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ABSTRACT 

Larvae of Ithyoerus are described for the first time. Ten 

instars are identified with the possibility of more to be found. 

The pupa remains unknown. Spiracular aii^ubes 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 Arvhenodes 

minutus (Drury) is described for the first time. The first 

illustrations of Antliarrh'inus larvae are included. Ithyoerus 

noveboraoens'is (Forster) has a two year life cycle at least and 

possibly three. Adults do not overwinter. 

Three families of woody plants are associated with Ithyoerus, 

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 Ithyoerus. Oviposit!on 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. 
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Several grooming movements and modes new for Coleoptera 

were discovered in Ithyaerus and include bilateral fore-mid leg 

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 >4. 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 Ithycevus 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-1ike families recognized in this study, the others being 

Brenthidae, Antiiarrhinidae status nov. and Apionidae. The family 

Antiiarrhinidae 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 sens!11a on the labra of larvae. 
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INTRODXTION 

The higher classification and phylogenetic relationships of 

. . l^ov e, 
Ithyaerus novehoraoens^s (Forster)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 Ithyoerus 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 I found wild larvae on the roots of Fagus gvondifotia Ehrh. 

(American Beech). 

The first account of the habits of Ithyoerus was by Riley 

(1871). He reported damage to buds of Bur Oak (Queraus maorooarpa 

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 Ithyoerus, He was mistaken in the site 

of oviposition and in the identification of the larva as my results 

wi11 show. 

The first description of I, noveboraoensis was by Forster 

(1771) under the name Curoutio noveboraoensis. In 1823,Schoenherr 

included Rhynchites ouroutionoides in Ithyoerus and included a 

description of the genus. This type was later found to be a synonym 
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of C, novehoraaensis Forster (Schoenherr, 1826). The uncertainty 

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

Table 1. History of the higher classification of Ithyoerus. 

AUTHOR SYSTEMATIC PLACEMENT 

Schoenherr (1823, 1826, 1833) 

Horn (1873) 

Leconte (I876, I883) 

Leng (1920, 1933) 

Ting (1936) 

Bruhn (19^7) 

Crowson (1955) 

Morimoto (1982) 

Kissinger (1988) 

Morimoto (1978) 

Vanin (1978) 

Sanborne (1979) 

Curculionidae: Ithycerinae 

Curculionidae: Ithycerinae 

Curculionidae: Ithycerinae 

Belidae 

Belidae 

Belidae 

Apionidae: Ithycerinae 

Brenthidae: Ithycerinae 

Apionidae: Ithycerinae 

Ithyceridae, near Belidae 

Not Belidae 

Ithyceridae, near Brenthidae 

The following objectives were achieved in this study: in 

addition to egg and larval descriptions of Ithyoerus, for the first 

time, the first instar larva of Arrhenodes mlnutus (Drury) 

described and the larva of Anttiarrhinus is illustrated; detailed 

descriptions of the internal systems of Ithyoerus 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 Ithyoerus is discussed, including 

larval development times, adult longevity, feeding habits, courtship 
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and mating, oviposition, grooming, predators and parasites. Host plant 

associations, distribution, geographic variation and biogeography are 

also treated and a phylogenetic system for Ithyceridae, Brenthidae, 

Antiiarrhinidae 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 sens!11a. 
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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 

taxonomically important references dealing with the study of 

Curcu1ionoidea larvae. Boving and Craighead (1930) produced a 

classification of larval Coleoptera and included a number of species 

of Curcu1ionoidea. Van Emden (1938, 19^6, 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, 

193^a, 193^b, 1935, 1936, 1938) examined many species of Indian 

Curculionoidea, including Anthribidae, Brenthidae, Platypodidae, 
laMi, 

Scolytidae and Curculionidae. Anderson (I9^7a, 19^7b, 19^8a, 19^8b, 

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 Fvotevhlnus (Ag1ycyderidae) and devised a system 

of labelling larval characters which is still widely used today. 

Peterson (1951) illustrated quite a few species of Curculionoidea 
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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 

Anderson and Thomas (l~9^7fa, 1957) to suit new interpretations and 

new characters. Muniz and Barrera (1969) gave the first account 

-l-Ke c-T 
of^a species of Rhopatotria (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 Tyoh'Cus (Curcul ionidae)^ and attempted a phylogenetic 

analysis of the characters. 
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MATERIALS AND METHODS 

About 900 adults and 6OO larvae of Ithyoerus noveboraoensi-s 

(Forster) were examined. I 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, Old 

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 

Chrysomel idae;, 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 Illinois Natural History Survey, Urbana, Illinois, 

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

HAH Henry and Anne Howden, 23 Trillium, Ottawa, Ontario, 

Canada 

MSU Michigan State University, East Lansing, Michigan, 

48824, U.S.A., Roland L. Fischer 

VPSU Virginia Polytechnic Institute and State University, 

Blacksburg, Virginia, 2406l, U.S.A., Michael Kosztarab 
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PSU 

cu 

UM 

HU 

UNH 

UMSP 

ISU 

COU 

KSU 

UMC 

PU 

AMNH 

Pennsylvania State University, Frost Entomological 

at 
Museum, UniversityPark, Pennsylvania, 16802, U.S.A., 

S. W. Frost 

Clemson University, Clemson, South Carolina, 2963I, 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 

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

Thomas A. Chandler 

Cornell University, Ithaca, 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 

use Iowa Insect Survey Collection, Iowa Wesleyan College, 

Mount Pleasant, Iowa, 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. 

Col 1ecting Sites 

Two different sites were chosen in Southwestern Ontario for 

studies on Ithyoerus, 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 
K, KoeW 

oordiformis [Wang] Koch) and Red Maple (Acer rubnm L.). In 

association with these species were scattered elements of Black Oak 

(Quercus ^e-teUd^ina Lam.), Red Oak {Querous rubra L.), White Oak 

{Quercus atha L.), Bur Oak {Querous maorooarpa Michx.), American 

Beech {Fagus grandifotda Ehrh,), Shagbark Hickory {Carya ovata [Mill.] 
K.KocU 

'C'Koch), Ironwood {Ostrya virginiana [Mill.] Koch), and Blue Beech 
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[Carpinus oarotiniana Walt.)* The soil was rich with a deep humus 

layer on a sand base and the underst-er-y- compr i sed 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 

Und«vs+orey 
dry and the wderstory comprised mainly drought resistant species, 

primari1y grasses. 

Eight species of oaks were present and included White Oak, 

the dominant species, Bur Oak, Swamp White Oak {Q. biootor Willd.), 

Black Oak, Red Oak, Chinquapin Oak {Q. muehtenberg'i'i Engelm.), 

Dwarf Chinquapin Oak {Q. pr^inoides Willd.), and Pin Oak {Q, patustris 

Muenchh.). Two species of pine were common. Red Pine {Pdnus resdnosa 

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 Ithyoerus 

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 
Oec.upa,iior\ 

closely growing branches, limbs and trunks. These sites were probably- 
S/Ve5 prouidcd $ome pyzri'e&fian Ofyp//c Cafouirhrt'iofi. 
selected to take advantage-of the cryptic colouration the adults - 
//) ///’5 spee/es. 
posseS'S'. 
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Tree size was also a probable factor in adult distribution. 
+<xl<en ex.-!: -i-he. 

Measurements of diameter breast high (d.b.h.) were -carried out on- 
Pinery on WKi + e. 0<vV:5 
White Oaks- at t-he Pinery which carried adults. Trees with a d.b.h. 

in the range of 22 — 40 cm. appeared to carry greater numbers of 

adults than smaller or larger trees. The reason is probably not 
if \s 

selection by the adults, but rather^^successful 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 

vascular cambium^^ their food source. 
lav'VOLl 

The site of larval development and -tfrefr food requirements 

were determined from rearing experiments done in 1977 on larvae 

reared from adults captured on King Mountain, Old 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 selected in April and May, 1978, produced no larvae. 

I then began excavating trees on which newly emerged adults were 
Pour' /ocot+eol 

found^and located 4 Ithyaerus larvae and 2 teneral adults at a depth T A 

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 

^/owe\/€^ 1 

White Oak roots at the Pinery site^-ae- their deep root systems took 

four to five times longer to expose them than the shallow systems of 



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 Oak, 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 petioles 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 



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 Ithyoerus females 

lay their eggs in soil. I 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 Oak 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, I removed females from the cages and placed them in the 

bucket. I found that I 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 
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and the number of eggs collected. The eggs were covered with a 

Cenf/'mef 
•centimelier 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. I 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 egg 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. I 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 k cm. with soil. 



This procedure was repeated until four layers of roots were laid 

down and covered. It 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 cannibalism. 

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 reducej*^ 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 kl1 led in hot water after body size and colouration 

were noted and preserved in 75^ ethanol. The method produced nicely 

straightened larvae. 

111ustrations 

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. 

All films were printed on Kodak Rapid Polycontrast II resin coated F 

paper using tray processing methods. 

Drawings were made using Wild M5 dissecting and Wild M12 compound 

o/r*CLK/iA^ 

microscopes equipped with camera lucida-s, and 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-theft 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 

i9*/7a. 
follows that of Anderson and Amhad and Burke (1972); and 

that of male and female reproductive systems and genitalia, 
/97? /c/cD'^t-P/co-'^'on 

Burke (1959), Clark (1977), and Hamilton (1978). The identify- 

of certain features of digestive tracts was determined from 

Snodgrass (1935). 

Three seta bearing areas found in both J, noveboraaens^is 

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 lateral 

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 covers lips, 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 
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oesophagus was removed from between the brain and suboesophageal 

ganglion by gentle teasing with insect pins. The nervous system 

was stained in acid-fusc-hi-rv, rinsed in 95^ ethanol, and mounted on 

a glass slide in euparol. 

Dissections of adult weevils preserved in 15% 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 hind most 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 15% 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 

•Puchiin 
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 15% ethanol. 

Larval specimens examined with the scanning electron microscope 
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(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 CO2 which does not mix with 

ethanol, so that the larvae were run through a similar series of 

amyl acetate which is miscible with CO2. The larvae, still wet with 

amyl acetate, were placed in small, perforated plastic vials and 

soaked in liquid CO2 for at least 30 minutes in the pressurized 

chamber of the critical point drying unit. When the CO2 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 Ithyoerus 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 air^ube versus width of 

the spiracular orifice were calculated for thoracic and abdominal 

spiracles. The anterior aii^ubes were measured because they are 

longer than the posterior aii^/tubes. 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 aii^ube length versus spiracular orifice width 

for each larval instar was calculated. 

Ratios for the widths of abdominal spiracular orifices versus 

their length were calculated for each Ithyoerus 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 ai^tube bases to the 

outside margin of the peritreme. 

Measurements on Ithyoerus 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 
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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 Ithyoerus 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 Ithyaerus noveboraoensis 

Description of Eggs — Length i.2-2.2 mm..(10 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 strongly 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^ ^); 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 sens!11a (Fig. 64). 

Frons — Bears 5 pair of setae and 2 pair of sensMla (Fig. 34); 

setae 1, 2, 3 long, 4 short, 5 long; upper sens!11a 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 Epioranium — 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 sensilla 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 Epioraniwn — 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. 3^. 
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Ventral Epioranivm — 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 Epioranium — Bears k pair of minute setae and 2 pair of 
CF.-g. 30 

sensilla; posterior epicranial sensilla 1 posterior to posterior 
A 

epicranial setae 1; posterior epicranial sensilla 2 anterior to 

posterior epicranial setae 4. Posterior epicranial setae and 

sensilla, dorsal epicranial setae 2, 3, ^ 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 kX wider than long, bears 3 pair of setae 
3 

and 1 pair of sensilla (Figs. 3^, 68); setae ^ short, 1/2 as long as 

I Z 
setae 2 and $; clypeal sensilla slightly anterior to clypeal setae 2. 

Tuberclelike asperities present on anterolateral corners. 

Labrwn — With 4 pair of setae and a single basal sensillum (Fig. 68) 

1^2)3 Q.ppV'OX- \K\ 

setae 1, 2 and approxli^te'equal—1 e-ng-th, moderately long; setae -for 

shorter. Epipharyngeal lining (Fig. 38) bears 7 anterolateral setae, 

1 pair of submarginal lateral setae and 4 anteromedian setae; antero- 

lateral setae 1 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 I 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 

sens!I la 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-1 ike processes at base of 

incisor area; basal 1/2 of external surface of mandibles coarsely 

sculptured; I pair setae, equal length, and 3 sens!1 la present. 

Macdlla — Maxillary palpus (Figs. 40, 65, 66, 67) with 2 articles; 

apical article approximately 3/^ 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, I short lateral seta. 

Stipes bears k 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 CF.3.29) 

dorsally, 4 setae ventrally; dorsals I, 2, 3, 4 moderately long, 

5, 6, 7, 8, 9, 10 short, II, 12 moderately long, 13, I4, 15, 16, 17 

(17 sometimes absent), I8 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. 4l, 65) with 2 articles; apical 

article 3/^ as long as basal article; bears 1 sensillum and 8 basi- 

conic sensory papillae arranged in a circle around a central, 

shorter broader basiconic sensory papilla. Premental sclerite 

(Fig. Al) with posterior median projection; anterior median 

projection 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 1 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 I, il, 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 air/tube; anterior airtube slightly longer than posterior 

airjtube; anterior air/tube 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 1 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 sens!11a. Sternal areas of thorax each 

bear 2 pair of setae; setae 1 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 aii^ube (Figs. 51, 53, 55); anterior aii/tubes 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, .90. Abdominal segments l-VIII each 

with 2 dorsal folds (Figs. 33, ^3, ^8); abdominal segments l-IV each 

with an additional small fold, without setae, along the posterior 

margin of the postdorsum, traversing the mid-dorsal line; segments 

l-VIII with 1 long, 1 minute predorsal setae and k postdorsal setae; 

postdorsal seta 1, 3 long, 2, k short. Spiracular areas of segments 

l-VIII each bear h setae; seta 1 long, seta 2 short, setae 3, ^ minute. 

Epipleura of segments l-VIII each bear 3 setae; seta 1 short, setae 

2, 3 long. Pleural lobes of segments l-VIll each have 2 setae, seta 1 

moderately long, 2 long. Pedal areas of segments l-VIII each bear 1 

moderately long seta. Eusterna (Fig. 47) of segments l-VIII bear 1 

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 IX 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, 1 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 1 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 Ithyoerus, 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 
f 

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 A.2-6.0 mm., x = 5.2 mm. 

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

THORAX — Anterior ait^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 ait^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 = l.A mm. 

— Anterior alrjtube of spiracle .44-.58 X as long as the width THORAX 
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of the spiracular orifice, x = .5i; peritreme now assumes a triangular 

shape which is maintained through the remaining larval instars (Figs. 

52, 54). 

ABDOMEN — Anterior aii^tubes 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 mm., x = 2.5 mm. 

THORAX — Anterior aiij^ube of spiracle .33“.45 X as long as the width 

of the spiracular orifice, x = .40. 

ABDOMEN — Anterior aiijftubes of spiracles .52-.50 X as long as the 

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

elliptical; orifice ratio .50-.57, 3c = .56. 

Fifth Instar Larvae (5 Specimens) 

BODY — Length 12.0-17.8 mm., x = 14.8 mm. 

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

THORAX — Anterior aii^ube of thoracic spiracle .25-.34 X as long as 

width of the spiracular orifice, x = .31. 

ABDOMEN — Anterior aiij/tubes of spiracles .27-.35 X as long as widths 

of spiracular orifices, 3c - .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 rnm. 

THORAX — Anterior aifjfeube of spiracle .24-.26 X as long as the width 

of the spiracular orifice, x = .25. 

ABDOMEN — Anterior airj/tubes 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 = .41. 

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 ait^ube of spiracular .17“.23 X as long as the width 

of the spiracular orifice, x = .21 (Fig. 5^) 

ABDOMEN — Anterior aii^ubes of spiracles .24-.29 X as long as the 

widths of the spiracular orifices; = .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 Ithyoerus^msixmum growth is apparently 

achieved before -f-i-neT 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 aii^/tube length to orifice 

width were not detectable between seventh, eighth and ninth instars. 

ABDOMEN — As in thorax, no detectable differences found in ratios of 

air^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 nrjm 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. 

Diagnos'ls — The following combination of characters separate Ithyoerus 

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 X 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, 1 pair submarginal lateral setae, 4 anteromedian setae; 

(7) mala with 17“l8 dorsal setae arranged in evident row; (8) man- 

dibles very large, elongate, triangular, weakly bidentate at apices 

with 3 teeth-1 ike 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; (ll) abdominal segments with 2 dorsal folds; 

(12) epipleura of abdominal segments 1-VIII 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 RepToduetive 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 deferens 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. 

Mate Genitat'ia — 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. legmen 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 of apical 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, 92, 93, 9^) 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 Reproduot%ve 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 Genttalva — 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. 
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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. kS) 

Anterior Gut — Pharynx narrow, lightly sclerotized anteriorly; opens 

to tubular oesophagus; crop absent; proventricuius 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 

papi1lae. 
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Descriptions of Ventral Nervous System and Cerebrum of Ithyoerus 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 l-VI 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. ganglia l-VI which are of equal size; 

thoracic ganglion I very large, elongated, separated from thoracic 

ganglion il by thick connectives a distance approximately equal to 

length of thoracic ganglion II; thoracic ganglion if approximately 1.5X 

larger than thoracic ganglion 111; separated from thoracic ganglion Ml 

by short, thick connectives; thoracic ganglion III approximately same 

size as abd. ganglion I; suboesophageal ganglion approximately same 

size as thoracic ganglion II; separated from thoracic ganglion I by 

short, thick connectives; cerebrum consists of two pear-shaped lobes 

which are fused posteriorly; lobes somewhat dorsoventrally flattened; 

suboesophageal ganglion separated from cerebrum by long, thick connec- 

tives which are folded posteriorly, suboesophageal ganglion located 

below and slightly posterior to cerebrum. 
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Cf.-,. 'It) 
Adults — Ventral nervous system consists of suboesophageal ganglion, 

A 

three thoracic ganglia and three abdominal ganglia; second and third 

abd. ganglia weakly fused; third abd. ganglia compound, consists of 

four fused abd. ganglia (fifth, sixth, seventh and eighth); second and 

third abd. ganglia lie above third visible sternite; first abd. gang- 

lion (= abd. ganglion 111) equidistant from thoracic ganglion III {- 

thoracic ganglion III and abd. ganglia I and II) and second and third 

fused abd. ganglia; separated from these by very long connectives; 

thoracic ganglion III fused with thoracic ganglion II; lateral margins 

of thoracic ganglion III with three thick nerve branches on each side; 

two anterior branches extend laterally into thoracic cavity, third 

extends posteriorly towards abdomen; thoracic ganglion II somewhat 

4-sided, also with three thick nerve branches arising from lateral 

margins on each side; first and second branches extend anterolateral 1y 

into thoracic cavity, third branch directed posterolater11y; thoracic 

ganglion I separated from thoracic ganglion 11 by very thick connectives 

a distance approximately equal to length of thoracic ganglion II; two 

large nerve branches extend anterolatera11y from each side; sub- 

oesophageal ganglion separated from thoracic ganglion I by fairly 

long, thick connectives; suboesophageal ganglion separated from 

cerebrum by connectives which are approximately 2X as long as connectives 

between suboesophageal ganglion and thoracic ganglion I; these connectives 

folded posteriorly so that suboesophageal ganglion occurs below and 

somewhat posterior to cerebrum; cerebrum transverse, i.e. lobes form 

straight line, not folded anteriorly. 
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Larval Characters of First Instar Arrhenodes m'tnutus (Drury) 

COLOUR — Body white; head, pronotal plate, 'shoulder patch' asperities 

sternal plate, testaceous; anterior margin of frons, mandibular fossae, 

brown to dark brown; mandibles black; lower mouthparts, except premental 

sclerite, testaceous; premental sclerite, medium brown, 

BODY — Length 1.8-2.3 mm., x = 2.1 mm. (10 specimens), slender, 

elongate, moderately curved, cylindrical (Fig. 127). Abdominal segments 

VIII, IX swollen laterally (Fig. 127). Spinelike asperities conspicuous 

on epipleural, spiracular and dorsal areas of body; absent dorsally on 

abd. seg. VII, VIII, IX, absent on pleural, pedal areas of abd. seg. I - 

VIII, present on these areas on segment IX and on anal folds, present 

on sternum of mesothorax and segment IX, absent on all other segments. 

Tuberclelike asperities and divided spinelike asperities generally 

distributed in recesses of thoracic (Fig. 119) and abdominal folds 

except sternum of abd. seg. I-VIII. 

HEAD — Free (Figs. 108, 127), width .39“.^8 mm., x = .41 mm., about 

as wide as long, broadly rounded posteriorly, tapering strongly toward 

mandibles from midpoint of head capsule. Frons and dorsal epicranium 

with beaded microsculpture, ending on posterior epicranium, lateral and 

ventral epicranium smooth. Ocelli absent. Hypopharyngeal bracon 

(Fig. 131) distinct, very strongly developed. Frontal sutures complete, 

meeting articulating membrane of mandibles, somewhat indistinct anteriorly. 
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Epicranial suture less than 1/2 as long as head capsule. Posterior 

endocarina approximately 1/3 as long as head capsule. Setae of head 

capsule usually ridged longitudinally (Fig. 109). 

Antenna — Inset into frontal area (Figs. 108, 109), consists of 1 

elongate, subconical accessory appendage, 1 elongate, sharply pointed 

accessory appendage, 1 elongate, blunt seta, 1/2 as long as pointed 

accessory appendage, 3 smaller blunt setae and at least 2 coeloconic 

sens ilia. 

Frons — Very large, approximately ./X as long as wide (Figs. 107, 

128), broadly triangular with anteriei=- margins bent toward mandibles. 

Five pair of frontal setae present; setae 1, 3, 4, 5 very long, setae 

2 long; 2 pair of sensilla present, sensilla 1 anterior to setae 1, 

sensilla 2 posterior to setae 3* 

Dorsal Epioranium — Bears 5 pair of setae (Fig. 128); setae 1 

moderately long, 2, 3 long, 4, 5 very long; 3 pair of sensilla present, 

sensilla 1 high on vertex, posterior to sensilla 2, sensilla 2 posterior 

to setae 1, sensilla 3 between setae 4, 5. 

Lateral Eptoranium — Two pair of setae present (Fig. 128); setae 1 

short, setae 2 long; 2 pair of sensilla present; sensilla 1 laterad of 

dorsal epicranial setae 1 and posterior to lateral epicranial setae 1, 

sensilla 2 located between setae 1 and 2. 
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Poeterior Ep^arani^wv — Four pair of minute setae and 1 pair of 

sensilla present (Fig. 128), posterior to setae 1. 

Ventral Epiarantum — Two pair of setae present (Fig. 131); setae 1 

very short, laterad of anterior corners of tentorial bar, setae 2 

short, posterior to mandibular fossae; 3 pair of sensilla present; 

sensilla 1 laterad of posterior corners of tentorial bar, sensilla 2 

laterad of midpoint of tentorial bar, sensilla 3 anterior to setae 1. 

Clypeus — Approximately 3X wider than long (Figs. 110, 111), anterior 

margin convex, evenly arcuate, posterior margin fused to frons, fronto- 

clypeal suture absent; bears 3 pair of setae; setae 1 longer than 

setae 2 which is longer than setae 3; 1 pair of sensilla occur anterior 

to and mesad between setae 1, 2. 

Lahrwn — As wide as long (Figs. 110, 111) with 3 pair of setae and 1 

pair of setal pits (setae k absent); setae 1, 2 of equal length and 

longer than setae 3; single basal senslllum present. 

Epipharynx — Bears 3 pair of anterolateral setae, k anteromedian setae 

(Fig. 135); anterolateral setae 1, 2 short, of equal length, setae 3 

minute; anteromedian setae 1 minute, pointed, anteromedian setae 2 

minute, blunt; labral rods short, converging slightly posteriorly; 

sensory pores arranged in two clusters, each consisting of 3 sensilla, 

a median pair of sensilla occurs posterior to clusters, third pair of 

sensilla posterior to posterior setae; posterior setae positioned one 

above the other between posterior and median sensilla. 
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Mandibles — Short, robust, triangular, 2 teeth at apices and 1 

subapical tooth (Figs. Ill, 136); bear 1 pair of equal length setae 

and 3 sens!11a. 

Maxilla — Maxillary palpus (Figs. 132, 13^) consists of 2 articles; 

basal article with 2 sensilla and I short, peglike lateral seta; 

articulating membrane of palpus with several rows of spinelike 

asperities; apical article about as long as basal, bears 1 sensillum 

and 12 or 13 minute sensory papillae; apex of apical article strongly 

oblique externally; stipes bears 4 setae and 3 sensilla; setae I, 4 

long, 2 very short, 3 short; mala with 18 dorsal setae arranged in an 

evident row and 3 ventral setae; dorsal setae 1-13 become progressively 

shorter anteriorly, 14 minute, 15, 16, 17, l8 short, peglike; 1 ventral 

sensillum present. 

Labium — Labial palpus (Fig. 133) consists of 2 articles; apical 

article bears 1 sensillum and at least 9 minute sensory papillae; basal 

article about as long as apical, bears 1 sensillum; premental sclerite 

complete, with lateral, anteromedian and posteromedian projections, 

lateral projections with I pair of minute setae and I pair of sensilla; 

glassa bears 2 pair of setae and 2 pair of sensilla; anterior setae 

short, slender, posterior setae stouter, longer; prementum bears 1 

pair of moderately long setae and 1 pair of sensilla; postmentum with 

3 pair of setae, setae 1 short, 2 long, 3 moderately long. 

THORAX ~ Slightly wider than abdomen (Fig. 127). Pronotum bears 

sclerotized plate with 6 pair of setae and 2 pair of sensilla, lateral 



pronotal lobe bears 1 pair of setae. Thoracic spiracle (Figs. 116, 

129) bicameral, with 8-9 annuli on each aiijtube, located on inter- 

segmental membrane between prothorax and mesothorax. Mesothorax and 

metathorax each bear 2 short predorsal setae, 4 short postdorsal setae, 

2 short alar setae, approximately equal in length, 3 spiracular setae, 

1 short epipleural seta, and 1 moderately long pleural seta; meso- 

thorax bears triangular patches of interleafed, transversely flattened 

asperities on posterior margins of postdorsum (Figs. 113, 114). 

Lateral cervical lobe bears 2 short setae, dorsal cervical region with 

2 short setae. Prothorax with 2 moderately long spiracular setae and 

2 pleural setae, 1 moderately long and 2 short. Prothorax, mesothorax 

and metathorax each bear short, 2-segmented legs (Fig. II8); articulating 

membrane of basal segments usually with 4 sens!11a; basal segment with 

5 apical setae, 4 of which are moderately long and the fifth short, 

apical segment bears 7 setae, 2 of which are moderately long, 2 short 

and 3 minute setae; coxal area of prothoracic leg bears 4 setae, 

setae 1, 2 minute, setae 3, 4 located between leg and sternum, moderately 

long; coxal areas of meso and metathoracic legs with 5 setae, setae 1, 

2, 3 minute, 4, 5 moderately long. Sternal area of prothorax sclerotized, 

bears 1 pair of long setae; sternal areas of meso and metathorax 

membranous, bear 1 pair of long setae. 

ABDOMEN — With 8 pair of lateral, bicameral spiracles (Fig. 130), 4-5 

annuli present on each airtube, anterior aujtube longer than posterior. 

Segments l-Vlil with 3 dorsal folds. Egg bursters present on spiracular 

areas of segments l-VIII, above spiracles. 
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Predorswn — Segments l-VII with 3 predorsal setae, segments VIII and 

IX bear 2 predorsal setae; seta 1 of segments l-VI short, 2, 3 minute; 

predorsal seta 1 of segment VII moderately long, 2 short, 3 minute; 

seta 1 of segment VIII long, seta 2 short; setae 1, 2 of segment IX 

very long (Fig. 127). 

Postdorsum — Segments I-IX with 4 postdorsal setae; setae 1, 2, 3, 

4 of segments l-VI all short; setae 1,3 of segments VII, VIII long, 

2, 4 short; setae 1, 2, 3, 4 of segment IX very long, not in a line, 

2, 4 posterior to 1, 3. 

Spiraoutar Area — Segments l-VI with 5 spiracular setae; segments 

VII, VIII each bear 4 setae, spiracular setae absent on segment IX; 

setae 2, 3 of segment I borne on egg burster (Fig. 122); seta 2 of 

segments Il-VII I borne on egg burster (Fig. 121), seta 3 on spiracular 

area. Setae 1, 2, 3 of segments l-VI short, 4, 5 minute; setae 1, 2 

of segment VII moderately long, 3, 4 minute; setae 1, 2 of segment VIII 

long, 3, 4 minute. 

Ventral Area — Epipleura of segments l-VII I with 2 setae, seta 1 

short, 2 moderately long; epipleurum of segment IX bears 1 moderately 

long seta. Pleural areas of segments l-VII with 2 setae, seta 1 

moderately long, 2 short; pleural area of segment VIII with 1 moderately 

long seta. Pedal areas of segments l-VII I with 1 moderately long seta. 

Eusternum of segments l-IX^with 1 minute anterior seta and 1 moderately 

long posterior seta. Sternal areas of segments I-Vlll each with 1 pair 

of long setae; sternum of segment IX with 1 pair of moderately long setae. 
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Anus — Terminal (Figs. 123, 124), with 1 pair of short setae on 

each side of dorsal lobe (may be pleural and pedal setae of segment 

IX); anal slit U-shaped dorsally with a longitudinal slit ventrally 

Internal surfaces of anal folds bear divided asperities (Fig. 126) 

which grade to undivided, spinelike asperities (Fig. 125) on more 

exposed areas,. 
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Life History of Ithyoerus 

Egg and Larval Development 

Table 3. Number of eggs and larvae collected from rearing experiments, 1978 

DATES OF EGGS TIME (DAYS) TIME TO NUMBER % 
OVIPOSITION COLLECTED TO ECLOSION PEAK ECLOSION HATCHED HATCHED 

VI-3-7 58 

VI-8-11 53 

VI-lS-15 103 

VI-lfa-21 17^ 

VI-22-2b Ib^ 

VI- 27-30 208 

VII- l-'f 122 

VI1-5-5 153 

VII-10-12 lb2 

VII-13-18 l«f0 

VII-15-23 13*f 

VII-2‘f-27 13*f 

VII-28-VIII-2 l*f5 
vnv 
YH-3-22 2'\7 

35-53 

37-57 

‘fl-5‘t 

37- 55 

33-50 

35-51 

•fl-55 

35-55 

38- 52 

‘f0-‘f8 

35-^5 

H-3 

38-‘f‘f 

fb 

‘f8 

^f3 

•f8 

*f3 

*f2 

*f7 

H-5 

if2 

«f2 

•fl 

*f0 

*f5 

3b 

bl 

80 

28 

5b 

b2 

b>f 

‘f3 

2f 

10 

1 

5 

0 

77.b 

b7.5 

55-0 

»fb-0 

17.o' 

•fb.O 

50.8 

^1.8 

2b.5 

17.0 

7.5 

-7 

3.*f 

0.0 

Total = 1557 Avg. = -¥f Total = 555 A/g. = 27.8 

T 
The soil used in the bedding box to incubate these eggs was contaminated 

with eggs of a species of Tipulidae which hatched and presumably destroyed 

a large number of Ithyoerus eggs before being discovered. 

The information given in Table k was collected from 61 larvae 

reared between August 10, 1978, and June 22, 1979* The ranges given 

indicate when the first of the remaining larvae (specimens representing 

the various instars were killed and preserved) had moulted to when the 
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last larva had moulted. The range given for eggs to first instar 

represents the average times for all the first instars collected 

(approximately 400). 

Table 4. Development times for larval i-nstars of Ithyoerus, 

liv; <3Tfta^ 
INSTAR NO. OF DAYS TO-MO^bT 

EGG - FIRST 3R-4-2 

FIRST - SECOND 

SECOND - THIRD 13-lR 

THIRD - FOURTH 15-23 

FOURTH - FIFTH 11-lR 

FIFTH - SIXTH 23-2S 

SIXTH - SEVENTH 25-33 

SEVENTH - EIGHTH 40 

EIGHTH - NINTH 35 

NINTH - TENTH 45 

Adult Longevity 

Careful note was made of the number of days each Ithyoerus 

adult survived in captivity. The starting time was date of capture 

which is assumed in all cases to have been the day, or very near it, 

of emergence from the ground, because collections were begun several 

weeks before any adult was found to about eight days after the first 

adult was captured. It is not known how long teneral adults remain 

in the ground, so that the lifespans recorded refer only to the time 

above ground. 
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One female died after 58 days (May 25 - July 17). The 

longest surviving female lived for 32 days. The average lifespan 

for 12 females was calculated to be 84 days. 

The first male to die also lived for 58 days. The longest 

surviving male lived for 81 days, and the average lifespan for 10 

males was 70 days. 

FIight Period 

Table 5. Months during which Ithyaerus adults have been captured. 

MONTH NUMBER OF SPECIMENS 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

4 

205 

380 

132 

3 

3 

Plant Species Associated with Ithyaerus 

Table 6 indicates plant species on which Ithyaerus adults 

have been collected. The information was taken from labels accompany- 

ing museum specimens and from my own collecting experiences. 
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Grooming in Ithyoerus 

Terminology proposed by Valentine (1973) is used in the 

following descriptions of grooming behaviour observed in Ithyaerus 

adults. Cleaning movementsf as defined by Valentine (1973), occur 

when appendages are passed through the mouthparts. Valentine defines 

rubbing as "a variety of actions involving moving or progressive 

contact of a leg with another appendage or the general body surface". 

A third aspect of grooming is termed positioning by Valentine (1973) 

and includes specific movements of the elytra, hindwings and vesicles 

(Melyridae). 

CLEANING 

(1) Falpus Clean: The palps appear to be chewed by the maxillae as 

described by Valentine (1973) and assisted by movements of the 

mandibles. It was commonly observed in males and females after 

feeding and during rest periods. It was also performed by females 

during mating and oviposit ion. 

(2) Foreleg Clean: This was observed only once. The right foreleg 

of a female was drawn through the mouthparts while being chewed by 

the maxillae and mandibles. 

RUBBING 

(1) Antenna Rub: The ventral margins of the foretibia are rubbed 

along the dorsal surfaces of both antennae simultaneously. This was 



- 62 - 

done by lowering the head and standing on or near the bases of the 

antennae; then, the head was lifted, causing the antennae to be 

pulled through and rubbed for their entire length. The rubbing 

occurred while being positioned across twigs (Fig. 23), along twigs 

(Fig. 24), or on flat surfaces such as cage floors (Fig. 30). It 

occurred during times of activity and rest, though more often during 

the latter. 

(2) Body-Hindleg Riib: This was rarely observed. The tibia and 

tarsi of a hindleg are rubbed along the sides of the abdomen. 

Bilateral movements (both sides at the same time) were not observed. 

(S) Bilateral Foreleg Rub: Two modes were recorded for this movement. 

The first and most common involved the rubbing of the tibia and tarsi 

of the forelegs below the head while the individual rested on a twig 

(Fig. 26). In the second mode, the tarsi and tibia of the forelegs 

were rubbed anterior to the head while the individual was on a flat 

surface such as the cage floor or perched lengthwise on a twig. In 

all situations, the ventral surfaces of the tibia and tarsi of one 

leg were rubbed on the dorsal surfaces of the other, then the positions 

were reversed so that the other surfaces were rubbed. 

(4) Fore-Midleg Rub: Two modes were recorded for this movement. In 

the first, the tibia and tarsi of the fore and midlegs of either side 

were rubbed below the body while the individual rested on a twig 

(Fig. 16). On flat surfaces, the legs being rubbed were raised and 

extended to the side of the body. This latter mode was commonly seen 

when the insects were active, particularly in females which were 
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were placed in the egg-laying container. Presumably, the sand in 

this container became trapped in the tarsal pads and stimulated 

the rubbing. 

(5) Bilateral Fore-Midleg Rub: This was observed on twigs and flat 

surfaces. On twigs, all four legs were allowed to dangle below the 

body. On flat surfaces (Fig. 28), the legs were extended away from 

the body with the midlegs usually touching the surface. 

(6) Mid-Hindleg Rub: Three modes have been recorded for this. The 

most common mode occurred when the individuals rested on twigs with 

the mid and hindlegs dangling below the body. The second occurred on 

flat surfaces with the two legs involved being raised and extended 

away from the body (Fig. 25). The third, rarely seen, was observed 

when individuals rested on twigs; the hind leg was bent and firmly 

planted on the twig (Fig. 15), while the tiba and tarsi of the midleg 

was rubbed against it. 

(7) Bilateral Mid-Hindleg Rub: Two modes were recorded for this 

movement. The first and most common occurred while individuals rested 

lengthwise along twigs. The mid and hindlegs of both sides were 

allowed to dangle below the body with the front legs gripping the twig. 

On flat surfaces, the hindlegs rested on the substrate and were 

extended away from the body as they were being rubbed by the midlegs 

(Fig. 29). 

(8) Bilateral Hindleg Rub: Three modes were recorded for this 

movement. The first occurred on twigs and flat surfaces. In an 



upright position, the fore and midlegs were extended so that the 

body was raised and tilted forward and the hindlegs were rubbed 

beneath the abdomen. In the second mode, the body was positioned 

across a twig so that the hindlegs dangled below the abdomen 

(Figs. 17-’22). The tibia and tarsi of one leg were passed down the 

dorsal surfaces of the other and were then drawn back up against 

the ventral surfaces. When this was completed, the positions of the 

legs were often reversed. The third very rare mode was observed when 

individuals hung upside down from the roofs of the cages or from twigs 

The abdomen was allowed to drop down slightly and the hindlegs were 

rubbed above the abdomen. 

(9) Fore-Midteg^ Mid-Hindleg Hub: In this unusual movement (not to 

be confused with Valentine's fore-mid-hindleg rub which involves the 

three legs from one side), the foretibia and tarsi were rubbed against 

the midtibia and tarsi on one side of the body while, at the same time 

the tibia and tarsi of the mid and hindlegs were rubbed on the other 

side. This rubbing movement was observed on twigs and flat surfaces 

(Fig. 27). In both situations, the body weight was supported by 

the sternum with the remaining two legs acting as stabilizers. 

POSITIONING 

(2) Elytra Raise: This was not the rapid rising and falling of the 

elytra described by Valentine (1973). The elytra were raised with 

some separation and lowered slowly. This was assisted by the abdomen 

which was slightly extended while being raised and lowered. 
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(2) Vfing Extend: The wing apices were straightened so that they 

were visible beyond the tips of the elytra and then refolded. The 

unfolding and folding were assisted by the abdomen and occurred 

rapidly when individuals were walking or more slowly when resting. 

Separation of the elytra was usually noticeable. 

(3) Wing Unfold: To paraphrase Valentine (1973), the elytra were 

raised and the wings completely unfolded as if readying for flight, 

then quickly refolded. It was not possible to separate this 

positioning movement from aborted flight attempts unless those 

attempts were accompanied by the rapid flutter of the wings. 

(4) Ftagellicm Extend: Males at rest were often observed to evert 

the internal sac so that the flagellum was completely extended 

(Fig. 8). The flagellum was usually curled and uncurled several 

times before being retracted. On one occasion, it appeared as if 

the male was deliberately rubbing the flagellum against the twig it 

was perched on. 

Distribution, Geographic Variation and Biogeography of Ithyoerus 

There are two distinct adult colour forms in three separate 

geographical areas (Fig. 19^). A northern grey form exists in which 

there is low contrast between light and dark patches of pubescence and 

two southern melanic forms which have highly contrasting light and dark 

patches. The high contrast is produced by fewer yellow and more dark 

brown scales than are present on individuals of the northern grey form 
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and the pubescence is generally less dense, allowing more of the 

dark exoskeleton to show through. 

Table 7 shows structural differences between the three colour 

forms. Statistical analysis was not done because the southern 

population samples were too small and the regions around the areas 

they were found were not collected well enough to indicate whether 

or not intermediate forms exist which link the three forms. 

Phylogenetic Relationships of Ithyoerus 

Four families are recognized in the apionid evolutionary line: 

Ithyceridae, Brenthidae, Ant 1iarrhinidae and Apionidae. Table 8 is 

a compilation of 36 characters with their ancestral and derived states 

expressed. The emphasis is on larval characters with important adult 

characters included. The dendrogram (Fig. 195) proposed to illustrate 

the relationships between the four families was constructed according 
//eno i’3 

to the guidelines provided by Ross (197^), Mayr (1969), and Crowson 
A 

(1967, 1970). The dendrogram presented in Fig. 195 was proposed by 

Crowson (personal communication). 
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DISCUSSION 

Eggs of Ithyoerus 

The eggs are very large in comparison to those laid by most 

Curculionoidea. In addition, they are laid singly rather than in 

batches. The habit of laying eggs singly has been observed in some 

species of broadnosed (broad-nosed) weevils such as Ot'iovThynaus^ 

Sitona and Atoiphus (van Emden, 1950), and the eggs of at least two 

species of Otiorrhynous darken with exposure to air as in Ithyaerus, 

The eggs of species Barynotus darken as well, but their eggs are laid 

in batches (van Emden, 1950). The pigmentation proDably aids in 

concealing the eggs from predators and parasites. The habit of 

Ithyaerus females covering eggs with fecal matter has not been reported 

in any other species of Curculionoidea, although it has been observed 

in some Chrysomelidae (A. Howden, personal communication). This 

probably helps to further conceal the eggs, as well as provide protection 

against dessication. 

I have not been able to locate photomicrographs of the external 

surface of the chorion of other weevil eggs in the literature. However, 

honeycombed surfaces are apparently fairly common in other insect orders, 

e.g, Hymenoptera. 

Larval Characters 

A few selected larval characters are discussed here in terms of 

their structure as related to function. Perhaps two of the most striking 
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features of Ithyoerus larvae are the very large, heavily sclerotized 

head capsule and mandibles. These features can be readily correlated 

to feeding habits. The head capsule houses a massive set of muscles 

which operate the mandibles. The mandibles must be powerful in order 

to penetrate the tough outer layers of root bark so that the larvae 

can feed on the nutrient high vascular cambium layers; Ithyoerus 
A 

larvae feed voraciously and attain a very large size. 

Support for the head capsule is provided by a heavily sclerotized 

tentorial bar and well developed hypopharyngeal bracon and the occipital 

foramen is quite small. 

Similar adaptations are found in the head capsules of A, minutus. 

These larvae must be able to bore through the extremely dense wood of 

hardwoods such as oak. The tentorial bar of this species is larger 

than in Ithyoerus, as is the broad, heavily sclerotized hypopharyngeal 

bracon. 

In contrast, the head capsules of Antliccrrhinus larvae (Fig. 139) 

are much smaller in relation to body size and are weakly sclerotized, 

the mandibles are small, the tentorial bar is reduced, the hypo- 

pharyngeal bracon is thin and the occipital foramen is very large. 

These larvae feed on the soft tissues inside cycad seeds. Similar 

reductions are seen in many larvae of Curculionidae which feed on 

soft tissues such as those found in fruits, seeds and stems of many 

herbaceous plants. 

Another conspicuous feature of Ithyoerus is the presence of 

thoracic legs. These apparently serve no ambulatory function. They 

are, however, well endowed with a stiff setae and numerous sensilla 
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so that the legs probably have a sensory function. The legs of 

A, minutus are similarly developed though they are less conspicuous. 

Legs are absent in Antliarrhinus as they are in most species of 

Curculionoidea. 

The prothorax of Ithyoerus larvae bears a large, heavily 

sclerotlzed pronotal plate. It functions in packing soil and exuvia 

as the larvae tunnel along root surfaces on their backs. Touching an 

exposed larva causes it to pull its head in as far as possible and 

elevates the pronotal plate in a kind of defense posture. The plate 

bears numerous stiff setae and two pair of sensilla and, therefore, 

probably has a sensory function as well. 

A similar but smaller plate is found on A, minutus larvae and 

probably has similar functions. It is probably used to better advantage 

as a defense mechanism. The head and pronotal plate, together with the 
may 

sclerotized prosternum, can plug a larva tunnel completely and^present 

an armoured shield against the attacks of predators in the tunnels 

such as mites. 

The inner surfaces of the anal folds of Ithyoerus and A. minutus 

bear many divided spinelike asperities which are directed internally 

from their bases, then curve upward like curled fingers on a human hand. 

These apparently act like miniature pitch forks in pushing fecal matter 

out of the anus during muscle contractions. Similar asperities are 

found in the digestive tracts of adults of Aglyoyderes, posterior to the 

proventriculus (not illustrated). These asperities may be common in the 

digestive tracts of larvae and adults of many Curculionoidea. 
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Egg bursters, sharply pointed, posteriorly directed asperities, 

have been found on abdominal segments l-Vlll on first instar larvae of 

A. minutus. They occur above the spiracles among the spiracular setae. 

It has not been proven that they are actually used to break through 

the chorion during eclosion, but they are shed in later instars. I 

have not been able to examine second instar larvae and, therefore, am 

not sure at what stage these structures are shed. 

Larvae of A, m'inutus and some other brenthids possess a pair of 

triangular patches of asperities on the posterolateral margins of the 

mesonotum^ It is not known if these are used for traction or for 

stridulation or both (perhaps neither). 

Life History 

Life Cycle 

Field studies and rearing experiments indicate that Ithycevus 

has a two year life cycle at least and possibly three. Four ninth 

instar larvae have been identified from larvae reared between July, 

1978, and March, 1979. A tenth instar has been identified from larvae 

which were reared between August, 1978, and June, 1979. At no time 

did feeding cease during these periods. 

Captive females continued to lay eggs throughout the time they 

were alive, an average of 12 weeks. Hpwever, eggs laid during June 

hatched in greater numbers than those laid in July^ In other words, 

it seems that the viability of eggs decreases as the age of the female 
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increases. The average time to eclosion for all eggs was six weeks 

and there was no significant differences between those laid in June 

and those in July. In contrast, eggs collected from the King 

Mountain specimens hatched after three to four weeks. This is 

(Xn adoup+©.+ion 
probably attributed to the shorter warm season as compared to 

Southwestern Ontario. 

The time required for all larvae to reach fourth instar was 98 

days and 117 to reach fifth. The growing season in Southwestern 

Ontario is approximately 120 days. Therefore, Ithyaerus larvae 

probably spend the first winter in the ground at least as fifth instars. 

The four wild larvae I collected were subsequently identified as a fifth, 

sixth and 2 seventh instars and this was in late May — early June. 

The development times shown in Table k indicate that the second winter 

is probably spent as ninth instars. The two teneral adults I collected 

in late May still had very soft exoskeletons which indicates that 

pupation takes place in the spring rather than the fall. 

Although IthyoeTus adults are rather long lived in captivity, 

there is no evidence that they are capable of overwintering. In 

captivity, they experienced no climatic stress and expended very little 

energy in locating food. Thus, their lives are very likely extended in 

captivity. 

FIight Period 

Adult Ithyoerus are most abundant May through July with peak 

abundance in June (see Table 5). Emergence dates vary from south to 
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north,as might be expected,with earlier times usually recorded farther 

south. The earliest reported dates of capture are April 10, Bethlehem, 

Pennyslvania; April I8, Arkansas; and April 26, Muncie, Indiana. The 

latest reported dates of capture are September 4-6, Saugus, Massachu- 

setts; and September 31, in Indiana. 

Predators and Parasites 

There are no recorded observations of any predator eating an 

Ithyoerus adult. However, it seems unlikely that they would be free 

from predation. The most likely suspects would be woodpeckers. In 

Pinery Provincial Park, seven species have been recorded. 1 observed 

several species searching for insects on White Oak trunks. They did 

so by knocking off the loose scales and thus would expose any Ithyoevus 

adult hiding beneath one. 

The only recorded parasite of adults is a small tachinid fly, 

Hyatomyodes weedi'i. This species has also been recorded as a parasite 

of adults of Alleculidae, Chrysomelidae, Coccinelidae, Curculionidae 

and Pterophoridae (Arnaud, 1978). A single specimen was reared by 

A. Howden from an adult collected on King Mountain, Old Chelsea, 

Quebec, August, 1971. 

No egg parasites or larval parasites are known as yet. By 

accident, I discovered that humus dwelling larvae of Tipulidae (Diptera) 

are probably occasional egg predators. 
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Plant Species Associated With Ithyoerus 

Table 6 indicates that Ithyoerus has a relatively restricted host 

range. Adults are regularly associated with species of three closely 

related families of woody plants: the Betulaceae, Juglandaceae and 

Fagaceae. Label data and my own collecting experience show that species 

of Fagaceae are the preferred hosts, particularly White Oak and American 

Beech. In the Pinery study area, the latter species is absent and 

adults were captured on White Oak only. In the Parkhill study area, 

very few White Oaks were present and approximately equal numbers of 

adults were collected on Beech and Bitternut Hickory. A few were also 

collected on Blue Beech. This indicates that host preferences are 

affected by host plant species composition and that White Oaks are not 

required to sustain populations of Ithyoerus, 

It is interesting to compare the distribution of J. noveboraoensis 

with the distribution of some of its hosts. Fig. 19^ shows its distri- 

bution with respect to White Oak. With the exception of Fort Coulonge, 

Quebec, and Chippewa County, Minnesota, all localities for Ithyoerus 

lie within the boundaries of the White Oak distribution in spite of the 

fact that several host species occur beyond these boundaries, e.g.. 

Bur Oak and Beech. This is difficult to interpret since the distribution 

of Ithyoerus could be limited by the same climatic conditions which 

limit White Oak or it is gradually evolving a specificity to White Oak. 

In addition to the three families listed above, large numbers of 

adults are occasionally taken on introduced species of cultivated fruit 
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trees, i.e., apple, plum and peach (Rosaceae). In fact, Ithyaerus 

was regarded as a serious pest of orchards and nurseries at the turn 

of the century (Lugger, 1899, +9^). This problem has been eliminated 

as a result of modern insecticides. The most recent record of this 

was in 1956 in Minnesota where large numbers of adults were collected 

on apple trees (in UMSP collection). 

This feeding habit is not a local phenomenon, as it has been 

recorded in South Carolina, north to Virginia and New York, west to 

Missouri, and northwest to Minnesota. At present, this is viewed as 

a secondary adaptation in feeding habits and may be the result of 

similar chemical compounds present in natural hosts and some species 

of Rosaceae. This is only speculation as no tests have been carried 

out in an attempt to verify this. 

Feeding Behaviour 

Adults feed mainly on new season's growth and include in their 

diet the bark of shoots, leaf petioles, leaf buds and acorn buds 

lourn 
(Figs. 10, 11, 12, 13, l^) . -ttrgger (1902) reports that leaves of plums 

are also eaten and includes a photograph of adults clinging to partially 

skeletonized leaves. I have attempted to verify this habit by placing 

twigs with leaves intact into rearing cages on several occasions and 

have never seen evidence of leaves being eaten. 

Adult Ithycerus do not have a crop (Fig. 49) and the proventriculus 

consists only of eight rows of loosely aggregated setae. Consequently, 
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a+^ food materia) ingested is passed directly to the large stomach 

(Fig. it9). 

Observations in the field and laboratory indicate that feeding 

is temperature regulated. Feeding does not occur when it is too hot 

or cold, and they become inactive during these periods. Extremes of 

heat and cold usually occur during the day and late evening, 

respectively, and feeding was usually observed in the morning and 

began again in early evening. During late morning and throughout the 

afternoon, most adults seemed to leave the canopy and were found on 

tree trunks. 

Larvae develop on the roots of host plants by feeding on the 

vascular cambium. The external bark ami vascular cambium^are completely 

vyfem 
removed, exposing the inner phloem layer. Feeding is done primarily 

on the lower surfaces of lateral roots and larvae travel on their backs 

in the tunnels formed. The roofs of the tunnels comprise frass and 

exuvia mixed with soil. The change to new instars occurs at the end 

of tunnels which are expanded. Occasionally, cells for this purpose 

were found away from the roots, the walls of the cells comprising 

packed soil and exuvia. The larva of Ithyoerus also lacks a crop 

(Fig. ^48) and the proventricu 1 us (Fig. 48) consists of eight membranous 

invaginations which lack setae. As in adults, all ingested food material 

is passed directly into the midgut. 

Courtship and Mating 

Newly emerged adults were found to begin sexual activity about 10 

days after being placed in the rearing cages and, after two weeks, peak 



activity appeared to have been reached. 

There is no obvious courtship in Ithyoerus, at least under 

laboratory conditions. Males, upon recognizing females, climbed on 

their backs and attempted to copulate. Males became noticeably excited 

when females were returned to the cages after having been removed for 

egg collecting purposes. This seems to indicate that females produce 

pheromones for attracting males. 

Mating occurred most often during the times described for feeding. 

As a result, males sacrifice a large portion of feeding times in order 

to locate and mate with females. However, their smaller size means 

they would eat less than females. Females spend a great deal of time 

feeding. They probably need a great deal of food to supply their large 

bulk and to produce eggs. 

During copulation, all six legs of the male were used to grasp 

the female (Fig. 7). Mounted females often wandered about the cages, 

fed or groomed themselves (Fig. 7). Males reacted to movement by 

rapidly tapping the female's elytra and pronotum with their forelegs, 

as if trying to calm them. On a number of occasions, I watched females 

trying to dislodge males by violently rocking from side to side with 

little success. This was not surprising considering the development 

of the male genital apparatus (Figs. 86-9^). Once the long flagellum 

and transfer apparatus were in place, successful mating seemed assured. 

The only time aggressive behaviour was observed occurred when 

males attempted copulation or during copulation. During attempted 

copulation, a pair would often be dislodged from their perch and end up 

firmly entangled in one another's legs. Females usually resorted to 
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chewing off parts of the males' legs and antennae in order to escape. 

When another male approached a mating pair, it would sometimes begin 

chewing the legs of the copulating male. In both situations, the 

aggression which took place appeared so casual that it gave the 

impression that the victims were unaware that they were being slowly 

dismembered. 

Oviposition 

Oviposit ion sites chosen by females were usually small depressions 

in the soil, around the bases of the saplings provided, or around the 

edges of the clump of grass which was also placed in the bucket. When 

a site was chosen, the female turned around and backed the tip of her 

abdomen into the soil and, with a rotating motion, forced the ovi- 

positor into the depression. This was aided by the eighth tergite 

which was used as a small shovel. When the preparations were completed, 

the female raised her body by extending the forelegs (Fig. 9), then 

proceeded to deposit a single egg (Fig. 56). After the egg was in 

place, the female lowered her body and then carefully covered the egg 

with fecal matter. Drawing the tip of the abdomen back and forth 

across the egg, the fecal matter was carefully spread using the eighth 

tergite and coxites. The time required to prepare the site, deposit 

the egg, and cover it varied greatly but usually lasted two or three 

minutes. Age was an important factor in the aiDount of time required, 

and very old females took as long as 10-15 minutes. The number of eggs 

deposited in a day varied with age as well. Young, healthy females 
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deposited as many as eight, while very old ones produced one or two 

each day. Rearing experiments showed that females continued to lay 

eggs for their entire adult life. The average number of eggs laid 

per female was 157, based on 12 individuals. 

Grooming 

Cleaning movements in Ithyoerus appear to be absent for the 

most part. This might be attributed to the structure of the head and 

rostrum. For example, the antennae do not seem to be able to reach 

far enough forward to be passed through the mouthparts. Valentine 

(1973) postulates that cleaning movements are primitive behaviours 

and further speculates that reductions in mouthparts and other 

specializations in the Curculionoidea have resulted in the loss of 

oral grooming functions in most species. Excellent examples can be 

found among the Brenthidae and the closely related Anttiawhinus 

where, in the females at least, the rostrum has become so elongated 

and the mouthparts so reduced that it is absolutely impossible for 

oral grooming to occur. 

Palpus clean has been partially compensated for in at least one 

species of Brenthidae. Female Arrhenodes m-inutus were observed 

removing wood particles, trapped in their mouthparts while drilling egg 

holes, using the tips of their antennae against the mouthparts. Thus, 

apparently, a rubbing movement has been substituted for a cleaning 

movement which was lost. 
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The following grooming movements and modes recorded for Ithyoerus 

are apparently new for Coleoptera and specifically the Curculionoidea. 

All other rubbing movements described for Ithyoerus have been observed 

in other species of Curcu1ionoidea by Valentine (1973). The new 

movements or modes are as follows: (l) Bilateral Fore-Midleg Rub; 

(2) Mid-Hindleg Rub, third mode; (3) Bilateral Hindleg Rub, third 

mode; (4) Fore-Midleg, one side, Mid-Hindleg, other side Rub. 

Of the four positioning movements described for Ithyoerus^ only 

flagettum extend is new for the Curculionoidea and Coleoptera as well. 

The grooming movements described as new in Ithyoerus may well 

appear in other species of Coleoptera when these are studied more 

closely. Valentine (1973) points out that in no way can we be sure 

an individual will perform its entire repertoire, no matter how long 

it is observed. Specific stimuli are apparently required to initiate 

grooming movements. Valentine (1973) lists the following as probable 

sources of stimuli: state of activity, substrate, availability of food 

and water, temperature, light intensity, humidity, exposure to insecti- 

cides and nutritional history. I would broaden 'insecticides' to 

include any chemical substance which would act as an irritant. 

Valentine also discusses the possibility of grooming movements 

used as displacement activity. Several instances of grooming while 

Ithyoerus adults were upturned on flat surfaces may represent such 

activity. In this situation, it was very difficult for individuals to 

right themselves. I have observed fore-midleg rub, mid-hindleg rub 

and bilateral hindleg rub while individuals were upturned. It could be 
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that these were attempts to improve traction, but I felt that these 

were not normal responses. I also observed individuals biting their 

own limbs in conjunction with grooming which intensified the feeling 

that, to be somewhat anthropomorphic, the individuals were venting 

their 'frustration' at not being able to right themselves. 

Distribution, Geographic Variation and Biogeography of Ithyoevus 

The results in Table 7 and the distribution of the three colour 

forms (Fig. 19^) indicate that there may be three distinct subspecies 

of Ithyoevus novebovaoensls, The geographic areas occupied by the two 

southern melanic forms are thought to have been refugia for organisms 

which survived the glacial periods, some speciating there as a result 

of geographical isolation. It is a very similar situation to the one 

cinol RlcWc''" i*'4hcir 
described by Ross (197i)—in ftfs study of the winter stonefly genus 

Allooapnia. 

The two southern forms are distinguishable from the northern 

form on the basis of colour and larger size of the males. The females 

show no differences other than colour. The difficulty lies in 

separating the two southern forms from each other. The two specimens 

examined from the Ozarks in Missouri have fewer yellow scales than the 

southern Appalachian specimens, but this is too small a sample from 

which to draw strong conclusions. In view of this and insufficient 

collecting in nearby regions, I decided to refrain from calling the 

three forms subspecies until further information is gathered. 



- 86 - 

Phylogenetic Relationships of Ithyoerus 

With Additional Notes on Phylogeny of the Curculionoidea 

Ithyceridae, Brenthidae, Antiiarrhinidae and Apionidae are 

believed to constitute a monophy1etic unit among the Curculionoidea. 

The principles and method of construction of the phylogenetic system 

have been dealt with in detail by Hennig (1966), Mayr (1969) and Ross 

(197^). The system is based upon the determination of sister groups. 

Sister groups are recognized by the presence of shared derived characters, 

not ancestral characters, as outlined by Ross (197^). 

Ancestral (commonly shared characters) and derived states have 

been postulated for characters of adult and larval stages. This was 

done by comparisons with other families of the Curculionoidea (ex-group 

comparison) and group trends. I relied on the latter as apparently 

large numbers of extinctions occurred in the more primitive families of 

Curculionoidea with the result that few groups can be related on the 

basis of shared derived features. 

A summary of the ancestral and derived states of selected characters 

is given in Table 8. Ancestral states have been numbered from 1-37. 

Derived states of the same character are identified by one or more 

superscript marks ('); thus 2'' indicates the second derived state of the 

posTtAM«oi 
second character listed in the Table. Ancestral states were derive^!- as 

follows: 

LARVAE Wecv.f ■Pam;/fes 

Food Habits — This was indirectly assessed. Groups which are viewed as 



- 87 - 

primitive on the basis of morphological features are, for the most 

part, associated with woody plants while more derived families are 

Ke t-boic e o >-1.« 
usually associated with hi-ghly derived horbacious plant species. 

DoTsal Folds of the Abdomen — Two dorsal folds occur most frequently 

and are deemed ancestral. 

Setae of Abdominal E-pd-pleura — Determined by ex-group comparison. 

The trend is in the reduction of the numbers of setae present. Thus, 

three setae are believed to be ancestral; less than three, derived. 

Thoraoio Legs — Though not commonly shared among the Curculionoidea, 

they are deemed ancestral on the basis of ex-group comparisons with 

other families of Coleoptera and on the basi-s that characters are lost 

more often than they are gained. 

Antennal Frontal Ridge — Not commonly shared among Curculionoidea, 

but believed to be ancestral on the basis of ex-group comparison with 

■fhe. L&lief 
other families of Coleoptera and on t-hat bas-i-s that characters are lost 

more often than they are gained. 

Number of Ocelli — Determined by ex-group comparison among 

Curculionoidea, other Coleoptera and other insect orders, e.g., Mecoptera. 

The trend is toward loss of ocelli; thus, in Ithyoerus, 3 ocelli are 

deemed to be ancestral. 

Number of Articles of Maxillary FaVgus — The ancestral state is 3 in 

Curculionoidea with a trend toward reduction. Therefore, 2 articles are 
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deemed ancestral in the apionid line of evolution though derived 

with respect to more primitive families. 

Number of Artiotes of Lah'tat Palpus — Two articles occur most 

frequently and are deemed ancestral. 

Pairs of Setae on Labium — Ex-group comparison with other families 

of Curculionoidea indicates a trend toward loss of pairs. Four pairs 

are deemed ancestral. 

Single Basal Sensillum of Labrum — The presence of this sensillum 

is a commonly shared feature and is considered ancestral. 

Number of Sensilla on Clypeus — Two pairs most commonly seen and are 

considered ancestral. 

Clyp9 wS 

Number of Setae on Sotae — Three pairs commonly shared and are deemed 

ancestra1. 

Anterior Margin of Clypeus Ex-group comparisons indicate that undivided 

clypeus is ancestral state. 

Laitrocf 
■Labial Rods — Present in most Curculionoidea. Their presence is 

ancestra1. 

Pronotal Plate — Ex-group comparisons indicate that presence of 

sclerotized pronotal plate is ancestral. It has been lost many times 

in unrelated species. 

Frontal Sutures — Frontal sutures meeting articulating membrane of 
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mandibles shared by all species and is thus ancestral. 

Head Capsule — Ex-group comparisons indicate that large, heavily 

sclerotized head capsules are ancestral. Correlated with feeding 

habits. 

Head Capsule — Ex-group comparisons indicate that conspicuous 

epicranial setae are ancestral, with trend to reduction. 

Head Capsule — Ex-group comparisons show that small occipital foramen 

correlated with large, heavily sclerotized head capsule and is therefore 

ancestral. 

Yentval Nervous System — Distinct connectives between ganglia with 

ganglia longer than wide are ancestral. Determined by ex-group 

comparison. This may be complicated in a few instances by secondary 

elongation of the abdomen. These are considered rare. 

Egg Bursters — Determined to be ancestral, if present, by ex-group 

comparisons. 

ADULTS 

Antenna — Straight antennae in majority of species are considered 

ancestral. 

Ovarioles — Ex-group comparisons indicate trend in loss of ovarioles. 

Three ovarioles are considered ancestral. 

Accessory Glands — Most species lack accessory glands in the 
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reproductive systems of females, yet it is believed that their presence 

may be ancestral. This decision is based on the view that structures 

are lost more often than they are gained. 

Gulccp Sutures — The presence of a single gular suture in all species 

is considered ancestral. 

Cerebrum — Paired lobes of cerebrum transverse are ancestral. 

Determined by ex-group comparison. 

Ventral Nervous System — All ganglia except second and third thoracic 

ganglia isolated by distinct connect Ives are ancestral. Determined by 

ex-group comparison. Trend is toward extensive fusion of ganglia. 

Secondary elongation of connectives as a result of secondary elongation 

of abdomen complicates matters. 

H-ind \Hngs — Four anal veins are ancestral as determined by ex-group 

compa r1 son. 

Bind Wings — Median vein present is ancestral as determined by ex- 

group comparison. 

Hind Wings — The presence of R-s vein is ancestral. Determined by 

ex-group comparison. 

Hind Wings — Presence of large, triangular radial cell is ancestral. 

Determined by ex-group comparison. 

Hind Wings — Presence of wel1-developed jugal lobe is ancestral. 

Determined by ex-group comparison. 



Labial Palps — Ex-group comparison indicates trend toward loss. 

Presence of 3 articles is believed to be ancestral. 

Maxillapy Palps — Palps which move in horizontal plane are considered 

to be ancestral. Determined by ex-group comparison. 

From the character states deemed to be derived and on the basis 

of group trends, the^four families recognized are characterized as 

fo11ows: 

ITHYCERIDAE — This family appears to resemble most closely hypothetical 

ancestor A (Fig. T9^) in possessing many ancestral characteristics and 

few derived ones. It is a relict group, occurring only in eastern North 

America. It seems to be rather static, in an evolutionary sense. 

Crowson (1955) and Morimoto (1962) showed affinities between 

Ithyoevus and Brenthidae based on adult features. However, Morimoto 

(1976) separated the genus from Brenthidae, gave it family status, 

Ithyceridae, and placed It near Belidae. This was based on the structure 

of the abdominal sternum and the presence of eight abdominal spiracles. 

He described the abdomen as 'anthribid type* in which all the visible 

sternites are similarly inflected, except the sixth and seventh which are 

deeply inflected. He defined a 'curculionid type' abdomen as one in which 

the third and fourth sternites (first and second visible sternites) are 

solidly fused together, while the others remain free. Clearly, this is 

the situation in Ithyoerus . Therefore, while I support the view that the 

genus should be maintained in its own family, I do so on new evidence. 
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I do not think it is necessary to analyze character by character 

the differences between the larva of Ithyoerus and those of Belidae 

/ . rnake, 
(Figs. I47-I59). The i1 lustrations-made- this self-evident. My 

observations and those of Vanin (1976) should be sufficient proof 

that no close relationship exists between these two families as 

postulated by several authors in the past (Leng, 1920, 1933; Ting, 

1936; Bruhn, 19^7). 

BRENTHIDAE — The chaeototaxy and arrangement of sensilla of the 

epicranium, antenna, clypeus, labrum, mandibles, mala of the maxilla, 

stipes and labium of the larva of Arrhenodes minutus are completely 

homologous in Ithycerus. In addition, the structure of the mandibles 

and thoracic legs is very similar. These comparisons indicate to me a 

fairly close relationship between Brenthidae and Ithyceridae. 

The wing veination (Fig. I89), particularly the shape of the radius, 

is the same type as in Antiiarrhinidae (Fig. I90) and Apionidae (Fig. 191)* 

The shape of the larval labral rods and chaeototaxy of the epipharynx is 

also of the type seen in Antiiarrhinidae (Fig. 135) and Apionidae (van 

Emden, 1938; Parnell, 1964; Williams, 1968). There are also similarities 

in the number and arrangement of the basiconic sensory papillae of the 

maxillary palpi (not illustrated) of the larvae. For these reasons, 

Brenthidae has been placed between Ithyceridae and the families 

Antiiarrhinidae and Apionidae and shares a common ancestor with those 

two families. 
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ANTLIARRHINIDAE — This is a relict group, occurring only in South 

Africa on cycads. 

In my opinion, many of the larval features of this family 

(Figs. 137“1^6) are identical to some species of Apionidae; for example, 

Ap'ion (van Emden, 1938; Parnell, 1964; Williams, 1968). Features which 

are particularly apionid-like are the chaetotaxy of the frons, clypeus, 

labrum and antenna, the structure of the mandibles and strongly divided 

clypeus found in a large number of species. 

The possession of an accessory gland in the female reproductive 

system, three ovarioles per ovary, association with cycads, and relict 

distribution are probable evidence for the primitive nature of Ant- 

1iarrhinidae. The strong sexual dimorphism, found also in many brenthids, 

and the similarities in the larva to Apionidae are my reasons for placing 

the family between Brenthidae and Apionidae, as an apparent sister group 

of the Apionidae. 

An alternative arrangement (Fig. 196) can be argued if the number 

of ovarioles is used as a point of division (Crowson, personal communica- 

tion). By so doing, it would link Ithycerldae, Brenthidae and Apionidae 

to a common ancestor having only two ovarioles per ovary. However»—i-t 

■WQiild mean that many of characteristics shared by Apionidae and-te- 

-a—common anc-estor having-only two ovarioles--f>er ovary. However, it would 

mean that many of the characteristics shared by Apionidae and Antllarr- 

, . . j vMou.\a -Vo loe 
hinidae are the restJlt-c>f convergent evolution. I believe that the losses 

which resulted in two ovarioles per ovary occurred independently in 

Ithycerldae, Brenthidae, Apionidae and Curculionidae. 
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It could be argued that wing veination (hind wings) in Ithyoerus 

is not ancestral (see Table 8), but is the result of a secondary 

increase in body size, producing an unstable fourth anal vein (Figs. 

185-188), (Crowson, personal communication). It could also mean that 

the instability is a result of the initial stages of a secondary 

decrease in body size. In other words, it may mean that the fourth 

anal vein is being lost rather than being acquired. 

APIONIDAE — This family is perhaps the most highly derived of the 

families discussed. Its placement is by reason of its apparent close 

relationship with Antiiarrhinidae. 

It is very possible that neither of the phylogenetic schemes 

(Fig. 195-196) presented are correct. However, I believe that any 

subsequent phylogeny should maintain a relatively close relationship 

between the families Ithyceridae and Brenthidae as expressed in 

Figs. 195 and I96. Alternative phylogenies which show this relationship 

are illustrated in Figs. 197-199. They are variations of Figs. 195 and 

196, which reflect a difference of opinion as to the placement of the 

families Ant 1iarrhinidae and Curcu1 ionidae. 

During the course of this study, it was found that certain 

generalizations could be made concerning the morphology and evolution 

of the cerebrum and ventral nervous systems of larval and adult 

Curculionoidea. In addition, an evolutionary sequence has been 

postulated for the numbers and positions of larval labral sens!11a 

(Fig. 200). 
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The ancestral state of larval ventral nervous systems may have 

resembled that of Listronotus (Fig. 169). There are eight distinct 

abdominal ganglia, three distinct thoracic ganglia, suboesophageal 

ganglia and the cerebrum, all of which are separated by conspicuous 

connectives. Figs, 160 and l6l illustrate the nervous systems of 

species of Chrysometa and Calligrapha (Chrysomelidae) and serve as a 

limited ‘ex-group' comparison. The similarity between Chrysometa and 

Listronotus is obvious, even down to the close positions of the seventh 

and eighth abdominal ganglia. A virtually identical nervous system has 

been described for a sixth instar Choristoneura ooeidentatis 

(Lepidoptera: Tortricidae), (Schroen et at, , 1978). 

The ventral nervous system of Ithyoerus is believed to be a 

somewhat intermediate stage of evolution (Fig. 166), while that of a 

species of Braohyrhinus is probably a highly derived state (Fig. 168). 

The value of these systems as a phylogenetic indicator has yet to 

be determined, but the postulated evolutionary stage of the examples 

shown correlate well with the systematic positions occupied by the species. 

Adult nervous systems show similar trends in fusion but the 

morphology of the cerebrum shows much more variation than its counterpart 

in larvae. The ancestral state of the cerebrum is postulated to be 

transverse paired lobes (Figs. 170, 172, 173). Vanin (1976) reports 

the same condition in Homatooerus (Belidae). An intermediate stage is 

postulated for Agtycyderes (Aglycyderidae), (not illustrated), in which 

dirAcdetJi 
the paired lobes are direct1y anteriorly yet remain essentially separate. 

A highly derived state is postulated for Attetahus (Fig. 171) and Magdatis 

(Fig. 179) in which there is extensive fusion of the anteriorly directed 

lobes. 
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Long connectives between the ganglia (Figs. 170, 172, 173) 

appear to be correlated with a transverse cerebrum. As yet, I have 

not seen a transverse cerebrum with a ventral nervous system showing 

extensive fusion of ganglia as in Apionidae (Aslam, 1961) or as in 

Figs. 171 and 179. However, long connectives are observed in nervous 

systems having anteriorly directed cerebral lobes. Such a condition 

is found in Aglyoydeves and Antl'iarrhinus. The long connectives in 

Anttiawhinus may be the result of secondary elongation of the abdomen. 

In general, it seems that fusion begins with the abdominal ganglia and 

proceeds anteriorly to the brain. In the extreme state, all ganglia 

are fused, as in Apionidae. The suboesophageal ganglion in Antliarvhinus 

is very closely associated with the cerebrum. It is conceivable that 

the nervous system of this genus and that of Apionidae were similar, but 

secondary elongation of the abdomen and thorax may have produced secondary 

elongation of the connectives. The head, with the associated sub- 

oesophageal ganglion, would not necessarily have been affected. Crowson 

(personal communication) postulates secondary elongation of the abdomen 

in Brenthidae and Belidae. That may be correct, but I feel it may have 

lengthened connectives which were already distinct, resembling perhaps 

the condition in Pissodes, 1 say this because of my belief that trans- 

verse cerebral lobes (present in Brenthidae and Belidae) are correlated 

with long connectives. 

As with larvae, the value of adult nervous systems as phylogenetic 

indicators has yet to be proven. However, there is a good correlation 

between the postulated evolutionary state of the systems examined and the 

systematic positions occupied by the species possessing them. 
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A scheme has been devised for the evolution of the numbers and 
based 

positions of larval labral sensilla (Fig. 197). It is^on my own 

observations of Belidae and its relatives, Curculionidae, Scolytidae, 

and Anderson's work on Rhynchophorinae{i*i‘<8a')- 

I have invoked fusion reduction and migration to account for the 

various patterns observed. A hypothetical ancestor Is postulated, having 

four basal sensilla moreorless equally distributed across the labrum. 

Belidae possesses a state most closely resembling the postulated 

ancestral state. Lateral migration of the two inner sensilla and fusion 

with the outer two could account for the two basal sensilla occurring in 

Nemonychidae, Anthribidae, Oxycorynidae, Aglycyderidae and Attelabidae. ^ 

The anterior migration of the outer two sensilla would account for 

the state observed in Sphenophorus (Rhynchophorinae). Migration and 

fusion of the two inner sensilla could then result in the pattern observed 

in Rhodobaenus (Rhynchophorinae). The anterior migration of the central 

basal sens!11 urn would produce the pattern observed for some Scolytidae 

and Curculionidae (e.g., Cossoninae). Loss of the basal sensillum 

observed in Rhodobaenus would result in two anterior sensilla as possessed 

by Metamasvus (Rhychophorinae) and some Curculionidae. There is no 

obvious intermediate step between the Rhodobaenus state and the possession 

of a single basal sensillum in Dryophthorusy as this involves the sudden 

loss of the anterior pair of sensilla. However, this would seem to be the 

most obvious path. A similar evolutionary sequence may have occurred in 

the apionid line of evolution, producing a single basal sensillum in 

Ithyceridae, Brenthidae and some Apionidae. The next logical step would be 

the loss of this sensillum as observed in Anttiarrh'tnus and some Ap ion idae. 



- 98 - 

A method to test the validity of these sequences would be to 

trace and count nerve endings to the sens!11a. For example, two nerve 

Sens< //Q- 
endings might indicate the fusion of two gang 1ia. 
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SUMMARY 

(1) Methods are described for the successful rearing of larvae and 

adults of Ithyoevus noveboracensis. 

(2) Ten larval instars were identified by direct observation, body 

and head capsule measurements and allometric growth patterns in 

spiracular ai^tubes and orifices. It is possible more will be found. 

The pupa is still unknown. 

(3) Descriptions of adult and larval internal systems are presented, 

including male and female reproductive systems and genitalia, digestive 

tracts and ventral nervous systems. There are two ovarioles per ovary 

in females. All stages have four cryptonephric Malphigian tubules in 

the digestive tract. The nervous systems of larvae and adults seem to 

be quite primitive. 

(4) The first instar larva of Arrhenodes minutus is described for the 

first time. Egg bursters are present on the first eight abdominal 

segments. 

(5) Life history studies on Ithyoerus indicate at least a two year life 

cycle and possibly three. Adults do not overwinter. 

(6) Three families of woody plants are associated with Ithyoerus, the 

Betulaceae, Juglandaceae and Fagaceae. There is a preference for species 

of Fagaceae. Adults are occasionally reported on Introduced species of 

fruit trees (Rosaceae) and this is viewed as a secondary adaptation in 

feeding habits. 

(7) Apparently, there is no courtship in Ithyoerus, 
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(8) Oviposition took place in small depressions in the soil, near the 

bases of host trees. Eggs were laid singly (maximum of eight per day 

recorded) and took an average of six weeks to hatch. Each egg was 

carefully covered with fecal matter. 

(9) Various grooming methods and modes are described for Ithycerus 

adults, several of which are new for Coleoptera. 

(10) Separate family status is maintained for Ithycerus, primarily on 

i4 
the basis of larval characters, and placed near Brenthidae. 

A 

(11) The genus Antti-arrhinus is elevated to family rank and placed near 

Apionidae on the basis of larval characters. 

(12) Ventral nervous systems are discussed in regard to their possible 

use as phylogenetic indicators. Systems with the paired lobes of the 

cerebrum transverse and ganglia separated by long connectives are 

considered primitive. 

(13) An evolutionary sequence is proposed for the numbers and positions 

of larval labral sensilla. Four basal sensilla in Belidae is considered 

primitive. 
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Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig, 7 

Fig. 8 

Figures 1 - 8 

IthyGeru.8 male, eighth tergite indicated as identification 

aid. 

Female, apical genital slit indicated as identification 

aid. 

Male, arrow indicates rounded apices of elytra. 

Female, arrow indicates tapered apices of elytra. 

Male feeding on shoot bark and showing feeding stance. 

Male feeding, disturbed by observer. 

Female feeding while mounted by male, arrow indicates 

position of male's hind legs. 

Male, arrows indicate folded over eighth tergite and 

everted internal sac. Eversion initiated by placing male 

in refrigerator. 





Figures S - }6 

Fig. 9i“ Ovipositing female, Ithyoerus* 

Fig. 10:- Feeding damage to shoot bark, 

caused by adult. 

Fig. 11:- Feeding damage to acorn buds 

and petioles. 

Fig. 12:- Feeding damage to leaf buds. 

Fig. 13:- Feeding damage to two year old 

growth. 

Fig. lA:- Feeding damage to leaf petioles. 

Fig. 15:- MId-hIndleg rub, third mode. 

Fig. 16:- Fore-midleg rub, first mode. 





Figures 17 ~ 2A 

Fig. 

Fig. 

Fig. 

17 - 

23:- 

2^*:- 

22:- Bilateral hindleg 

abdomen, complete 

Bilateral antenna rub, 

across twig. 

Bilateral antenna rub, 

along twig. 

rub, below 

sequence, 

positioned 

positioned 
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Figures 25 - 32 

Fig. 25:- 

Fig. 26:- 

Fig. 27:- 

Fig. 28:- 

Fig. 29:- 

Fig. 301- 

Fig. 31:- 

Fig. 32:- 

Mid-hindleg rub, second mode. 

Bilateral foreleg rub, first mode. 

Fore-midleg, mid-hindleg rub. 

Bilateral fore-midleg rub. 

Bilateral mid-hindleg rub, second mode 

Bilateral antenna rub. 

Cage used for rearing Ithyoerue adults 

Bedding boxes used for incubating 

Ithyaerus eggs. 



^ 10.0 cm. i 
I 10.0 cm. I 



Figures 33 “ 37 

Fig. 33:- 

Flg. 34:- 

Fig. 351- 

Fig. 36:- 

Fig. 37:- 

First instar larva, Ithyoerus^ lateral view. 

Dorsal view of head capsule, first instar larva, ES - 

epicranial suture, pesl - posterior epicranial sensilla, 

pes - posterior epicranial setae, des - dorsal epicranial 

setae, desl - dorsal epicranial sensilla, Enc - endocarinal 

suture, FS - frontal suture, Fsl - frontal sensilla, Fs - 

frontal setae, Fr - frons. Cl - clypeus, Cls - clypeal 

setae, Cl si - clypeal sensilla. 

Ventral view of head capsule, first Instar larva, les - 

lateral epicranial setae, lesl - lateral epicranial sensilla, 

ves - ventral epicranial setae, vesl - ventral epicranial 

sensilla, OcF - occipital foramen, TB - tentorial bar, Hb- 

hypopharyngeal bracon. 

Lateral view of head capsule, sixth Instar larva, Oc - 

oce111. 

Mandible, first instar larva, Ms - mandibular setae, Msl - 

mandibular sensilla 





Figures 38 - k] 

Fig. 38: 

Fig. 39: 

Fig. 40: 

Fig. 41: 

Epipharynx, first instar larva, Ithyoerus^ LmR - labral 

rods, esl - epipharyngeal sensllla, smls - submarginal 

lateral setae, a Is - anterolateral setae, ams - antero- 

median setae. 

Dorsal view of maxilla, first instar larva, dsMa - dorsal 

setae of maxi 11a. 

Ventral view of maxilla, vsMa - ventral setae of maxilla, 

Mxp - maxillary palpus, Sts - stipal setae, Stsl - stipal 

sens!1 la. 

Labrum, sixth instar larva, Lbp - labial palpus, Gls - 

glossal setae, Glsl - glossal sensilla, PrM - prementum, 

PrMs - premental setae, PrMsl - premental sensilla, PM - 

postmenturn, PMs - postmental setae. 

scale ® .1 mm. 





Figures h2 - 44 

Fig. 42:- Lateral view of thorax, sixth Instar larva, Ithyoerus 

Cv - cervical membrane, Cvs - cervical setae, 

ICvs - lateral cervical setae, Pr - pronotum, 

IPrs - lateral pronotal setae, Sp - spiracle, 

Sps - spiracular setae. Pis - pleural setae, 

Epls - epipleural setae, Th - thorax, PrD - 

predorsum, PrDs - predorsal setae, PD - post- 

dorsum, PDs - postdorsal setae, As - alar setae, 

Ptl - prothoracic leg, Mstl - mesothoracic leg, 

Mttl - metathoracic leg. 

Fig. 43:- Abdominal segments I, II, III, sixth Instar larva, 

lateral view. 

Fig. 44:- Mesothoracic leg, sixth instar larva, Cxs - coxal 

setae (bold numbers with broken line indicators), 

bold numbers without line Indicators - apical setae 

of basal segment of leg, small numbers - apical setae 

of apical setae of leg, ST - sternum. 

scale = 1.0 mm. 





Figures 45 - 47 

Fig. 45:- Dorsal view of thoracic segments I, II, III, 

seventh Instar larva, Prs - pronotal setae, 

Prsl - pronotal sensllla. 

Fig, 46:- Abdominal segments III, IV, first Instar larva. 

Fig. 47:- Sternum of abdominal segments 1 - VII, seventh 

Instar larva, PdA - pedal area, Pds - pedal setae, 

ST - sternum, STs - sternal setae. 
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Figures 48 - 55 

Fig. 48:- 

Flg. 49:- 

Flg. 50:- 

Flg. 51:- 

Flg. 52:- 

Flg. 53:- 

Fig. 54:- 

Fig. 55:- 

Dlgestlve tract, seventh Instar larva, Ithyoerus^ 

Prov - proventrlcuius. 

Digestive tract, adult IthyaexniSj GC - gastric caeca, 

RP - rectal papillae. An - anus. 

Thoracic spiracle, first instar larva, AT - airtube, 

Anu - annulatlon. Or - orifice, Prt - peritreme. 

Abdominal spiracle, first instar larva. 

Thoracic spiracle, third I nstar larva. 

Abdominal spiracle, third instar larva. 

Thoracic spiracle, seventh Instar larva. 

Abdominal spiracle, seventh Instar larva. 
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Figures 56 - 61 

Fig. 56 

Fig. 57 

Fig. 58 

Fig. 59 

Ithycerus eggs. 
o 

Enlarged portion of chorion, SEM photomicrigraph. 

Chorion enlarged further. 

Microsculpture of single hexagonal facet of 

chorion showing aeropyles. 

Fig. 60:- First instar larva moments before eclosion 

Fig. 61:- Lateral view of sixth instar larva. 





Figures 62 - $9 

SEM Photomicrographs, First Instar Larva, Ithyoerus 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

62:- Head capsule, ant - antenna. 

63:- Lateral view of head capsule. 

64:- Antenna, ac ap - accessory appendage, 

ants - antennal setae, ccsl - coeloconic 

sens!1 la. 

65;- Ventral view of lower mouthparts. 

66;- Maxillary palpus, bsp - baslconic 

sensory papillae, msl - maxillary 

sensillum^ •To.p - roolLVe acccsso'ry 

67:" Labial and maxillary palpi. 

68:- Clypeus and labrum. 

69:- Basal sensillum of labrum. 





Figures 70 - 77 

SEM Photomicrographs, First Instar Larva, li^yoerus 

Fig. 70:- Lateral view of head capsule. 

Ant R - antennal ridge. 

Fig. 71t” Setal base. 

Fig, 72:- Upper sensillum of frons. 

Fig. 73Lower sensillum of frons. 

Fig. 7^:- Frontal view of antennal ridge, 

base of mandible. 

Fig. 75:- Antennal ridge, enlarged. 

Fig. 76:- Posterior epicranial seta 3. 

Fig. 77:- Prothoracic and mesothoracic 

sterna 





Figures 78 -85 

SEM Photomicrographs, First Instar Larva, Ithycevus 

Fig 78:- 

Fig. 79:- 

Fig. 80:- 

Fig. 81 :- 

Fig. 82:- 

Fig. 83:- 

Fig. 84:- 

Fig. 85:- 

Mesothoracic and metathoracic legs. 

Mesothoracic leg, lateral view. 

Epipleurum (3 setae), pleurum (2 setae). 

Ninth abdominal segment and anus. 

Anus, enlarged view. 

Anus, partially protruded. 

Divided asperities of anal lobes. 

Spinelike asperities on epipleurum. 





Figures 86 - 96 

Ithyoerus Male 

Reproductive System, Genitalia and Associated Structures 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

86:- Male reproductive system, Enph - endophallus, EjD - 

ejaculatoFy duct, VD - vas deferens, Tes - testicles, 

SV - seminal vesicles, Ac G1 - accessory gland. 

87:- Aedeagus, MeS - median strut, bpt - basal piece of 

tegmen, 11 - lateral lobe, Mel - median lobe. 

88:- Ninth sternite. 

89:” Genitalia, Teg - tegmen, tegs - tegmenal strut, 

Gpr - gonopore. 

90:- Ventral view of everted internal sac showing tenth (7) 

sternite and transfer apparatus. 

91:~ Dorsal view of everted internal sac showing tenth (7) 

tergite 

92:- Everted internal sac. Flag - flagellum. 

93:~ Tr Ap - transfer apparatus. 

9A:- Enlarged view of transfer apparatus. 

95Dorsal view of ninth tergite with part of 1ntersegmental 

membrane attached and bearing two small setae. 

96:- Ventral view of ninth tergite. 

scale ® 1.0 mm. 





Figures 97 “ 102 

Ithyoerus Female 

Reproductive System and Genitalia 

Fig. S?:- Dorsal view of ovaries, 

Spt - Spermatheca. 

Fig. 98:- Ventral view of ovaries, 

Ovl - ovariole, L Ovid - lateral oviduct, 

C Ovid - Common oviduct, 8S - 8th sternite. 

Fig. 99"" Eighth sternite ® spiculum gastrale. 

Fig. 100:- Internal view of coxite and stylus. 

Fig, 101:- External view of coxite and stylus. 

Fig. 102:- Spt G - spermathecal gland, Spt D - sperma 

thecal duct, BC - bursa copulatrix, 

Vag - vagina, Rec - rectum. 
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Figures 103 - 110 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

103:- Arrhenodes minutus male. 

104:- Arrhenodes minutus female. 

105:" Lateral view of male. 

106;- Lateral view of female. 

107:“ Dorsal view of head capsule, 

first Instar, A, minutus^ 

SEM photomicrograph. 

108:- Lateral view of head capsule, 

SEM photomicrograph. 

109:- Antenna, SEM photomicrograph. 

110:- Clypeus, labrum, first Instar 

larva, SEM photomicrograph. 



7 mm. j { 

t 



Figures 111 - 118 

Arrhenodee minutus 

SEM Photomicrographs, First Instar Larva 

Fig. Ill:- Frons, clypeus, labrum and mandibles 

Fig. 112:- Basal sensillum of labrum. 

Fig. 113:” Lateral view of thorax, 

asp - asperities. 

Fig. 11^:- Asperities. 

Fig. 115:” Thoracic spiracle. 

Fig. 116:- Thoracic spiracle. 

Fig. 117:” Thoracic pleura and legs. 

Fig. 118:- Lateral view of metathoracic leg. 





Figures 119 - 126 

Arphenodes minutus 

SEM Photo micrographs, First Instar Larva 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

119:“ Divided asperities In recesses of body 

folds, 

120:- Spiiielike asperities on body folds. 

121:- Egg burster with one seta on abd. 

segment VII. 

122:- Egg burster with two setae on abd. 

segment I. 

123:“ Ninth abdominal segment and anus. 

124:- Anus. 

125:“ Spinelike asperities on anal folds. 

126:- Divided asperities on surface of 

anal fold. 





Figures 127 - 131 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

127:- A* minutuSf first instar larva. 

128:- Dorsal view of head capsule. 

129:- Thoracic spiracle. 

130:- Abdominal spiracle. 

131:- Ventral view of head capsule. 





Figures 132 - 138 

Fig, 132:- A, mtnutuSf first Instar 

larva, ventral view of 

maxIlia. 

Fig. 133:- Labrum. 

Fig. 13^:* Dorsal view of maxilla. 

Fig. 135:- Epipharynx. 

Fig. 138:- Mandible. 

Fig. 137:- Antliarrhinus sp,, ventral 

view of head capsule. 

Fig. 138:- Frons, clypeus, labrum, antenna. 

Seale. - • ^ ■ 





Figures 139 “ 1^6 

Fig. 139:" Anttiarvh'inus sp., vent 

ral view of head capsul 

Fig, 140:- Abdominal spiracle. 

Fig. lAl:- Thoracic spiracle. 

Fig. 1A2:- Dorsal view of maxilla. 

Fig. 143:- Labium. 

Fig. 144:- Ventral view of maxilla 

Fig. 145:- Epipharynx. 

Fig. 146:- Mandible. 

SC^L/€, ~ ! m yyi 





Figures 147 ~ 151 

Fig. 147:- 

Flg. 148:- 

Flg. 149:- 

Flg. 150:- 

Flg. 151:- 

Unldentlfled larva of Belldae, 

(Australia) lateral view. 

Dorsal view of head capsule. 

Ventral view of head capsule. 

Labrum. 

EpIpharynx. 





Figures 152 - 159 

Fig. 152:- 

Flg. 153:- 

Flg. 15^:- 

Flg. 155:- 

Flg. 156:- 

Flg. 157:- 

Flg. 158:- 

Flg. 159:- 

Unldentlfled belld larva, ventral 

view of maxi 11a. 

Labium. 

Dorsal view of maxilla. 

Thoracic segments I, II, III, 

lateral view. 

Proventriculus, 3 of 12 folds, 

only one fold with all setae 

and asperities Included. 

Lateral view of third abdom- 

inal segment. 

Fourth and fifth abdominal sterna. 

Anus. 





Figures 160 - I69 

Larval Ventral Nervous Systems 

Chrysomelldae and Curculionidae 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

FJg. 

I6O:- Chrysometa sp.j Cer - Cerebrum, 

Se G - Suboesophageal ganglion, 

Ab G - Abdominal ganglion. 

161Catlig-mpha Final Instar 

larva. 

162:- Dendrootonus sp. (Scolytidae). 

163:- Unidentified scolytid larva 

from red pine. 

164:- Qurculio sp. (CurculIonidae). 

165:- Gymnaetron sp. (CurculIonidae). 

166:- Ithyaerus noveboTocensis 

(Ithycerldae). 

167:- Aaanthosaetidius acephatus 

(CurculIonidae). 

168:- Braohyrh'inus sp, (Cu rcu 1 i on I dae). 

169:- Listronotue sp, (CurculIonidae). 

scale * .5 mm. 





Figures 170 - 179 

Adult Ventral Nervous Systems - Curcullonoldea 

Fig. 170:- Ecparius mcmnoreus (Anthrlbldae). 

Fig. \l\i~ AttelcibiLS b'ipustulatus (Attelabidae). 

Fig. 172:- Ithyaerus novehovaceneis (1thycerIdae) 

Fig. 173:~ Arrhenodes minutus (Brenthidae) 

Fig. 17^:- Anttiarrh'Cnus sp, (Anti iarrhinidae). 

Fig. 175:- Gnathotriohus sp. (ScolytIdae). 

Fig. 176:- Kssodes stx*obi (Curcul ion Idae). 

Fig. 177:“ L%stronotus sp, (Curcullonidae). 

Fig. 178:- Liparus sp, (Curcullonidae). 

Fig. 179:“ Magdalis bccrbita (Curcul lonidae). 

scale * .5 mm. 





Figures 180 - 184 

Hind Wings ~ Curculionoidea 

Fig. 180:- Cimberis elongatua (Nemonychidae). 

Fig. 181:- AViandcus sp, (Anthrlbidae). 

Fig. 182:- Biparius warmoveus (Anthrlbidae). 

Fig. 183:- Fkynohites hiootor* (Attelabidae). 

Fig. Attelabua hip>uetulatU8 (Attelabidae). 

scale * 1.0 mm. 





Figures 185 “ 188 

Hind Wings - Ithyoerus 

Variation in number and position of anal veins. 

scale = 2.0 mm. 





Figures 189 - 193 

Hind Wings - Curculionoidea 

Fig. 189:- Arrhenodes minutus (Brenthidae) 

Fig. ]30Anttun*rhirru3 ep. (Anti iarrhinidae) 

Fig. 191:* Apion longi^rostra (Apionidae) 

Fig. \3h“ Magdalia harhita (Curcul ionidae) 

Fig. 193:- Cossonns platalea (Curculionidae) 

scale = 1.0 mm. 





Figure 19^ 

Distribution of Ithycerus in relation to the 

distribution of Quereus alba (White Oak). 



28-487-1 



Figure 195 

Phylogenetic Relationships of Ithyceridae 

(after Sanborne) 

Boxes indicate ancestral and shared derived character states. 

A — Hypothetical ancestor 

B — Hypothetical ancestor 

C — Hypothetical ancestor 





Figure 196 

Phylogenetic Relationships of Ithycerldae 

(after Crowson) 
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Figures 197 “ 199 

Phylogenetic Relationships of ithyceridae 

Alternative Schemes 



Attel Antii Ithy Brent Apion Cure 



Figure 200 

Evolution of Larval Labral Sensllla 

A — Hypothetical ancestor 

B — Belidae 

C —- Nemonychidae, Anthribidae, Aglycyderidae, 

Oxycorynidae, Atte1abidae 

D — Sphenophorus (Rhynchophorinae) 

E — Rhodohaenus (Rhynchophorinae) 

F Scolytidae and Curculionidae 

G — Metamasius (Rhynchophorinae) 

and some other Curculionidae 

H— Dryophthorus (Rhynchophorinae), Ithyceridae, 

Brenthidae and some Apionidae 

I — Antilarrhlnidae and some Apionidae 




