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ABSTRACT

Larvae of Ithycerus are described for the first time. Ten
instars are identified with the possibility of more to be found.
The pupa remains unknown. Spiracular aigﬂubes and orifices show
allometric growth and this, combined with body and head capsule
measurements, is used to separate instars. Female and male
reproductive systems are described. Females have two ovarioles
per ovary. Adult and larval stages have four cryptonephric
Malphigian tubules in the digestive tract. Adult and larval
nervous systems appear to be primitive in possessing long connec-
tives between ganglia. The first instar larva of Arrhenodes
minutus (Drury) is described for the first time. The first
illustrations of Antliarrhinus larvae are included. Ithycerus
noveboracensis (Forster) has a two year life cycle at least and
possibly three. Adults do not overwinter.

Three families of woody plants are associated with Ithycerus,
the Betulaceae, Juglandaceae and Fagaceae, with a preference for
species of Fagaceae. Adults are also occasionally found on
introduced fruit trees (Rosaceae). There is no obvious courtship
in Ithycerus. Oviposition takes place in soil; eggs are laid singly
and covered with fecal matter. The larvae feed on the vascular

cambium of the roots of host plants.



Several grooming movements and modes new for Coleoptera
were discovered in Ithycerus and include bilateral fore-midleg
rub, mid-hindleg rub (third mode), bilateral hindleg rub (third
mode), simultaneous fore-midleg rub (one side), mid-hindleg rub
(other side) and flagellum extend. Female A. minutus rapidly
flutter the tips of their antennae against the tip of the rostrum
to dislodge wood particles trapped there while drilling egg holes.

Evidence is presented for the possibility of evolution of
three forms of Ithycerus in pleistocene refugia. The family
Ithyceridae is maintained on the basis of new characters, primarily
larval. The family is viewed as the most primitive of the four
apionid-like families recognized in this study, the others being
Brenthidae, Antliarrhinidae status nov. and Apionidae. The family
Antliarrhinidae is placed near Apionidae. Adult and larval ventral
nervous systems are discussed in light of their possible value as
phylogenetic indicators. An evolutionary sequence is postulated

for the numbers and positions of sensilla on the labra of larvae.



INTRODUCTION

The higher classification and phylogenetic relationships of
Ithycerus noveboracensis (Forster)lﬁgg~been a matter of curiosity
and concern for many years. Adult morphology provided few clues
with the result that there are many conflicting views. A list of
priorities was developed in a meeting of weevil workers in
Washington, D.C., August, 1976, and Ithycerus was placed at the
top. It was felt that a suitable solution to the 'mystery of the
New York Weevil' would be found only if the larva was discovered.
It was my good fortune to be the first to find it. This was
accomplished through rearing experiments in 1977 and 1978 and
later | found wild larvae on the roots of Fagus grandifolia Ehrh.
(American Beech).

The first account of the habits of Ithycerus was by Riley
(1871). He reported damage to buds of Bur Oak (Quercus macrocarpa
Michx.) and described how females cut slits in twigs for the
purpose of laying eggs. He also included a drawing of a legless
larva and identified it as Ithycerus. He was mistaken in the site
of oviposition and in the identification of the larva as my results
will show.

The first description of I. noveboracensis was by Forster
(1771) under the name Curculio noveboracensis. In 1823, Schoenherr
included Rhynchites curculionoides in Ithycerus and included a

description of the genus. This type was later found to be a synonym



of C. noveboracensis Forster (Schoenherr, 1826). The uncertainty

of the systematic placement of Ithycerus is shown in Table 1.

Table 1. History of the higher classification of Ithycerus.

AUTHOR SYSTEMATIC PLACEMENT

Schoenherr (1823, 1826, 1833) Curculionidae: |thycerinae

Horn (1873) Curculionidae: Ithycerinae
Leconte (1876, 1883) Curculionidae: Ithycerinae
Leng (1920, 1933) Belidae

Ting (1936) Bel idae

Bruhn (1947) Belidae

Crowson (1955) Apionidae: Ithycerinae
Morimoto (1962) Brenthidae: |thycerinae
Kissinger (1968) Apionidae: Ithycerinae
Morimoto (1976) Ithyceridae, near Belidae
Vanin (1976) Not Belidae

Sanborne 9793 Ithyceridae, near Brenthidae

The following objectives were achieved in this study: in
addition to egg and larval descriptions of Ithycerus, for the first
time, the first instar larva of Arrhenodes minutus (Drury) Es(sren*UJMQf$
described and the larva of Antliarrhinus is illustrated; detailed
descriptions of the internal systems of Ithycerus larvae and adults
are presented and include reproductive systems and genitalia of
males and females, digestive tracts and ventral nervous systems;
the life history and behaviour of Ithycerus is discussed, including

larval development times, adult longevity, feeding habits, courtship



and mating, oviposition, grooming, predators and parasites. Host plant
associations, distribution, geographic variation and biogeography are
also treated and a phylogenetic system for |thyceridae, Brenthidae,
Antliarrhinidae stat. nov. and Apionidae postulated. Discussions

are also included on the value of ventral nervous systems as phylogenetic
indicators in the Curculionoidea and the evolution of the numbers and

positions of larval labral sensilla.



LITERATURE REVIEW

The publications cited below were primarily used to determine
character distributions in larvae and adults which aided the
construction of the phylogeny presented at the end of this paper.
Other publications used are cited in the appropriate sections in
the body of the text.

Burke and Anderson (1976) produced a bibliography of all
taxonomical ly important references dealing with the study of
Curculionoidea larvae. Bdving and Craighead (1930) produced a
classification of larval Coleoptera and included a number of species
of Curculionoidea. Van Emden (1938, 1946, 1950, 1952) looked at
weevils having two dorsal folds on each abdominal segment, egg
bursters and examined large numbers of broad-nosed weevils. His
works on weevil larvae were an important contribution and stand as
the basis of most studies being done today. Gardner (1932a, 1932b,
1934a, 1934b, 1935, 1936, 1938) examined many species of Indian
Curculionoidea, including Anthribidae, Brenthidae, Platypodidae,
Scolytidae and Curculionidae. Anderson (T;ﬁ}a, 1947b, 1948a, 1948b,
1952) was the first to devote full-time studies on the larvae of
North American Curculionoidea with important works on Anthribidae
and Curculionidae (Rhynchophorinae, Cossoninae). He also produced
a paper on Hawaiian Proterhinus (Aglycyderidae) and devised a system
of labelling larval characters which is still widely used today.

Peterson (1951) illustrated quite a few species of Curculionoidea



but did not provide descriptions. Crowson's classification of
Coleoptera (1955, 1967) based on larval and adult characters is
an important work>and was a valuable aid in this study. Thomas
(1957, 1967) discussed larval anatomy, looked at gastric caeca
in larvae and adults of Scolytidae,and devised a system of
terminology to suit this group. May (1966, 1967, 1978) published
on Curculionidae and devised a system of terminology based on
G94716)
Andersonnand Thomas (¥947b, 1957) to suit new interpretations and
new characters. Muniz and Barrera (1969) gave the first account
+he, lavva of .
of a species of Rhopalotria (Oxycorynidae). Browne(1972) looked
at larvae of old world Platypodidae. Ahmad and Burke (1972)
studied the larvae of the tribe Anthonomini (Curculionidae).
Clarke, Burke, Anderson (1978) looked at larvae and pupae of some

species of Tychius (Curculionidae),and attempted a phylogenetic

analysis of the characters.



MATERIALS AND METHODS

About 900 adults and 600 larvae of Ithycerus noveboracensis
(Forster) were examined. | collected 42 adults in two study areas,
Parkhill Conservation Area, Parkhill, Ontario, and Pinery Provincial
Park, Grand Bend, Ontario, and 2 adults from King Mountain, 0ld
Chelsea, Quebec, Canada. All but 4 larvae were reared from these
specimens. The other 4 larvae were collected on the roots of Fagus
grandifolia Ehrh. (American Beech) in Parkhill. Other material
examined is shown in Table 2. In addition to the species of
Curculionoidea listed in the Table, larvae from two species of
Chrysomelidae, Chrysomela sp., Calligrapha sp., were also examined.

The following institutions and private collections, with

abbreviations used in the text, kindly loaned specimens to me.

UK University of Kansas, Lawrence, Kansas, 66045, U.S.A.,
Peter D. Ashlock
INHS I11inois Natural History Survey, Urbana, l1linois,

61801, U.S.A., Donald W. Webb

HAH Henry and Anne Howden, 23 Trillium, Ottawa, Ontario,
Canada
MsuU Michigan State University, East Lansing, Michigan,

48824, U.S.A., Roland L. Fischer
VPSU Virginia Polytechnic Institute and State University,

Blacksburg, Virginia, 24061, U.S.A., Michael Kosztarab
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Pennsylvania State University, Frost Entomological

Museum, University-gé Park, Pennsylvania, 16802, U.S.A.,

S. W. Frost

Clemson University, Clemson, South Carolina, 29631, U.S.A.,
John C. Morse

University of Michigan, Ann Arbor, Michigan, 48104, U.S.A.,
Joan Miller

Harvard University, Cambridge, Massachusetts, 02138, U.S.A.,
Alfred F. Newton

University of New Hampshire, Durham, New Hampshire, 03824,
U.S.A., Wallace J. Morse

University of Minnesota, St. Paul, Minnesota, 550101,
U.S.A., Philip J. Clausen

lowa State University, Ames, lowa, 50010, U.S.A.,

Thomas A. Chandler

Cornell University, lthaca, New York, 14853, U.S.A.,

L. L. Pechuman

Kansas State University, Manhatten, Kansas, 66506, U.S.A.,
H. D. Blocker

University of Missouri, Columbia, Missouri, 65201, U.S.A.,
Wilbur R. Enns

Purdue University, Lafayette, Indiana, 47907, U.S.A.,

A. Provonsha

American Museum of Natural History, New York, New York,

10024, U.S.A., L. Herman
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USNM United States National Museum, Washington, D.C., 20560,
U.S.A., D. R. Whitehead

CAES Connecticut Agricultural Experiment Station, New Haven,
Connecticut, 06504, U.S.A., Kenneth A. Welch

UMW University of Madison-Wisconsin, Madison, Wisconsin,
53706, U.S.A., Steven Krauth

NCSU North Carolina State University, Raleigh, North Carolina,
27607, U.S.A., D. L. Stephan

11sSC lowa Insect Survey Collection, lowa Wesleyan College,
Mount Pleasant, lowa, 52641, U.S.A., D. D. Millspaugh

CNC Canadian National Collection, Biosystematics Research
Institute, Ottawa, Ontario, KIA 0C6, Canada, Don Bright

RAC R. A. Crowson, University of Glasgow, Glasgow, Scotland.

Collecting Sites

Two different sites were chosen in Southwestern Ontario for
studies on Ithycerus. The first was the Parkhill Conservation Area
on the outskirts of Parkhill, Ontario. The wooded portion of the
site comprised mixed hardwoods, mainly Bitternut Hickory (Carya
cordiformis [Wang] $;2:) and Red Maple (4cer rubrum L.). In
association with these species were scattered elements of Black 0Oak
(Quercus 5é£§§£§%a Lam.), Red Oak (Quercus rubra L.), White Oak
(Quercus alba L.), Bur Oak (Quercus macrocarpa Michx.), American
Beech (Fagus grandifolia Ehrh.), Shagbark Hickory (Carya ovata [Mill.]

K.Koch
W Koch), Ironwood (Ostrya virginiana [Mi11.] Koch), and Blue Beech



-]3..

(Carpinus carolinianaﬂWalt.). The soil was rich with a deep humus
layer on a sand base and the—ﬁagglgizgizcomprised many herbaceous
species. The woods were humid and the soil moist throughout the
study and apparently remained so during the growing season. The
canopy, though open in some spots, tended to be closed.

The second study area was Pinery Provincial Park, on the
shore of Lake Huron, just south of Grand Bend, Ontario, and about
25 km. from Parkhill. The park, approximately 15 km. long and 1.5
km. wide, was bounded on the east by a paved highway and on the west
by Lake Huron. The entire area was vegetation covered sand dunes
comprising an oak-pine complex with open canopy. The site was very
dry and the ﬁ%ﬁ:¥§2$?¥ comprised mainly drought resistant species,
primarily grasses.

Eight species of oaks were present and included White 0Qak,
the dominant species, Bur Oak, Swamp White Oak (Q. bicolor Willd.),
Black Oak, Red 0ak, Chinquapin Oak (Q. muehlenbergii Engelm.),
Dwarf Chinquapin Oak (9. prinoides Willd.), and Pin Oak (Q. palustris
Muenchh.). Two species of pine were common, Red Pine (Pinus resinosa
Ait.) and White Pine (P. strobus L.). Red Pine was the dominant
species, as White Pine was almost completely logged out at the turn
of the century. Mixed hardwoods grew along the banks of the Ausable
River which divided the park in two. The extreme southern end of the
park near the mouth of the river is classified as true Carolinian

forest, characterized by species such as sassafras (Sassafras albidum

[Nutt.] Nees) and tulip trees (Lirodendron tulipifera L.). The area
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chosen for intensive study was centrally located in the eastern
half of the park and consisted mainly of White Oak in association

with Black Oak and a few White Pine.

Collecting Adults and Larvae of Ithycerus

Success in collecting large numbers of adults required a
knowledge of their active periods during the day and host preferences.
At the Parkhill site, the preferred host was American Beech; White
Oak was virtually absent. At the Pinery, the preferred host was
White Oak, and American Beech was entirely absent. The best collecting
times at both sites were between 12:00 noon and 4:00 p.m. when adults
were found on the trunks of the host trees. At other times, the
adults were in the canopy and out of reach. As collections were made
during late May and June, it is not known if there were significant
changes in activity patterns after this time.

On a scaly barked host such as White Oak, adults were located
in cracks in the bark, or they were exposed by lifting the scales with
a heavy bladed hunting knife, and captured by hand. Adults were found
mainly on the shaded sides of trees and moved to new hiding places
in response to the shifting position of the sun.

On smooth barked hosts such as American Beech, adults were
located on dark patches such as scars and knots or in spaces between

The occupation of these
closely growing branches, limbs and trunks. i

sites propably provided Some protection against predation dee %o F#he cryptic Calovration

/nTArs Specres.
-possess.
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Tree size was also a probable factor in adult distribution.

+o_ke_n ot the
Measurements of diameter breast high (d.b.h.) were earriedout-en-

Pinery on White Oaks
i : i which carried adults. Trees with a d.b.h.
in the range of 22 — 4O cm. appeared to carry greater numbers of
adults than smaller or larger trees. The reason is probably not
it \s reloted ‘o
selection by the adults, but ratheghfuccessful larval development.
That is, small trees do not have large enough roots to support
larvae and large trees have roots with thick scaly bark which
probably prevent most first instar larvae from reaching the
and phleem ’
vascular cambium, their food source.
lavval
The site of larval development and thei+ food requirements
were determined from rearing experiments done in 1977 on larvae
reared from adults captured on King Mountain, 0ld Chelsea, Quebec.
The search for wild larvae was directed at the root systems of the
tree species associated with the adults. This information was
initially taken from label data on museum specimens. However,
trees 2:233#&; selected in April and May, 1978, produced no larvae.
I then began excavating trees on which newly emerged adults were
Four were located
found, ard—eeated—Ll Ithycerus larvae and 2 teneral adultsAat a depth
of about 25 cm. on the roots of American Beech at the Parkhill site.
Excavations were carried out with a garden trowel, beginning at the
base of the tree and working outward to expose the lateral roots; a
hunting knife was used near the roots. No larvae were found on
Howevers

White Oak roots at the Pinery site,-as their deep root systems took

four to five times longer to expose them than the shal low systems of
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American Beech. Thus, a far greater number of Beech trees were
sampled. This does not imply Ithycerus larvae do not develop on
White Oak roots. With the exception of the larvae collected on
Beech roots, all the larvae in my possession were reared on roots

of White and Bur Oak.

Rearing Techniques

Captured adults of Ithycerus were placed in rearing cages
(Fig. 31) with no more than three pairs in each. Four to six twigs
of White 0Oak, Bur Oak or Beech were collected for adult food for
each cage. Twigs with large numbers of leaves were selected.
Initial rearing experiments done in 1977 indicated that only leaf
buds, acorn buds, twig bark and leaf pgtioles were eaten as food.
The leaves were cut off, leaving only the petioles, to slow the
rate of water loss. Prior to placing the twigs in the cages, the
ends were cut at an angle, wrapped in dampened folded paper towelling
and wedged halfway into water-filled plastic tubes. Water levels
were checked daily and distilled water added when necessary. Twigs
could be kept fresh for up to a week using this method. The tubes
were put in the cages at an angle to prevent dripping and to allow
the twig branches to touch the floors of the cages; this made it
easier for the weevils to reach the food supply.

Rumpled tissue paper was placed on the floors of the cages to
enable upturned beetles to right themselves. The need for this became

evident after three individuals died of apparent exhaustion. They do
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not have an efficient method of righting themselves, being hampered
by their large bulk. No other deaths of this kind occurred after
the paper was added.

Initial rearing experiments indicated that Ithycerus females
lay their eggs in soil. | prepared a plastic bucket with an inside
diameter of 26 cm. by filling it halfway with soil collected from
the Pinery site and added two White 0ak saplings and a clump of
grass. This provided an adequate stimulus for the females who
readily oviposited in the container. Each day, during the late
afternoon, | removed females from the cages and placed them in the
bucket. | found that | could only handle four at one time without
losing track of where the eggs were laid. Each time an egg was
deposited, it was removed from the bucket and placed in a small
greenhouse bedding box (Fig. 32). By noting the behaviour of the
females, it became clear when they had deposited their daily
production of eggs. Ovipositing females kept their heads lowered
to the soil, probed small depressions with their rostrums, and
tapped the substrate with their antennae. No attempts to escape
the bucket were made during this activity. Females which had
finished ovipositing ran around with heads and antennae raised and
attempted to escape by climbing the sides of the bucket or attempted
to fly from the tops of the saplings. At this point, the females
were returned to the cages and another group of four placed inside
the bucket.

The eggs from all females over a four to five day period were

placed in a single bedding box labelled with the dates of oviposition



- 18 -

and the number of eggs collected. The eggs were covered with a
centimeire

<centimeter of soil, and the containers were dampened with distilled
water and incubated at 22 degrees C. The soil layer covering the
eggs was always kept damp with distilled water.

Three weeks from the last day recorded on the labels, the
boxes were checked for larvae. The contents were carefully spread
over paper towelling. | found it was not necessary to separate the
eggs and place them near the soil surface as before. The boxes
were then checked at three day intervals until the first larvae
appeared, an average of six weeks after egqg deposition. Larvae
were collected, killed and preserved daily until at least a week
had passed without the appearance of more larvae.

After several hundred first instar larvae had been preserved,
an attempt was made to rear additional instars. | prepared a flower
pot, 20 cm. in height with an inside diameter of 23 cm., in the
following manner. Bur Oak roots from a relict stand in Stanley,
Northwestern Ontario, were collected as food for the larvae. Roots
with a diameter of 2 — 3 cm. were cut into lengths small enough to
fit easily into the flower pot. A layer of about 6 cm. of dampened
soil was placed in the bottom of the pot, and three or four root
sections were pressed in firmly. The roots were removed and the
blunt end of a pencil was used to make small depressions in the
impressions left by the roots, usually four for each root. A single

first instar larva was placed in each depression. The roots were

replaced without pressing and covered to a depth of 4 cm. with soil.
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This procedure was repeated until four layers of roots were laid
down and covered. |t was necessary to first press the roots into
the soil each time to prevent the larvae from being crushed by
the weight of the soil and roots added above. This method placed
the larvae near the food source, and only one larva was believed
to have been accidently crushed out of the total reared in this
manner. There was no evidence of cannibal ism.

The pot was checked once a week for new larval instars.
The soil was carefully loosened with a teaspoon and removed one
layer at a time. Larvae were usually found on the root surface in
cells with a roof of frass, exuvia and soil. Occasionally, larvae
were found free in the soil. Moulting took place in the cells and
the cast off skins were collected and preserved in 75% ethanol.
If the soil check indicated that larval moulting was just beginning,
another check was made three or four days later to ensure that the
new larval instars were sufficiently hardened for collecting and
preserving. Newly moulted larvae were preferred because of less
wear and tear on them as a result of feeding and soil abrasion.
Regular soil checks for new instar larvae seemed to reduced fungal
growth, probably due to light exposure and drying during the search
process. Fungal growth was also reduced by washing the roots in
distilled water each time they were removed from the pot and allowing
their surfaces to dry before replacing them. When the third instar
larvae matured, fresh roots having a-diameter of 4 — 5 cm. were added.

After the first snowfall, roots were collected and frozen for later
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use. These roots decayed rapidly in the pot, but their food value
did not seem to diminish as a result of freezing; the larvae remained
vigorous and healthy with no observed mortality.

Larvae were killed in hot water after body size and colouration
were noted and preserved in 75% ethanol. The method produced nicely

straightened larvae.

I1lustrations

Photographs were taken with an Olympus OM-2 35 mm. camera
equipped with a 50 mm. lens and a single flash. Kodak 35 mm. black
and white film, ASA 125, was used and processed in Kodak Microdol-X,

a fine grain developer. Scanning electron microscope photomicrographs
were taken on a Cambridge Stereoscan 6000 equipped with a 35 mm camera.
A1l films were printed on Kodak Rapid Polycontrast Il resin coated F
paper using tray processing methods.

Drawings were made using Wild M5 dissecting and Wild M12 compound
microscopes equipped with SQKZZS—iﬁiiéas, and then applied with pencil
on good bond paper. The drawings were then transferred to tracing
paper. Usually the most representative half of bilaterally symmetrical
structures was transferred. This paper was-thenr folded over and the
second half of the drawing was completed. These drawings were—then-
traced onto a medium weight opaque drafting film using erasable black
ink. This facilitated corrections which are often difficult when

paper is used for final drawings. After stipling was added, the

drawings were cut out and placed on mounting boards.
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The system of labelling larval structures and chaetotaxy
follows that of Anderson (£3233 and Amhad and Burke (1972); and
that of male and female reproductive systems and genitalia,

1919 sdentification

Burke (1959), Clark (1977), and Hamilton (+978). The identify-
of certain features of digestive tracts was determined from
Snodgrass (1935).

Three seta bearing areas found in both I. noveboracensis
and A. minutus larvae could not be adequately identified by these
systems. The anterolateral corners of the pronotum are distinctly
separate from the main pronotal plate in both these species. This
structure has been named the lateral pronotal lobe. A second seta
bearing lobe anterior to the pedal area of the prothorax is obscured
in whole larvae by the lower mouthparts. |Its close association with
the cervical membrane gives the structure its name, the Zateral
cervical lobe, and may be analogous to the lateral cervical sclerite

of adults. Setae found on the dorsal region of the cervical membrane

near the pronotal plate are called dorsal cervical setae.

Specimen Preparations and Dissections

A method described by Goulet (1977) was used for the examination
of whole larvae. The larvae are cleared in hot 10% KOH and impregnated
with 100% glycerine, then mounted in glycerine on ringed slides. The
method allows detailed and rapid examination of larvae.

For detailed examination of head capsules, they were removed

from the body, cleared in KOH, rinsed in distilled water, temporarily
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mounted in glycerine on well slides under coverslips, and stored
in ethanol in small vials.

Mouthparts were removed from the head capsule after clearing.
All structures were mounted on slides in euparol and each mount
replicated at least once to ensure that all details were accurately
observed. Maxillae were separated from the labium and mounted
dorsally and ventrally. The labium was mounted with ventral side up.

Dissections of the digestive tracts and nervous sytems of
larvae were done by making an incision along the body wall between
the pleural and epipleural areas, dorsally around the anus and back
along the body wall to the head capsule. The dorsal body wall was
separated from the larva, leaving the internal organs intact. A
cut was made through the oesophagus where it leaves the head capsule
and another through the rectum, as close to the anus as possible.
The entire digestive tract was removed and stored in 75% ethanol for
later examination. When done properly, the ventral nervous system
could be seen along the inside of the ventral body wall.

The nervous system was removed with #0 insect pins by teasing
the abdominal ganglia free from the body wall and working toward the
head. When the abdominal ganglia and the three thoracic ganglia were
free, the ventral body wall was cut away from the head capsule, just
behind the labium. The brain and suboesophageal ganglion were
exposed by splitting the head capsule along the epicranial suture.

A cut was made through the pharynx and the entire nervous system and

remnants of the gut were lifted away from the head capsule. The



- 23 -

oesophagus was removed from between the brain and suboesophageal

ganglion by gentle teasing with insect pins. The nervous system
Puchsin

was stained in acid—fusehin, rinsed in 95% ethanol, and mounted on

a glass slide in euparol.

Dissections of adult weevils preserved in 75% ethanol were
begun by removing the legs, to help stabilize the specimen in an
upright position. The elytra and hind wings were removed, then the
pronotum, mesonotum metanotum and abdominal tergum were cut away,
exposing the internal organs. The fifth visible sternite was removed
in order to free the hin&”host internal organs and a cut was made
through the oesophagus, just behind the head, and the entire digestive
tract and reproductive system were teased free with an inspect pin.
The two systems were carefully separated and stored in 75% ethanol.
The head capsule was chipped away, using fine forceps, to expose the
brain and ocular lobes. The occipital foramen had to be split
dorsally to allow the removal of the brain and suboesophageal ganglion.
It was then possible to remove the brain and ventral nervous system

Puechein
intact. The nervous system was stained in acid fuschin and mounted
on a glass slide in euparol.

Dissections of the genitalia of dried specimens were done by
softening the specimens in boiling water, separating the abdomen,
removing the genitalic structures from the abdomen, and clearing
them in hot 10% KOH. The structures were rinsed in distilled water

and stored in 75% ethanol.

Larval specimens examined with the scanning electron microscope



- 24 -

(SEM) were prepared using the critical drying point method (Anderson,
1969). The larvae were cleaned and dehydrated through a series of
ethanol baths of increasing concentration up to 100%. The final
liquid medium in this procedure was C0, which does not mix with
ethanol, so that the larvae were run through a similar series of

amyl acetate which is miscible with CO,. The larvae, still wet with
amyl acetate, were placed in small, perforated plastic vials and
soaked in liquid CO, for at least 30 minutes in the pressurized
chamber of the critical point drying unit. When the CO; was released,
the result was perfectly dried, turgid specimens. The specimens were
given a ground coating of carbon, gold coated and mounted on stubs

with silver mounting paint, inserted in the SEM, and photographed.

Measurements

Body measurements provided morphological criteria for the
separation of Ithycerus larval instars.

Larval body lengths were done by making three separate
measurements along the division between the pleural and epipleural
areas. The first measurement was taken from the anterior margin of
the head capsule to the posterior margin of the metathorax. The
second measurement was taken from the anterior margin of the first
abdominal segment to the posterior margin of the fourth abdominal
segment. The third measurement was taken from the anterior margin of
the fifth abdominal segment to the tip of the anus. The three

measurements were added together to calculate a total body length.
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Head capsule widths were measured between the widest points.

Ratios of the length of the anterior aigﬂube versus width of
the spiracular orifice were calculated for thoracic and abdominal
spiracles. The anterior aid;ubes were measured because they are
longer than the posterior aid%ubes. The widths of the spiracular
orifices were made along their transverse axes between the inner
margins of the peritreme. Both thoracic spiracles and abdominal
spiracles 1, 2 and 3 (both sides) of each specimen were measured
and a mean ratio of aid%ube length versus spiracular orifice width
for each larval instar was calculated.

Ratios for the widths of abdominal spiracutar orifices versus
their length were calculated for each Ithycerus larval instar and
are called orifice ratios. Widths were measured along the transverse
axes of the orifices between the outer margins of the peritreme and
lengths were measured from the midpoint of the aid%ube bases to the
outside margin of the peritreme.

Measurements on Ithycerus adults included head length, elytra
length, pronotum length and width, ocular width and numbers of yellow
scales. Head length was measured from the median notch of the fused
labrum to the transverse groove located medially between the compound
eyes. Elytra length was measured from the anterior margin of the
scutellum along the line formed by the meeting of the two elytra to
the tips of the elytra. No attempt was made to account for the natural
curvature of the elytra; the insects were positioned so that both the

scutellum and the tips of the elytra were in focus. The width of the



- 26 -

pronotum was measured between the midpoints and the length along
the midline. Ocular width was the transverse distance between

the midpoints of the compound eyes. The light patches of
pubescence in Ithycerus are white and yellow scales. The patches
chosen for counting were located posteriorly on the seventh interval
where the elytra curve toward the apices. Patches of equal size
were counted, usually the fourth or fifth from the base of the

elytron.
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RESULTS

Egg and Larval Characters of Ithycerus noveboracensis

CF;gc‘:G))
Description of Eggs — Length 1.2-2.2 mm.A(IO specimens); x = 1.7 mm.,

subspherical, about 1.5 X longer than wide but variable; external
surface of chorion formed of hexagonal facets with impressed borders
(Figs. 57, 58); enlarged view of facets show surface to be strongly
punctate with numerous aeropyles (Fig. 59). Eggs laid singly in
soil, covered carefully with fecal matter, pale yellow when first
deposited but begin to darken in a few minutes; turn dark brown to

black in one to two days.

First Instar Larvae (15 Specimens)

COLOUR —~ Body, light yellow soon after eclosion, acquiring a green
to brown tint as a result of food material in the digestive tract.
Head, medium yellow, anterior 1/4 of frons light brown, increasing to
dark brown along anterior margin; anterolateral corners of frons

light brown; mandibular fossae dark brown, grading posteriorly to
light brown in genal region. Basal 2/3 of basal article of maxillary
palpus dark brown, apical 1/3 unpigmented; apical article of maxillary
palpus dark brown except at apex. Colour and degree of pigmentation
same for articles of labial palpus. Lateral extensions of premental
sclerite dark brown; median portion of premental sclerite light

yellow. Mandibles dark brown to black.
%
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BODY — Length 2.4-3.3 mm., x = 2.8 mm; robust, strongly curved,
cylindrical,dorsum strbngly convex, sternum less strongly convex
(Figs. 33, 61). Tuberclelike to spinelike asperities generally and
rather densely distributed over entire body; spinelike asperities
increase in length near setal bases (Fig. 85), and are more
prevalent on exposed surfaces, particularly pleural and dorsal
areas; tuberclelike asperities prevalent in recesses of body folds,

very abundant on sternal region of thorax (Fig. 77).

HEAD — Free (Figs. 33, 61); width .60-.72 mm., x = .68 mm., tapering
posteriorly, margins only weakly converging toward mandibles from
midpoint of head capsule (Fig. 34). Entire surface of epicranium
without microsculpture. Anterior, lateral and posterior ocelli
present (Fig. 36), pigmented; lateral and posterior ocelli in some
specimens not pigmented. Hypopharyngeal bracon (Fig. 35) present,
well developed. Frontal sutures complete, meeting articulating
membrane of mandibles, distinct throughout their entire length.
Epicranial suture about 3/4 long as head capsule. Endocarinal suture
about 1/2 as long as anterior portion of frons; endocarina distinct,
extending from posterior margin of head capsule to approximately the
midpoint of the anterior portion of frons, broadest at posterior
margin of head capsule. Setae of head capsule all rounded, never

longitudinally ridged.

Antenna — Completely enclosed by frontal area, supported by

conspicuous frontal ridge; directed downwards toward mandible
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(Figs. 62, 64, 70, 74, 75); consists of membranous basal article,
1 large, subconical accessory appendage, about as wide as long,

1 large, elongate, bifurcate (rarely not) accessory appendage,
about as long as subconical appendage, 1 elongate, more or less
sharply pointed seta, about 1/2 as long as bifurcate appendage,

3 shorter, blunt setae, and at least 2 coeloconic sensilla (Fig. 64).

Frons — Bears 5 pair of setae and 2 pair of sensilla (Fig. 34);
setae 1, 2, 3 long, 4 short, 5 long; upper sensilla of frons mesad
between setae 1 and 3; lower sensilla between setae 3 and 4; diameter
of lower sensilla approximately 2X the diameter of upper sensilla;
anterior portion of frons strongly constricted and elongated above

setae 1 to approximately the midpoint of the head capsule.

Dorsal Epicraniwn - Bears 5 pair of setae and 3 pair of sensilla
(Fig. 34), setae 1, 2 moderately long, 4, 5 long, setae 3 very short;
dorsal epicranial sensilia 1 on vertex, posterior to sensilla 2 which
are posterior to dorsal epicranial setae 1; sensilla 3 between and

mesad to dorsal epicranial setae 4, 5.

Lateral Epicranium — Bears 2 pair of long setae and 8 pair of sensilla
(Fig. 35); lateral epicranial sensilla 1 high on vertex, opposite
posterior epicranial setae 1; lateral sensilla 8 between and somewhat
distad of lateral epicranial setae 1, 2; sensilla 2, 3, 4, 5, 6, 7

distributed as in Fig. 36.
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Ventral Epicranium — With 2 pair of setae and 3 pair of sensilla
(Fig. 35); setae 1 short, setae 2 moderately long; ventral epicranial
sensilla 1 posterior to ventral epicranial setae 1, near midpoint of
head capsule; sensilla 2 opposite of ventral epicranial setae 2, on
margin of oral cavity; sensilla 3 anterior to and between ventral

epicranial setae 2 and ventral epicranial sensilla 2.

Posterior Epicranium — Bears L4 pair of minute setae and 2 pair of
( Fig. 35) .

sensilla; posterior epicranial sensilla | posterior to posterior

epicranial setae 1; posterior epicranial sensilla 2 anterior to

posterior epicranial setae 4. Posterior epicranial setae and

sensilla, dorsal epicranial setae 2, 3, 4 and 5 and dorsal epicranial

sensilla 3 positioned on distinct suturelike line running from apex

of epicranial suture to point opposite and distad of lateral margin

of anterior portion of frons.

Clypeus — Approximately 4X wider than long, bears 3 pair of setae
3
and 1 pair of sensilla (Figs. 34, 68); setae ¥ short, 1/2 as long as
] 2
setae 2 and 3; clypeal sensilla slightly anterior to clypeal setae 2.

Tuberclelike asperities present on anterolateral corners.

Labrum — With 4 pair of setae and a single basal sensillium (Fig. 68)
Iy 24 3 approx. equal in length 4
setae J5—2—and—approximate—equal length, moderately long; setae for

shorter. Epipharyngeal lining (Fig. 38) bears 7 anterolateral setae,
| pair of submarginal lateral setae and 4 anteromedian setae; antero-

lateral setae | short; anterolateral setae 2, 3, 4, 5, 6 and 7 moderately
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long, approximately equal length; submarginal lateral setae long,
robust; anteromedian setae 1 longer than anterolateral setae 2;

labral rods long, extending beyond posterior margin of clypeus,
subparallel; epipharyngeal sensory pores positioned medially as

pair of clusters, each consisting of 3 sensilla; pair of epipharyngeal
sensilla posterior to sensory pores at position corresponding to
posterior margin of labrum. Tuberclelike asperities present on

posterolateral corners.

Mandibles — Very large, somewhat elongated, triangular (Fig. 37),
weakly bidentate at apices with 3 teeth-like processes at base of
incisor area; basal 1/2 of external surface of mandibles coarsely

sculptured; 1 pair setae, equal length, and 3 sensilla present.

Maxilla — Maxillary palpus (Figs. 40, 65, 66, 67) with 2 articles;
apical article approximately 3/4 as long as basal article; bears 1
sensillum and 8 or 9 apical basiconic sensory papillae of equal

length (Fig. 66) arranged in a circle around a shorter, wider central
basiconic sensory papilla; free rodlike accessory process (Fig. 66)
present; basal article bears 2 sensilla, 1 short lateral seta.

Stipes bears 4 setae and 3 sensilla on ventral surface; setae 1, 3,

4 long, 2 short; mala with 17 or 18 setae arranged in an evident row (Fig.29)
dorsally, 4 setae ventrally; dorsals 1, 2, 3, 4 moderately long,

5, 6, 7, 8, 9, 10 short, 11, 12 moderately long, 13, 14, 15, 16, 17
(17 sometimes absent), 18 long; anterior ventral setae blunt, peglike,
of equal length; posterior ventral setae sharply pointed, subequal in

length.
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Labium — Labial palpus (Figs. 41, 65) with 2 articles; apical
article 3/4 as long as basal article; bears | sensillum and 8 basi-
conic sensory papillae arranged in a circle around a central,
shorter broader basiconic sensory papilla. Premental sclerite
(Fig. 31) with posterior median projection; anterior median
érojection indistinct; lateral projections distinct, bear 1 pair

of minute setae and 1 pair of sensilla; prementum bears 1 pair of
long setae and 1 pair of sensilla; postmentum with 3 pair of setae;
setae 2 much longer than setae 1 and 3; setae | and 3 approximately
equal in length; spinelike asperities present on posterolateral

corners of postmentum.

THORAX — Narrows slightly towards head (Fig. 45); mesonotum and
metanotum as wide as dorsum of abdominal segments [, ||, wider than
remaining abdominal segments. Dorsum of prothorax entirely covered
by lightly pigmented, sclerotized pronotal plate bearing 9 pair of
setae and 2 pair of sensilla (Fig. 45); sensilla 1 mesad between
pronotal setae 1 and 2; sensilla 2 laterad a short distance from
pronotal setae 2, toward mid-dorsal line. Lateral pronotal lobe with
3 setae (Fig. 42). Thoracic spiracle intersegmental, between pro-
thorax and mesothroax (Figs. 42, 50, 52, 54) bicameral, with 11-13
annuli on each aigﬁube; anterior airtube slightly longer than posterior
aigﬁube; anterior aiﬂ%ube averages 1.4 X longer than the diameter of
of the spiracular orifice; spiracular orifice circular, continues

internally as short sclerotized tube to where it joins tracheal system;



_33...

inner surfaces of tube with rings with rings of dense, short, flattened
pointed setae (asperities?) which are directed internally (Figs. 52,
54). Predorsum of meso and metathorax (Figs. 42, 45) bears 3 setae
(only setae on one side of body described, after Amhad and Burke, 1972);
seta 1 long, setae 2, 3 minute; postdorsum of meso and metathorax

bears 4 setae; setae 1, 3, 4 long, seta 2 short, and a small fold along
their posterior margins, traversing the mid-dorsal line, the folds
without setae. Alar areas of meso and metathorax each have 2 moderately
long setae. Spiracular areas of meso and metathorax each with 4 setae.
Epipleural lobes of meso and meta thorax each bear 2 long setae. Pleural
lobe of prothorax bears 2 long setae; pleural lobes of meso and meta-
thorax each bear 1 long seta. Dorsal cervical membrane anterior to
lateral pronotal lobe with 2 minute setae; lateral cervical lobe

(Fig. 42) bears 3 short setae; pro, meso and metathorax bear well
developed 2-segmented legs (Figs. 44, 78, 79); coxal areas (= pedal
areas of legless curculionoids) bearing meso and metathoracic legs each
have 9 setae; seta 1 long, 2, 3 minute, 4,5 long, 6 minute, 7 long, 8,

9 minute; coxal area of prothoracic leg with 8 setae, seta 9 absent;
positions and relative lengths same as meso and metacoxal areas (seta 1
of pleural lobe of prothorax may be homologous with seta 8 of meso and
metacoxal areas). Basal segments of thoracic legs each with 6 apical
setae (Fig. 44) arranged more or less in a circle and 4-6 randomly
positioned sensilla; apical segments of thoracic legs bear 5 apical
setae arranged in a circle and 6-8 randomly distributed sensilla; apical
seta | very short, 2, 3, 4 and 5 moderately long; apical segments of

thoracic legs with conical, membranous projections at their apices which
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are bare of setae and lack sensilla. Sternal areas of thorax each
bear 2 pair of setae; setae | long, on each side of mid-ventral line

(Fig. 77); setae 2 minute, near anterolateral margins of sterna.

ABDOMEN — With 8 pair of lateral, bicameral spiracles, each with
7-9 annuli on each aigﬁube (Figs. 51, 53, 55); anterior aiﬂ%ubes of
spiracles 2.8-3.5 X longer than the widths of the spiracular orifices,
X = 3.2; spiracular orifices circular (Fig. 51); spiracles with
orifice ratio .80 — 1.10, x = .90. Abdominal segments I-VIl| each
with 2 dorsal folds (Figs. 33, 43, 46); abdominal segments I-1V each
with an additional small fold, without setae, along the posterior
margin of the postdorsum, traversing the mid-dorsal line; segments
I-Vill with 1 long, 1 minute predorsal setae.and L postdorsal setae;
postdorsal seta 1, 3 long, 2, 4 short. Spiracular areas of segments
I-VI1l each bear 4 setae; seta | long, seta 2 short, setae 3, 4 minute.

Epipleura of segments 1-VII| each bear 3 setae; seta | short, setae

2, 3 long. Pleural lobes of segments |-VIi| each have 2 setae, seta |
moderately long, 2 long. Pedal areas of segments |-VII| each bear 1
moderately long seta. Eusterna (Fig. 47) of segments I-VIIl bear |

minute, anterior seta and 1 moderately long seta on each side of mid-
ventral line. Dorsal folds of abdominal segment IX indistinct
(Fig. 33); segment [X bears 1 predorsal and 4 postdorsal setae;
spiracular setae absent; epipleurum with 2 short setae; pleural lobe
bears 1 moderately long seta; pedal area, eusternum and sternum with
1, 2, | setae respectively. Anus terminal; dorsal lobe of anus

prominent (Figs. 81, 82, 83), without setae; lateral anal lobes each
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bear 3 setae; seta | minute, 2, 3 short; ventral anal lobe without
setae; inner surfaces of anal lobes bear numerous divided asperities
having 2 or more, usually more, spinelike projections (Figs. 82, 84)
which grade into undivided asperities on the more exposed surfaces;
anal slit transversely X-shaped; upper arms approximately 2X longer

than lower arms.

Descriptions of Larval Stages Beyond First Instar

For the most part, the above description characterizes the larvae
of Ithycerus. However, certain larval features were observed to vary
through progressive larval moults, but could not be adequately
characterized. The lengths of all setae increase through all instars
but their lengths, relative to the structures from which they arise,
decrease. The dimensions of membranous structures vary considerably

4
due to inconsistencies in killing, straightening and preserving methods.
The setae borne on the sclerotized pronotal plate do not occupy exactly
the same positions from individual to individual, so that setal lengths
relative to the distance between the setae could not be accurately
measured. The lengths of setae themselves were subject to substantial
variation, and the difficulty in measuring them was further compounded
by variation in the degree of curl as a result of killing, preservation
and growth anomalies. Pigmentation tends to intensify in each new

larval instar, but there is apparently no measurable change in the

extent to which specific structures are pigmented. The following larval
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features could be characterized and provided morphological criteria
for separating instars with a high degree of accuracy. Nine larval
instars are separated based on these features. A tenth instar was
found but was allowed to develop undisturbed in hopes of obtaining

the pupal stage.

Second Instar Larvae (20 Specimens)

BODY — Length 4.2-6.0 mm., x = 5.2 mm.

HEAD — Width at widest point 1.0-1.1 mm., x = 1.1 mm.

THORAX — Anterior aid&ube of spiracle 1.28-1.39 X longer than the
width of the spiracular orifice, x = 1.36; margins of peritreme
strongly invaginated along three sides, producing starlike configura-
tion with 3 elongate, round tipped arms; corresponding sides of short
sclerotized spiracular tube also strongly invaginated forming tricuspid
valve, resulting in almost complete closure of tube; tricuspid valve
retained through all proceeding instars, becoming more conspicuous.
ABDOMEN — Anterior aig&ubes of spiracles 1.9-2.5 X longer than the
widths of the spiracular orifices, x = 2.2; orifices of spiracles

subcircular; orifice ratio .67-.78; x = .70.

Third Instar Larvae (10 Specimens)

BODY — Length 6.8-7.2 mm., x = 7.1 mm.
HEAD — Width at widest point 1.3-1.6 mm., x = 1.4 mm.

THORAX — Anterior air/tube of spiracle .44~.58 X as long as the width
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of the spiracular orifice, x = .51; peritreme now assumes a triangular
shape which is maintained through the remaining larval instars (Figs.
52, 54).

ABDOMEN — Anterior aid%ubes of spiracles .61-.82 X as long as the
width of the spiracular orifices, x = .72; spiracular orifices broadly

elliptical; orifice ratio .58-.63, x = .60.

Fourth Instar Larvae (6 Specimens)

BODY — Length 11.3-13.4 mm., x = 12.5 mm.

HEAD — Width at widest point 2.3-2.6 nm., X = 2.5 mm.

THORAX — Anterior airftube of spiracle .33-.45 X as long as the width
of the spiracular orifice, x = .40,

ABDOMEN — Anterior aij&ubes of spiracles .52-.50 X as long as the

widths of the spiracular orifices, x = .47; spiracular orifices

elliptical; orifice ratio .50-.57, x = .56.
Fifth Instar Larvae (5 Specimens)
BODY — Length 12.0-17.6 mm., x = 4.8 mm.

HEAD — Width at widest point 2.7-3.0 mm., x = 2.9.

THORAX — Anterior aigéube of thoracic spiracle .25-.34 X as long as
width of the spiracular orifice, x = .31.

ABDOMEN — Anterior aiﬂgubes of spiracles .27-.35 X as long as widths
of spiracular orifices, x = .33; orifices of abdominal spiracles

elongate-elliptical; orifice ratio .46-.52, x = 50.
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Sixth Instar Larvae (6 Specimens)

BODY — Length 16.8-22.5 mm., x = 19.3 mm. (Fig. 61).
HEAD — Width at widest point 3.3-3.8 mm., x = 3.5 mm.
THORAX — Anterior aij&ube of spiracle .24-.26 X as long as the width

of the spiracular orifice, x = .25.

ABDOMEN — Anterior aid@ubes of spiracles .25-.32 X as long as the
widths of the spiracular orifices, x = .30; orifices of spiracles
elongate; orifice ratio .40-.43, x = .4I.

Seventh Instar Larvae (6 Specimens)

BODY — Length 21.8-24.8 mm., x = 23.0 mm.

HEAD — Width at widest point 4.2-4.5 mm., x = 4.3 mm.

THORAX — Anterior aig&ube of spiracular .17-.23 X as long as the width

of the spiracular orifice, x = .21 (Fig. 54)
ABDOMEN — Anterior aig&ubes of spiracles .24-.29 X as long as the
widths of the spiracular orifices; x = .27; spiracular orifices strongly

elongate; orifice ratio .27-.35, x = .31 (Fig. 55).

Eighth Instar Larvae (2 Specimens)

BODY — Length 20.3-21 mm. In Ithycerus,maximum growth is apparently

)
achieved before finrat last instar. Thus, length cannot be used as a
character for separating seventh instars from proceeding instars.

Sexual dimorphism in size is another probable factor at this stage of

development.
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HEAD — Width at widest point 4.4-4.8 mm.

THORAX — Due to very few specimens of eighth and ninth instar larvae,
significant differences in the ratios of aid&ube length to orifice
width were not detectable between seventh, eighth and ninth instars.
ABDOMEN — As in thorax, no detectable differences found in ratios of
aij&ube length to width of orifice in seventh, eighth and ninth instars.

Orifice ratios .24 and .26.

Ninth Instar Larvae (2 Specimens)

BODY — 20.5 mm. and 21.0 mm.
HEAD — Width at widest point 4.7 mm and 5.1 mm.
Ninth instar larvae were placed back in a rearing pot without further

measurements for further development.

A single tenth instar was identified but left undisturbed. Rearing
experiments were initiated for the third time and larger numbers of

later instars are expected.

Diagnosis — The following combination of characters separate Ithycerus
larvae from all other larvae known for the Curculionoidea and is construed
to be evidence in support of maintaining separate family status for the
genus as proposed by Morimoto (1976). The diagnostic characters of larval
Ithyceridae are: (1) frontal sutures complete, distinguishable through-
out their length, meeting articulating membrane of mandibles; (2) endo-

carina distinct; (3) antenna supported by conspicuous frontal ridge,
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bearing an ¥ elongate, bifurcate (usually) accessory appendage, 1
elongate, short seta, 3 very short, blunt setae, at least 2 co-
eloconic sensilla; (4) 3 ocelli; (5) labrum with 4 pairs of setae
and single basal sensillum; (6) epipharynx with 7 pair of antero-
lateral setae, | pair submarginal lateral setae, 4 anteromedian setae;
(7) mala with 17-18 dorsal setae arranged in evident row; (8) man-
dibles very large, elongate, triangular, weakly bidentate at apices
with 3 teeth-like processes at base of incisor area; (9) thoracic
spiracle intersegmental; peritreme becoming triangular and greatly
enlarged beyond first instar; spiracular tube strongly invaginated
along 3 sides forming tricuspid valve; spiracular tube ringed with
flattened setae which are directed internally; (10) thorax bears
conspicuous, 2-segmented legs which bear membranous, conical apical
projections; (11) abdominal segments with 2 dorsal folds;

(12) epipleura of abdominal segments 1-VIiil with 3 setae; (13) anus

terminal; anal slit transversely X-shaped; (14) nine or more instars.

Descriptions of Reproductive Systems and Genitalia of Ithycerus

Male Reproductive System — A pair of small, bilobed testes (Fig. 86);
each lobe scalloped around edges and divided by septa into approximately
16 testicular follicles; when freshly removed, lobes are completely
enclosed by tangled mat of trachea; vas deferens divided apically on

each side forming two small ducts which insert in the centre of each
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lobe from below; vas defergns expanded below to form large disc-
shaped seminal vesicles which are divided by septa into 8-10 lobes;
edges of lobes scalloped; a pair of long coiled accessory glands
merge with bases of vas deferens; together these insert in the
centres of the seminal vesicles from above; ducts from testes unite
below seminal vesicles forming a single, long ejaculatory duct;
diameter of duct decreases throughout length to where it passes
through muscular sheath of endophallus and opens as gonopore at

endophallus.

Male Genitalia — Anterior portion of aedeagus consists of pair of
broad median struts (Figs. 86, 87, 89) which fuse broadly posteriorly;
a heavily sclerotized median apodemelike extension runs posteriorly
from bases of median struts to but not joining median lobe (Figs. 87,
89); two smaller, heavily sclerotized extensions project posteriorly
from basolateral corners of median struts to and join median lobe;
spaces between the three extensions consist of thinly sclerotized,
unpigmented zones so that entire anterior portion of aedeagus forms
into a tubular structure; median lobe spatulate. Tegmen consists

of broad, heavily sclerotized ring; cap-piece of ring bears a pair
of lateral lobes which extend posteriorly; margins of lateral lobes
bear long setae (Fig. 87); basal piece of ring bears tegmenal strut
which projects anteriorly below apices of median struts of aedeagus.
Ninth sternite consists of long, cylindrical apodeme which diverges
posteriorly into two short rodlike extensions (Fig. 88); tips of

extensions with thinly sclerotized projections for the attachment of
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membrane connecting ninth sternite to ninth tergite; ninth tergite
(Figs. 95, 96) with moderately long, anteriorly directed apodeme,
bears lateral arms, each arm with thin, sclerotized flange along
anterior margin oftapical 1/2 for attachment of muscle, posterior
margin of tergite with median bilobed extension, intersegmental
membrane broadly attached to posterior margin and bears two small
setae in trough formed by lobes. Internal sac with transfer
apparatus (Figs. 90, 9ﬁ, 93, 94) consisting of two C-shaped, slotted
sclerites; forms very long flagellum (Fig. 92); everted internal sac
bears two sclerites, one dorsally and one ventrally, which may
represent tenth tergite and sternite (Figs. 90, 91, 92); ventral
sclerite small, with short posterior apodeme and two lateral lobes;
dorsal sclerite large, with short posterior apodeme and two long,

lateral lobes which recurve inward posteriorly.

Female Reproductive System — Ovaries paired, each with two ovarioles
(Figs. 97, 98); terminal filaments from each ovariole unite to form
suspensory ligaments which unite anteriorly above alimentary canal;
ovariole pairs open into lateral oviducts; lateral oviducts converge
posteriorly to form common oviduct. Spermathecal duct and spermathecal
gland each have separate insertion on globular 'head' of sclerotized
spermatheca (Fig. 102); spermatheca C-shaped with 'tail' of spermatheca

strongly curved. Accessory glands absent.

Female Genitalta — Spiculum gastrale (Fig. 99) spatulate with truncated
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posterior margin; bears anterior apodeme which is approximately equal
in length to posterior portion; with numerous minute ventral setae

on posterolateral corners; two larger setae arise medially just below
posterior margin; median field circular, thinly sclerotized, trans-
parent. A sclerotized coxite on each side of ovipositor, each with
articulated stylus; posterior half of coxites inflated, anterior half
laterally compressed; numerous minute setae borne externally and

internally on posterior halves; styli bare.

Descriptions of the Digestive Tracts of Ithycerus Larvae and Adults

LARVAE (Fig. 48)

Anterior Gut — Pharynx lightly sclerotized anteriorly, narrow, opens
into tubular oesophagus; crop absent; proventriculus consists of eight

membranous invaginations which lack setae.

Mid Gut — Anterior portion greatly enlarged, posterior portion
tubular; anterior end of posterior portion looped so that it lies
beneath enlarged anterior portion; posterior end of posterior portion
looped so that it passes under anterior end of posterior portion; bears

numerous, elongate caeca which arise all around circumference.



- Ly -

Hind Gut — Four cryptonephric Malphigian tubules arise posterior to
caeca; distal ends imbedded in fat tissue surrounding anterior
portion of mid gut but do not insert on it; colon long, tubular, with
marked constriction at rectum; rectum tubular, slightly expanded,

without annular constrictions.

ADULT (Fig. 49)

Anterior Gut — Pharynx narrow, lightly sclerotized anteriorly; opens
to tubular oesophagus; crop absent; proventriculus consists of eight
membranous invaginations, each bearing Y-shaped row of loosely

aggregated flattened setae; tips of setae often divided.

Mid Gut — Anterior portion tubular, only slightly expanded when
empty, greatly expanded after feeding; posterior portion tubular,
with numerous, short, elongated caeca emerging all around circumference

for 1/2 its length.

Hind Gut — Forms a loop; rectum with annular constrictions throughout
its length; four cryptonephric Malphigian tubules arise on 1/2 the
circumference of intestine posterior to caeca and insert on 1/2 the
circumference of intestine anterior to constriction between colon and
rectum; portion of intestine between insertion of Malphigian tubules
and constriction between colon and rectum with numerous internal rectal

papillae.
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Descriptions of Ventral Nervous System and Cerebrum of Ithycerus Larvae
and Adults

Larvae — \Ventral nervous system consists of suboesophageal ganglion,
three thoracic ganglia and eight abdominal ganglia; seventh and eighth
abdominal ganglia solidly fused (Fig. 166); abdominal ganglia lie along
internal surface of ventral body wall and extend posteriorly to anterior
margin of eighth sternum; four thin nerve branches from fused seventh
and eighth abd. ganglia extend posteriorly to innervate ninth, tenth abd.
segments and posterior end of gut; abd. ganglia |-Vl each have two thin
nerve branches arising laterally which branch into many small nerve
endings; abd. ganglia separated by short, thick connectives, ganglia
somewhat elongated; seventh and eighth fused ganglia form body which is
approximately 2X larger than abd. gan§lia I-VI which are of equal size;
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