outlined in the descriptions,
The histological morphology of the proventriculus of sach member of
qroups 2, 3, 4, and 5 Is spacific for the genus (as evident from the
descriptlions). The resuits hers could support t+he idea of Independent
avolution for t+haese groups.

There Is a correlation between the external morphology of Lara,

Phanocerus, Austrolimnlus and Xenelmls and the structure of the pro-

ventriculus of each nenus. Each genus seems to bear external features
which set it aside from the members In group (1) and the same applles

In +he case of the proventriculus. None of t+he genera in groups 2, 3,

4, or 5 Illustrate proventricular features whlich suggest that they are
closely realted, nNubirapha has a proventriculus simllar to the members

in qroup (1), but I+ Is t+he only membar of that group with eight abdominal
plaurites. Thls mlght suggest that It Is primitive but Is not far from

+he iinels) which gava riss to most of the present climlds,

nrelationships

In respact to the above featuras, | feel that the |imnichids arose
at a polnt during the evolution of one or several of the praesent elmid
Itnes., Thay could have arisen from a branch which malntalned membranous

thoraclc pleura and undergone a roduction In the number of abdominal
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pleurites. This corralates with the morphlogy of the proventriculus

In that t+his organ In L. luteus 1s simliar +o that in elmlds (group 1),
The proventriculus In L, "B" Is nof ldentical to +hat In L, jufeus, but
I+ ¢alls within the same reaim, | cannot loglcally suggest a point
where psephenids probably arose, but | know that the proventriculus In
Psephenus texanus bears characteristics similar +o that In elmids
{group 1),

The point of view proposed Is not In confllct with Sanderson (1954),
who consldars Eimldas more primlitive than Limnichidae, He does not
menilon elml d=-psaphenid relationships, but | feel a closer relationship
exlsts between the families than ¢an be determined from thelr external

morphelogy alone,

correlation of Internal morphology with habift,

The results did not revsal any striking features which could sup-
port a suggestion or a concluslon concarning the relationship between
the Internal morphology and known habits, Only In Psephenus and Xenelmis
did | find a large verlety of organisms which might suggest a auryphagic
‘+endency on the part of the larvas. In general aspects, the gut mor-
phology within these two genera bears simiiar characveristics. nNoO
correlation could be determinaed between the xylophagous tendency and

the structurs of t+he proventriculus.




1.

3.

4.

SUMMARY AND CONCLUSIONS

txternal and internal morphology of larvae 1s described for re-
presentatives of 24 genera of dryopold beetles as follows:
Psephenl dag==Eybr! | nae-~Ectopria
Limnichldae==Limnichinae=-~Lutrochus (2 specles)

EIml dao==Larl nl=~Hexanchorus, Lara, Phanocerus, Potamophiicps

Eiminj-=Ancyronyx, Austrolimnius, Dubiraphla, Elslanus,

Hatersimls, Macronychus, Microcylloepus,

Neocy |l loepus, Necaimis, Optloservus, Oullmnius,

Promorasia, Steneimls, Tolrlolus, Xensimis, Zait=-

zevia
0On the besls of +his investigation It Is clear +hat the psephenids

Psephenus and Pssphanops are much more closely related to each other

than to Ectopria.

The limnichid larvae studled are more simitar +o the elmlds than to
+he psephenlds, and could ba derlved from primitive elmld stock.
Among the eimid genera studled, no patterns of relatlonship are
suggested by some of the systems, since all genera are essentlally
allke, but other systerms appear to offer promise. Of the Internal
organs, the proventricular region of the gut and the major tracheal
vessels of the resplratory system (wlth respect to alr sacs) provlde
means of grouping genera In a significant manner, Of external
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features, the number and nafung%?f pleurites can provide a rationale
for phylogenetic speculation.

Upon the morphological svidence here described, | suggest that some
of the elmids such as Lara could be the least speciallzed of all
dryopold {arvae studled, +hat the |lImnichids studied are more
speclallized +han such elmids, and that the elmld=-psephenid relation=
shlp is still a question despite +he simitarity between the pro-
ventricull of these two groups.

This work points up t+he need for more detalled study of the complete
dryopold larva=~Internaiiy as well as externally--before an adequate
phylogenetic plcture can be drawn.

| suggest additlonal research on the problem of dryopold evolutionary
relationships which should Include a consideration of development
prior +o the larval stage, a comparative study of larval enzymes, an
apptication of numerical taxonomic methods to larval characters, and

t+he usa of such blosystematic methods as karyotyping,
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