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Biosystematics of the First-Stage
Larvae of Some North American
Bruchidae (Coleoptera)

By GARY 8. PFAFFENBERGER.! instructor, and CLARENCE DL JOHUNSON, ussoefute professor, Department of Biological
Sefences, Northern Arizona University, Flagsteff, Arvic.

ABSTRACT

We studied first-stage bruchid larvae be-
longing to nine genera, three subfamilies, and
the following 20 species: Acanthoseelides aun-
recdus, A baboguivari, A. chiricahunae. A, col-
tusug, A macrophthalnns, A mixtus, A obtee-
tius, A, prosopuides, Mgarobins prosopis,
Amblycerns acupulceensis, Caryobruchus
gleditsivue, Mimosestes amicus, M. protroctns,
M.osalleef, Neltumins erizonensis, Seanius
marasius, Stafor Hmbatus, S, pruinines, S.
pugidialis, and Zabrotes subfusciatus, Repre-
sentatives of cach species were examined, and
the prothorvacic plate, spirvacles, legs, and
chaetotaxy weve figured. Each species was de-
seribed, and keyed: and their relationships,
biology, and larval behavior were discussed,

The use of characters of larval insects in
formulating classifications was discussed. We
found that the initial larval forms to he de-
scribed were those of ceconomic significance or
those that displayved unusual morphological
characters. In some casges, larval characters
provide a means of delineating adult taxa that
were known to be dilferent but could not be
separated easily using adult characters.

The [ollowing characters were used: Pres-
ence, absence, lengths, number of segments,
and complexity of development of the legs;
type of tarsus; relative lengths, presence, ab-
sence, and distribution of setac; Jdegree of de-
velopment of prothoracie plate; presence or

YCurrent sddress: Eastern New Moxico University,
Roswell, N Mox. s¥201.

absence ol median or antevior arms, or
both, on the prothoracic plate; number of pairs
of setae associated with the prothoracic plate;
and larval behavior of wandering following
eclosion, or penetrating the pod or seed direct-
Iy upon hatching.

The larval and adult classifications were
then compaved, Caryobruchus gleditsine was
sufficiently unlike the other species to verify
thatit should remain as a member of a distinct
subfamily (Pachymerinae). There is evidence
based on larval morphology, that the genera
Zubrotes andSpermophagus are only distantly
related to the other genus in the subfamily
Amblycerinae, Amblyecerns, Classification of
the subfamily Bruchinae shows some incon-
gruence but not as much as the Amblycerinae.

Of those genera within the subfamily
Bruchinae, adults and larvae of the genus
Mimosestes show the greatest incongruency
between classifications. According to the lar-
val classification, M. protractns should be
placed in a separate genus. There is some dis-
agreement in the genus Acanthoscelides, since
A, mecrophthalmus and A. eliiricahnae ap-
peared to be more ¢losely related to members
of other genera. Consequently, they were
placed in separate but neighboring polyphy-
letic assemblages. Aside from these discrepan-
cies, considerable congruence exists among
the adults and larvae of the remaining species,
with the greatest congruence in the genus
Stutar.

The results of the Prineipal Component

1
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Analysis supported, to alarge extent, an intui-
tive larval arrangement. The genus Zabrotes
was placed closer to the genus Stator than to
Mimosestes protractus, which differs from our
phylogenetic groupings. Acanthoscelides mace-
rophthelmus and A. chiricahiiae appeared to
be closely related and were grouped near the
more advanced Senunins moresus. This av-
rangement coincided with the intuitive larval
classification but differed from that of the
adults. The remaining species showed little or
ne disagreement between either larval ar-
rangement,

The function of the V-shaped neck fold and
retractable head capsule, general body shape,
tenth abdominal segment, anal aperture, and
the long setae were discussed for the first
time. The function of the V-shaped neck fold
and retractable head capsule is to extend and
inerease the operational angle of the mouth-
parts during eclosion, pod or seed entry, and
burrowing. The general body shape, when the
broad thoracic and anterior abdominal sep-
ments are expanded by movement of
haemelymph, aids in gaining purchase (lever-
age) necessary to overcome the backward
thrust of the gnawing mouthparts. The tenth
abdominal segment aids in locomotion by act-
ing as a sucker disk, which becomes attached
to the substrate, thus allowing the anterior
end of the body to move freely about. Upon
attachment to the substrate, it may alse pro-
vide valuable purchase for the body when the
larva is burrowing. The anal aperture, which

appears to be tripartite in species of the more
primitive subfamilies, thus was likely as-
sociated with the primitive habit of wandering
in search of a suitable host. It probably has
been retained because of the apparent ease
with which a Y-shaped lobe might be inverted
when compared to an everted transverse lobe,
Long setae appear to be largely tactile in func-
tion, whereas, the shorter, more stout setae
appear more useful in gaining added pur-
chase. The long, coiled setae between the ap-
pendages of most species appear to aid in dis-
engagement of the distal end of the planted
tarsi in preparation for forward movement.
Long, coiled setae are wanting in those species
in which appendages are absent.

Additional functions were determined for
the (1) prothoracic plate (median arms); it ap-
pears that the teeth on the median arms be-
come engaged first (before the teeth of the
posterior arms), thus enabling the larva to
gain purchase during the critical time of eclo-
sion and pod or seed entry. {(2) The spine on the
first abdominal segment, in addition to
stabilizing the body while the mandibles are
working, appears to aid in rotation of the body
within the egg and prior toeclosion. {3) Legs, in
most cases, possess a flattened or rounded tar-
sus that terminates in an anteriorly directed
lip. Within the egg ov burrow, the lipis directed
downward, thus providing additional resist-
ance to the backward thrust of the body ve-
sulting from the activities of the mandibles.

INTRODUCTION

Most published works on larvae describe
either economically important forms (Crouzel
and others. 196812 or forms possessing what

appear to be highly speciatized traits
(Clausen, 1840; Maulik, 7937). These and
other works of their time are primarily con-
cerned with the functional significance rather
than taxonomic significance of the novel
characters of tarvae. It was not until the
pioneering works of Bboving (1929, followed
“shortly by Boving and Craighead ({936) and

fThe vear in atatie, when it foliows the anthar’s name,
refers to the Literature Cited, p. 43,

others (Paterson, 7827, Roberts, 1830; van
Emden, 1842), that larval taxonomy finally
began to rveceive attention. From the time of
Linnaeus, phylogenies have been recon-
structed on the basis of ¢ posteriori evaluation
of adult characters of insects; however, a
noticeable trend is developing in which larval
characters are receiving recognition in the in-
terpretation of higher and lower taxa among
insectan (Boving, 1929, Evans, 19264; Rozen,
19643, as well as noninsectan groups (Orton,
rg8s7.

On the basis of larval characters, Roberts
(1839) suggested that the beetle family
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Erotylidae should not be spiit, as had previ-
cusly been suggested, on the basis of adult
c¢haracters. Commenting on Leng's “Cata-
logue of Coleoptera of America North of
Mexico,” Boving (1925) stated that genera,
subfamilies, and even families would probably
he rearranped after a thorough study of the
larval forms. FHlowever, others at that time did
not share hig views. Crampton {920}, 1n com-
paring adult and larval morphaologies of dipter-
ans, suggested that larval charactervs were of
little or no value because of the tremendous
genetic and phenotypic plasticity possessed by
the lavval forms. Consequently, they express
excessive “sideways developments” and
exhibit oo much mosaieism to be of value.

Although considerable congruency existed
between larval and adult forms studied by
Crampton, some of the larval forms were quite
different and could not be classified as were
the adults. He did state, however, that in de-
veloping a valid classification, characters of
all stapges should be considered—that is, larva,
pupa, and adult—before reaching a final deci-
sion, but that where discrepancies exist, the
adults should always be used in making a final
decision, an opinion also shared by Maulik
(1831). These comments were, of course, par-
tially inconsistent with those expressed by
Boving and Craighead (7930) in their discus-
sion of the natural systematic grouping of the
Coleoptera. They felt that a descriptive work
was impossible without an understanding of
the nature of characters throughout the or-
der.

Rees (124 1), in his work on the first instar of
Buprestis rusticorum (KBY)), concluded on
the basis of certain morphological characters
that a new family should be recognized;
whereas, Anderson (71247) arpgued that the
genus (imberis should be transferred to the
family Anthribidae rather than remain in the
family Curculionidae. Sanderson (1958) used
larval host plants to provide evidence for
speciation: whereas, MacSwain (1956} added
behavior and ecology Lo delineate fivst instars
of Meloidae,

Gordon (19233), followed shortly thereafter
by the excellent review article of van Emden
(1057, was the first to discuss thoroughly the
significance of larval characters in the deriva-

tionoftaxa. Van Emdendiscussed the theoret-
ical and practical implications of subimaginal
versus imaginal traits, and both authors con-
cluded that tarval chavacters tend to be of
equal significance to those of the adults in the
taxonomy of insects. Beal (1970} and Edmunds
and Allen(1966) both concluded that adult and
larval stages should have equal status.

Because little work has been done on larval
Bruchidae and because there is considerable
current activity on the classification of adult
bruchids, we chose to work on this family of
heetles. The Bruchidae are beetles whose
adults, when they feed, feed primarily on the
pellen and nectar of plants (Zacher, 1951). Aec-
cording to Center and Johnson (1874), a bread
range of host plants is attacked by the larvae
of these seed beetles, primarily the family
Leguminosae, but also some 30 other families.

A generalized life cycle of bruchids usually
proceeds as follows: Adult bruchids lay eggson
the surface of pods or seeds. After a period of
embryanic development, usually 5 to 10 days,
the first instar emerges through the broad an-
terior end of the egg or directly through the
venter of the egginto the seed or ped, using the
egg chorion for leverage. If the larva exits
through the anterior end of the egg, it may
wander about seeking a suitable site for entry.
After entering a seed, the larva feeds, molts
several times, and eventually pupates, usually
inside a single seed. The adult then emerges
through a round exit hole.

A species of the Bruechidae may infest one
plant species or the seeds of plants from sev-
eral genera. In many species, only a single
bruchid develops in each seed, however, in
other species many larvae may be found in a
single seed or a single larva may consume the
cotyledons of several seeds (Center and
Johnson, 197%; Howe and Currie, 1964;
Johnson, 1967; Riley, 1891, 1§92).

Because some species of the Bruchidae com-
pete directly with man for his beans, peas, and
other valuable legumes, they are considered
economic pests. Consequently, the work that
has been completed on bruchid larvae has
been concerned primarily with the biclogy and
control of economically important species
{Bondar, 1921; Brindley, 7933; Campbell, 1920,
Chittenden, 71898 ; Howe and Currie, 1964 ; Lar-
son and Fisher, 1938; Lepesme, 1952, de Luca,
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1856 Marcoviteh, 1934; Paddock, 1918:
Parneli, 1966 Peake, 1952 Pievce, 1930; Ran-
dolph and Gillespie, 1958; Riley, 18971, 188.2;
Slingerland, 1392:; Smith and Michelbacher,
{94%; Steffan, 1945, Zacher, 1930},

The moarphology {Boving, 1927, Eichelbaum,
19155 Germar, ISI8; de Luca, 1968; Parnel),
1964, Patton, 1895; Ptaffenberger, 1874 ; Pre-
vett, 1967, 1968, 1971; Steffan, 1946, Teran,
1962, 1867}, and, in certain instances, func-
tional morphelogy (Kunhikannan, 1923,
Lepesme, 19527 Mukerii, £999; Zacher, 19303},
have been reported for a limited number of
economic as well as noneconomic specien.

Boving (£1927) devised a species key to
bruchid larvae but probably did not use first
instars, judging from his measurementsofthe
length of each species. He used characters re-
lating to mouthparts, ocelli, and legs to derive
his species classification.

Of the 1,300 described Bruchid species
worldwide (Johnson, {870), only about 50 de-
tailed larval deseriptions are available. Of this
total, 28 were described by Prevett (1971). Pre-
vett derived his classification by using the fol-
lowing charactersof the lirst instar: Spi racles,
chaetotaxy, shape of setae, legs, and shape of
tarsus, in conjunetion with characters of later
instars. He was, however, unable to distin-
guish between larvae at the species level,

U35, DEPT. OF AGRICULTURE

Because the mouthparts of the first instar
are, in most cases (for example, fig. 23, Q and
£7), too minute to be accurately observed
(Prevett, 1971), we used characters relating to
chaetotaxy, legs, tarsus, spiracles, anal aper-
ture, behavior, and, in some instances, hast
plants to derive our system of classification.

The purpose of this study is to derive a Sys-
tem of classification of the fivst instars of the
following species: Acanthoscelides aureolus
{Horn), 4. babeguivari Johnson, A,
chiricahnae (Fall), A. collusis (Fall), A. mac-
rophthalnins (Schaeffer), A. mivtus {(Horn), A.
obtectiss (Say), A. prosopoides {Schaeffer), Al-
garobins prosopis (LeConte), Ambiycerus
acapulcensis Kingsolver, Caryobruchus
gleditsiae (Linnaeus), Mimosestes anticus
(Horn), M. protractus {(Horn), M. sallaei
(Sharp), Neltumius arizonensis (S8chaeffer),
Sennins morosus {Sharp), Stator limbatus
(Horn), 8. pruininus (Horn), 8. pygidialis
(Schaeffer), and Zabrotes subfasciatis (Bohe-
man). Qur larval classification is compared
with the existing adult classification at the
subfamily, generic, and species levels. We used
traditional and numerical methods in our
classification. Keys to the 20 species are pro-
vided, and the systematics and functional
morphelogy of the larvae are discussed.

MATERIALS AND METHODS

Because of the difficulty encountered in as-
sociating larval bruchids with their adults,
certain technigques were used to ensure the
gathering of accurate data. Toensure aceurate
identification of each species, seeds or pods
were taken from jars containing a single
species of bruchid, and their eggs were re-
moved and placed in screwcap vials, which
were allowed to stand at room temperatures.
Each vial was checked periodically with a dis-
seeting microscope, and, upon eclosion, the
larvae were removed and placed in vials con-
taining 70 percent ethyl aleohol.

Some larvae were carefully dissected from
the egg chorion. This procedure was employed
only when the heavily pigmented head capsule
and H-shaped prothoracie plate were visible,

because these were indications that the larva
would probably hateh within minutes. Other
specialized techniques were used to obtain
first instars. Larvae of Acanthoscelides pro-
sopoides were obtained by Forister and
Johnson (7977) by allowing adult females to
oviposit inte open-celled styrofoam. We ob-
tained them in the same way.

Information on larval behavior was oh-
tained by observing the activities of live
specimens or their damage to seeds and pods.
Such activities of the bruchid larvae as where
the larva had burrowed, the number of
exuviae left within the burrows of the larvae,

TAN fignres appear together, beginning on P AT
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and the number of specimens within a seed
were recorded.

Preparatory procedures similar to those of
Prevett (1971) were used in obtaining mi-
croscopic slide preparations of entive larvae, A
minimum of six specimens were observed for
each species. Larvae were placed in a small
crucible containing 60 percent lactic acid. The
preparation was placed in anoven at45°C for 8
to 12 hours. After the larvae had been cleared
in lactic acid, they were positioned in a dvop of
Berlese's fluid. The mounting medium was
placed on a 0.8-mm regulation size, depression
slide. A coverslip was placed over the larva,
compressing it in the position desived. After
the coverslip had been positioned, it was
sealed with clear fingernail polish.

A Wild M20 compound microscope, with a
Zeichentubus camera lucida attachment, was
used teo illustrate all structures. The

prothoracic plate was dissected from the lar-
val integument and positioned so as to permit
a complete dorsal view, The chaetotaxy and
legs were figured while the larva was posi-
tioned latervally,

A system developed by Boving (1827) and

adopted by Prevett (1971} was used to illus-
trate chaetotaxy. Rectangular diagrams (figs.
2to 21) were drawn in which dotted lines were
included te indicate sutures. These lines of
demarcation divided the integument ¢f the
meso- and metathorax into prenotal and post-
notal regions, dorsal epipleuron, ventral
hypopleuron, and sternum. In addition, ab-
dominal segments (figs. 24 to 43) 1 through 8
bear a spiracular region. The natural sutures
were alined with the illustrated dotted lines
and the setae were depicted.

Uppercase letters are used to designate
primary (long) setae, whereas lowercase let-
ters identify secondary (short) setae. The dor-
sum of the mesothoracic through abdominal
segment 9 is divided by plicae. Consequently,
the anterior, dorsal aspect of a segment is re-
ferred to as the prodorsum, and the letter D is
userl to label setae on that area of the integu-
ment. The setae appearing on the posterior,
dorsal portion of a segment {(postdorsum) are
labeled with the uppercase or lowercase let-
tersd and 5.

Prevett (1971 used 4, B, and ¢ and their
lowercase counterparts to denote the position

of setae on the postdorsum. Because of the
small size of first instars and difficulties as-
sociated with determining the exact location
of each seta and because of variability within
species, we used a different methed. If there
was only one primary seta per subsegment, it
was designated as A, regardless of its position.
The second and more ventral seta was desig-
nated as 3. No“(” setae were found on species
in this study. The use of lowercase letters par-
alleled that of the capitals. The lateral ov
pleural area is divided, by sutures, into a
spiracular area (abdominal segments 1-8) and
epipleuron. Identifying letters, for setae, ap-
pearing on these respective areas of the in-
tegument are s', or 8", or both; £, ov ¢, or both;
and H, or l, or both. The thoracie sterna of
most larvae support a pair of elongate, coiled
setae located between the thoracic appendag-
es, These setae are labeled R. Thoracic legs of
Mimosestes protractus, Stator limbatus, S.
pruininus, and Zabrotes subfascintus ave lack-
ing and have been replaced by pairs of setae.
These setae are identified as K. Acanthos-
celides baboguirari and Amblyeerus acapul-
censis possess an additional seta () near the
base of the mese- and metathoracic appen-
dages,

Abdominal sterna of most species have one
to three short setae. These setae are identified
with lowerecase u, r, and x, depending on loca-
tion, with the anterior seta labeled it; the mid-
dle, r; and the caudal, x, The dorsolateral seta
on abdominal segment 10 is labeled ¢4.

The prothoracic setae were identified by de-
veloping a composite illustration of all setae
appearingon the prothoraces of the 20 species,
The setae on the composite form are numbered
consecutively (1 to 24), from dorsum to venter.
The illustrations depicting the chaetotaxy on
the prothorax of each species are then com-
pared with the composite diagram. The num-
bers of those setae appearing on both illustra-
tions are then recorded for each species,

Terminology similartothat of Prevett (1971)
is used for describing the prothoracie plate
and associated setal pattern {(fig. 22, ). Each
half of a prothoracic plate usually possesses
anterior (4), median (M), and posterior ()
arms. Setae, in addition to being numbered
consecutively, were distinguished by their
relative locations between the anterior arms
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of the prothoracic plate as either lateral, in-
termediate, or medial.

Legs were distinguished on the basis of de-
gree of development and shape of the tarsus.
Legs were either absent, two segmented with
a flactened or rounded tarsus, or three seg-
mented with an opposable {fig. 23, .J) or im-
movable (fig. 23, K claw.

The anal aperture was either Y-shaped or
transverse.

Characters of the head were not used be-

cause Boving (1927) and Kunhikannan (1928)
stated that head characters are not useful for
separating larval forms of bruchids, Qur ob-
servations agree with those of Prevett {19717),
who observed the mouthparts of first instars
to be too minute to illustrate.

Numerical analysis involved 22 arbitrarily
selected variables (see p. 17}, each of which
could be assessed a value. These values were
analyzed using the Principal Component
Analysis (PCA)Y (Dixon, 71973).

FUNCTIONAL MORPHOLOGY

Little has been done to ascertain the func-
tion of certain structures peculiar o the mor-
phology of first instar Bruchidae. For this rea-
son, we have included a discussion of fune-
tional morphology and how it may relate to
tarval behavior,

V-Shaped Neck Fold and Retractable
Head Capsule

The V-shaped neck fold and retractable head
capsule are typical of all known first instar
Bruchidae {Kunhikannan, 1923) and, inas-
much as these larval forms arve all endephytic,
thewr function is evident. Whether burrowing
through the egg chorion, seed pod or test, or
tunneling through seeds, the ability to retract
and extend the gnawing mouthparts (head) is
important. Prior to hatching, the larva posi-
tions itself forward in the egg, thus forcing the
anterior end of the body against the dorsoan-
terior aspects of the egg chorion. This activity
pushes the head back into the prothoracic and
mesothoracic regions, The larva then moves
its caudal segments forward, thus forcing
haemolymph ahead, creating a general swell-
ing in the anterior segments. Swelling may
also be enhanced by swallowing air obtained
through the chorion (Hinton, 1968). Swelling
in the anterior segments forces each lateral
spine (located above the first abdominal spira-
cle) and the teeth of the prothoracic plate
against the inner layer of the egg chorion,
thereby stabilizing the position of the larva.
The mouthparts (head) are then extended
forward and begin eclosion, The larva gnaws

through the soft, pliable, ventral surface of the
egg (Mukerji, 7939) in an anteroposterior di-
rection. As the posterior portion of the
emergence hole is being excavated, the head is
extended posteroventrally, thus utilizing the
V-shaped neck fold.

In those forms that bore directly from the
egg into the pod coat or seed test, the larva
relocates itself posteriorly in the egg chorion
when the emergence hole is completed, thus
forcing the caudal segments against the pos-
terior aspects of the egg. By doing this,
haemolymph is again forced into the anterior
segments, creating the swelling necessary to
gain needed leverage (see above}. The retract-
able head capsule and the neck fold are then
used when the larva begins gnawing into the
seed or pod through the anteromedially lo-
cated (Kunhikannan, 1928; Mukerji, 71989,
Zacher, 1980) emergence hole in the venter of
the egg.

To a large extent, the above cobservations
and interpretations support those of Howe
and Currie (1964), Kunhikannan {1823},
Lepesme (1942), and Zacher (1930) but differ
from those of Mukerji (1859). According to
Mukerji{1989), “The two anterior horns of the
shield (anterior arms of the prothoracic plate)
are clearly seen projecting anteriorly beyond
the head capsule. These pointed ends pierced
the tough wall of the egg-sac, and the rent so
made was widened as the head was pressed
forward permitting the larva to pass out from
the egg-sac.” Contrary to these cbservations,
we have carefully removed eggs from the seed
or pod surface, placed them ventral side up,
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and observed larval hatching behavior. The
larva definitely gnaws the emergence hole In
the venter of the egp with its mandibles. Also,
the hole is large enough to allow passage of the
body by peristalsis, which, according to
Lepesme {£24.2), occurs in a few seconds,

General Body Shape

According to Peake (1952), the general body
shape, which consists of a broad head, thorax,
and lirst through third abdominal segments,
followed by a noticeable taper in the remain-
ing abdominal segments (4-10), is typical of all
known fivst instar bruchids except Zabrotes
subtaseintas (Kunhikannan, 19224). Its body is
highly tupered toward the anterior as well as
nosterior ends, Some inherent advantages as-
sociated with this body shape were discussed
in the previous section.

Briefly, the broadest portion of the body oc-
eurs in those aveas where the greatest pur-
chase (loverage) is gained for eclosion or bur-
rowing inte a seed or pod. As the posterior
abdeminal segmenls arve brought forward, the
movement of the body fluids into the anterior
segmoents ereates additional swelling, thus
foreing the teeth of the prothoracie plate and
the spiues of the first abdominal segment
against the wall of the burrow or instde of the
chorton.

Some difficulty 1s encountered as the larva
attempts to emevge through a rather small
hole in the chovion. This problem may be over-
come by peristaltic waves of muscular con-
traction that pass forward over the body sur-
fave (Wigglesworth, 71863), thus squeezing the
wider portions of the body through relatively
parrow passageways, Nevertheless, many
larvae do perish during eclosion because they
are unable to escape through the emergence
hote, especially those forms which do so
through the anterior end of the egg. Appar-
ently, ence a larva has begun the process of
velosion, it eannot reenter the egg, possibly
bevause of rreversible peristaltic waves or
physical obstruction, or both, of the retrorse
setae, spines, or prothoracie plate. Those
forms that enter the seed or pod directly uran
emergonce probably experience lower m: -
ity rates because of leverage gained v *tiee
seed or pod tissue by the use of the pro anracic
plate,

Prothoracic Plate

The form of this structure varies consid-
erably between species and has been used to
delineate species by Kunhikannan (1923) and
Boving (19:27) and in this research. The fune-
tion of the plate was studied by Kunhikannan
(1923) in Callosobruchus chinensis and Acan-
thoseelides obtectus, Mukerji(7938) stated that
Kunhikannan was in error based on evidence
from Mukerji's studies. Qur observations do
not agree with those of Mukerji (193%) and
Lepesme (1942, but do agree with those of
Kunhikannan (79232) and Zacher (1930).

According to Lepesme (1842), the
prothoracic plate has no known function and
certainly does not serve to gain leverage as
had been reported by Kunhikannan (1923).
However, Lepesme thought that the posterior
arms may serve to rasp away at the walls of
the gallery, thus enlarging it for the remain-
ing body segments. 1t is difficult to imagine
that such a well-developed structure is not
utilized in some manner for leverage during
eclosion and pod or seed entry, or both.

Mukerji (1939) stated that the plate was es-
sentially a “cephalic shield” used to protect
the brain, which was not located in the
chitinized head capsule. However, during eclo-
sion he did say that as the larva assumes a
curved posture, the teeth of the plate are
firmly implanted into the flattened floor of the
chorion. The head is then thrust forward, and
the mandibles gnaw a small hole in the floor of
the egg. We believe that his explanation would
necessitate an extensible feld of integument
between the base of head capsule and the an-
terior aspects of the first abdominal sternite
(which has not been observed to date) to en-
able the mouthparts to reach the floor of the
egg. In addition, he made no mention as to the
use of the plate during seed entry.

According to Kunhikannan (1923), the plate
is used to gain purchase both during eclosion
and pod or seed entry, or both. Afterwards, the
plate is lost during the first molt, and the larva
moves persistaltically within the burrow,

According to Zacher (1930}, “The function of
the neckplate in Zabrotes is entirely obvious, it
provides support for the larva near the end of
the egg stage. It requires this support to com-
pletely eat through the egg shell and the seed
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coat, as well as through the hard cement be-
tween the egg and seed coat.”

Although the function of the plate has been
discussed, the significance of the median arms
has yet to be defined. Asobserved from lateral
{(Prevett, 1967, fig. 14} and anterodorsal
{Kunhikannan, 1823} views, the teeth of the
median arms are located anteromedially to
the teeth associated with the posterior arms.
Their strategic loeation enables the larva to
obtain purchase on the seed test or pod
pericarp, while the teeth of the posterior arms
are tree or are still within the chorion of the
egg, thus enabling the larva to apply foree to
the mandibles, The teeth of the median arms
may be in close proximity because it is much
easier to get these teeth through the
emergence hole than it would be to try to
wedge the teeth of the posterior armsthrough.
It would also seem that the functional signif-
icance of these teeth would be largely negated
once the larva has tunneled into the seed, for
at this time the plate would be largely de-
pressed into the thorax, thus creating consid-
erable resistance to forward movement,

Spine on First Abdeminal Segment

The funetion of this structure was over-
looked by Kunhikannan (Z923) but has since
been discussed both as an egg burster (Howe
and Currie, 1964; Mukerji, 1939; Teran, 1962,
van Emden, 7846) and a fulerum used by the
larva to emerge from the egg (Howe and Cur-
rie, 18645 Teran, 1862; Zacher, 19306),

In addition to functioning with the V-shaped
neck fold and retractable head capsule during
eclesion, this spine appears to have another
function (Howe and Currie, 1964 ; Zacher,
1930). From our observations of emerging
specimens, it appears as though the spines are
manipulated with ease; that is, their distal
ends (Mukerji, /1939) may be extended at right
angles to the body or returned to a position
paralleling the integument. Muscles are prob-
ably inserted at the base of the spine.

Another function is one of assistance in ro-
tation within the egg prior to emergence
(Howe and Currie, f96%). Recorded observa-
tions on embryonic development of bruchid
larvae indicated that most develop with their

venter opposite the surface of the pod or seed.
Therefore, rotation must occur within the egg
before eclosion can occur, Rotation is executed
with the combined efforts of the abdominal
spines, prothoracic plate, and, to a lesser ex-
tent, the body setae, By peristaltic contrac-
tions, a slight torsion of the body, and alternat-
ing usages of the spines and prothoracic plate,
intervened by the stabilizing effect of the body
setae, thelarvaisableto rightitself withinthe
egp preparatory to emergence.

Legs

The lengths of the legs may vary from those
in which each pair is exceeded in length by the
next posterior pair or those in whieh all are of
subequal lengths to those in which legs are
completely wanting. Kunhikannan (1823) de-
scribed the functional significance and activ-
ity of those legs of varying lengths in his be-
havioral discussion of Acanthosecelides obtec-
ties. We have observed these larvae penetrat-
ing the free surface of a pod or seed. Thus, his
description of the process in which the larva
loops the body and uses the legs to ereate addi-
tional pressure on the mandibles, by shifting
the weight and forces of the body forward, ap-
pears acceptable at this time contrary to opin-
ions expressed by Mukerji (1939).

The habit of boring directly into the seed or
ped from the egg would seem to negate the
value of legs, unless they were used for bur-
rowing by the larva. If they are used for bur-
rowing, we feel that their lateral arrangement
would be an advantage. An expianation for
this may be that of the species involved in this
study that possess legs, only Amblycerus
acapuicensis and Caryobruchus gleditsiae
(figs. 23,7 and K} lack atarsus that terminates
in aflattened or rounded anteriorly projecting
lip. In the egg or burrow where the legs are
arranged posteroventrally, the lip of the tar-
sus would be directed outward. As the larva
begins to burrow, it would move its posterior
segments forward, thus foreing the
haemolymph into the anterior segments. Asa
result, the anterior segments would swell,
forcing the lip of the tarsus into the tissue of
the cotyledon. This would provide additional
stabilization for the larva in overcoming the
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backward thrust of the body resulting from
the activities of the mandibles.

Conversely, we believe the lip of the tarsus
would also present a problem in moving for-
ward through the burrow because of drag and
the chances of snagging on the walls of the
burrow,. This may be one reason why larvae
molt soon after entering the seed.

The legs of Amblycerus acapuleensis are
probably adapted primarily for walking since
this bruchid appears to have little difficulty in
burrowing through the pod wall without gain-
ing purchase. The legs of Caryobruchus gledit-
siae are very stout and terminate in a very
sharp, heavy claw, Because its host seed is
extremely hard, the legs (claws) are probably
actively used while boring into the seeds.
Apodous forms may lack appendages because
the legs may have presented more of an obsta-
cle than asgsistance. This probably accounts for
the apodous larva of Mimosestes profractis. It
enters the very green pods of Presopis juli-
flora, and the legs probably would provide
little assistance and considerable drag in try-
ing to move through the sirupy contents of the
pad. Consequently, the appendages were prob-
ably selected against.

Tenth Abdominal Segment

Al the species in this study appear to use
the tenth abdominal segment as an adhesive
disk, thus serving a veryimportant funetion in
locomotion (Kunhikannan, 1923 ; Peake, 1952).
Larvae of Amblycerus aeapuleensis were ob-
served to crawl a short distance, then loop the
Lbody, bringing the caudal end forward. The
tenth segment sucker then hecame attached
to the substrate, and the larva rose to a verti-
cal position. There it swayed back and forth
several times before it resumed its horizontal
position.

On many occasions, the larvva of A, acupul-
censis also moved forward in short incre-

ments, much like an inchworm {(Geomertridae)
{Peake, 1852). This mode of behavior some-
times occurred for several seconds before the
larva resumed walking,

Setae

The long setae of the larvae of ancestral
bruchids doubtlessly possessed a tactile or
protective funection as the larva crawled over
the pod or seed surface, However, because
many of the first instar larvae no longer
exhibit this form of behavior, we suspect that
the primary setae have regressed in length
because the setae show a definite trend in
change of length from the long (more active
larvae, thus probably more primitive) primavy
setae to the complete absence of primary setae
(typical of more sedentary larvae, thus proba-
bly more derived).

[n most instances, the prothoracie primary
setae do not equal the lengths attained by the
primary setae located on other body segments.
Apparently, the short setae are more easily
manipulated through the emergence hole,
Once this happens, the larva has gained addi-
tional leverage, which is so essential in sue-
cessfully escaping from the egg,

Setae that appear on the thoracic sternites
of many forms are large and cotled (fig. 8). Ac-
cording to Kunhikannan (12£3), they “secure
sufficient space between the ventral surface
and the seed for the meal to be worked back,
for an intimate contact with the seed on the
ventral side would make difficult the passage
of the meal.” They might also function indi-
rectly in burrowing. As the burrow is
lengthened, the head is extended forward,
thus reducing the pressure of the hody fluids
in the thoracic segments. In conjunetion with
the reduced pressure and what appearstobe a
springlike seta, the thoracic sternites would
probably be elevated, thus allowing the larva
to disengage the lipefits tarsusin preparation
for the forward movement of the body.

SYSTEMATICS OF SOME FIRST INSTAR LARVAE OF THE BRUCHIDAE

Morphological Characters

External morphology, behavior, and (to a

limited extent) host plants were used to derive
the following larval group arrangements and
stepwise component analysis {fig. 44):
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LARVAL GROUPS AND SUBGROUPS

Lo Amblycerus weapulcensis
- Laryobrachus gleditsiae
A Algarobins prosops
B, Acaunthuscelidey oblecins
Co Al presopoides
0L AL ecoltusus
Aomietus
Al anreoins
oot baboguieari
Mimosestes safleed
M. amicuns
Acanthosedlides muerophthalnins
Aehivicabnae
Neltwpmins arizonensis
SRS MOrUSHS
I Stater pygidialis
R, praininns
Sobimibates
. MHuimosestes profracins
L Zabrates subtuseiatis

Characters that proved to be of greatest value
were those associated with—

e Prothoracic plate: Number of teeth pres-
ent on median and posterior arms; presence or
absence of median arms; number of associated
setal pairs; gross morphoelogy; shape of some
teeth; degree of development.

e Legs: Presence, absence; number of sep-
ments:; degree of development of tarsus; shape
of tarsus; relative lengths of legs; associated
setal arrangements and sensory pores.

s Anal aperture: Shape.

* Spiracles: Uniferous, biforous, and loca-
tion.

s Setae: Distribution on different intraseg-
mental areas; presence or absence of primary
setae; varying lengths of primary setae; re-
duction in setal number.

Nonmorphological Characters

When known, host specificity and larval be-
havior were used in gurclassification. We used
such attributes of lavval behavior as whether
the larva bores directly into a seed or pod, or
ecioses through the anteviorend of an egg and
uses the chorion to gain leverage, or ecloses
then wanders before entering a seed.

Species Groups

The larvae of the 20 species we studied dis-
play a definite trend in reduction of develop-

ment or loss of structures from what we con-
sider to be more ancestral {Caryobruchus
gleditsice and Amblycerus acapuicensistothe
more dervived forms (Zubrotes subfaseciatus
and Mimosestes protractus). We consider an-
cestral structures to be those composed of nu-
mercus parts and less reduced in size, whereas
devived structures exhibit a loss of, or redue-
tion in size of, component parts (Brown, 1965),

The characters we considered to be derived
were—

e Betae: Reduction in relative lengths of
both primary and secondary setae and a re-
duetion in number,

e Prothoracic plate: Reduction in degree of
development, numbers ofteeth on median and
posterior arms, and setal pair number as-
sociated with plate; loss of median arms and
majority of posterior arms.

e Legs: Reduction in number of segments
and development of tarsus.

o Spiracles: From biforous to uniforous.

s Anal aperture: From Y-shaped to trans-
verse.

e Larval behavior: After hatching, larvae
that crawlover the pod or seed surface prior to
entering the host are considered to be most
ancestral (in the sense of MacSwain, 71956);
whereas, those that penetrate the pod or seed
directly upon eclosion we regard as being more
derived.

Group 1.—This group, composed of only
Amblycerus acapuleensis, is considered o be
moest primitive because it has (1) three-
segmented legs possessing internal
sclerotized plates (fig. 23,/) and terminates in
& movable, opposable claw; (2) biforous spira-
cles; {(3) a Y- shaped anal aperture; and (4) a
well-developed prothoracic plate with median
arms and five pairs of associated setae (fig. 22,
J3. This group is thought to be more closely
related to group 2 than to other groups be-
cause both possess biforous spiracles, Y-
shaped anal apertures, three-segmented ap-
pendages, and more than four pairs of setae
associated with the plate. Group 1 is separated
from group 2 because group 1 possesses me-
dian arms on the prothoracic plate and one
pair of primary and two pairs of secondary
setae on the dorsum of the 10th abdominal
segment (fig. 33).
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Group 2.—This group, composed of Curyo-
brachus gleditsiae, is distinguished by the ab-
sence of {1) median arms on the prothoracic
plate (fig. 22, A, (2} opposable claws on the legs,
and (3} primary setae on the 10th abdominal
segment, The reductionin length of abdominal
primary setae indicates that group 2 is proba-
bly more devived than group 1. The presence of
four pairs of setae on the postdorsum of ab-
dominal sepments 2-7 (fig. 34) and a primary
and secondary hypopleural setaon abdominal
segments 5 and 8 easily separate groups
I and 2. Beeause groups 2 and 3 are distantly
related, many noticeable morpholoprical dif-
feronces exist between them, Biforous spira-
cles, a Y-shaped anal suleus, and seven pairs of
sefae associated with the prothoracice plate
represent a2 few of many possible characters
that may be used to separate the two groups.

Group 3.—The seven species of this group
are recognized by the presence of 3to 10 pairs
of setae on the prothorax (fig. 2), exclusive of
those associated with the prothoracie plate,
These species are also similar in gross mor-
phalegy of the prothoracic plate (fig, 22),
number znd distribution of setue asseciated
with the plate, and cach pair of legs being ex-
ceetded in lenpth by the sueeeeding pair (ex-
cept Acanthosceelides buboguirari). We sepa-
rate subgroups 34, B, and U from subgroups
31 and & oon the basis of larval behavior, The
firat instar ol groups 34, B, and C crawls over
the pod or seed surface following eclosion,
whereas the fiest instav of groups 30 and &
bores directly from the egg into the pod or
seed.

Sibgroup 34.—This subgroup, composed of
Algarobins prosopis, differs in that it has a
single teoth on each median arm and seven
teeth on each posterior arm of the prothoracic
plate (fig. 22, I, and the mesothoracic spiracie
is located on the epipleuron instead of the
hypopleuron as in the other groups. We con-
sider this subgroup to be related to subgroup
35 since both subgroups exhibit similaritiesin
their prothoracic plates (fig. 22, ¢ and I},
chaetotaxy (figs. 8, 10, 30, and 32}, and larval
behavior,

Subgroup 3B —Acanthoseclides obiectus dif-
fers from others in group 3 in possessing a
single tooth on the median arms and fivo teeth
on each posterior arm of the prothoracic plate

(fig. 22, ) [t also possesses broad sclerotized
plates on the dorsum of abdominal scgments §
and 9 (fig. 30). The number of teeth on the
median arms(fig, 22, G and AYand the absence
of primary setae on the postdorsum of abdom-
inal sepgments 1-7 {figs. 30 and 31) are differ-
ences befween subgroups 38 and (.

Subgroup 20 —Acanthoscelides prosopoides
is more nearly related to subgroup 3B than to
subgroup 3D because of differences in larval
behavior and host plant prelerences. It differs
from subgroup 38 by lacking abdominal plates
{fig. 30 and long, curved setae at the distalend
of the basal leg segment (fig. 23, @), and by
possessing two secondary setae on the posé-
dorsum of abdominal segments 1-7 {fig. 31). 4,
prosopaides and A. collusns are alike because
both possess two teeth on each median arm of
the prothoracic plate.

Subgroup 3D. —Acanthoscelides collusus, A,
mivius, and A, aureolus are very closely re-
lated. 4. qureolus and &, mixtns are thoughtto
be more closely related because of nearly iden-
tical prothoracic plates {(fig. 22, 4 and F'), pres-
ence of seta d' on the prodorsum of the
mesothoracic and metathoracie segments (figs.
2 and 7), and larval behavior. These two
species are, however, readily separated by
three postdersal and one epipleural setae on
abdominal segment 9 of A, aurening (figs. 24
and 29), which mivtus lacks. The larva of A.
collusis may wander after celosion, which re-
sembles the behavior of those larval ferms in
subgroups 34, B, and C. A, collusus also pos-
sesses fwo teeth on each median arm of the
prothoracic plate (fig. 22, D and H), which is
similar to 4. prosopeoides and differs from A.
aureofns (fig. 22, AYand A, mixtus (fig. 22, F). A.
collusug also possesses primary and secondary
setae on the mesothoracic epipleuron (fig. 5 as
do A, anreolus (fig. 2y and A, mixtus (fig. T) but
is want, °g in A. prosopoides (fig. 9). In addi-
tion, A. collusus enters the pod or seed directly
from the egg, which 4. preosopeoides has not
been observed to de, thus more closely ap-
proximating behavioral characteristics of A.
arnreclus and A. mixtos.

Subgroup 3K - -Acanthoseelides babogquivari
is easily separated from the other subgroups

because of its greatly reduced pair of
prothoracic legs {fig. 23, B) and presence of
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seta / on the meso- and metathoracic sterna
(hig. 3),

Group b.—Mimosestes sallaei, M. anticus,
and Acanthoscelides macrophthalmus resem-
ble one another more closely than they do any
other species group. Because of this, they are
placed together in this group. The prothoracie
plate of each species, which serves to distin-
guish group 4 from ether groups, has two teeth
on each median arm and an elongate, pointed,
median tooth subtended by seven or eight
smaller, blunt teeth on the posterior arms
(g 22, &, L, and N The chaetotaxy is also
similar on the epi- and hypopleural regions of
the mesothorax and metathorax (figs. 6, 13,
and 15) and most abdominal segments (except
segments 1, 2, and 5) {figs. 28, 35, and 37).

Subgroup 4. —Mimosestes salluei is readily
distinguished because each pair of legs is
longer than the preceding pair, and each leg
terminatesin a flattened tarsus (fig, 23, M). M.
saflael also possesses seta s' above the first
abdominal spiracle (fig. 27).

Subgroup §B.—Mimosestes amicus is sepa-
rated from subgroup 44 by its thoracic appen-
dages of subequal lengths (fig. 23, L). The flat-
tened tarsus and larval behavior serve to dis-
tinguish it from subgroup 4C.

Subgroup 4C.—Acanthoscelides muac-
rophthalmus differs from these similar forms
because its legs are of subequal lengths and
each terminates in a rounded tarsus (fig. 23,
£Y. The prodorsal vegion of the meso- and
metathorax (fig. 6) possesses three setae. A
pair of setae are also present at the base of
each appendage.

Group 5.—As in group 4, Acanthoscelides
chiricahtuae, Neltumius arizonensis, and Sen-
nius morogus probably represent a polyphyle-
tic assemblage. Each species has legs that
terminate in a rounded tarsus (fig. 23, C, N,
and (1. This character separates this group
from the others, with the p- 'sible exception of
subgroup 4C. However, the metathoracic ap-
pendage of A. macrophthainius terminatesin a
tarsus, which is more flat than rounded.

Swbgroup sA.—Acanthoscelides chivicahuae
is thought to be related more to Neltiwmius
arizonensis than to Sennins moresus because
of the complete absence of sternal setae on the
abdomen of 8. moresus (fig. 39). This subgroup

is most easily recognized by the hypopleural
setae on the mesothorax and metathorax (fig.
4) and abdominal segment 9 (fig. 26). It also
pnossesses three teeth on one median arm and
two feeth on the other median arm of the
prothoracic plate (fig. 22, (),

Subgroup §B.—Neltumius arizonensis is
distingtiished by the presence of three to four
teeth on the median arms and five ta six on the
posterior arms of the prothoracie plate (fig. 22,
(). It also infests the seeds of Prosopis and has
comparatively shorter setae than those of
subgroup 54 (figs. 16 and 38).

Subgroap 5C.—Sennius morosus is easily
separated by the absence of setae on the ab-
doninal sternites (fig. 39) and presence of two
teeth on each median arm of the prothoracic
plate (fig. 22, P).

Group 6.—The larvae of Stator pygidialis,
S. pruininug, and S. limbatus lack legs and
primary setae (figs. 18, 19, 20, 40, 41, and 42).
This distinguishes them from groups 1
through 5. Group 6 differs from groups 7T and 8
because larvae in group 6 have an elongate,
pointed median tooth on the posterior arms of
the prothoracic plate (fig. 22, @, R, and 8).

Stator pygidialis and S. pruininus are
thought to be very closely related because
both share numerous similarities in
chaetotaxy and morphology (figs. 19, 20, 41,
and 42). They also possess nearly identieal
prothoracic plates (fig. 22, B, and S), usually
differing only in a single tooth on the n.edian
arm of the prothoracic plate of S. pruininus.
In addition to this difference, S. pygidialis
possesses eversible saclike lobes on the
thoracic sterna (fig. 20) and lacks the several
pointed, sclerotized, plates on abdominal ster-
nites 7 and B of S. pruininus (fig. 41).

S. limbatus is easily separated because it
has five teeth on each posterior arm of its
prothoracic plate as compared with three
teeth in 8. pruininus and 8. pygidialis.

Group 7.—Mimosestes protractus is easily
separated from members of groups 1 through 5
by the absence of primary setae and legs. The
absence of the elongate, median tooth on the
posterior arm of the prothoracic plate and the
four pairs of associated setae (fig. 22,Q, B, and
S) serve tedistinguish this group from group 6.
Characters of the prothoracic plate also sepa-
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rate group 7 from group $ Each arm of the
prothoracie plate of group 8{fig. 22, T} is repre-
sented by two or three teeth (thought to be
remnants of the posterior arms), whereas the
prothoracic plate of group 7 (fig. 22, 3) pos-
seases anterior, median, and posterior arms.

(froup . —This group, composed of Zubrotes

subfaseiatus, 1s separated from all other
groups by the absence of primary setae, legs,
{figs. 21 and 43), and a nearly complete reduc-
tion in the prothoeracic plate (fig. 22, T,

Morphological differences between species
of groups 7 and 8 are so distinct they do not
need further discussion.

CLASSIFICATION OF LARVAL BRUCHIDAE AT THE SUBFAMILY AND
GENERIC LEVELS

Boving (7927) and Prevett (1971} classified
bruchid larvae at the subfamily level but
primarily used characters of the intermediate
instars, Prevett was the first to use tharacters
of the first instar in asubfamily classification.

We compared characters of the first instars
of species in this study to see if we could arrive
at a subtfamily classification that would con-
form to the adult subfamily classification. We
compared the chaetotaxy, prothoracic plates,
legs, and anal segments. These characters
were then compared with characters Prevett
wsed in his classification. Except for
chaetotaxy, our results were generally incon-
clusive, indicating that additional characters
and species need to be studied or that there is
incongruence between larval and adult classi-
fications at the subfamily level.

Chaetotaxy

Qurobservations and those of Prevett (7871
indicate that the chaetotaxy of the first in-
stars may he useful to separate subfamilies.
The setae of the spiracular area of abdominal
segments 2-8, the hypopleura of abdominal
segments 2-9, abdominal sternites 2-8, and
the prodorsum of the meso- and metatho-
rax all are valuable to distinguish the
Pachymerinae, Amblveerinae, and Bruchi-
nac. In the Pachymerinae, Caryobruciins,
Caryedon, and Puacliymerus all have second-
ary setae in the spiracular area of abdominal
segments 2-8, Their abdominal hypopleura
(2-9 arevariabie bocanse some segments bear
i single seta, whereas others hrave two. The
chaetotaxy of abdeminal sternites 2-8 also ap-
pears variable, but there are usually more
than two setae or less than two setac on each

sternum. Caryobrucins and Caryedon ave
without setae on the prodorsum of the meso-
and metathorax, whereas seta d' is present in
Pachymerus cardo.

Setae are not as common on the spiracular
areas of abdoeminal segments 2-8 in the
Amblycerinae as they are in the
Pachymerinae. Amblycerus ccapulcensis pos-
sesses one seta, on the spiracular area of ab
dominal segments 7 and 8, that separates it
from the Pachymerinae. Zubrotes subfas-
clatus 1s without setae, whereas Sper-
maphagus sp. bears one seta in the spiracular
area, Members of Amblycerinae are con-
sistent in that only a single secondary seta
appears on the hypopleuron of abdaminal
segments 2-9. The condition that exists in the
chaetotaxy of the spiracular and hypopleural
areas of Z. subfasciatns is also typical of many
Bruchinae, However, Z, subfuseiafis may be
distinguished from species of Bruchinae by
the presence of a single secondary seta on the
meso- and metathoracic epipleuron. The
Amblycerinae consistently bear setae n and v
on abdominal sternites 2-8, This subfamily is
also the only subfamily that consistently lacks
setae onthe meso-and metathoracic prodorsa.

Except for Mimosestes protractus, which has
one seta on the spiracular area of the secand
abdominal segment, the Bruchinae lack setae
on all abdominal spiracular areas. However, in
this subfamily the arrangement of the setae
does not follow a consistent pattern on the
abdominal hypopleura and sternites. A major-
ity of the Bruchinae also lack setae on the
prodorsum of the meso- and metathorax, but
olhers may possess two or three setae.

[n summary, the Pachymerinae are most
eastly distinguished from the other suhb-
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families by two setae onthe spiracular areas of
abdominal segments 7-8. The Amblycerinae
may be distinguished by a combination of the
single seta (i} on abdominal hypopleura 2-9
and the presence of not more than one seta on
the spiracular area of abdominal segments 7
and B. Zabrotes subfusciatus (Amblycerinae)
first instars resemble many species in the
Bruchinae in many characters, including the
lack of spivacular setae. Z. subfuscintus may
be separated from the Bruchinae, however, by
the single secondary seta on its meso- and
metathoracic epipleura. The Bruchinae aie
distinguished from the other subfamilies be-
cause they lack spiracular setae, M, protractus
(Bruchinae) possesses one spiracular seta on
the second abdominal segment but also pos-
sesses two secondary setae on the prodorsum
ol the meso- and metathorax, which is suffi-
cient to distinguish it from the Amblycerinae
and Pachymerinae,

Prothoracic Plate

Coaryobruchus gleditsiae is easily distin-
guished from other species in this study by the
absence of median arms and the presence of
seven pairs of associated setae. Prevett (19715
cited the absence of setae on the sclevotized
plate as a consistent difference hetween the
Pachymerinae and the other two subfamilies
he treated. We found that this is not true of C,
gleditsiac (fig. 22, K). Conversely, characters
we used to distinguish the Pachymerinae are
not of value in separating members of the
same subfamily in Prevett’s study, because
members of Caryedon appear to possess me-
dian arms and fewer numbers of setae (four
paiis). We were unable to find characters, of
the prothoracic plate, that link together mem-
bers of the Pachymerine genera Caryedon,
Puachymerns, and Caryobruchus,

The two species we studied in the
Amblycerinae have prothoracic plates that
are extremely different from one another. The
plates of Amblycerns acaprleensis (tfig. 22,0
and Zabrotes subfasciatus (fig, 22, T) seem to
represent extremes in degrees of develop-
ment, whereas that of Spermophagus sp. (see
fig. 22 A in Prevett, 7197118 reduced in devel-
opment and appears to have a {form inter-
mediate to that of the other two species, Today

no characters of the prothoracic plate appear
to link together membersofthe Amblycerinae.
As stated by Prevett, with the exception of
Bruchidins schoutedeni (Pic) (Prevett, 1971:
fig. 23, &), the plates of the Bruchinae appear
X-shaped and may be used to distinguish this
subfamily. The plate of B. sehoutedeni may be
distinguished by its V-shape and the presence
of three pairs of setae on the sclerotized plate.
Some members of the genus Caryedon (Pre-
vett, 71877 fig. 15} also possess an X-shaped
plate. We found that seta 5 (fig. 22, (") appears
te be a consistent character to most
Bruehinae, but apparently net to Caryedon.
Seta b, then, separates these two groups.

Legs

The legs of Caryobricchus gleditsiae are
quite well developed, possessing a distinct
coxa, femur, and tibia which terminates in a
very heavy claw. Prevett stated that the ap-
pendages of the Pachymerinae he studied
were composed of four segments; however, we
could only find three segmentsin the legs of C.
gleditsiae. Consequently, the number of seg-
ments in their legs apparently does not link
members of this subfamily.

The legs of Amblycerus ecapuleensis are the
most highly developed of those species in-
volved in this study. They have four segments
with the three distal segments possessing
internal sclerctized plates (fig. 23,J). There is
a great deal of similarity between the appen-
dages of A. weapileensis and Pachymerus
cardo (Prevett, 1971: fig. 11a).

Béving (1927) observed that Spermophagus
hoffmanseggi Gyllenhal had “three pairs of
ratherlonglegs . . .” Alegofthisspecies was
subsequently illustrated by Bdving and
Craighead (7930). Kingsolver (1970) trans-
ferred the adults of this species to the genus
Amblycerns where they rightfully belong.
Prevett (1971} remarked that this species was
not similar to others in the Amblycerinae. Bov-
ing's studies of Amblycerus haffmanseggi sup-
port ours: Species in the genus Amblycerus
have elongate legs. Species of the true genus
Spermophagus and of Zabrotes appear to be
apodous.

According te Prevett, appendages of the
Bruchinae are three segmented, The third
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segment, one more than had previously been
found (Kunhikannan, 7823; Riley, 188!), Pre-
vett termed a “poorly delined” coxa. This
basal segment may oceur in all Bruchinae, but
it 15 50 small and dilficult to see that we cannot
verify that all the Bruchinae that we studied
have three-segmented legs. The leps of some
Bruchinae are flattened terminally, whereas
others are rounded {fig. 23, A, D, compare with
(", The Bruchinae Stalor Hmbutus, S.
prainines, S, pygidicdis, and Mimosestes prot-
racties lack appendages as does Euwbaptus
Frfithorar (see fip, 42 in Teran, 1967), several
specios of the subfamily Amblycerinae, and
species of Tuberenlobruchus (Prevett, 1977),
Due to the presence, degree of development,
ot absence of legs among the members within
the three sublamilies, it does not appear pos-
sible at this time to distinguish one subfamily
from anotheren the basisofleg development.

Spiracles
Members of the Bruchinae may be distin-
guished by their uniferous spiracles, whereas
the spiracles of the Pachymerinae are bifor-
ous. The biforous spiracular condition consti-

tutes a subfamilial charvacter, which may be
used to distinguish the Pachymerinae. In the
Amblycerinae, the genera Zabrotes and Sper-
mophagus have spiracles thal are uniforous,
but Ambiycerus has biforous spivacles.

Anal Segment

A comparison of the first instav anal seg-
ment was not made by Prevett {(#971) nor had
one been made previously; thevefore, the fol-
lowing statements refer only to species in this
study. A consistent feature ot all Bruchinae
and Zabrotes subfasciatus is the two-lobed
anal segment created by a transverse anal
aperture, but Caryobrichus gleditsiae and
Amblyeerus ucapiticensis are characterized by
a Y-shaped anal suleus, which divides the
tenth segment into three lobes,

We used many characters in an attempt to
arrive at a classification at the generic level
that matched that of the adults. This we were
unable to do. More characters and species
need to be studied before a generic classifica-
tionof first instar New World bruchid larvaeis
formulated.

CONGRUENCE BETWEEN A LARVAL AND AN ADULT CLASSIFICATION OF
BRUCHIDAE

When the larval classification at the specics
fevel had been completed. it was compared
with a spectesclassification of the adults. This
was something of a problem because, although
there has beon a good deal of research on the
Bruchidae in recent years, little work has been
done on the relationships between taxa at the
generic level and above, Therefore, the adult
classilication below was compiled from a key
by Bridwell (1836, Slobodehikoff and Johnson
U973, personal communications with J. M.
Kingszolver, and unpublished data of one of us
(Johnson), The fellowing classification of the
adults is presented so that those species that
are listed close to one another we believe are
muost elosely related:

CLASSIFICATION OF SOME ADULT
BRUCHIDAE

Subfamily Pachymerinae
Cargobrachns gloditsiae
Subfamily Amblycerinae
Amibiyeerns neapuleensis
Zabrotes subfascinlng
Subfumily Bruchinne
Mimrgaestes aniieus
M. sollued
M. nrotractus
Algarobins prosopis
Acanuthosealides macrophthalius
A, ehiriculivae
AL obtectns
A, prosapnides
AL anreolns
A, collisies
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CLASSIFICATION OF SOME ADULT
BRUCHIDAE —Cantinued

Subfamily Bruehinae—Continued
A miixtus
AL baboguirari
Nenanius mnrosns
Nodor timbatyus
S.opruinineg
S, pygidiatis

The subfamilies Amblycerinae, Pachymeri-
nae, and Bruchinae are quite distinet from
each other, at least in the adult stages, and
are believed te represent natural groups. Re-
cent studies, however, indicate that Zabrotes
and Amblycerus, penera of the Amblycerinae,
may not be as closely related to one another as
was once thought (J. M. Kingsclver, personal
commui,),

When charvacters of the adults are used,
species in the genera Minmogesies, Algarobins,
and Acanthoscelides form an apparent, natu-
ral, cohesive group. Species of Sennins and
Stator have many characters in common and
appear to be more closely related in the
charactersofthe adults than toothers treated
here, The genus Neltumius lacks close af-
finities to other groups known to us.

The classification of species larvai charac-
ters for the most part matches that of the
adults (fig. 44). Amblyecerus acapulcensis and
Caryobruchus gleditsioe ave both distinet and,
basedon larval characters, should probably he
placed in separate subfamilies. Species in the
other genera generally are clumped together
in a classification much like that of the adults.
Minor exceptions are that Acanthoscelides
macrophthalmus (group 4) is more similar to
Mimosestes amicus and M. sallaei, and group 5
is composed of three species from three differ-
ent genera. It was pointed out previously that
groups 4 and 3 (p. 12) are probably artificial, so
these exceptions are probably not of any great
significance.

Congruence between adult and larval classi-
fications is prebably best exemplified by the
three species in the genus Stater. The species
show close relationships whether adult or lar-
val characters are used.

Incongruence is most striking betwee , the
adult and larval classifications of both
Mimesestes protractis and Zabrotes suhfas-
ciatrs, Larvae of both species resemble larvae

in species of Stator. The differences from other
larvae are especially apparentin the Principal
Component Analysis (PCA) (fig. 44). The adults
of M. protractus are quite distinct from other
known species of Mimosestes, therefore radi-
cal differences are not so surprising. It is with
Z. subfaseiatus that the incongruence he-
tween the adult and larval elassification is
most noteworthy. Zabrotes and Amblycerus
adults are classified in the same subfamily, yet
the larvae are very different. In the list on
page 10, they are classified at opposite ends
of a''phylogenetic” series of larval groups, and
they also appear distant from one another in
figure 44.

Minor incongruence is shown in both Sen-
nius morosus and Neltumins arizonensis.
Adult characters do not closely ally MN.
arizonensis with any known bruchids (except
other Neltimius), but larval characters
toosely ally it to both Acanthoscelides
eltiricahuae and S, morosus.

It comes as no surprise that there is some
incongruence between larval and adult classi-
fications of bruchids, First instars of the
Bruchidae are highly modified for entry into
seeds, whereas the imagos are specialized for
reproduction.

Asfarasis known, adults most often feed on
pollen and nectar in flowers. [t seems to us
that the very great difference in habitat and
the resultant differences in selection pressures
would tend to cause differences in morphology
and behavior and, consequently, differencesin
classification between adults and larvae. For
example, all three species of Stator probably
have similar larvae because the eggs of all
three species are glued tightly to seeds and the
larvae enter the seeds directly. Conversely,
there is a greater amount of variation in lar-
vae of species of Acanthoscelides and
Mimosestes probably because of differences in
methods of attaching eggs and quality of seeds
and pods used as hosts. Stater has become
highly specialized and very sucecessful,
whereas species in other genera have appar-
ently evolved different structures in radiating
into different niches.

Although the prinecipal thrust of this re-
search was not to evaluate congruence be-
tween adult and larval characters, an analysis
of our results tends to agree generally with
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those of Rohlf {/963), because we also have
concluded that, although larval and adult in-

terrvelationships generally agree, classifica-
tions also differ distinctly.

PRINCIPAL COMPONENT ANALYSIS

After the classification presented on page 10
was constructed, a PCA was run to measure
differences and similarities between “intui-
tive™ and numerical classifications. The re-
sults of the PCA are presented in figure 44
Variables used in the PCA were:

. Number of teeth on posterior arm of
prothoracic plate,

. Number of teeth on median arm of
protheracic plate,

. Number of setal pairs associated with
prothoracic plate.

. Number of segments in leg.

. Mumber of anal lohes.

. Number cof prothoracic setae, exclu-
sive of those associated with prothor-
acic plate,

. Number of primary
mesothoracic epipleuron.

. Number of primary setae on meta-
thoracic prodorsum.

. Number of secondary setae on post-
dorsum of abdominal segments 3-5.

. Number of setae on abdominal seg-
ment 10.

. Number of setae on postdorsum of ab-
doeminal segment 9.

2 Number of secondary setae on
spiracular area of abdominal segment
L.

. Number of setae on sternum of ab-
dominal segment 1.

. Number of secondary setae on prodor-
sum of abdominal segment 2.

setae on

15. Number of primary setae on abdomi-
nal epipleuron 8.

16. Number of setae on sternum of
metathorax.

17. Number of setae on metathoracic
hypopleuron.

18. Number of setae on postdorsum of ab-
dominal segment 8.

19. Number of primary setae on abdomi-
nal hypopleuron 3.

20, Number of primary hypopleural setae
on mesothorax.

21. Number of secondary setae on prodor-
sum of abdominal segment 7.

22, Number of secondary setae on abdom-
inal epipleuron 8.

According to Sneath and Sokal (1973}, three
eigenvectors can often represent the majority
of the variation among operational taxonomic
units (QTU’s). This is indicated among the
OTU's in this study, for the majority (57 per-
cent) of the distribution can be explained by
the three eigenvectors and their eigenvalues.
The first eomponent accounts for 24 percent of
the total variance. Components 2 and 3 ac-
count for progressively less variation—22 per-
cent and 11 percent, respectively, of the total
variation.

A three-component plot (fig. 44) illustrates
the phenetic relationships between QTU’s.

The numerical results of the PCA, including
eigenvalues, cumulative proportion of total
variance, eigenvectors, and values for each
variable may be obtained from the authors by
request.

COMPARISON BETWEEN INTUITIVE AND NUMERICAL CLASSIFICATIONS

The results of the PCA (fig, 44) are generally

similar to the results obtained using an intui-
tive approach (see list on p. 10). Caryobruchus
gleditsioe (Pachymerinae) and Amblycerus

acamideensis (Amblycerinae) did not cluster
together or with any other groups as would be
expected (fig. 14). What was probably most in-
structive was that Mimosestes protractus,
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Stator lhnbates, S, proainines, 8. pygidialls,
and Zahrotes subiuseiatus clustered at such a
great distance {rom the other species. These
five species were classified ¢lose to each other
in the list on page 10 s0 both classifications are
similar in this respect.

The other cluster in figure Jd4 is composed of
proups 3, 4, and 5. The major ditferences be-
tween the PCA results and the results of the
inituitive approach in this cluster ave with
Minensestes awiens (Noo 123, Acanthoseelides
prozopoides (No, 8, and Sennins morosns (No.

16). M. amicus clusters very close to Aednthos-
celides wnreolus, with vesults guite different
from our “intuitive' groups {p. 10

A prosopoides is somewhat distant from
other members of group 3 when subjected to
the PCAL 8. morosas is rather distant Irom
others in the cluster, not matehing results in
sur “intuitive” groups {(p. [0) It was pointed
oul earlier, however, that S, morosus was not
very closely related to other species in the

study, so this is not especially surprising,

GENERAL DESCRIPTION OF FIRST INSTAR BRUCHID LARVAE

The following description 18 adapted from
Presett (£971). Parenthetical comments are
ours,

Form: (fig. 1Y (evphosomatie) . with
thoracic segments larger than those of abdo-
men; fabdominal segments tapering to a mi-
nute tenth segment); cuticle white or yellow-
ish, not sclevotized exeopt on (8th and 9th ab-
dominal tergites in Acunthoseelides obiectns)

. dorsum of prothorax . with wscelor-
tizedd, usually (H-shaped prothoracict plate;
cuticle . . . bearing well defined servies of long
and short setae, designated primary and sec-
oidary setae trespectively).

Head: deeply retracted into prothorax,
elongate oval, occipital foramen very large,
ventral, divided at about anterior third by ten-
torial bridge, often uniformly sclevotized, . . .
frantal and (ecoronal sutures distinet, {rons
bearing four pairs of setae and, usually, a pair
of median sensitlae, vertex without setae,
sometimes with a pair of dorselateral sensil-
lnesantenna (fig, 23, PYcompletely enclosed by
frontal piece, two-segmented, {quadrate basal
segment supporting one or more short, stout
spines and conieal sensillae; distal segment
deeply eleft, forming two elongate lobes. long,
tactile seta at distal end of shorter lobe); one
pair of veelli; clypeuns {(fig, 23, @Y largely
{sclevotized) . . ., braring one or two setae
and, usually, a sensilium on either side; {ad-
rrent (g, 23, (Y usually narvower than elypeus

(distal end broadly ovate; two to five broad
setae with anteriorly defllected tips alined
near distal end; centered behind, and, on ocea-
sions, within an are of the previous setae, are

two elongate, pointed, sensory setae; one palr
of elongate, pointed, sensory setae near
mediolateral and proximolateral border; sen-
sory pore located mesad of proximal setal
pair); epipharyny bearing many fine lateral
setae extending from tormae to front margin,
diverging in front, two pairs of centrally
placed stout setae and, sometimes, a long sela
on either side, situated among fine lateral
setae towards front marging muandibles heav-
ity sclerotized, normally short, simple, with
rounded distal edge, cutting edge gouge-like,
mola absent; maxilla with small cardo, well-
developed stipes and palpifer which bears a
one- to three-segmented maxillary palp and
single, outer, mala, cardo sometimes bearinga
seta, stipes with variable number of long setae
on membranous area and sometines a minute
seta on sclerotized ring near insertion of pal-
pifer, palpifer bearing variable number of
setae on membranous area or one or two setae
on sclerotized ring, palp with up to four as-
sociated setae . . .; labium (fig. 23, B} (com-
posed of fused submentum and mentum;
single sclerotized plate, with bifid tip, located
medially; one short seta near proximolateral
border of plate; one pair of elongate setae lo-
cated mediolaterally in membranous portion
of labium),

Thorasr: membranous, except for a
sclerotized (H-shaped plate with)
backwardly projecting teeth on (median and)
posterior {arms: fig. 1, A); mesothorax and
metathorax larger in circumfervence than
prethorax and with tergum divided into two
folds (prodorsum and postdorsum); epipleura
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(and hypopleura) distinet and swollen; sterna
undivided: {(swollen lobelike elevations loeated
mesad of thoracic appendages; lobes bearing
setae and pointed sclervotized plates;
mesothoracie spiracle on epipleuron or hypo-
pleuron near mesoprothoracic border),

Legs: usually present (if absent, veplaced
by short, pointed seta) composed of (two to
three) segments, anterior pair of legs inserted
closely together, second and third pairs sue-
cessively more widely separated (may be of
subequal vr varying lengths and terminate in
a tarsal complex).

Abdomen: moembranous; segments 1«9
with two tergal folds (fig, 1) {pro- and postdor-

sum); (epipleura and hypopleura distinet);
sterna undivided, bearing many backwardly
directed minute spines. . .;spiracles situated
(in dorsoanterior aspects of epipleuron) of
segments 1-8; segment 9 {reduced); segment
10 minute, nipple-shaped, divided into two or
three equal lobes by transverse or Y-shaped
anal sulcus; segment one bearing a strongly
sclerotized (posteriorly directed) spine close to
spiracle,

Spiraeles: . unicameral or bicameral

Tracheal system: with 4-13 pairs of en-
larged chambers in the main branches.

KEY TO SOME SPECIES OF FIRST INSTAR BRUCHID LARVAE

Legs and primary setae absent 2
Legs and primary setae present
1) Eloapate, pointed, median tooth on
pusterior arm of prothoracic plate (fig. 22,

Posterior arm of prothoracic plate lack-
ing & median, elongate, pointed tooth
302y, Without setac on hypopleuron of

meso- and metathorax
Seta (h) on hypopleavon of meso- and
metathorax (Hg 19)
Stator pruininus (Horn)
HARL Setae n and » on sternum of meso-
thorax through abdominal segment 7
thoracic appendages veplaced by lateral
fobes {fig, 20); ege with prominent ante-
rior, middorsal point (fig. 45, 1)
v Stator pygidiadis (Schaeffer)
Setae v and r absent on sternum of
meso- and metathorax; seta i absent on
abdominal sterna 1-7; thoracic appen-
dages replaced by seta K, lateral lobes
absent; egg convex dorsally
Stator limbatus {Horn)
52, Prothoracic plate with posterior,
median, and anterior arms; five pairs of
setae on prothorax )
Winmasestes protractus (Horn)
Prothoracic plate vestigial, composed
ol two sclerotized teeth projecting above
integument (hg. 22, TY; 15 pairs of setae
on prothorax
Zabrates subfuseivtns (Beheman)

6(1). Segment 10 with transverse anal
aperture

Segment 10 with Y-shaped anal ap-
erture

7(6). Legs of subequal lengths...........

Each pair of legs slightly longer than
preceding pair or meso- and metathovacic
legs subequal in length and prothoracic
legs greatly reduced in length (4.
baboguivari; fig. 23, B}

R(7). Legs bearing a rounded tarsal com-
plex (fig. 23, M)

Legs bearing a flattened tarsal com-
plex (fig. 23, L); large, median tooth on
posterior arms of prothoracic plate; few
prothoracic setae; first abdominal ster-
num lacking setae; ninth abdominal epi-
and hypopleuron bare

Mimosestes amicus (Horn)

9(8). Setaewn,r,orx on sternum of abdom-

inal segments 1-9; seta 4 on postdorsum

of abdominal segment 6; sclerotized

plates on abdominal sterna reduced in
size

Abdominal sterna without setae and
possessing numerous, enlarged sclero-
tized plates; seta 4 absent on abdominal
segment 6; seta E very short on abdom-
inal segment §; three setae on distal por-
tion of proximal leg segment of meso- and
metathorax; seta 17 on prothorax

Senniug morosus {Sharp)

10(9). Hyposternal setae absent on meso-
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and metathovax (fig. 6}; seta 2 on abdom-
inalsegment 9 ... ... . ... .. .. ... ...
Hyposternal setae on meso- and meta-
thorax (fig., 4); seta h absent on abdomi-
nal segment 9; dorsum of mesothoracic
and metathoracic segments lacking pri-
mary setae
..... Aewnthoseelides chivicalnae (Fall)
11(10).  Paired setae at base of thoracic
appendages ({ig. 23, E'); median arm of
prothoracic plate bearing two teeth; seta
A on abdominal segment 1; setaa” on ab-
dominal segment 2; seta e’ absent on ab-
dominal segments 2-4: seta ¢’ on abdom-
inal segment 8; seta ¢” on abdominal
segment & ..o
...... Acanthoscelides macrophthalnius
{Schaeffer)
Paired setae absent at base of thoracic
appendages (fig. 23, ¥); median arm of
prothoracic plate bearing three or more
teeth; seta A absent on first abdominal
sepment; seta d’ and d" on prodorsum of
abdominal segment 7: secondary setae
absent on postdorsum of abdominal seg-
ment 2; seta B absent on abdominal seg-
ments 2-4
....... Neltunitus arizonensis (Schaeffer)
12(7). Each pair of legs slightly longer
than preceding pair; median arm of
prothoracic plate with two or more teeth,
if only one tooth on median arm then
posterior arm with more than three
teeth; seta f not on sternum of meso- and
metathorax
Mesothoracic and metathoracic legs
subequalin length, prothoracic legs very
short; median arm of prothoracic plate
with one tooth, posterior arm with three
teeth and not expanded iaterally; seta f
on meso- and metasternum; thoraecic
sterna without sclerotized plates; only
seta g on abdominal segment 10
cAecanthoseelides baboqgiucivari Johnson
13(12). Median arm of prothoracic plate
with three teeth, posterior arm with
three or fewer teeth
Median arm with fewer than three
teeth, posterior arm with more than
three teeth _
14{13). Setad'on abdominal prodorsum 8;
seta a’ on postdorsum of abdominal seg-
ment 9; seta E on epipleuron of abdomi-
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nal segment 9; secondary seta /t only on
abdominal hypopleuron 9
Acanthosertides anreolus (Horn)
Seta d' absent on abdominal prodor-
sum 8; seta ¢’ lacking on postdorsum of
abdominal segment 9; seta & absent on
epipleuron of abdominal segment 9; pri-
mary seta / on abdominal hypopleuron 9
........ Acanthoscelides mixtus (Horn)

15(13). Median arm of prothoracic plate

with two teeth
Mcdian arm of prothoracie plate with
one tooth

16(15). Prodorsum ¢fabdominal segments

lacking primary seta D; hypopleuron of
abdominal segments 1-9 with secondary
s2tae only; setaea’ and a” on postdorsum
of abdominal segment 9

Primary seta D on prodorsum of ab-
dominal segments 2-7; hypopleuron of
abdominal segments 1-8 with primary
seta f; secondary setae ¢’ and a” lacking
on postdorsum of abdominal segment 9;
setae d’ and d” on prodorsum of abdomi-
nal segment §; setaea’ and ¢” on postdor-
sum of abdominal segments 1-7
Acanthoscelides prosopoides (Schaeffer)

17(16). Median tooth on posterior arm of

prothoracic plate elongate and pointed
apically; primary setaA on postdorsum of
abdominal segment 1; spiracular seta g’
on abdominal segment 1; seta 17 absent
on prothoracic sternum
Mimosestes sallaei (Sharp)
Teeth on posterior arm of prothoracie
plate similar in size; only secondary seta
a' on postdorsum of first abdominal seg-
ment; spiracular seta s’ absent; seta 17
on prothoracic sternum; seta A4 on ab-
dominal postdorsum 9, at least six times
longer than seta a’
Acanthoselides collusus (Fall)

18(15). Sclerotized plate on dorsum of ab-

dominal segments 8§ and 9; setae s’, d’,
and 4 on abdominal segment; spiracle on
hypopleuron of mesothorax; setae lo-
cated distally on basal leg segment ap-
pear elongate and decurved (fig. 23, &) .
Acanthoscelides obtectus (Say)
Schlerotized plates lacking: only seta
a’ on dorsum of abdominal segment 1;
spiracle in epipleuren of mesothorax; dis-
tal setae on basal leg segment greatly

17
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reduced (fig. 23, N; hypopleuron of ab-
dominal segment 1 with seta h
Albarobins prosopis (LeConte)
1M 6. Apical end of distal leg segment
with woell developed, immobile claw (fig,
23, K); leg segments lacking internal
stlerofized plates; six pairs of setae be-
tween halves of prothoracic plate;
prothoracic plate lacking median arms;
setae Bb6'b" on abdominal segments 2-7

o Caryobrachus gleditsiae (Linnaeus)

Distal leg segment with elongate,
fleshy lobe with opposable, flexible,
sclerotized claw (fig. 23, J); internal
sclerotized plates evident in leg seg-
ments; five pairs of setae between halves
of protheracic plate; prothoracie plate
with median arms; abdominal segment
10 with setae ', A, and !t

CAmblyeeris aeapitleensis Kingsolver

DESCRIPTIONS AND DISCUSSIONS OF LARVAE

Acanthoscelides aureolus (Horn}

Summary of chaetotaxy: Table [

Prothorax (1ig. 2).—With 10 setae, exclusive
of those associated with prothoracic plate (fig.
22 ); seta 12 on elevated portion of integu-
ment; sternum with few sclerotized plates.

Prothoracic plate (g, 22, A).—Median and
posterior arms with three teeth; posterior arm
with lateral extension; seta 2 (fig. 22, (M lo-
cated medially: seta b and associated sensory
pore on mesal border of posterior arm.

Mesothorar and metathoray (fig. 2).—
Prodorsum with one seta (d”). Postdorsum with
one primary 1) and one secondary (¢") setae.
Mesoepipleuron with two setae (B, ')
metepiplenron with single secondary seta.
Hypopleuron lacking setae; spiracle on
mesohypopleuron, Sternum with two setae (o,
RY; few selerotized plates.

Legs (fig. 23, A).—Two-segmented; each pair
longer than preceding pair; distal end of sec-
oml segment with fAattened tarsus: pair of
tactile setae at apical end of basal segment;
pair of sensory pores at base of meso- and
metathoracic appendages; single sensory pore
at base of prothoracic appendage.

Abidonren (Fy. 1. —Prodorsa of segments
1-8 with seta d' only; prodorsum § lacking
setae. Postdorsum of segment 1 with one seta
(t0'); postdorsa 2-8with primary and secondary
(™ sctae; postdorsum & with one primary (4}
and twe secondary (o, «") setae. Dorsum of
segment 10 with seta g, Spiracular area with-
out setae: spine on segment 1. Epipleuron of
segments 1 oand & with primary setae only;

1A tables appear in the Appendig, beginning on p. 69,

segment 2 with seta ¢ only; remaining epi-
pleura 3-8 with two setae (&, ¢}, Hypopleuron of
segments 1-9 with single seta (#); hypopleuron
10 bare. Sternum of segments 1, 3, and 8 with
two setae (¢, v); segments 2 and 4-7 with three
setae (i, r, and »); single seta on segments 9 ()
and 10 (¥). Segment 10 with transverse anal
aperture,

Significant characters.—Each pair of legs
slightly longer than preceding pair; median
and posterior arms of prothoracic plate with
three teeth; setad’ on abdominal prodorsum 8;
setae’ on postdorsum of abdominal segment 9;
seta E on abdominal epipleuron 9; only seta i
on abdominal hypopleuron 9.

Specimens examined.—30.

Host plants.—Astragalus praelongus Shel-
don: Arizona. Coconino Co.: 6§ mi SW Tuba City
(Moenave Reservoir), 7T August 1971. Yavapai
Co.: Junction of Tuzigoot Natl. Mon. and Hwy,
89, 27 May 1971, 27 June 1971, 17 July 18715

Glycyrrhiza lepidota (Nutt.): Arizona.
Coconine Co.: 6 mi SW Tuba City (Moenave
Reservoir), 19 June 1971,

Biclogical notes.—Larvae were collected
from the seeds of G.iepidota (Nutt)), but about
95 percent were from Astregalus praelongus
Sheldon. The pods of A. praclongnus possess
thick wallsthat are fleshy when immature and
become woody upon maturation (Kearney and
Peebles, 1969). The pods are only partially de-
hiscent, and many seeds are retained within
the dehisced pod. Bruchid females apparently
enter the partially dehisced pod and oviposit
one to several eggs on each seed. The eggs are
secured to the seed surface by a broad,

3Gpods were collected by Go S Plalffenberger unless
ol hurwise designated.
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peripheral band of mucilage, which is much
wider at the broad or anterior end of the egg.
This is perhaps necessary to increase the re-
sistance needed by the larva as it probably
relies upon the egg cherion for purchase in
boring into the seed.

Acanthoscelides nureoins does not appear to
prefer any particular stage of seed develop-
ment because fivst instars were obtained from
seeds in which initial cotyledon development
had not occurrved. However, most of the larvae
were collected from fully mature seeds.
Females appear to be consistent as to wherve
they oviposit the eggs (fig. 45, 1D).

After entering the seed, the first instar bur-
rows the short distance through the cotyledon
and into the seedeoat tissue (fg. 45, 1£Y. The
iarva feeds on this tissue throughout the first
and part ofthe second instars, then it beginsto
feed on the cotyledons. The larva, withits dor-
sum resting on seedcgat tissue and its venter
tacing the cotyledons, feeds in semicircular
movements. The larva devours the seed leaf
tissue until contact is made with the seed in-
tegument (fig. 45, 14) Usually, when this hap-
pens, only the small end fragments of the
cotyledons remain (fig. 45, 1(), and packed
tightly at one end of the chamber formed by
feeding are exuviae, which have been shed at
previous molts.

The larva is usually in the latter stages of
the fourth instar when the cotyledons have
been consumed. It then gnaws a circular
groove on the inside of the seed integument,
forming a concentric line of weakness around
an operculum. The larva then rotates 180°
coming to rest with its venter upon the rem-
nants of the seedcoat tissue, The prepupal
molt cecurs within this chamber, After moeit-
ing, the adult finishes chewing around the
operculum and pushes it outward, leaving a
hole through which the adult emerges.

Although numerous seeds were found with
several eggs and larval entry holes on their
surfaces, when the seed contents were exam-
ined only one larva could be found. Can-
nibalism apparently occurs because we ob-
sersed a late instar larva consuming an ear-
lier instar,

Disengsion.—A. aureolits is more closely re-
lated to A. mixtius than to other members of

the complex (see discussion of A, baboguivari).
Their prothoracic plates are identical (except
for a slight posterclateral extension of the
posterior arms of A, aureoiuns), and both
species infest closely related host plants (4.
aurecius infests Astragalus praecliongus and A.
mirtus infests Astragalus wootoni).

These two species are easily distinguished
by the setae A, a’, a" on the postdorsum of
abdominal segment 9, and the secondary seta
on abdominal hypopleuron 9, of 4. anreolus
{primary seta (H)on abdominal hypopleuron 8,
of A. mivtng) (figs. 24 and 29).

Because of similarities of the prothoracic
plates of A. aqureolus and A. mixtus to
Kunhikannan's (1923) drawing of “Mylubris
nigrinus,” we feel that he had misidentified
specimens of Bruchidae and that he actually
studied either one or both of these species of
Acanthoscelides. This is even more probable
because “M. nigrinus” is known to feed only in
the seeds of Cussia, not Astrageins (Johnson
and Kingsolver, 1873).

For additional distinguishing characters of
A, auveolus, see the characters in the key
(p. 20}

Acanthoscelides baboquivari Johnson

Summary of chaetetaxy: Table 2.
Prothorax (fig. 3).—With 10 setae, exclusive
of those associated with prothoracic plate {fig.
22, B); sternum lacking sclerotized plates.
FProthoracic plate (fig. 22, B).—Median arm
with ocne tooth, posterior arm with three teeth;
median and posterior arms short, anterior
arms elongate; seta b {fig. 22, ) and sensory
pore on posterior arm near mesal border.
Mesothorar and metathorexr.—Prodorsum
without setae. Postdorsum with three setae
(A, o', ). Mesoepipleuron with primary (&)
and secondary (¢'); single seta (¢’) on metepi-
pleuron. Hypopleuron lacking setae; spiracle
on mesohypopleuron. Sternum with three
setae (i1, f, B); sclerotized plates absent.
Legs (fig. 28, B).—Two-segmented;
mesothoracic and metathoracic appendages
subequal in length, prothoracic appendages
greatly reduced in length; distal end of second
segment with rounded tarsus; pair of tactile
setae at distal end of basal segment; pair of
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sensory pores located basally on proximal
segment.

Abdomen (fig. 25 ).—Prodorsum of segments
1-8 with sinple seta (d'); prodorsum 9 without
seta(e). Postdorsum of segments 1-8 with pri-
mary and secondary {¢") setae; postdorsum 9
with one primary {(4) and two secondary (o', a™
setae. Dorsum of segment 10 with seta g.
Spiracular area of segment § with numerous
small elevations; setae absent; spine on seg-
ment L Hypopleuron of segments 1-9 with one
seta (), hvpeopleuron 10 without setae. Ster-
num of segments 1-8 with two setae; one seta
() on sternum 9; sternum 10 without setae;
sclerotized plates absent. Segment 10 with
transverse anal aperture.

Significant characters.—Meso- and meta-
thoracic lees subequal in length, prothoracic
leps greatly reduced in length; median arm of
prothoracic plate with one tooth, posterior
arm with three teeth, .ot laterally expanded;
seta fon meso- and metasternum,; sclerotized
plates absent on thoracic sterna.

Specinens examined.—11,

Host plunts.—fudigafera sphaerocarpa
Gray: Arizona. Pima Co.: Kitt Peak, 5 October
1972, Cochise Co.: Miller Cyn., Huachuca Mts,,
6 October 1972 (both C. D. Johnson!.

Biological notes.—For information concern-
ing ecology and behavior, see Johnason (7974).

Digscussion.—We recognize dcanthoscelides
buboguirari as a species belonging to a group
that includes A. aureolus, &, mixtus, A, col-
lusus, A, prosopoides, A. obtectus, and Al-
gurobins prosopis. These species share: (13 8to
10 pairs of setae on the prothorax, exclusive of
those associated with the prothoracic plate; (£)
the gross morphology of the prothoracic plate
and associated setal arrangement are similar;
{3 bure hypopleural regions of meso- and
metathorax {except A, prosopoides), setae (H,
Y on mesohypopleuron; (4) each pair of legs
ionger than preceding pair {except 4.
babogitirari) each possessing a pair of tactile
setae at distal end of basal leg segment; (5}
absence of seta 2’ (except A, abtectus, first ab-
dominal segment); (8 epiplearal chaetotaxy of
thorax and abdomen {setae & and ¢’ absenton
mescepipleuron of A. prosopeides), seta £ ab-
sent on abdominal segment 9 of A, mixtus;
and {7} hypopleuron 10 either absent (4. obtec-
tug) or without setae,

On the basis of larval morpholesy and be-
havior and evipositional behavior, 1 e have di-
vided this group into two subgroups. What we
consider to be the more advanced subgroup
includes 4. baboguivari, A. aureolus, A. mix-
tus, and A. collusns. In this subgroup, the
gross morphology of the prothoracic plate is
quite similar asis the hypopleural chaetotaxy
{primary setae absent) and numbers of setal
pairs (10 pairs, excluding those assccialed
with prothoracic plate) on the prothorax. A,
mivtns differs slightly by possessing seta H on
abdeminal segment ¢ and nine pairs of setae
on the prothorax, other than those associated
with the prothoracic plate. The larvae of these
species are the only members of the complex to
enter the pod or seed upon eclosion. According
to CenterS4. collusus may wander over the
pod surface of Evrrazurizia rotundata before
penetration, behavior typical of members of
the other subgroup. Egg-laying behavior of
adults of the first subgroup probably repre-
sents a more advanced condition (Bridweli,
1818; Center and Johnson, 1874 ; Zacher, 1930)
in that the eggs are cemented to the pod or
seed surface.

Members of the second subgroup {Acanthos-
celides prosopoides, A. obtectus, and 4l-
garobius prosopis) differ from the first sub-
group in that they etther possess or express a
number of what we consider to be primitive
characters. The secondary hypopleural setae
of the first group have mostly been replaced by
primary setae (abdominal segments 1-9, ex-
cept the first segment of 4. prosopis). The pri-
mary setae are of greater length than those of
the first subgroup. Moreover, the eggs are not
cemented to the pod crseed surface asthey are
in the first subgroup, and the first instar wan-
dersover the pod or seed surface after eclosion
and before penetration. The eggs of A. pro-
sopeides are cemented only near the center,
whereas the ends remain unatiached (Foris-
ter and Johnson, 1971). This may represent a
transitional form of egg-laying behavior in-
termediate to that of the first subgroup and

BCENTER, T. D). A SURVEY OF SOME LECUME SEED-
FEEDING INSECTS OF NORTHERN ARIZONA WITH NOTES ON
THE IIFE HISTORIES OF THE BRUCHIDAE{COLEOQPTERA),
Unpub. Master's thesis. Nerthern Arizona University.
157 pp. 1874
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that of the remaining members of the second
subgroup. The ovipositional behavior of dean-
thoscelides obtectus and Algurobius prosopis is
thought to be most primitive (Bridwell, 1918)
because the eggs are not cemented but are
oviposited in cracks, crevices, or holes in the
pod or seed surface (Center and Johnson, 1874;
Zacher, 1930,

First instars of Acanthoscelides baboqu ivari
are easily recognized by the arrangement of
the teeth on the prothovacic plate (one tooth
on each median arm and three teeth on each
posterior arm). The only other membersofthis
complex to possess a single tooth on each me-
dian arm (dcanthoscelides obtectus and Al
garobins prosopis) belong to the second sub-
group. A. buboquirari can be easily separated
from these species by relative length of pri-
mary setae, development of legs, and number
of feeth appearing on posterior arm of
prothoracic ptate.

Acanthoscelides chiricahuae {Fall)

Summary of chaetotaxy: Table 3.

Prothorax (fig. 4 ).—With nine setae, exclud-
ing those associated with prothoracic plate
(fig. 22, (); three horizontal rows of selerotized
plates on sternum.

Prothoraeie plate (fig. 22, C).—Median arms
with two or three teeth; posterior arms with
fourivregularly shaped teeth; seta 5(fig. 22,C)
on median border of posterior arm; distal end
of posterior arm with slight lateral expansion;
seta 2 (fig. 22, (") in line with setae 1 and 3;
anterior arms narrow and elongate.

Mesothorax and metathorax (fig. 4).—
Prodersum lacking setae. Postdorsum with
single seta (@”). Epipleuron with two setae (&,
¢’'). Mesohypopleuron with one seta (M) and
spiracle; several bumps on anterodorsal bor-
der of spirvacle; metahypopleuron with pri-
mary and secondary (i) setae. Sternum with
two setae (¢, £); numerous, irregular rows of
sclerotized plates.

Legs (fig. 23, C).—Two-segmented, subegual
in length; apical end of distal segment forming
rounded tarsus; pair of tactile setae located
distally on basal segment,

Abdomen (fig. 26 }.—Prodorsum of segments
1-9 with single seta {(d"); seta d’ on segments
1-5 with closely associated sensory pore. Post-

dorsum of segment 1 with primary (4) and two
secondary {(u’, a”) setae A, a¢" closely as-
sociated, near tergo-pleural border; segments
2-9 with two setae (4, ¢"). Dorsum of segment
10 with seta g. Spiracular areas lacking setae;
spine on first segment, Epipleuron of seg-
ments 1 and 9 with primary setae only; seg-
ments 2-5 with secondary setae only; seg-
ments 6-8 with primary () and secondary {&*)
setae. Hypopleuron of segments 1-8 with seta
it only; hypopleura 9 and 10 bare. Sternum of
segments 1 (¢, v}, 2-5 (¢, ), and 9 {e,0) with two
setae; segments 6-8 and 10 with seta u; nu-
merous sclerotized plates on segments 1-8.
Segment 10 with transverse anal aperture.

Significant characters,—Legs of subequal
length and possessing a rounded tarsal com-
plex; setae u, r, or ¥ on sternum of abdominal
segments 1-9; seta 4 on postdorsum of abdom-
inal seginent 6; hyposternal setae on meso-
and metathorax.

Specimens examined, —6.

Host plants.—Mimosa biuncifera Benth.:
Arizona. Yavapail Co.: Verde Valley, fall 1972
{G. W_ Forister).

Biological notes.—See Forister? for infor-
mation on behavior of adult and first instar,
egg characteristics, developmental time, and
parasitism. As reported by Forister (1970}, it
was not uncommon to observe eclosion
through the dorsoanterior end of the chorion.

The mucilage used to cement the egg to the
pod surface or seed test appeared either as a
bread band or as filaments encircling the egg.
On numercus occasions, we ocbserved several
to many eggs glued together in a single mass
on the seed surface,

The first instar most commontly began feed-
ing on or near the hypocotyl, then it began
consuming the cotyledons, The entire con-
tents of the seed were consumed before pupa-
tion occurred., The adult escaped through a
small eircular exit hole in the side of the ssed.

Discussion.—Acanthoscelides chiricahuas
resembles Neltumius arizonensis because
both species possess legs of subequal lengths,
and the tip of the distal segment is rounded.
Also, upon eclosion, both species may bore di-

*FORISTER, G. W. BIONOMICS AND ECOLOGY OF 11
SPECIES OF BRUCHIDAE (COLEOPTERA). Unpub, Master's
thesis. Northern Arizona University, 33 pp. 1970,
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rectly into the pod from the egg or they may
exit through the anterior end of the egg and
craw!l beneath the egg chorion, using it as a
brace. The ability to behave bath ways is
unique to these two species. Usually, however,
both species bore dirvectly into the seed from
the epgg.

Ao chiricahuee possesses a prothoracic plate
with a distinct shape (fig, 22, ) and also differs
remarkably in its chaetotaxy from N.
arizonensis. Mimosa binneifera, the host plant
of this species, is also different from the host
plant of N, arizonensis. Because of these fun-
damental differences, we feel that A.
chiricahuae occupies a distinet phylogenetic
group.

Altheugh the drawings of the prothoracic
plate of “Mylabris paupercnins” by Kunhi-
kannan (1923) are not as detailed as ours,
it is very likely that he dealt with A. chirico-
hitae, not A. puuperculns. We believe this
to be true because of the obvious similarities
inthe prothoracic plates and because Wimosa
biuncifera is not known to be a host of A.
panpercidns (Johnson, 19700,

Aeanthoscelides collusus (Fall)

Summary of chaetotaxy: Table 4.

Prothorar (fig. §).—With 10 setae exclusive
of those associated with the prothoracic plate
(fig. 22, D) sternum with sclerotized plates of
differing sizes; smaller plates scarce, located
anteriorly; larger plates more numerous, lo-
cated medially on sternum.

Praothoracic plate (fig. 22, D) —Median arm
with two teeth, posterior arm with five teeth;
seta 2 (fig. 22, C) located centromedially; seta 3
bordering anterior base of median arm: seta b
and associated sensory pore on medial border
of postervior arm; medial border of posterior
arm straipght, lateral border extended lat-
erally; four pairs of setae between anterior
arms.

Mesothorax and metathorox (fig. 5). —
Prodorsum with primary (D) and two second-
ary (d’, d" setae. Postdorsum lacking setae,
Mecoepipleuron with two setae (£, ¢'); single
seta (e’) on metepipleuron. Meschypopleuron
with spiracle; metahypopleuron bare. Ster-
num with two setae (t, B); few sclevotized
plates.

Legs (ftig. 23, D). —Two-segmented, each
pair longer than preceding pair; distal seg-
ment bearing flattened tarsus; pair of tactile
setae at distal end of basal segment; sensory
pore between base of tactile setae on
mesothoracic appendage; pair of sensory
pores at base of each appendage; basal seg-
ment of metathoracic appendage with medial
sensory pore on anterior margin,

Abdomen (fig. 27).—Prodorsum of segments
1-8 with single seta (d"); prodorsum 9 without
setae. Postdorsum of segment 1 with seta o
only; postdersa 2-8 with twa setae (4. a");
postdorsum ¢ with primary (4) and two sec-
ondary {a’, ¢") setae. Dorsum of segment 10
with seta g. Spiracular areas without setae;
spine on segment 1. Epipleuron of segments 1
and 9 with primary setae only ; segment 2 with
single seta (¢'); remaining epipleura with two
setae (K, ¢"). Hypopleuron of segments 1-9 with
secondary seta (/) only; hypopleuron 10 lack-
ing setae. Sternum of segments 1-7 with three
setae;two setae (v, ¥)on segment §; segments 9
and 10 with one seta each (x and v, respec-
tively}; sclerotized plates absent on segment
10, rare on segments 1-6; sclerotized plates
more numerous on segments 7-9, appearingin
one or two lateral rows. Segment 10 with
transverse anal aperture.

Significant characters.—Each pair of legs
exceeding length of preceding pair, tarsal
complex flattened; seta D absent on abdomi-
nal prodarsa; hypopleuron of segments 1-9
with secondary setae only; abdominal post-
dorsum 9§ with two secondary setae (o', a");
teeth on posterior arm of prothoracic plate
similar in size and shape; only seta a’ on first
abdominal postdersum; spivacular seta (s')
absent,

Specimens exanmined.—32.

Host plants.—Parryella filifalia Torr. and
Gray: Arizona. Coconino Co.: 6 mi SW Tuba
City (Moenave Reservoir), 7 August 1971.

Biological notes.—Bionomics, host plants,
developmental period, percentage infestation,
and possible evolution of traits by the plant to
avoid predator satiation are discussed by Cen-
terf We found a marked preference by the first
and early second instars for the endosperm
tissue. After seed penetration, the larva feeds

15ee footnote 6.
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upon and moves through the endosperm. Dur-
ing the latter part of the second stadium, the
larva begins feeding on the cotyiedons. The
larva gnaws a circular hole inthe center ofone
cotyledon before feeding on the second cotyle-
don. Qceasionatly, two and sometimes three
farvae were found within the same seed. Be-
canse only ene adult usually emerges from a
soud, canntbalism probably oceurs,

Disengsion.—~The prothoracic plates of
Acanthoseelides collusus and AL prosopoides
(tig. 22, M) are more similar to each other than
to other members of the complex mentioned in
thie discussion of A, baboguirari. The ar-
rangement of teeth on the prothoracie plate is
simitar as is the arrangement of the associated
setae. A, collusny possesses two more pairs of
setae on the prothorax and only secondary
setae onthe hvpopleural regionsof the abdom-
inal segments. They also differ in their larval
and egg-layving behavior (see discussion of A.
babogrirari.

The species treated as “Mylabris horni” by
Kunhikannan (/923 may actually have been
Avanthoscelides collisns, There 15 a distinet
resemblance between the prothoracic plates,
and &, eollusus s known to feed in Amorpha
fruticosa, the seeds from which Kunhikannan
rearcd his specimens. M. horni” is now a
synonym of Acanthoscelides submuticus
{Sharp) (Johnson, {87¢). Unfortunately, we
were unable to obtain specimens of A, sub-
nintiens, a species that also feeds in Amorpha
fruticosu,

Acanthoscelides macrophthalmus
{Schaeffer)

Summary of chaetotaxy: Tabie &,

Prothorax (fig. 6).—With nine setae, exclu-
sive of those associated with prothoracic plate
(fig. 22, Ey; sternum lacking sclevotized plates.

Prothoracic plate (#1g. 22, EY.—Median arms
with two teeth; broad posterior arms with
seven teeth, median tooth elongate, remain-
ing teeth of subequal size; seta 2 (fig. 22, )
located medially: seta 5 within plate of pos-
terior arm: laterodistal area of posterior arm
extended latersatly,

Mesothorayr and metathorar (fig. 63—
Prodorsum with primary (72) and two second-
ary (d', d setae; sensory pore closely as-

sociated with seta d’. Postdorsum without
setae. Mesoepipleuron with two setae (£, e');
single seta{e’) on metepipleuron. Hypopleuron
lacking setae; spiracle on mesohypopleuron.
Sternum of mesothorax with two setae ({7, B);
metasternum with one seta (B); sclerotized
plates of different types, sizes, and distribu-
tions.

Legs (fig. 23, E).—Two-segmented; subequal
in size; apical end of distal segment forming
rounded tarsus; pair of tactile setae at proxi-
mal end of basal segment; first and third ap-
pendage pairs with pair of tactile setae at dis-
tal end of basal segment; second appendage
pair with one seta at apical end of basal seg-
ment.

Abdowren (fig. 28 ). —Prodorsum of segments
1 through 7 with single seta {d); seta d' with
closely associated sensory pore on segments
1-5; prodorsa 8 and ¢ without setae. Postdor-
sum of segment one with single seta {4); setae
A, «” on segments 2-7; postdorsum of seg-
ments 8 and § with three setae (4, a', "), Dor-
sum of segment 10 with setag. Spiraculararea
of segments 2-8 with small, pninted,
selerotized projections; seta s’ at base of spine
on segment 1. Epipleuron of segments 1 and 9
with seta E' only; segments 2-4 without setae;
remaining segments 5-8 with two (&, €') setae.
Hyvpopleuron of segments 1-10 with one sec-
ondary seta. Sternum of segments 1-8 with
three setae {u, ¢, ¥); seta r on sternum 9; setae
lacking on segment 10; numerous sclerotized
plates on all sterna; plates appear larger on
segments -4 and 10 than on remaining
sterna. Segment 10 with transverse anal aper-
ture,

Significant characters.—Legs of subequal
length and possessing rounded tarsal com-
plex; median arm of prothoracic plate with two
teeth; only seta A on first abdominal postdor-
sum: single, elongate tooth on median edge of
posterior arms of prothoracic plate.

Specimens evamined —26.

Host plants.—Leucaene glance (Linnaeus):
Mexico: 2 mi SW Guaymas, Sonora, 13 March
1973 (C. D. Johnson).

Biological notes.—The oval eggs are usually
taid individually upon the surface of the pod.
They are cemented to the pod surface by what
appears to be partially fused, elongate strands
of mucilage. These strands are longer and
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most highly conecentrated at the anterior or
enlarged end of the egg and only a few, short
strands appear at the posterior end. The mid-
dle of the egp appears o be nearly devoid of
these strands. On numerous oecasions, we ob-
served clusters of epgs in old exit holes,

The first mstar penetrates the pod divecthy
from the egg and consumes the entire contents
of o single seod.

[iscnusnion, -We consider Acanthoscelides
nugerophtiednins to be a member of a2 group
that mcludes Mimosestes amicus and M. sal-
fued, In all three species, the prothoracic plates
and associated setal arrangements are simi-
lar: all possess two teeth on the median arms
and an elongate, peinted, median tooth sub-
tended by six or seven short, rounded teeth on
the posterior arms. The chaetotaxy on the
cpiplearal and hypopleural regions of the
mesothorax and metathorax and most abdom-
inal segments, excepting some intrazegmen-
tal areas (that is, first abdominal spiracular
areas and abdominal epipletra 2-5), is quite
similar.

The threo specivs differ, however, in the ap-
poarance of their thoracie appendages, host
plants, larval behavior, and chaetotaxy of the
prothorax (M. aemiecns) and meso- and
metathoracic tergites (A macrophthalmus),
There is a gradation from primitive to a de-
rived condition tn this group in the depree of
developmentofthe legs and the appearance of
the foot apparatus,

The legs of A macraphthalmus arve of sub-
equal tengths, and upon eclosion the first in-
star bores directly into the pod of Leneacna
glaveu. The first and second pairs of appen-
dages possess a rounded tarsus, whereas the
tip of the distal segment of the metathoracic
appendages (fig. 23, ) appears to represent a
morphological condition intermediate of that
expressed by the rounded tarsus {(figs. 23, C:
25, N and (33 and the flattened tarsus of M.
priens ({1 23, L) This condition may repre-
sent mosaic regression within this species.
Thus, this speetes may likely be in & stage of
transition from 2 gpecies that possesses a flat-
tened tarsus and wandersover the pod or seed
surface before entrance (primitive; Mac-
Swain, 1561 to one that posgesses a rounded
tarsus and penetrates the pod or seed directly
upon eclogion (more advanced),

The legs of M. amicus (fig. 23, L) are also of
subequal lengths but possess a flattened distal
tip, which would seem more conducive to
focomoetion, The first instar most frequentiy
penetrates the pod of Prosopis Juliflora di-
rectly upen eclosion but may also exit threugh
the anterior end of the egg and erawl beneath
the egg chorvion, using it for purchase. This
combination of morphological and behavioral
characters probably represents a more primi-
tive condition than thatof A macrophthalimus.

The legs of Mimasestes sallaet (fig. 23, M) are
much better developed, being longer, of vary-
ing lengths and possessing a Nattened tarsus.
Al of these features apparently contribute to
more ellective locomotion and pod penetra-
tion. This species may burrow directly from
the egginto the pod of Acacia furnesinna (C. D.
Johnson, unpublished data) or other hest
plants, or it may exit through the anteriorend
of the egg and walk over the pod surface before
penetration (Kunhtkannan, 1923} The advan-
tages associated with legsin which the length
of one pair is exceeded by the length of the
sueceeding pair is best described by
Kunhikannan {923} in his description of a
primitive species, Acanthoscelides obtectus.

Acanthoscelides mixtus (Horn)

Summary of chaetotaxy: Table 6.

Prothorarx (fig. 7).—With nine setae, exclud-
ing those asscciated with the prothoracic plate
{fig. 22, F"); sternum with few sclervotized
plates.

Prothoracic plate (fig. 22, F').—Median and
posterior arms with three teeth; sides of pos-
ferior arms subparallel; median arms promi-
nent; seta 2 (fig. 22, (M located medially; seta s
and associated sensory pore located mesad of
medial border of posterior arm; length of an-
terior and posterior arms subequal,

Mesothorer and wmetathorax (fig. 7). —
Prodorsum with one seta {d'). Postdorsum
with single primary and secondary (¢") setae,
Mesoepinleuren with two setae (E, e');
metepipleuron with one secondary seta (e).
Mesohypopleuron asetiferous, spiracle present;
metahypopleuron bare. Sternum with two
setae (u, R); sclerctized plates few and appear-
ing in three rows.

Legstity. 23, F ).—Two-segmented; each pair
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longer than preceding pair; distal segment
with flattened tarsus: pair of tactile setae lo-
eated distally on basal segment; pair of sen-
sury pores appearing proximally on basal
segment.

Adamen (fig. 291 —Prodorsum of segments
-7 with single seta (d7); remaining prodorsa
witiiout setae, Postdorsum of first abdominal
sepgment with single secondary seta (”); setae
danda’ on postdorsum of sepments 229, Dor-
sum ol sepment 10 with setag. Spiracular area
lacking setae, spine on segment 1. Epiplearon
of segment L with a primary seta; seta ¢' on
segment ) sepments 3-8 with two setae (B, ¢');
epipteuron 8 without setae, Hypopleuron of
segrments [-8 with single seta (1); segment 9
with primary seta only; sepment 10 without
setae. Bternum of segments [-7 with three
setae v, v, al two setae (i, X)) on segment 8;
segments 9 and 10 with one seta each{r and .,
respectivelyd; sclerotized plates sparse, usu-
ally in one or two lateral rows. Segment 10
with transverse anal apervture.

Significant characters.—Each pair of legs
shightly fonger than preceding pair: median
and posterior arms of prothoracic plate with
three teeth; posterior arms of prothoracie
plite not expanded laterally: setad’ absent on
abdominal prodorsum 8; abdominal segment 9
tacking seta £ on epipleuron and seta ¢’ on
postdovsum; seta  on abdominal hypo-
pleuron 9.

Specintens examined —17.

Host plants. —Astragalits wootoni Sheldon:
Arizona. Yavapai Co.: 9 mi 8 Sedona, 19 June
1971, 27 June 1871, 17 July 1871, Junction of
Tuzigoot Natl, Mon. and Hwy. 88, 27 May 1971,
19 June 1971, 27 June 1971.

Binlogical notes.—See Johnson (1970) for a
list of known host plants, Allthe larvae usedin
this study were obtained from the seeds of 4.
woolowd (fig, 45, 2). The pods, when mature, are
approximately 28 to 25 mm in length and 10 to
15 mm wide. They possess membrancus walls
andd are indehiscent. The ovules are attached
by a funiculus (fig. 43, 202} to the midrib of the
“ovary., Because no eggs were observed upon
the seeds or within the pod, we assume that
the female oviposits upon the pod surface.
Numevous holes were ohserved in the
pericarp. In older pods, the holes were very

evident, however, as some pod walls possessed
small, transparent, membrane-covered holes.
Apparently, oviposition and larval penetra-
tion may occur on growing or immature pods,
because new growth of the pericarp has
abzcured the larval entrance hole.

After the larva has entered the pod, it nor-
mally wanders a considerable distance before
ascending a funiculus to reach the seed. The
seeds are suspended approximately 1.0 to 1.5
mm away from the midrib and the pod wall
Consequently, the larva must climb the stalk
or funiculus to reach the seed. After the larva
has ascended to the seed, it wedges itself be-
tween the distal end of the funiculus and that
portion of the seed integument that conceals
the distal end of the radicle (Kopooshian and
Isely, £866; Big. 45, 20, and (). As a means of
gaining purchase, the larva wedges the
prothoracic plate against the surface of the
funiculus, The pressure on the mandibles ap-
parently facilitates penetration of the seed in-
tegument. Onee inside, the larva burrows the
length of the radicle (fig. 45, 2B) and then ab-
ruptly alters its course 180° and burrows aleng
the base of the cotyledons until it reaches an
area near the hilum {fig. 45, 25}, When the
larva reaches this area it usually is in its see-
ond stadium. Immediately, it begins to gnaw ¢
chamber large enough to enable it to rotate
180°, With its dorsum adjacent to the hilum, it
begins feeding in semicireular movements
until contact is made with the surface of the
seed integument. Prior to pupation, the iarva
again undergoes a 1 B0 votation, coming to rest
with its venter upon the hilum. The tarva then
partially gnaws through the seed integu-
ment in a circular manner, providing an oper-
culum in the integument through which the
adult makes its escape.

Most of the time, one complete exuvia and
sclerotized portions of earlier exuviae were
found tightly packed at one end of the pupal
chamber in the seed near the base of the radi-
ele, It is not known why the radicle is left
untouched by the developing larva. Perhaps
noxious chemicals are concentrated in this
area, because it has been reported that this
plant causes radical hehavior in horses, cattle,
and sheep (Kearney and Peebles, 1958). After
pupation, the adult begins chewingarcund the
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operculuny, pushes out the operculum, and
emerges from the seed, Because the pod walls
are thin, the adult easily chews its way out of
the pod.

Double and even multiple infestations have
been observed in these seeds. These are excep-
tions, however, because most seeds are in-
fested by a single larva, [t is interesting that
the second and third larvae to enter a seed
always do so through the same burrow ini-
tiatly excavated by the first larva.

En only one of the several hundred seeds
that we observed was this behavior differvent.
Then a seed was infested by two larvae, One
had entered ax deseribed above, hut the other
had entered the seed near the lens (Kopoo-
shinn amd Isely, 19860 fig. 3,44 and By, which is
a site opposite the base of the funiculus where
the larvae normally enter (fig. 45, 20 1t is
unknown how the larva gained sutficient pur-
chase to penctrate the seed integument, Pos-
#ibly, two seeds were elose enough together to
use one as purchase or perhaps the funiculus
was bent, thus permitting the seed to rest
upon the midrib or the pod wall The larva
could then gain sufticient purchase by forcing
the prothoracie plate against any of these.

Cannibalism definitely occurs among larvae
of this species, Numerous instances were ob-
served in which nearly mature larvae had de-
voured eavlier instars or earlier instars were
feeding upon more mature larvae or a larva
had eaten itg way into the abdomen tthrough
the tergum? of an adult,

Digengsion, —See discussion of Aecanthos-
relides anrvenins and =L baboguivari,

Acanthoscelides obtectus {Say}

Summary of chaetotaxy: Table 7.

Prothorax (#fig. 81,—=With nine setae, exciu-
sive of those associated with prothoracic plate
(hig. 22, (7); three small, cuticular lobes near
nmedian aspects of segment; three horizontal
rows ol sclerotized plates(described as minute
hristles by Kunhikannan, 1222 on sternum,

Prothoracie plafe (fig. 22,6 ). —Median arms
with one tooth{Kunhikannan, 1823); posterior
arms with five teeth (four to five teeth of
Nunbikannan, 1924, and Riley, 1587} teeth
sub-cqual insizerseta 2 (A 22, C Y near median
aspeets of plate: seta d and associated sensory

pore located medially on base of posterior
arms; posterior armsbroad at base, concealing
size of median arms,

Mesothorar and metathorae (fig., 8).—
Prodorsum with two setae (7, d”). Postdorsum
with single seta (¢'). Mesoepipleuron with
primary (£) and secondary (¢') setae; setare’ on
metepipteuron. Hypopleuron asetiferous;
mesohypopleuron with spiracle and several
hordering cuticular projections. Sternum with
two setae {1, B}, many rows of posteriorly di-
rected selerotized plates,

Legs (fig. 22, (7). —Two-segmented (three-
segmented, Riley, 7821); each pair longer than
preceding pair (Kunhikannan, 71923); long pair
of decurved setae at distal end of basal seg-
ment {Kunhikannan, 1823}; pair of short tac-
tile setae near base of proximal segment; dis-
tal end of second segment forming flattened
tarsus {lacking tarsal spine shown by Riley,
1882}

Abdomen (fig. 30)—Prodorsum of segments
1-8with single seta(d”) and associated sensory
pore; prodersum 9 asetiferous; larger pig-
mented sclevotized tergal plate on segments 8
and 8 {plate on tergite § by Kunhikannan,
1923 anal plate by Riley, 1891); tergal plate 9
with distinet horizontal sutuore, giving rise to
nro- and postdorsa. Postdorsum of segment 1
with single seta{4); postdorsa of segments 2-8
with two setae (A, ¢"); postdorsum §with three
setae (A, ¢', ¢”). Dorsum of segment 18 with
seta g. Spiracular area of segments 2-8
asetifercus; segment 8 with numerous fleshy
cuticular protuberances near spiracle; seta s’
at posteroventral border of spine on first seg-
ment. Epipleuron of segments 1 and 9 with
single seta (E); single seta (¢") on second seg-
ment; segments 3-8 with primary () and see-
ondary {¢") setae. Hypopleuron of segments
1-8 with primary seta; hypopleuron 9 with
secondary seta; segment 10 lacking hypo-
pleural area of integument. Sternum of seg-
ments I-8 with three setae (v, r, ») and many
small sclerotized plates; sternites 9 and 10
with seta r, without sclervotized plates {con-
trary to observations of Kunhikannan, 1923,
who reported their presence on these seg-
ments), Segment 10 with transverse anal sul-
cus,

Significant characters.—Each pair of legs
fonger than preceding pair; median arm of
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prothoracic plate with one tooth; sclerotized
piate on dorsum of abdominal segments 8 and
G; setas’, ', and 4 on first abdominal seg-
ment.

Specimens exumined.—26.

Host planfs.—-Common beans (see Johnson,
1970,

Biological notes,—Because of its economic
importance, considerable work has been done
on the life history of A. oblectus. There is vo-
lumineus literature on the biology of this
species (Chittenden, f898; Daviault, 1928;
Howe and Currie, 1965; Johnson, 71270:
Kunhikannan, 1%24: Lepesme, 185.2: Riley,
IR0t (892 Steflan, 1845, 1846 Zacher, 1930,
1951,

Disenssion. —First instars of A, obtecfus
most closely resemble those of Algarobinsg pro-
sopis. Their prothoracie plates, chaetotaxy,
larval and egp-laying behaviovr are similar(see
discussion of Acunthoscelides baboguivari).

This species possesses some distinguishing
traits that allow separation from other
species, that is, the pigmented, sclerotized
plate on the dorsum of abdominal segments 8
(previously unrecognized) and 9 and the elon-
gate, curved tactile setae at the distal end of
the basal leg segment (Kunhikannan, 19.29;
Riley, 18541, 1882Y,

For other distinguishing characters, see
discussion ol AL buboyrirari, the above signifi-
cant characters, and the key.

Acanthoseelides prosopoides (Schaeffer)

Summary of chaetotaxy: Table 8.

Prothorax (tig. 9).—With eight setae, aside
from those associated with prothoracic plate
tfig. 22, #); numerous sclevotized plates on
sternum.

Prothoracie ple*. (fig. 22, H).—Median arms
with two teeth, posterior arms with fourteeth;
seta 2 (fig. 22, (Y lpcated nearly anterome-
dially; seta 5 (fig. 22, (") decurved; posterior
arms not expanded lateraliy.

Mesothoray and metothorar (fig. 9).—
Prodorsum with primary (D) and two second-
ary (', d setae, Postdorsum lacking setae.
Mesoepinleuren without setae; metepipleuron
with single secondary seta (¢'). Mesohypo-
pleuron with spivacle and two setae (H, )
metahypopleuron bare. Sternum with pri-
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mary (R) and secondary (1) setae; many large,
sclerotized plates.

Legsifig. 23, H).—Two-segmented;each pair
of legs longer than preceding pair; distal tar-
sus flattened; mesothoracic and metathoracic
appendages with pair of sensory pores near
proximal end of basal segment; pair of tactile
setae at distal end of basal segment.

Abdomen (fig. 31).—Prodorsum of segment 1
with secondary seta (d"); segments 2-7 with
primary {))and secondary (d") setae; segment
8 with two secondary setae (d’, d"}; segment 9
lacking setae. Postdorsum of segments 1-7
with two secondary setae {(a¢’, «"); two setae (4,
a”) on segment 8; segment 9 with single pri-
mary seta, Dorsum of segment 10 with setag.
Spiracular area without setae; spine on sep-
ment 1, Epipleuron of segments L and 9 with
single seta (E); second segment with single
secondary seta {¢'); segments 3-8 with two
setae (B, ¢'). Hypopleuwron of segments 1-8
with one seta (H); seta i on segment 9; seg-
ment 10 lacking seta. Sternum of segments 1-7
with three setae (i, r, 1); segments 8-10 with
single seta (v, r, and u, respectively); numer-
ous sclerotized plates on segments 1-8; sep-
ments 9 and 10 lacking sclerotized plates,
Segment 10 with transverse anal aperture.

Significant charaecters.—Each pair of legs
longer than preceding pair; median and pos-
terior arms of prothoracic plate with two and
four teeth, respectively; seta D on prodorsum
of abdominal segments 2-7; hypopleuren of
abdeminal segments 1-8 with seta /f; absence
of ' and a" on postdorsum of abdominal seg-
ment 9; setae d' and ¢ on abdominal prodor-
sum 8; setaer’ and a” on postdorsum of abdom-
inal segments 1-7.

Specimens evamined.—12,

Host plants —Ziziplus obtusifolia (Hooker):
Arizona. Yavapai Co.: 3 mi N Camp Verde, 3
June 1972. 1.5 mi SW Camp Verde, 3June 1972,
17 June 1872,

Biological notes.—See Forister and Johnson
(1971) for information on the life cycle, be-
havier, ecology, and host plant of this species.
The fruit of Z. obtusifolia has a bicarpelate
ovary with one carpel and ovule much en-
larged (Forister and Johnson, 1977). We ob-
served that a greater percentapge of the larvae
appeared to prefer the larger ovule, but sev-
eral larvae also developed within the smaller
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ovules, resulting in smaller adults. In several
instances, larvae penetrated smaller oviles
and appeared to have fed prior to penetrating
the septa and entering larger ovules. We aiso
obsorved that in some fruits the septum
separating the two chambers apparently had
been penetrated several times by single lar-
vae. Remoants of old exuviac were found
within the pupal chamber excavated by the
larva, Larvae crawled over the fruit surface
following eclesion. This form of behavier is
thought to be due to the rather well-developed
tegs, which may enable the larva to penetrate
the surtace of the fruitin 2 manner similar to
that deseribed for Acunthoscelides obiectus by
Kunhtkannan (182.21,

Discussion—~First stage larvae of A pro-
sopoeides are the only individuals of the second
subgroup (see discussion of AL buboguirard) to
possess two teeth on each median arm of the
prothoracie plate (others possess a single
tooth). Other characters are the absence of
arimary and presence of two secondary setae
on the pastdorsum of abdominal segments 1-7.
This speeies alzo lacks the sclerotized abdomi-
nal plates of A4 obfectins and differs from sAl-

gurabias prosopis in the location of the
mesothoracie spiracle (hypopleuron in Acan-
thoseelides endlusis; epipleuron in Adgarobins

prosapis,

For other distinguishing teatures of this
species, refer to the above significant charvac-
tors,

Algarobius prosopis (LeConte)

Ummmary ot chaetotaxy: Table 9.

Drothorar ctig. 10).—With eight setae, ex-
clirsive of those associated with prothoracic
plate (fig, 22, i1 several small, cuticular pro-
tuberances near poesteromedian bovder;
selerotized plates on sternum,

Prothoracie plate (fig, 22, F1.—Median arms
with one tooth; posterior arms with seven
teeth (six teeth according to Kunhikannan,
1922y posterolateral aspects of posterior arms
extended laterally; seta 2 (fig. 22, (7 located
anteromedially; (not anterolaterally; Kunhi-
kannan, 1824 seta 5 and assoeiated sensory
pore within plate near median border of
nosterior arms tfonly one pair of setae along

median border of posterior arms, not two pair
as shown by Kunhikannan, 1923).

Mesothoray and metathorax (fig. 10).—
Prodorsum bare, Postdorsum of mesothorax
with two setae (A, a): metathorax with pri-
mary {4) and two secondary (s', a”) setae.
Mesoepipleuron with two setae (£, ¢°) and
spiracle; two or three small, cuticular projec-
tions near anterior border of spiracle;
metepipleuron with single seta (¢’). Hypo-
pleuron bare. Sternum with two setae (i, B);
many sclervotized piates.

Leegs ¢1g. 23, D).—Two-segmented; each pair
langer than preceding pair; apicalend of distal
segment forming fattened tarsus; distal end
of basal segment with pair of tactile setae; two
sensory pores at base of prothoracic appen-
dage; single sensory pore at base of meso- and
metathoracic appendages,

Abdamen (fig. 3.2).—Prodorsum of segments
1 and § bare: segments 2-8 with single seta
(/") on prodorsum, Postdorsum eof segment 1
with one seta {(¢'); segments 2-8 with two setae
(-1, ™} on postdorsum; postdersum 8 with pri-
mary (4Yand two sccondary {a’, a”) setae; seta
(" twice as long as seta ¢’ on segment 4. Dor-
sum of segment 10 with seta g. Spiracular
areas asetiferous; spine on segment 1. Epi-
pleuron of segments I and 9 with single seta (£);
secondary seta (¢') on segment 2; primary (&)
and sceondary (e') setae on segments 3-8; seta
e’ on segments 3-7 twice as long as seta ¢’ on
segment 8. Hypopleuron of segments 2-8 with
singie seta ("/); segments 1 and 9 with second-
ary seta; hypopleuron 10 bare. Sternum of
segments -7 with three setae (1, v, x) and
sclerotized plates; sternite 8 with two setae
(r, r); sternites 9 () and 10 (x) with one seta;
scierotized plates absent on segments 3-10.
Segment 10 with transverse anal aperture,

Significant characters.—BEach pair of legs
longer than preceding pair; median arms of
protheracic plate with one tooth, posterior
armswith seven teeth: sclerotized, pigmented
plates absent on tergites 8 and 9; only seta ¢’
on dorsum abdominal segment 1; fength of dis-
tal setaeon basallegsegmentgreatly reduced.

Speeimens rramined. —8,

Host plants.—Prosepis juliflora (Swartz):
Arizona. Yavapai Co.: Verde Valley, summer-
fall 1972 (S. Swierk

Biological noles.——See Bridwell (1820, g, 4),



http:1!1.!.Il

32 TECHNICAL BULLETIN 1525,
Forister® Kunhikannan (1924, as Mylubris
rnitormdsy, and Zacher (1930, 19057, (952) [or
mformation on life cyele, larval behavior, and
host plants, Contravy to reports of Kunhikan-
nan (£1823), we have gbserved {irst instar lar-
vae penetrating pods ol Prosapis juliflora
without utilizing leverage gained by wedging
the prothoracic plate against the ege chorion.
These larvae erawl over the pod surface fol-
lowing ecltosion.

Drisenssion, —-Ofthe members of the complex
mentioned in the discussion of Acanthos-
velides babogrirari, Algurabing prosopis is the
only spectes with a single tooth on each me-
dian arm and seven teeth on each posterior
arm. It differs trom the ¢losely related AL ob-
fectns by characters mentioned in the diseus-
ens ol Aewnthoscelides obfectas and A
bethoguireri. Because of similarities to that
species, L prosopes hae been placed in a sub-
group with L oblecfas. We feel that more lar-
vae ol the genus Adgarebics should be studied
hefore owr arrangement can be confirmoed.

Amblycerus acapuleensis Kingsolver

Summary ol chaetotaxy:  Table 10,

Prothoras (g, tti-—With 13 setae. exelud-
ing those associated with prothoracie plate
(fig. 22,001 seta 25 located mesad of seta 16
selervotized sternal plates obtuse rather than
acite.

Prothoracie plate (tig. 22, 03 —Median arms
with two teeth, median tovth twice as large as
lateral tooth; medial border of median arm
confluent with same border of posterior arm;
posterior arm broad with laterally extended
laterodistal border; posterior arm with eight
ar nine teeth: sensory pore near median base
of posterier arm; seta absent on posterior
arms; seta 2 located anteromedially, remain-
ing setae near horder of antervior arms; two
sensory pores located mesad of anterior arms.

Mesothorar and metathorey (fig. 11).—
Prodorsum bave, Postdorsum with four setae
(A, w0 B, b setae A, o and B, b, b" on
metathoracie pestdorsum, Epipleuron with
primary (K and secondary (¢) sefae, Hyno-
pleuron with single secondary seta {fi); biforous
spirvacle on mesohypopleuron. Sternum with

TRee fontnote 7.
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three setae (r, f, B) and obtuse sclerotized
plates: seta v elongate and located mesad of
seta R,

Legs (Hg., 23, J).—Three-segmented; each
pair longer than preceding pair; segment 3
terminating in fleshy lobe and opposable cres-
vont. shaped, movable sclerotized claw: seg-
ment 3 with thin selerotized plate along an-
terior surface {may provide rigid surface an
which the claw and plate of segment 2 articu-
late); second and third pairs of appendages
nossess three tactile setae and two sensory
pores near base of fleshy lebe; three setae and
one sensery pore near base of fleshy lobe of
firat appendage; posterier surface of second
sepment with elongate, decurved, posteriorly
directed spine; one spine located laterad and
one spine located anterobasally on second
segment of legs; sensory pore located medially
on lateral side; sclerotized plate along an-
tevior surface of median leg segment provides
articular surface for sclerotized plate of basal
segment; seta located proximally on anterior
surface; hasal segment of prothoracie appen-
dage with posteriorly divected seta on caudal
surface.

Abdomen (fig. 33).—Prodorsum segments
1-9 with single seta (d'); seta d' on segments
1-6 with closely associated sensory pore. Post-
dorsum of segment 1 with three setae (4, «,
i”); segments 2-6 with four setae (4, a’, a”, b');
segments -9 with single primary (4) and see-
ondary (¢") setae; seta A on segment 9 six times
longer than seta A on segments 7 and 8. Dor-
sum of segment 10 with two setae (4, a’).
Spiracles biforous; segment 1 with seta s’ at
base of spine: segments 2-6 with two setae (s',
5"); segments 7 and 8 possess single seta (s').
Epipleuron of segments 1-9 with two setae (&,
e'). Hypopleuron of segments 1-9 with two
setae (F, ¢'). Hypopleuron of segments 1-10
with one seta (/). Sternites 1-8 with two setae
(2, ) and pointed sclerotized plates; single
seta {r) on sternite 9; sternite 10 bare. Seg-
ment 10 with Y-shaped anal suleus,

Significant characters.—Three-segmented
logs, each longer than preceding pair, each
possessing internal sclerotized plates; seta »
mesad of seta B on meso- and metathoracic
sterna; five pairs of setae hetween anterior
arms of prothoracic plate; setae absent on
base of posterior arms of prothoracic plate;
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setae A and ¢’ ¢n dorsum of abdominal seg-
ment 10.

Specimens examined, —25.

Host plunts. —Caesalpinia racalueo Humb.
and Bonpl: Mexico. 6§ mi N Los Mochis,
Sinalea, 12 Maveh 1873 (0. D. Johnson).

Bivlogicad notes.—Females oviposit at ran-
dom upon the surface of pods of Cuesalpinia
ewcalaeo. The egps may be laid singiy or in
clusters and may be oviposited in small holes
as well as at random over the pod surface, The
females appear to attach the eggs by means ol
the "puddle” technigque ™ because of the copi-
ous guantities of coment assoviated with cach
iy

Larvace bore from the egginto the pod, butin
one instanee the farva was promaturely re-
moved from the epg, and its mode of locomeoe-
tion and general habits were observed., The
tarva actively erawled for a distance approxi-
mately equal to one and one-half times its
length and then attached itself to the sub-
strate with the suckerlike tenth abdominal
sepgment. With the abdomen firmly attached to
the substrate, the tarva then stood upright
waving its anterior end about much hke a cab-
bage looper, The larva then resumed its hori-
zontal position. When this larva was placed on
the surface of apod of its host plant, it was able
to bore through the side of the pod, without
purchase, in about 3 to 5 minutes. This indi-
ates to us that leverage 8 not necessarily
required for penciration of a pod by this
species. This behavior may be of importance
once the larva has penetrated the pod and
entered the chamber containing the ovule. A
considerable distance (3 to 8 mm) exists be-
tween the ovule and the pod wall, The “looper”
behavier would enhance more rapid contact
with the seed, Once contact is made with the
seed, the larva is capable of boring into the
seed without purchase as it did through the
pod wall,

[izenssion, -This species is readily distin-
gutshied rom the other species on the basis of
host plant preference, behavior, and the sig-
nificant morphological characters mentioned
above, Many of its characters are probably
primitive, espeeially the well-develaped
thoracie appendages, which possess a termi-

e fooknote 8,

nal, movable claw. Because of this character
{Boving, 1930} in combination with its
Y-shaped anal aperture and long primary
setae, this species is regarded as being the
most primitive of the species involved in this
study.

Caryobruchus gleditsiae
{Linnaeus)

Summary of chaetotaxy: Table 11,

Prothorax {(fiy. 12} —With 13 setae, exclu-
sive of those associated with prothoracie plate
(Fig. 22, A7), seta 16 arvising from sternal lobe;
selerotized plates large, in three horvizontal
FOWS,

Praothoracie plute (fig. 22, K}.—Median arms
absent; broad posterior arms tapering an-
terolaterally into elongate, narrow anterior
arms; posterior arms with 10 rounded teeth;
seta 7 isolated in membranous pocket near
median aspects of plate; seven pairs of setae
associated with plate; setae 1-4 located lat-
erally; setae 5 and § located medially.

Megothoray and metathorax (fig. 12).—
Prodorsum greatly reduced. Peostdorsum with
primary (A} and three secondary setae (¢', a”,
by, Epipleuron with primary (E) and two sec-
ondary setae (¢, ¢"); spiracle on mesocepi-
pleuron, Hypopleurvon with one seta (h). Ster-
num with three setae (n, £, R); setaw and R
restricted to lateral sternal lobes; sclerotized
plates on and between sternal lobes.

Legs (Hy. 23, K}.—With three large seg-
ments; curved, sclevotized, immobile claw at
apical end of distal segment; three to four tac-
tile setae at distal end of segment 3;
prothoracic appendages with sensory pore
near anteromedian border of segment 3; seg-
ment 2 larger than others, with two tactile
setae and two sensory pores; basal segment
bare.

Abdomen (fig, 34} —Prodorsum of segments
1-4 'Y and 9 (d" with single seta; seta d’ on
sepments 2-8 with closely associated sensory
pore; prodorsum of segments 5-8 with two
setae (d', ). Postdorsum of segments ¥ and 8
with primary (4) and two secondary setae (¢,
a"y; segment 9 with setae 4 and «”; segments
2-7T with four setae {(«”, 8,4, 6" on postdorsum.
Dorsum of segment 10 with seta g. Spiracles
biforous; two setae (8, ") on sepments 2-8;
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segment ! with three setae (s, 8", 5™ near base
of spine. Epipleuren of segments 5 and 8 bare;
segments 1-4, 6-7, and 9 with primary (£ and
secondary (¢} setae. Hypopleuron of segments
-4, 67, and 10 with secondary seta only; sep-
ment 9 with short primary seta (H); segments
o and ¥ with two setae (M, h). Sternum of sep-
ments 1-7 with three setae (i1, r, 2); sternites
I-7 with mueronate-shaped selerotized plates;
seban and acute selerotized plates on sternites
R-10. Segment 10 with Y-shaped anal svicus.

Signiticant churaciers. —Absence of median
armson prothoracie plate; seven pairs of setae
associated with prothoracic plate; legs three-
segmented; immobile claw at distal end of
segment d; biforous spiracles on thorax and
abdomen: mucronate selevotized plates on ab-
dominal sternites 1-7.

Specintens exuniined  —20.

Host plants.-—Sabal uresana Trel.: Mexico, 3
mi W San Carlos Bay, Sonora, 22 December
1972 (. DL Johnson).

Bivlogical notes.—Bevause they ave very
hard, the seeds of the host plant 8. wresana ave
sometimes veferred to as stone nuts. The seeds
are covered by a fragile, spongy tissue that
becomes hardened when dry and is easily
separated from the seed surface, The females
may oviposit on either the covering or the
seed.

The ovat-shaped egg has a rubbery netlike
chorion subtended by a broad band of mueci-
lage. As many as four eggs were oviposited on
the same seed, but because we have observed
only one adult to emerge from each seed, we
assume that cannibalism oceurs.

The larva bores into the seed directly from
the egg and moves toward the center of the
seed where it gnaws acircular chamber, These
chambers vielded no evidence of old exuviae,
prohably indieating that they are consumed
by the larva. The chamber is used for pupa-
tion, and upon emergence the adult completes
the removal of the opercular covering, a task
begun by the last instarlarva. The adult forces
the lid to the outside and escapes through the
ctrcular hole,

{Hscussion.—The host plant tSabal wresana)
and significant morphological characters,
such as absence of median arms on prothoracic
plate, Y-shaped anal zperturve, and tarsus,
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facilitate separation of this species from the
others in this study.

Mimosestes amicus (Horn)

Summary of chaetotaxy: Table 12.

Prothorax (fig. 13} —With four seiae, ex-
clusive of those associated with the
prothoracic plate (fig. 22, L); sternum with
many large sclerotized plates,

Prothoracic plate (fig. 22, Li—Median arm
with two teeth; posterior arm with eight teeth;
median tooth on posterior arm elongate with
rounded end; medial border of posterior and
median arms contiguous; posterior arms
broad, short; anterior arms elongate, narrvow;
seta b (fig. 22, C) near middle of posterior arm.

Mesothorer and metathorex (fig, 13).—
Prodorsum without setac. Postdorsum with
primary (4) and two secondary (¢’, «") setae;
sensory pore closely associated with seta o',
Mesoepipleuron with one primary and one
secondary (¢') seta; metepipleuron with sec-
ondary seta {¢') only. Hypopleuron lacking
setae; spiracle on mesohypopleureon. Sternum
with one seta {R); many large sclerotized
plates,

Legs (fig. 23, L).—Two-segmented; subequal
inlength: flattened tarsus at terminal end of
distal segment; pair of tactile setae at apical
end of basal segment,

Abdomen (fig. 35 ).—Prodorsum of segments
1-8 with one seta (d') and associated sensory
pore; prodorsum 9 without setae. Postdorsum
of segment 1 with seta 4; postdorsum of seg-
ments 2-8 with two setae (4, u™); distance be-
tween setae A and a” less than half that be-
tween same setae on segments 6 and §&; post-
dorsum 9 with one primary {4} and two sec-
ondary setae (¢’, a"). Dorsum of segment 10
with seta g. Spiracular area lacking setae;
three bumps or swellings above spirvacie on
segments 6-8; spine on segment 1. Epipleurcen
of segment 1 with single (E) seta; secondary
setae only on segments 2-5; primary (F) and
secondary {¢’) setae on segments 6-8, epi-
pleuron § bare. Hypopleuron of segments 1-8
with seta/i; hypopleura9and 10 lacking setae.
Sternum ofsegment | without setae: setar on
segments 6-8; setay on segment 1{; twe setae
(r,r) on segments 2-5 and 9. Segment 10 with
transverse anal aperture.
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Significunt churacters.—Legs of subequal
lenpgth with flattened tarsal complex; en-
larged, median tooth on posterieor arms of
prothoracic plate; median arm of prothoracic
plate with two teeth; prothorax with four
setae, excluding those of the prothorvacie plate;
abdeminal sternun: 1 and abdominal epi- and
hypopleuron 9 lacking setae,

Npeeimens evamined. —7.

Hust plants.—Prosopis jnliflore (Swartz):
Arizona. Yavapu Co Junetion of Tuzigoot
Nath Mon, and Hwy, 89, 7 August 1971,

Biological notes, —See Kunhikannan (192D
amd Porister!! for informiation on host plants,
developmental time, and behavior, Larvae
appear te enter the pod divectly from the egyr
and move within the pod before entering the
side of a seed, Larvae always consuame consid-
erable quantities of the endosperm before
Feeding on the cotyledons,

The softer portions of the exuviae arve prob-
ably consumed beeause only the heavily
selevotized parts are found within the
chiamber excavated by the larvae.

Disenssion. —-Sece discussion of Acanthos-
ertides maernphthiabns,

Mimasestes protractus (Horn)

Summary of ¢hactotaxy:  Table 13,

Prothoree iy, 13 —Primary setae absent;
five setae present, exclusive of those as-
sociated with prothoracie plate; legs absent,
replaced by seta 13; four sensory pores near
posteromedian border; sternum heavily laden
with many large, sclerotized plates.

Prothoracie plate ( fig. 22, M. —Median arms
with two teeth: posterior arms with six teeth;
anterior arms narrow, elongate; posterior
arms broad, short, and with laterally extended
apical end; setae 2 and 3 (g 22, CYabsent; seta
3 and assuciated sensory pore near median as-
pects of posterior arm.

Mesalborar aud metallioray (Fig, 13—
Primary setae absent. Prodorsum with two
setae of |, d", Postdorsum baore, Epipleuran
with setae v’ and ¢ Mesohyponleuron with
twno setae th, 47, spiracle, and several small,
fleshy lobes anterior to spiracle. Metahypo-

HRee fuolnote 7

pleuron bare. Sternun: with seta A; numerous
large, sclerotized plates.

Liegs.—Absent, replaced by enlarged, de-
curved spines {setae 13 and K, fig. 14).

Abdonien (Fig. 36).—Lacking primary setae.
Prodorsum of segments 5 and 7 with two setae
(', d"); prodorsa 8 and 9 with seta d'; prodor-
sum 9 with oblique row of sclerotized, pointed
plates; prodorsum 8 bare, Postdorsum of seg-
ment 1 with seta a” anly; two setace (@', ¢”) on
postdorsum of segments 2-3; postdorsum 9
bare. Dorsum of segment 10 with seta g.
Spiracular areas of segments 3-8 asetiferous,
numerous small, selerotized plates near spira-
cle; segment 2 with seta ', selerotized plates
Tacking: setu s’ at base of spine on segment 1.
Epipleuron of segments 2-8 with single seta;
small projections near base of seta on segment
2; epipleura 1 and 9 bare, Hypopleuron of seg-
ments 1-7 with one seta; remaining hypo-
alewra (8-10)Y bare, Sternum of segment 1 with
three setae (i, v, v); sternum of segments 2 {u,
r) 3-8 (e, ), and Y (e, ) sith two setae; seta i
on sternite 7; sternites 8 and 10 asetiferous;
numerous large, irregularly shaped plates on
sternites 1-9; sternite 10 bare, Segment 10
with transverse anal aperture,

Significant characters,—Absence of pri-
wary setae and legs; legs replaced by decurved
spines: numerous enlarged, posteriorly di-
rected, sclerotized plates on thoracic and ab-
dominal sterna 1-9; three pairs of setae on
prothoracic plate.

Snpecimens eramined. —8.

Host plunte. —Prosopis julifforae (Swartz):
Arizona. Yavapai Co.: Verde Valley, sumimer
1972 (3. Swierh

Riologieul notes.—See Forister' for infor-
mation concerning percentage infestation,
host plant, and oviposition.

Mimosestes protractus infests very imma-
ture green pods of P. juliflora (personal com-
mun., 5. Swier). The absence of thoracic ap-
nendages and replacement of them by de-
curved spines might explain why this species
is sueccessful when entering soft pods. The
presence of primary setae or longer appen-
dages might impede the movement of a larva
through the sappy pulp within a very imma-

2Ree footnote 7,
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ture pod. When the temale oviposits several
ppes on top of each other, the lavvae cannot
penetrate the pod diveetly upon hatehing, and
the presence of the small decurved spines
might enhance stability along the pod rib onece
the lacva has vacated the egg (personal com-
mun., 8, Swier).

Disenssion. =M. protrectus is most rapidly
recognized by the absence of primary setae
and segmented walking appendages. These
traits ally it to the group that includes Zu-
brofes subfusciatus, Stator limbalus, 8.
prituinns, and S, pygidialis.

Due to the reduction in size of the
prothoracie plate, the number of setae (three
pairs) associated with the plate, and location
ol spiracle on hypopleuron, M. protractus is
vonsidered to be most elosely related to Z. sich-
tuscintis. Beeause these traits are considered
to be the most derived, we consider these
species to be the most advanced of those in-
volved in this study.

There are, however, numerous differeuces
between the two species. Probably the most
recognizable is the depree of development of
the prothoracic plate. The plate of Zabrotes
sublusecintns (g, 22, T is represented only by
a pair of toothlike sclevotized projections,
which represents what we consider to be a de-
rived tralt, whereas, anterior, median, and
posterior arms are present on the plate of M.
protracties. In addition, M. protractus pos-
sesses live pairs of setae on the prothorax (15
pairs in Z. sibfuscictng) and numerous en-
larged, sclevotized plates on all sternites (ab-
sent inZ. snbfescietus) and is restricted to the
host plant Prosopis Juliflora.

Mimosestes sallaei (Sharp)

Summary of chaetotaxy: Table 14.

Prothorax (fig. 15).—With nine setae, exelu-
sive of five pairs associated with prothoracic
plate (fig. 22 N); two distinet rows of small,
selerotized plates near upper anterior portion
of segment, near distal end of anterior arms of

prothoracic plate; sternum  with few
sclerotized plates.
Prothoracic plate (fig. 22, N).—See

Kunhikannan (1823, plate I, figs. 6 and 8);
median arm with two teeth, one large and one
small; posterier arm with numerous teeth,
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medial tooth elongate and pointed {noted by
Kunhikannan, 7923), remaining teeth nearly
equal in size; posterior arm expanded lat-
erally; seta 2 {fig. 22, (') nearly anteromedial;
sensory pore or pit between setae 1 and 2,

Mesothoraxr and metathorax (fig. 15).—
Prodersum without setae. Postdorsum with
primary (4} and two secondary setae (&', a"),
setae A and «” close together and located near
ventral aspects of postdorsum. Mesoepi-
pleuron with two setae (F, e'); metepipleuren
with single secondary seta (e'). Hypopleuron
lacking setae; spiracle on mesohypopleuron.
Sternum with two setae (B, u); moderate
number of small sclerotized plates in one or
two rows.

Legs(fig. 23, M ). —Two-segmented;each pair
longer than preceding pair; tarsus flattened,
pair of tactile setae at distal and proximal ends
of basal segment; small sensory pore located
anteromedially on first and second pairs of
legs.

Abdomen (fig. 37).—Prodorsum of segments
1-8 with one seta(d’); segment 9 lacking setae.
Postdorsum of segment 1 with seta A4; post-
dorsa of segments 2-8 with two setae (4, a”);
postdorsum 9 with setae A4, ¢’, and «”. Dorsum
of segment 10 with seta g. Spiracular area of
segment 1 with setas’ and spine; segments 2—4
with small conical-shaped bumps located an-
terodorsal to spiracle; remaining segments
5-8 lacking setae or bumps. Epipleuron of
segments 1 and 9 with one seta (£); segments
2-4 with secondary setae only; segments 58
with primary (F) and secondary {e¢') setae.
Hypopleuron of segments 1-9 with single see-
ondary seta only; segment 10 lacking setae,
Sternum of segments 1-7 with three setae (i,
¢, *Yand mimerous sclerotized plates; sternum
8 with two setae (v, x) and few sclerotized
plates; setar on segments 9 and 190; sclerotized
plates scarce on segment 9. Segment 10 with
transverse anal aperture.

Significant characters.—Each pair of legs
longer than preceding pair; median arm of
prothoracic plate with two teeth; seta D ab-
sent on abdominal prodorsa; hypopleuron of
abdominal segments 1-9 with secondary setae
only; setae ¢’ and ¢” on ninth abdominal post-
dorsum; median teoth on posterior arm of
prothoracic plate elongate and apically
pointed; seta A on first abdominal postdor-
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sum; seta s° en first abdominal spivacular
area.

Specimens examined . ~46

Fost plants —Acacia farnesione (Linnaeus):
Mexice, 8 mi S Atenquique, Jalisco, 3 January
1973 (C". D. Johnson).

Riolegical nofes.—For host plant informa-
tion, see Zacher (£952). Larvae used in this
study were obtained from the seeds of A. four-
nesieng. Information is also available on the
bignomics (Cushman, 1971; Hinckley, 7950,
1961, ovipositional behavior (Hinckley, 1960,
1261, egg characteristics (Cushman, 1911,
Hinckley, 1960; Kunhikannan, {929), and par-
asites of eges, larvae, and adults (Cushman,
1911; Hinckley, 1860, 1961).

We have observed that larvae may leave the
egp by way of the anterodorsal end and crawl
over the pod surface. These larvae move to the
sulcus of the seam uniting the two halves of
the pod where they are able to acquire suffi-
cient leverage to penetrate the pod coat.

Oviposition appears to occur at random over
the pod surface and in old exit holes and pupal
chambers. Generally, however, females seem
to preferthe slight depression along the side of
the ridge of the pod seam for oviposition. Per-
haps this behavior is a mechanism to ensure
larval survival because Hinckley (1960} re-
ported some eggs are not always firmly at-
tached, Therefore, if the eggs are laid next to
the seam, the newly hatched larva need only
crawl ashort distance (less than 2 mm) to pen-
etrate the pod.

Discnssion.—Mimosestes salluel is one in a
group of three rather distantly related
species. These species are thought to be ve-
lated because they all possess the following
characters: Two teeth on each median arm
and an elongate, pointed, median tooth sub-
tended by seven or eight smaller teeth on each
posterior arm; similar chaetotaxy. For addi-
tienal discussion see that of Acanthoscelides
maerophthalmus.

Neltumins arizonensis (Schaeffer)

Summary of chaetotaxy: Table 15.

Prothorax (fig. 16).—With seven setae, ex-
clusive of those associated with prothoracic
plate {fig. 22, 0); sternum with two or three
irregular rows of sclerotized plates.

Prothoraeic plate (fig. 22, O}.—Median arms
with three or four teeth; posterior arms with
five or six teeth; posterior arms short and
broad, anterior arms elongate and narrow
with enlarged cephalic end; setae 2, 3, and 4
(fig. 22, ) not bordering plate, located more
medially: seta 5 near median aspects of base of
posterior arm, associated sensory pore near
median border of posterior arm,

Mesothorax and metathorax (flg. 16).—
Prodorsum lacking setae. Postdorsum with
primary {4) and secondary (a’, «") setae.
Mesoepipleuron with two setae (E, ¢');
metepipleuren with seta ¢'. Hypopleuron
without setae; spiracle on mesohypopleuron.
Sternum with one seta (K); three or four ir-
regular rows of sclervotized plates.

Legs (fig. 23, N} —Two-segmented; subequal
in length; apical end of distal segment with
rounded tarsus; pair of tactile setae located
distally on basal segment; large sensory pore
at base of proximal segment.

Abdomen (fig. 88).—Prodorsum of segment 1
with primary seta only; segments 2-6 and 8
with one seta (d'); sensory pore associated
with seta d’ on segments 2-8; prodorsum 7
with two secondary setae (d’, d"}; prodorsum 9
without setae. Postdorsum of segments1and 7
with setae ¢’ and a", respectively; segment 2
with one seta {4); segments 3-6 and B with
setae A and «”; setae ¢’ and A on segment 9,
distance between setae exceeds half the
length of seta A. Dorsum of segment 10 with
seta g. Spiracular areas without setae; spine
on segment 1. Epipleuron of segments 1 and 9
with one seta (F); segments 2-4 with second-
ary seta only;two setae (&, ¢') on segments 5-8.
Hypopleuron of segments 1-9 with secondary
seta; hypopleuron 10 bare. Sternum of seg-
ments 2-8 with three setae (x, v, x); setaew and
r on segment 1; seta v on segment 9; segnient
10 without setae or sclerotized plates; seg-
ments 1-9 with one to several irregular rows of
sclerotized plates. Segment 10 with trans-
verse anal aperture.

Significant characters.—Legs of subequal
length, with rounded tarsus; primary seta A
on postdorsum of abdominal segment 6; meso-
and metahyposternum bare; seta 2 on abdom-
inal segment 9; median arm of prothoracie
plate with at least three teeth.

Specimens examined.—15.
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Host plants —Prosopis juliflora (Swartz):
Arizona. Yavapai Co.: Verde Valley, summer-
fall 1972 (8. Swier).

Biological notes.—See Forister (1970} for in-
formation on egg characteristics, develop-
mental period, and generations per year;
Kingsolver (1864) for host plant information;
and Kunhikannan ££/923) for egp characteris-
tics and larval behavior and characters infor-
mation,

Discussion—N. arizonensis represents a
species distinct from others involved in this
study. The similarities shared with Sennins
morosus arve mentioned in the discussion of
that species. For other distinguishing differ-
ences, see biological notes and significant
characters mentioned above,

Sennius morosus {Sharp)

Summary of chaetotaxy: Table 186,

Prothorax (fig. 17)—With 11 setae, exclu-
sive of those associated with prothoracic plate
{fig. 22, P); numerous eniarged sclerotized
plates on sternal lobes between appendages.

Prothorecic plate (fig. 22, P).—Median arms
with tweo teeth of variable sizes: posterior
arms with six teeth {five contiguous and one
tateral); setad (fig. 22, Y missing; seta 5 within
plate of posterior arm, associated sensory pore
on median bovder of posterior arm; seta 2 lo-
cated medially; distal end of posterior arms
extended laterally; anterior arms tapering
from base to apex.

Mesothorax and metathorax (fig. 17}.—
Prodorsum lacking setae. Postdorsum with
three setae (4, a’, ¢™); setae 4 und ¢" nearly
contiguous, near tergo-pleural border; seta a’
and associated sensory pore located dovsally,
Epipleuron with two setae (F, ¢'). Hypo-
pleuron bare; spirvacle on mesohypopleuron,
Mesosternum with two setae (i, £) and nu-
merous sclerotized plates on sternal lobes; few
plates between and behind lobes; metaster-
num with four setae (i, v, v, B) and sclerotized
plates on sternal lobes.

Legs(Fig. 23, 0).—Two-segmented; subegual
in length; apical end of distal segment forming
rounded tarsus; three tactile setae on basal
segment of meso- and metathoracic appen-
dages; two setae on basal segment of
prothoracic leg.

Abdomen (fig. 39).—Prodorsum of segment 1
bare; prodorsa of segments 2-9 with single
seta {d'); seta d’ on segments 2-8 with closely
associated sensory pore. Postdorsum of seg-
ments 1-5 and 7-9 with two setae (4, ¢"); post-
dorsum & bare. Dorsum of segment 10 with
seta g. Spiracular areas of segments 2-8
asetifercus; segments 2-5 with seveval small,
fleshy projections above spiracle; segment 1
with seta (¢') at base of spine. Epipleuron of
segments 1 and 9 with one seta (£); secondary
seta{c’) onsegments 2-5; remaining epipleura
(6-8) with two setae (£, ¢'), Hypopleuron of
segments 1-9 with secondary seta only; hypo-
pleuron 10 bare; sterna asetiferous; numerous
large sclevotized plates on segments 1-8,
plates reduced in size on sternites 9 and 10.
Segment 10 with transverse anal aperture.

Significant characters.—Legs of subegual
length and a rounded tarsus; three pairs of
setae between anterior arms of prothoracie
plate; abdominal sterna lacking setae u, ¢, or
&2, hyposternal setae absent on meso- and
metathorax.

Specimens examined.—32.

Host plants.—Cassic bauhinioides Gray:
Arizona. Yavapail Co.; 1 mi S junction of Bea-
ver Creek—Montezuma Well roads, 4 Sep-
tember 1971, 17 June 1872,

Biological notes.—Detailed information
concerning the life history, habits, and host
plant records of this species was presented by
Center and Johnson (1978) and Johnson and
Kingsolver (i873). We have observed that lar-
val entry occurs consistently between the
septa and the adjacent seed surface. Appar-
ently the most effective leverage necessary for
seed penetration is acquired at that point, In-
stances of twe larvae infesting the same seed
were observed, indicating that cannibalism
does exist because only a single adult emerges
from z seed or seeds, Most seeds are infested
by a single larva, and, after penetration of the
seed test, the lavrva appears to feed on the en-
dosperm for at least one and mayhe two stadia
before entering the cotyledons.

Larvae do not appear to consume the old
integument because two or three nearly com-
plete exuviae were found tightly packed at one
end of the pupal chamber.

Discussion.—Sennius morosus is quite dif-
ferent from any other species involved in this
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study because only four pairs of setae are as-
sociated with the prothoracic plate (a charac-
ter shared by the genus Stator, see discussion
of Stator timbutus) and the abdominal ster-
nites are devoid of setae. These are considered
to be an advanced trait; consequently, S.
morosis is placed near that complex men-
tioned in the discussion of M imosestes protrac-
tus, S.morosus does possess primary setae and
segmented walking appendages that distin-
guish it from the more advanced group of
Stator, Mimosestes protrectus and Zabrotes
srubfuseiafus.

The larvae of 8. mierogus are most similar to
those of Nettwmius arizonensis, The legs of §.
morosus are subegual in length and possess a
rounded tarsus. Except for the sternites, the
chaetotaxy is identical on the meso- and
metathorax. However, numerous differences
do exist between these two species, that is,
setae on the thoracie sterna of 8. morosns (ab-
sent on N. urizonensis), five pairs of setae as-
socviated with protheracic plate of N, arizonen-
sy, and setae on abdominal sternites of N.
wrizonensis. Because of these differences, we
consider them to be distantly related species.

Stator limbatus {Horn)

Summary of chaetotaxy: Table L7,

Prothorwa ¢ fig. 18 ). —Lacking primary setae;
nine setae present, exclusive of those as-
sociated with prothoracic plate (fig. 22, @); legs
absent, replaced by seta 23; many small,
sclerotized plates across sfernum.

Profhoracic plate (Hg. 22, @) —{Kunhikan-
nan, {423 median arms with two teeth; pos-
terior arms with five teeth, median tooth
narrow and elongate; distal end of posterior
arms terminating in lateral, quadrate projec-
tion; four pairs of secondary setae; seta £ (fig.
22, ) absent: seta 5 and asscociated sensory
pore located mesad of medial border of pos-
terior arms; width of pesterior arm base
greatly narcowed.

Mesothorar and metathorar (fig. I18).—
Primary setae absent. Prodorsum ol
mesothorax hare; metathoracic prodorsum
with three setae (', d”, ') seta d’ with as-
sociated sensory pore distant from other two
setne, Postdorsum’ of mesothorax with three
selae i, a”, b setan’ with associated sensory

pore, near middle of tergum; setae ¢” and &'
near pleurotergal.-border; metathoracic post-
dorsum with single seta {«’') and associated
sensory pore. Mesoepipleuron with two setae
{e’, e"; spiracle in anteroventral area of sub-
segment; metepipleuron with single seta (¢').
Hypopleuron bare. Legs replaced by seta K;
small, sclerctized plates.

Legs.—Absent (Kunhikannan, 1824), re-
placed by setae 23 (on prothorax) and K (on
meso- and metathorax) (fig. 18).

Abdomen (fig. $0).—DPrimary setae absent,
Prodorsa bare. Postdorsum of segments | and
9 with two setae (¢, ¢"); three setae (¢', ", b")
on postdorsum of segments 2-8; seta «” on
segments 1-7, with closely associated sensory
pore; setaea” and b’ closely associated but dis-
tant from seta ¢, Dorsum of segment 10 with
seta g. Spiracular area of segments 2-8 with-
out setae; small, sclerotized projections pos-
terior and ventral to spiracle on segments 2-8;
seta s’ at base of spine on segment 1. Epi-
pleuron of segments 1-7 and 9, with one seta
{(¢’); epipleuron 8 with two setae (¢, "), Hypo-
pleuron of all segments (1 to 10} with seta .
Sternum of segments 1-9 with single seta (v);
sensory pore evident anterolaterally of seta v
on segments 1-7; few small sclerotized plates
on segments 1-9; sternite 10 bare. Segment 10
with transverse anal aperture.

Significant characters.—Absence of pri-
mary setae; legs replaced by short, acute
setae; median arms of prothoracic plate with
two pairs of teeth, posterior arms with five
pairs; posterior arms terminating in lateral,
quadrate projection; three pairs of setae be-
tween anterior arms; single seta on abdominal
sterna.

Specimens evamined —61.

Host plants.—Acacia millefolic Wats.:
Arizona. Pima Co.: Box Canyon, Santa Rita
Mts,, 7 October 1972 (C. D. Johnson).

Biological notes.—For information concern-
ing life history, ecology, oviposition, and host
plants of this species, consult Forister,'?
Johnson (41967}, Kunhikannan (1923), Zacher
(1930, t4%51), and Johnson and Kingsolver
(In press), _

Eggs may be laid singly ovin clusters with a
narrow band of mucilage around each, In

1A8e0 faslnole 7,
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many instances, the glue served to connect
numereus eges together, The epp is similar to
that of Stador prwinines Ng. 45, 3), but differs
from that of 8. pygidialis i that it lacks the
prominent anterior middorsal point charace-
teristic of that species (fig, 45, 4. We lound
complete exuviae in pupal chambers, indicat-
ing thut exuviae are not partially or com-
pletely consumed.

{Disenssion,—The adults of Stator {imbuins,
S.opramninns, and S, pygidicdis are veryelosely
related in their behavior and morpholegy: con-
sequently, they form a very distinet genus
tohnson and Kingsolver, in press). The larvae
also form a distinet group on the basis of mor-
pholegy and behaviar,

These three species are readily separated
from Mianasesfes pratractns and Zabrotes soab-
fusered as because they have an elongate,
pomnted, median tooth on the posterior arm of
the prothoracie plate (see figs, 22,0, B, and 8.
In addition, the mesothoracic spiracle ison the
epipletnron thypopleuron in M. protractrs and
Z, wubtuseintas), and four pnirs of setae are
asseeiated with the prothoracie plate (three
pates in M profrnetns and Z. subfuseiatns).

The five teeth on esch posterior arm of the
prothoracie plate of X, Hmbofus qerve as a use-
ful eriteron for species separation. Only three
teeth appenronvach posterior armof the plate
ef N praininns and Noopygidialis, Also, S, Hm-
hutux lack setod on the prodorsam, a charace-
ter typieal of the other two spevies,

Stator pruinines (Horn)

Summary of chaetotaxy: Table 18,

Prothore oty 18 —Primary setae absent;
with nine pairs of setae, exelusive of four pairs
associated with prothoracice plate tfig, 22, £Y;
sternum with numerous small, cuticular lobes
surrounding seta 2.1 legs absent, veplaced by
setae 12 h,

Pordleorace o plete ¢ tig, 22, B, Median arms
with one or two teeth; posterior arms wiih
three teeth: one elongate. pointed median
tnoth, twa small, rounded teeth of suboqual
stze ot shown hy Kunhikannan, 78220 lat-
ermdistal aspoets of posterior arms extended
Iterally: antenmor arms, extended anteroliat-
erally, possessing subparalle]l sides; three

pairs of setac between anterior arms; seta 3
(Mg, 22 ('Y missing; seta 2 not located an-
teromedially, as shown by Kunhikannan
(F824); seta 5 and associated sensory pore
aleng medial border of posterior arm.

Mesathoray and wmetathoras ¢(fly. 19),—
Primary setae absent. Prodorsum bare. Post-
dorsum with three setae (e’ ', b)), Epipleuron
of mesothorax with two setae (¢f, ¢"); sensory
pore and spiracle; metepipleuron with single
seta (e’) Hypoplewron with one seta (). Ster-
num with numerous small, cuticulav lobes
surrounding seta K; only seta A present.

Legs.—Abhsent, replaced by setae 24 and K
ig., 19 sternal projeetions, shown by
Kunhikannan (78.2:4), not evident,

Abdonten (fig. 41 1.—Lacking primary setae.
Prodorsum of segments 1-T with seta d'; pro-
dorsum bare on segment 8, absent on seg-
ments 8§ and 10. Postdorsum of segment 1 with
single seta(e™); postdorsa 2-7 with setae ¢’ and
b’; postdorsum 8 and dorsum of segment 9 with
three setae (o', «”, #'). Dorsum of segment 10
with seta g. Spiracular area of segments 2-8
asetiferous; segment 1 with seta 8’ at base of
spine. Epipleuron of segments 1-5 with setae’:
two setae {¢', ¢”) appeat on epipleuron of seg-
ments -8, epipleuron 9 bare. Hypopleuron of
segments 1-10 with single seta (). Setaen and
+ on sternites 1-7; one sclevotized plate and
several small, cuticular projections on seg-
ments 1-5; fwo to four large, pipniented,
selervotized projections on sternites 7 and 8;
smiall, cuticular projections on segments 6-8
and sternites @ and 10 bare. Segment 10 with
transverse anal aperture,

Significant eharacters.—Absence of pri-
maty setae; legs replaced by short, acute
setae; large, pigmented, sclerotized projec-
tions on abdominal sternites 7 and 8; postervior
arms with three teeth; median tooth elongate,
painted; two teeth on right median arm, left
median arm with one tooth,

Specimens coamined. —48; reaved from
gsecds of Mimosa graliemi Gray: Arvizona, Co-
ehise Co.: Cochise Stronghoeld, 14 Qctober 1973
(C.D. Johnson),

Biological notes.—A wide range of plants
serve as host for this species (Bridwell, 1918
Johnson, 1867 Zacher, 195.2). Several eggs
may he laid upon a single seed {Bridwell, 1918;
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Jubinson, 7967, resulting in smaller adults,
The e (fig. 15, 3Y (deseribed by Bridwell, 1948,
and Kunhikannan, 7822), which differs mor-
phologically from that of the closely related
speclesStator pygidinlis (g, 15,1}, possesses a
broad band ol mucilage, which increases
greatly in width toward and at the anterior
end, Larval behavior during and subsequent to
celosion has also been discussed by these au-
thars. Forister'! veported upon ils parasites,
wherens Bridwell (2843 discussed adult mat-
iy behavior,

The functional significance of the larpe,
selerotized, pigmented projections an ster-
nites 7 and 8 appears to be that of gaining
added thrust when Iarvae tunnel through the
cotviedons.

Disenssion. --Ntufor pruininns sharves o
number of morphological similarities with S.
fimbatus hot more closely resembles S
puyidialis, Setace « e » {on meso- and
metathoracie sterna of S0 pygidialis) are ab-
senl on meso- and metathoracie sterna of N,
pricrinns, SO pradnines has setae 24 and K on
its thoracie sternites and twoe to four large
seleratizod projections an abdoeminal sternites
T and 8, but these are absent on X, pyyidialis,
Sooprwinons also lacks setae 19 and 17, whieh
are on the prothoracie sternite of N pyyidiclis,

The distinguishing feature ol the first instar
al 8. prarninas is the presence of two to four
Large, pomted, pigmented, posteriorly di-
rected, selerotized plates on the sternum of
abdominal segments 7 and 8,

Stator pygidialis (Schaeffer)

Summary of chactotaxy: Table 14,

Prothorar iy, 20) —Primary setae absent;
with 10 pairs of setae, exclusive of 1 pairs as-
sopciated with prothovacie plate (g, 22, 50 sev-
eral smaull, cuticular lobes on stevnum; jointed
appendages replaced by lateral fobes, which
possess distally a sensory pore and two setae,

Praothoracie plute (fig. 22, S —~Median arm
with two teeth of subequal size: postervior arm
with three teeth: medial tooth clongate and

pointed, subtended by two smaller teeth of

equal size; laterodistal aspects of posterior
urms extended laterally into quadrate-shaped

Hsoe fontnole 7.

projections; anterior arms extended an-
terolaterally: three pairs of setae between an-
terior arms: seta 4 (Ag 22, C) absent; setae 2
and 3 located medially, not arranged along
medial border of anterior arm; sensory pore
located anterolaterally of seta 23 scta 5 and
associated sensory pore located mesad of me-
dinn border of posterior avm.

Mesaothoray and metathoras (fig. 20} —
lacking primary setae, Prodorsum bare. Post-
dorsum with three sotace (o a”, b setan’ with
closely associated sensory pore. Mesaoepi-
pleuron with two setae (07, 7, sensory pore
located antercdorsally to spiracle; metepi-
pleuron with one seta (¢ and sensory pore
loeated anterodorsally. Hypopleuron bare.
Sternum with two setae ¢, #) and several
small, cuticular lumps; legs replaced by lat-
oral, fleshy lobes.

Legs.—Absent, replaced by rudiments in the
form of lateral lobes (Snodgrass, 1943). Each
lobe with two distal tactile setae; single sen-
sory pore on mesothoracie lobe; metathoracic
lobe with two sensory pores.

Abdomen (fig. £2).—Primary setae absent,
Prodorsum of segments 1-7 with seta (') and
associated sensory pore; prodorsum 8 bare;
nlicae absent on dorsum of segment 9. Post-
dorsum of segment 1 with one seta (¢"); post-
dorsa 2-7 with two ventral setae {a”, b7 post-
dorsa 8 and § with three setae (@', 0", &), Dor-
sum ofsegment 10 with setag. Spiracular area
of segments 2-8 asetiferous; seta ¢ at base of
spine and dorsad of spiracle on first segment.
Epipleuron of segment 1 with seta{e’)and sev-
eral posteriorly located, pointed, cuticular
projections; epipleura 2-5 with single seta{e’);
setae ¢’ and ¢” an epipleuron of segments 6-8;
epnipleuron 9 barve. Hypopleura 1-10 with seta
ii. Sternites 1-7 with two setae {1, ) and nu-
merous cuticular lobes; only seta r on ster-
nites Rand 9; single horizontal row of cuticular
lobes between setal pair (¢) on sternum &,
stornite 10 bare. Segment 10 with transverse
anal aperture.

Niguificent eharceters.—Primary setae and
legs absent; legs replaced by lateral Tobes; me-
dian arm of prothoracic plate with twoteeth of
vqual size; posterior arm with three teeth,
moedian tooth elongate and pointed: Lwo lat-
eral teeth short, of subequal size; rows of
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peinted, cuticular projections along caudal
aspects of first epiplewron.

Specimens cxamined. —7.

Host plants.—Culliendra lionilis Benth.:
Arizona. Coconino Co.: Base, south slope, Mt.
Elden, Flagstalf, fall 1973 (C. I}, Johnson).

Biogical notes. —The larva penetrates the
seed direetly Irom the egg. Ege morphology
differs from that ol Stator fimbatus and S.
provnines (fig, 45, 3) by possessing anteriorly a
very distinet middorsal point (fig, 45, 4} The
v is oval, possessing a wide anterior end and
ts bound to the seed surface by a broad band of
mucilage. The mucilage probably provides a
means by which the larva may gain sufficient
purchase to penetrate the egp ehorion and
seed integumoent,

Disenasion —The two teoth on each median
arm of the prothoracie plate of 8. pygidialis
and the paired lateral lobe appendages on the
thoracic sterna serve as criteria for separat-
ing this species {from other species within the
penus, The anteriorly located, middorsal point
on the surface of the ege of 8. pygidicdis (fig.
4o dhis alse o very useful eriterion for separat-
ing the species within this genus, The ege sur-
fave is convexin S, fimbatus and N, pruininus
(hig A5, 3.

A moere thorough discussion of the genus is
presented in the discussion of S_fmbotns, For
a discussion of the species within the group
lacking primary setae and legs, see the discus-
stion of Mimosestes protracius.

Zabrotes subfasciatus (Boheman)

Summary of chaetotaxy: Tahle 20,

Prothorar (fig. 271 L —Primary setae absent;
15 pairs of secondary setae present, exclusive
of those associated with prothoracic plate;
protheracie appendage replaced by seta 24;
svleratized plates absent,

Protloravic plate (fiy, 22, Ti—Kunhikan-
nan (822, Stetfan (1943, and Zacher (7930
mentioned the veduction in development of
the prothoracie plate. The illustration of
Zacher is most aceurate, In addition to the
externally projecting teeth of the posterior
arms, he alse showed the subintegumental
remnants of the median and anterior arms.
Dilfferences are reported in the numbers of
prajecting teeth., Qur observations that two

teeth are present agree with those of
Kunhikannan and Steffan. Zacher reported
Lwo to three projecting teeth per prothorvacic
arm.

Mesothoray and metathorax (g, 21—
Without primary setac. Prodorsum Dbare.
Postdorsum with two setae (¢, 0" Epipleuron
with single seta (ef). Hypopleuron with one
seta (B spivacle on mesehypapleuron. Ster-
num without selerotized plates; legs replaced
Dby seta K.

Legs. —Absent (Kunhikannan, 1923 ; Steffan,
L35 Zacher, 19300 replaced by setae 24 and K
(fig. 21).

Abdanten (Hg, 42)-=Primary setae absent.
Prodorsumolsegment L with two setae{d’, d"};
segments 2-7 with single seta {d'}; prodorsa 8
and 9 bare. Postdorsum of segment L with
single seta(a'); postdorsa of segments 2-9 with
setae ¢ and «”. Dorsum of segment 10 with
seta g. Spiracular area of segments 2-8 bare;
sepment 1 with seta &' at base of spine, both
located dorsad to spiracle. (Seta s’ is atwayson
abdominal segment 1, contrary to reports hy
Steffan (71945) that seta &' is sometimes pres-
ent.) Epipleuron of segments 1-8 with two
setae (¢’, e"); segment @ with single seta (¢').
Hypopleuron of segments 1-9 with one seta (i);
hypopleuron 10 bare., Sternum lacking
sclerotized plates; setae it and v on segments
1-8; one seta present on sternites 9 () and 10
(). Segment 10 with transverse anal aperture.

Siguificant characters.—Absence of pri-
mary setae and legs, the latter replaced by
small, peinted setae; reduction in develop-
ment of the prothoracic plate; three pairs of
setae between arms of prothoracic plate; nu-
merous {15) setae on prothorax; posteriorly
rurved seta at base of spine on spirvacular area
of first abdominal segment,

Specimens ervaniined, —20.

Host plunts.—Common beans.

Biological notes.—Due to its economic sig-
nificance, much has been written about this
organism. Howe and Currie (964), Steffan
(1945, and Zacher (1930} presented detailed
accounts of the life history and factors affect-
ing ovipasition, developmental rate, and mor-
Eality, Information is also available concern-
ing larval morphology, behavior, and food
plants {(Kunhikannan, 7923; Steffan, 1945,
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Zacher, 1930, 1951, 195.2), Zacher (1858, 1952)
Histed feeding habits and preferences of the
adults and, in addition, listed 13 plants that
may serve as potential hosts,
Diseussion, —Z. subfusciatus, due to its
habit of infesting stored legumes, is a species
of major economic importance and cosmopoli-

tan distribution. The first instar larva is most
easily recognized by the reduction in devel-
opment ol its prothoracic plate (fig. 22, 7). For
other distinguishing differences, see discus-
sion of Mimosestes protracties. This species
was treated under the name Z. pecloralis by
Kunhikannan (Z823).

LITERATURE CITED

ANDERSON, W, HL
LT, LANVAE OF SOME OQENERA OF ANTHRIBIDAE
1COLBEOFPERA,  Ann Enb Soe. Amer, dth 8-
a7,
Bral, ROH
PHTH A TANONOMC AND BIOLDGICAL STUDIY OF SPECIER
U ATTAGENINTUCGLEDPTERA DERMESTIDAE!IN
THE UNITRED STATES AND CANADA,.  Ent. Amer.
1508 1EE 235,
Boxp g, G
1921 [ A LARVE D LA NOIN DER PALMIERS,
iRer, Jooky HH125 135,
Bon N, AL G
1927, 0N THE CLASSIFICATHIN OF THE MYLABRIDAE-
PARVAE 1001 FOPTERA: MYLABRIDAEY, Wash,
B Soe, Proe, 2esy B3 LS.

Brotera

T334 aN THE CLASSIFIEATION OF BEETLES ACCORDING
TUOLARY AL CHARACTERS,  Brooklyn Fnt, Soc.
Tl 252y 35 s

aml FoO7 ORAMGHEAD,

Pl an H L ATHRATED SYNOPSIS OF THE PRINCHAL
I W HY AT FORMS OF THE OGRDER COLEOPTERA,
ot Aaner 1L L 3061

BRIDWELL, . UL

19in. NOTESONTHE BRUCHIDAR AND THEIR PARASITES
IN FHE HAWATIAN BRANDS. Hawano ot Soce.
Frroe, ciuiye 3 465 Sika.

1920a. NOTES N THE BRUUHIHIAE {(COLEOPTERA? AND
THEIR PARASITES IN THE HAWAHAN ISLANDS,
Paper 4, Fawain Bt Soe, Proe. 40 303-408,

P E INSECTS INJURIOES TO THE ALUARDBA FEED IN-

D SFRY  Hawan, Planters’ Ree. 230 337343,
1958 THE GENERA OF BEETLES OF THE PAMILY
RRUCEITAE IN AMERICA NORTH OF MEXIUO,
Wash Acmd, Sei Jour, 3820 5257,
BRrivpUEY, T. AL
133 SOME NOTES ON TiIE BINLOGY OF THE PEA
WEEVIL “BRUCHES PISURIMT L. (COLEOPTERA,
HRUCHIDAED AT MOSCOW, IDAHL
Eat, 360 105 1062,
Brows, W1,
1850 NTMERICAL TAXONOMY, CONVERGENCE, AXD
FAVOLUTIINARY RFEDUCTION.  Syatem. Zool 14t
180140y

Jour. Econ,

CaMPBELL, R, E.

{920, THE BRUOAD BEAN WEEVIL, "BRUCHUS
RUFIMANUS" BOH, (CURCULIONIDAEL U5, Dept.
Agr, Bul, 807,

CeNteERr, T. 11, and C. DL JOHNSON,

1473, COMPARATIVE LIFE HISTORIES OF “SENNIUSY
(COLEOPTERA: BRUCHIDAEY. Enviren, Ent. 2{4):
HES-672.

weeeamgd L D) JOHNSON,

T, COEVOLUTION OF SOME BRUCHIDAE AND THEIR
HUSTS (COLEOPTERAL Eeoluopy 55: 1086-1103.

CHITTENDEN, F. H,

ISR, INSECTS INJURIDUS TO BEANS AND PEAS. UB,

Dept, Agr. Yearbk. 1888 233-260.
{LAavgeN, O P,

1940, THE IMMATURE STAGES OF THE EUCHAR-
IDAE. Wash. Ent. Soc, Proe. 328 161-170.

raMpTON, GO

1933, A COMPARISON OF THE MORE IMPORTANT STRUC-
TURAL DETAILS OF THE LARVA OF THE ARCHAIC
TANYDERID DIPTERON “PROTOPLASA FITCHH"
WITH OTHER HOLOMETABOLA FROM THE
STANDPOINT OF PHYLOGENY. Brooklyn Ent
Soc. Bul 253(5): 236-25K,

CROUZEL. 1. 8. DE, R.J. SALAVIN, and D. R. DE BASALDUA.

LBA5.  ESTUDIO MORFOLOGICO EN LOS ESTADIOS LAR-
VALES DE LA “IS0CA DE LA ALFALFA"™. “COLIAS
LESBIA" (F... Rev. de Invest. Agropecuatias
H100: 113-13R.

{URMAN, RAL

i1, NOTES N THE HOST PLANTS AND PARASITES OF
SOME NORT#H AMERICAN BRUCHIDAE. Jour.
Econ, Ent. A(he 489-510,

Daviatur, L.

1425, SUR LE DEVELOPPEMENT POST EMBRYONNAIRE
DE LA BRUCHE DU HARICOT “ACANTHOSCELIDES
OBTECTUS” SAY. Ano. Ent. Soc, France. 97:
145-132,

hxox, W, 4.

1475, BMD—BIOMEDICAL COMPUTER PROGRAMS. 773
pp. Umve Calif. Press, Berkeley, Los Angeles,
London.

EpMuNDps, G, F., JR., and R, K. ALLEN.

1986, THE SIGNIFICANCE OF NYMPlial STAGES IN THE
STEDY OF EPHEMEROPTERA. Ann. Ent. Soc.
Amer, 2 300-303,



http:A~IPI3F.LL

4 TECHNICAL BULLETIN 1525, U.S. DEPT. OF AGRICULTURE

ERIELBAL M, I,
IHED, BEMERRUNGEN ZUR ANATOMIE DER LARVE
VON"UCARYORORD S SUCLEORUM™ FHR. Ent.
Mt L 145137,
BisDEs, BLoLovan,
1912, LARVAE OF BRITISH SEETLES. THL REYS ToO This
FAMILIES, Bt Month!y Mag 750335 206-2106.

9IS, EGU-BURSTERS 1N SOME MORE FAMILIES OF
POLYPHAGOUS HEETLES AND SUME OENERAL
REMARKS ON EGOBURSTERS, Royv., Ent. Soc.,
Landon, Prov, 20 8907,
POOT. THE TAXONOMIC SIONTFICANCE OF THE CHARAC-
OIS O IMMATURE INSECTE. Ann Rev, Ent. 2
- 1606,
BV, HL B
O], PHE CLASSIFICATION AND BEVOLUTION OF DHCGER
WARPE AN SUGHESTED 8Y LARVAL CHARAUTERS
CHYMENOPMTERA: SPHECOIDEAL
Tl 225237,

Ent. News

FORINTER, . W, and ¢, D JonNsoN.
1H7H BEHAVIOR AND ECOLOGY OF "ACANTHOSCELIDES
PROSOMHDES” (COLBOPTERA: BRUCHIDAE,
Pan-Pacifie Eot, 1Tehr 2212340
UERMAR, B F,
1515, NATURUESUHICHTE DES “BRUOCHUS RUFICOR-
NisST Mag Ent, 3:1-7.
Gorbox, L
U533, IMPORTANCE OF LARVAL CHARACTERS IN CLAS-
SIFICATIIN.  Noabore IT8LI89 11912,
FHNCRLEY, AL L.

T, TRE KLY BESTLE, "MIMOSESTRS SALLABDC
tRHARPY, N HAWAH (COLEGPTERA: BRUCHIL-
ARy lHawan, Eant Sec. Proc, 17 28022064,

BUERL. COMPARATIVE BECOLODGY OF TWO BEETLES ES-

TABLINHED IN  HAWAILD AN ANTHRIBID,
YARARCERUS LEVIPENNIS, AND A BRUCHID
CAMIMORESTES SALLARLY  Ecology 42031 526-
EE RN

Hintox, 1 B

U, RESPIRATURY SYRTEMS OF INSECT EGU SHELLS,
Ann. Rev, BEnt, Uiz 343368,

Hows, R W, and J. K, CURRIE,

TG, ROME LABORATORY OBREHRVATIONS ON THE
BRATER OF DEVELOPMENT, MORTALITY aND
OVIPOISITHIN OF BEVERAL SPECIES OF BRUCHIDARE
BREEDING IN STORED ULSES. Bul Ent. Res.
aann 24T 5

Joginson, O

U8, W TARONOMIC REV BHON OF THE GENUS "sTATOR”
CCRLEOPEERA . BREVCHIDARL  Ann. Ent. Soe,
e e s s

PIRT NGOITER ON THE SYRTEMATIOR HOST PLANTS AND

BIONOMLOS OF THE BRECHID GENERA UMERO-
BRUCHE ST AND “STAFORT HULFOPTHRA:

BRUCTOD AR, Pan Paedie Bat i 261 271

JunNsoN, O

THTH. BIOSYSTEMATICS OF THE ARIZONA, CALIFORNIA,
AND OREGON SPECIES OF THE SERED BHEETLE
GENTS “ACANTHOSCELIDES" SCHILSKY {(COL.
BOPTERA: BRUCHIDAEL  Califl Univ. Pub. Ent.
BHEE I B

1071 BECOLOGY OF TWO “ACANTHOSUELIIES™ FROM

CINDIGOFERA," WITH A DESURIFTION OF A NEW
RIECIRS (CUOLEOPTERA: BRUCHIDAEL Kans.
Ent. Soe, Jour, 477 268274,

Sand J, M, KINGSOLYVER.

L1973, A REVISION OF THE GENUS *SENNIUS” OF NORTI
AND  UCENTRAL  AMERICA (COLREOPTERA:
parennarl U8 Dept, Age, Tech. Bull 1462,
135 ps

cund J. M, KINGROLVER.

T press. SYSTEMATICS OF “STATOR™ OF NORTH AND
CENTRAL AMERICA {(COLEOPTERA: BRUCHIDAR).
.85, Dopt, Age. Teeh, Buol

Keanney, T. I, and R. P PEEBLES.

1864, ARIZONA FLORA, 108G pp. University California

Press, Berkeley.
KINGSOLVER, J. ML

1964, THE GENUS “NELTUMUS" (COLEOPTERA:
BRUCHIDAE)L Coleopterists’ Bul, 18(4) {G5-111,
1970, A SYNOPSIS OF THE SUBFAMILY AMBLYCERINAE

RRIDWELL IN THE WEST INDES, WITH DESCRIP-

TIONS OF NEW SPECIES (COLEOPTERA:
BRUCHIDAE) Amer. Fnt Soc. Trans., 96: 469-
547,

KuaproosiiaN, Ho, and D). ISELY.

1968, SEED CHARACTER RELATIONSHIPS IN THE

LEGUMINGSAE. [owa Acad. Sei. Proe, 73: 28-67.
KUNHIEANNAN, K.

19283, THE FUNCTION OF THE PROTHORACIKS PLATE IN
MYLABRID{BRUCHID) LARVAE (A STUDY IN ADAP-
TATION)  Mysore State Dept. Agr., Ent. Ser,
Bul. 7,47 pp.

Larson, A, O, and . K, FiISHER.

143N, THE S8EAN WEEVIL AND THE SOUTHERN COWPEA
WERVIL IN CALIFORNIA {"ACANTHOSCELIDES OB-
TECTUS"” 5AY AND “CALLOSOBRUCHUS
MACULATUS " Fa. U8 Dept. Agr. Tech. Bul. 593,
70 pp.

LeresMe, .

1942, sUR L iﬂ(‘L()Sl().\' ET LE COMPORTEMENT DE LA
LARVE NEONATE CHEZ “"ACANTHOSCELIDES OB-
SOLETUS say. Soc. Ent, de France, 47013 7-8.

Lca, Y, pe.

1956, CONTRIBUTIONS A L i'::Tl'I)R MORPHOLOGIQUE ET
BIOLHOUE DE “BRUCHES LENTIS" I’R()IIL. ES-
SARDELUTTE. Ann. de V' insl Agre, 1818 (-0

LUBR, LA LARVE NEONATE DE “BRUCHIDIUS AT-
ROLINEATUS” 10 (0L, BRUCHIDAEYL Bul de
" fast, Fondamenotal 8 Afr. Nowe (LFLANG,
sor, Ao Sci, Natl, 33 588-592,




FIRST-STAGE LARVAE OF BRUCHIDAE A5

MacsSwain, Jow,
THIH. A ULASSIFICATION OF PHE FIRRT IANSTAR LARV AR
UM CTIE MELOIDAE (COLEOMTERAY. Cabf, Uy,
Pubs, Kot 3121 182,
MARCUVITCH, 5.
3L CONTRUOL OF SWEESN LS IN STORED HEANS AND
cowPkas, Tenn, Agr. Expt. Sta, Bull 1A 8-
MATLIK, 5,
I'R31 oXN THE STRUUTURE OF LARVAE OF HISPINE
BEETLES. Zool, Sae. London, Proe, ppa 11371162,
MuKEWIE [N
IS, ANATUMY UOF THE LARVAL STAUGES O0F THE
BRUCHID BEETLE YBARUCHUS QUADRIMA-
CULATESY FABR., AND THE METHOD OF
EMERGENCE OF THE LARVA FROM THE EGG
SHELL. Ztsehir. FooAngew, Bat, 252 402460,
oreroy, O L.
5T, THE BEARING OF LARVAL EVOLUTION OF 303ME
PROBLEMS IN FROU CLASSIFICATION. System,
Loul, B 79865,
PabDOCK, F. 1B,
1Hi% THE COWIPEA WEEVIL, “BRUCHUS QUAD-
RIMACULATUS™ FAH (MYLABRIDAE) Tex, Agr.
Expt. Sta, Bul, 258,

PaRNELL, J, R
1964, THE EXTERNAL MORPHDLOGY OF THE LARVAE
AND NOTES ON THE PUPAE OF "BRUCHIDIUS
ATER” (MARSH) (C0OL., BRUCHIDAEY AND “APION
FUSUTROSTRE" F.(UOL,, CURCULIONIDAEL  Ent.
Monthly Mag. 100 3357,

L4663, DRSERVATIONS ON THE POPULATION FLUCTUA-
TIONS AND LIFE HISTORIES OF TIIE BEETLES
SHERUCHIDHS ATER™ {BRUUCHIDAEY AND “APION
FUSCTHOSTRE"” (CURCULIONIDAED 1N BROOM

(HAROTHAMNUS SCOPARIUVSYL  Amim. Ecol. Jour.
EXTIR IS F Y )

PATERSON, N, F.

131, STUDIES ON THE CHEYSOMELIDAE, PART I, THE

BIONOMIUS AND COMPPARATIVE MORPHOLOGY OF
THE EARLY STAUES OF {ERTAIN CHRYSOMELIDAE
(COLEOPTERA: PHYTOPHAGAL  Zonl. Soe, Lon-
don, Proeo: 879544,

PaTTON, W. H.

INUA. AYSTEMATIC VALUE OF THE LARVA UF “SPER-

MOPHAGUS"  Canada, Ent 27200
PEAKE, F. G4

32, ON A BRUCHID SEED-BORER IN "AUAUIA ARABI

A" Bul. Ent Res. 13: 317-32-1
PFAFFENBERGER, (7. 5.

14951, UDMPARATIVE MORPHOLOGY OF THE FINAL LAR-
VAL INSTAR OF “"CARYORRUCHUS BUSUKIT AND
CPACHYMERLUS™ 8P {COLEUPTERA: RRUCHIDAE:
PAUHYMEFRINAEL  Ann. Ent See. Amer, 87010
A8 B

MERCE, W, IL

L9, NOTES UN THE CANAFISTULA WEEVILR OF THE
LBENUS “PHELOMERLS"” PIC ICOLEOQOPTERA:
MYLABRIDAEYL Wash., Ent. Soe, Proe. 32031
AT Ak

PrEverT, PR,

TUBT.  TIE LARYVA OF “CARYFDON SERRATUS" WL, 0 THE
GROUNDNUT SEED BEETLE (COLEOPTERAS
BRUCHIDAEL  Jour. Stored Prod. Bes $: 117124,

T8GS. THE LARVA OF “PACHYMERU'S CARDO” (F-'.‘i HH. ),

THE PPALM KERNEL BORER (COLEOPTERA:
RRUCHIDARL Jour Storved Prod, Res 40230218,

THE LARVAR OF 20ME NIGERIAN BRUCHIDAE
(COLEOPTERAL Koy, Ent. See., Londen, Trans,
123031 247-312,
RaNponei, N AL, and B B GILLESPIE,
1A%, NOTES ON THE BIOLOGY OF
BRACHIALIZ" FAIR. Jour, Eeon.
40T -302,
REXS, B, E.
1941, FIRST-INSTAR LAKRVAE OF "BUPRESTIS RUS-
TICORUM” {KBY.} AND “SCHIZOPUS SALLAELY
HORN, WITH NOTES ON THE CLASSIFICATION OF
“SCHIZOPUS.”  Wash, Ent, Soc, Pree. 43093 210-
222,
RILEY, (. V.
18401, THE PEA AND BEAN WEEVILS. Insect Life 4:297-
EUrS

“HRUCHUS
Snb. D3

1%92. THE FIRST LARVAL OR POST-EMBRYONIC STAGE
{IF THE PEA AND BEAN WEEVILS. (anad. Ent
24071 185-1K6.

RORBRERTS, A. W. R.

1930. A KEY TO THE PRINCIPAL FAMILIES OF COLEQP-
TERA IN THE LARVAL STAGE. Bul. Ent. Res. 20:
57-72.

1939, ON THE TAXONOMY OF EROTYLIDAE {(COLEOP-
TEHA} WITH SPECIAL REFERENCE TO THE MOR-
PHOLOGICAL CHARACTERS OF THE LAR-
vAE. Roy. Ent. Soc., London, Trans, 38(3): 89-
117,

ROHLF, ..l

1083, CONGRUENCE OF LARVAL AND ADULT CLASSIFI-
CATIONS 1IN "“AEDES” (DIPTERA: CULICI-
DAEL Swvstom. Yool 12(1-4): 97-117.

Rozen, J. G, Ji.

1961, PHYLOGENETIC-TAXONOMIC SIGNIFICANCE OF
LAST INSTAR OF “PROTOXAEA GLORIOSA"™ FOX,
WITH DESCRIFTIONS OF FIRST AND LAST INSTARS
(HYMENOPTERA: APOIDEAYL  N.Y. Ent. Soc.Jour.
T2 233230,

SANDERSON, M, W

1448, LARVAL, PUTAL, AND ADULT STAGES OF NORTH
AMERICAN "PHYSONOTA" (CHRYSOMELIDAE).
Ann. Ent. Soc, Amer, 61 J68-477.

SLINGERLAND, M. W,

1293, NOTES FROM THE CORNELL INSECTARY. I, SOME
OBSERVATIONS UPON TWO SPECIES  OF
CRRUCHUS.'Psyehe G 045-119.

SLOBORCHIKGPE, . N, and ¢, D JUHNSON,

1973, A PHENETIC AND A PHYLOGENETH APPROACH TO
THE CLASSIFICATION OF A GENUS (OF SEED
BEETLES (COLEOPTERA: BRUCHIDAEL  System.
Zool, 22(3); 280294,




16 TECHNICAL BULLETIN 1525, .8, DEPT. OF AGRICULTURE

SMITH, G Loy and B, AL MICHELBACHER.

L9404, THE FEA WEBVIL,  Califl Aypr, Bxpt. Sta, Leaflet
g 1.2,

SNEATH, POIL AL, und R, R SOKAL.

THTE, NUMEBERICAL TAXONOMY: THE PRINCIPLES AND
PRACTICR OF NUMERINCAL CLASSIFICATION, 374
pp. W Ll Freeman and Co, San Franeisco,

BENODGRASS, R K.

T9dh, PRINCIFLES OF INSECT MORPHULOCGY.

MeGrow - Book Co. New York.
STEFFAN,J. R,

GHT p.

P CONTRIDUTION A L ETUDE DE “ZABROTES SURB
FASCLATUS” BOHEMAN  Meon Mus, Nl s,
Nat., PParess NN 210 356 N1

TO0E. LY CARYE PRIMATIE DBE “HRUCTHIDBI S FASCIATES”

. BT SES RAPPORTS AVEC QUELQUES LARVES
NEDNATES DI BRUCHIDES.  Swee. Fnt. Prance,
Hul, 51 12 16,
TERAN, AL L.
TURZ, OHRERVACIONES SOBRE BRUUCHIDAE (COLEOP-
TERAY DEL NUROESTE ARGENTING,  Acta Zool,
Latloana, Lxz 2110 242,

TERAN, AL L.

1967, CONSIDERACIONES SOBRE "EUBAPTUS PALLIA-
TUS™T LAC, "RRUCHUS SUAPULARIST P Y DE-
SCRIPCLON DF LS ESTADOS PREIMAGINALES DE
EUBAPTUS RUFITHORAXT(PICL  Acla Zool. Lat-
lonnae 21: 71- 849,

WIGGLESWORTH, V. B,
OGO, THE PRINCIPLES OF INSECT PHYSIILOGY,
AMethuen and o, L, Leadon,

T pp.

ZACHER, .

1930, UNTERSUCHTUNGEN ZUR MORPHOLOGIE UND
BIDLOGIE DER SAMENKAFKER (DRUCHIDAR-
LARHDAEY  Arb. Biol. Abt, (Anst, Reichsansu
I8 233384,

DI NAHEPFLANZEN DER SAMENKAFER.
f. Angew. Ento 33002 210217,

14951, Zisehr.

1952, DIE  NAHRPFLANZEN DER SAMENKAFER.
Ztachr, I, Anpgew. Ent. 3330 J80-180.



FIRST-8TAGE LARVAE O BRUCHIDAE

FIGURE 1. Generalized first st larve showing pri-
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LA mam,

FiGUrE 2. -Thoraete setal map: Acanthoseelides aureofus.

PRO—

FiGURE .--Thoracic setal map: Aeenlhoscelides
chiricutiniue,

Figt Ry 0 Theraee setal map Aenrthoseddodes
LT I R T T




TECHNICAL BULLETIN 1525,

‘-_'2'.)'"5 Sg
\ s,
@10
1
U e
({\ \h.'\.'
16_-

FIGURE A,

Thuracie setal maps deanthoseelides rolbosis.

L

A

A
at
i
- 7
: / =__
L LY g ,
Al ii
v i

7
3 (\

e . o
- IE : ?, i‘: F h‘_;_
“Neso— (D) welra—

CPRO—
¢

it RE 7. Thoracwe setal map: Aranthusechides mictus.

UB. DEPT. O AGRICULTURE

TRy dg
i 2 b B
i q :
o of s
2 € e
'{OE
b
dyz v
Y- S
. A
hd 2 1 : -
6 R
"-\'.i - Q}\;‘ .
#RO— ij META— " "

FIGURE B.—~Thoracic setul map: Acanthozcetides mace-
rophtlhalnes.
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FIGURE 10, ~Thoracie setal map: Algurabius progopis.
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FIGURE 18.—Thoracic setal map: Neltumins arizonensis,
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MESO—

FIGURE 1R.—Thoracic setal map: Stafor {imbatus.

FIGURE 17— Thoracie setal map: Senning morosus.
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pygidialis: T, Zabrotes subfusceiatius, Scale line - 0.6 mm.
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Fict RE 24 Abdonunal setal map of Aeanthoscelides dureolis.
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FIGURE 23, Abdominal setal map of Aeanthaseclides bubnquirars.
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Fraure 26, -Abdominal setal map of Apanthaseelides chiriralineae,
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FIGURE 27.. Abdominal setal map of Aeanthoseelides eollusis,
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Flot RE 36,

Abduminal setal map of Acanthoseelides vhtectus.
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FIGURE 31— Abdonnnal setal map of Aeanthoseclides prosopoides.,
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Fiavee 32.—Abdominal setal map of Algarebius progopis.
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Frovnre 33 Abdomunal setal map of Amblycerus aeoprleensis,
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FIGURE 37, Abdomunal setal map of Mimaesesies sollaer,
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FlGURE $83.—Abdominal setal map of Neltuming arf
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FiGURE J1.-- Abdominal setal map of Sivafor pruin
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FIRST-STAGE LARVAE OF BRUCHIDAE
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FIGURE 42.—Abdominal setal map of Stator pygidialis.
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FIGURE 43.—Abdominal setal map of Zabrotes sitbfesciatus.
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Fiutre 14, Principal Component Analysis showing phenetic relationships between first instar larvae. [,
Aranthoseelides anrentng; 2 A baboquearariy 3, A chiricatnae 4, A collusis; 5,4, mocrephthalmuy; 8, A mirtus; 7, A,
abteetas; 8, A progopaides; 8, Adgarobins prosopis; 10, Amblycerus acapnleensisy 11, Caryobruchus gleditsioe; 12,
Miviosestes wnrens; 13, M, protracinss U, M. sellaed; 15, Neltuming arizonensis; 16, Senniny morosns; 17, Stator
fembatus: 1N, NC preonus: 19, S, ppgidiadis; 20, Zabrotes subfuseiaf s,

ANT.
{'
3
ANT.
4

FIGURE 15, - 1. Seed of Astragains prociongns showing: A, Integument; 8, chamber excavated by larva; C, cotyledon
tissue remaiming after feeding by fourlh instar; 7, sites of oviposition and larval entry; £, seedcoat tissue; F', hilum,
2. Seed of Astrugatns wooloni showing: 4, Cotyledons: B, burrow of first instar larva; C, radicle; D, funiculus; &,
hilum. 3. Bgg of Stawtor Hmbatus or 5. pruininus. 4, BEgpr of Stator pygidialis.
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APPENDIX TABLES

TaBLE L—-Distribution uf'sebue on Acanthoscelides aurcolus, firsf instur
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2Narsalatera] sotn on abdominal segment 10,

TABLE 3.—Jistribution of sclae on Acanthoscelides chiricahuae, first
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TABLE f.—Distribution of setae on Acanthoscelides collusus, first instar

Pro. Pusi- Spirae- Bpi- Hypo-
dor. dor- ular pleu- plew-

Sepgment suim sUm areal ren ron Sternum  Prothorax
Mesothorax Ihid” Ke' u R 2 17
Metathorax Dd'd” [ Q R 3
Abdomen 4
1 o’ u [ ) h uvx 5
2 o At e' [H uvx &
3T G A oA e h LN 7
b d A a7 Bl h VX 12
4 Aaa” i h x B
0 g v 16

tNone present in species.
2 Dorsolaters) sota on abdominad segpment 18,

TABLE b, —=Distribition of setae on Acanthoscelides macrophthalmus,
First iustar

Pro- Post - Spirae- Kpi- iy po-

dor- dor- ular plew- pleu-

Hegment P sum aren ron Pt Sternum  Prathorax
Mesothornx Dd'd” N u R 2
Metathorax Ddi'd” [ R 3
Abdunten 4

{ o A s E h uvs 5
gt it A oa” h vy 8
>3 o Ao BEe h uvx 9
N Aa'a” Eg’ h uvx 12
] Aa's" E li v 14
oo [ i6

FDorsolaterad sota on abdominal segmoent 16,

TABLE §.—Distribution of setae on Acanthoscelides mixtus, first instar

Pro- [*osL- Spirac- Epi-

Hypo-

doi- dor- ular pou- pleu-
Serment P S aivat ron ron Sterpum Prothorax
Mesothpeax A ow” Ee’ u R i
Metathorax o’ A a e’ u R 2
Abdomen 3
{ d a” B h uvx 4
2 d A u ¢ h vy 5
37 d A g Ee’ h vy ki
5 A ow S0t [ U N 11
3} Aoa” H v 15
ot 0 16

tNone present i species,
2 Norsolnteral setn on abdominal segment {8,
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TABLE T. ~L)istribution af setae o Acanthoscelides obtectus, first instar
Pro. Past- S Epi- ilypo-
dar. dor- aluy plew- plew-

Seent slm sum e run ron Stermim Prothoeas

Mesothorax I ol i’ Eu IR ' ik
Metarthorax [ o i e R
Ahdomen

Ao
A ou
Aagu’

PHersolateral seta on alndennnal sernent 16,

TABLE S.—-Disiribufion of setae on Acanthoseclides prosopoides, first
insfoar

SR Epm. Hypo-
it pheti- pleu-
Sernent . areq! roit o Sternnom Prothorax
Mesothorax Dd d I} R 4
Metathorax Dd d . R 3
Alulemen X
d W ! 11

|
3
3 i e 11
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NGO present in spectes.
S Dopsolateral seta on abideminal sepment i1,

TABLE Q.—f}istribution uf setae on Algarobius prosopis, first instar
e I*eest - Sprace Em- Iy po-
o e tar plent- pleti-
Searie Tt ~im <11 area! ron ron Sternnm Prothorax
Me~nthorax A Ee R 1
Meratheras B : R 4
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1 : X i

CNoe present Gn speries,
lhersoniteral seta on ahdominal sogment 10,
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TABLE 10.~Distribution of setee on Amblycerus acapuleensis, first
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TABLE L1, - Distribition ofselee on Caryobruchus gleditsiae, first instar
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Soment it w1 HYREH! ron rot Sternum Prothorax
Muoesothorias Aua b [T h uf R | 17
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TABLE 12, Distribation of setae on Mimosestes amicus, first instar
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TABLE (3. —Distribution aof setae on Mimosestes protfractus, first instar

Preo- Mt - Sprace Epi- iy per-
dor- dor- wlur plow. plea-
Rupment s sum res [SEEA ot Sternum  Prothorax
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TABLE W.—Distribution ut setae on Mimosestes sallaei, first instar
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" Dersolnteral setn on abdomuna) segment 1L

TABLE 15.~Distribution of gefae on Neltumius arizonensis, first instar
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' Nuope present in species.
EDorzelateral seta on abdominal segment 10,
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TABLE 16.—D istribuiion of setue on Sennius morosus, first instar

Pro- 1Mot Spira- H pi- Hypo-

dur- duor- ulur ple - pleu-
Reprmennl sUm < ure ron R Sternum Prothorax
Mesothorax Auwna R u R 2 1G
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TABLE 1T.—Distribution of selve on Stator limbatus, first instar
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TABLE 1. —Distribution of setae on Stator pruininus, firef instar
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