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Biosystematics of the First-Stage 

Larvae of Some North American 


Bruchidae (Coleoptera) 

By GARY S. PFAFn:NBERG8R,' iIlS/I'II('/OI', and CLARENCE D. JOHNSON, ussol'iutr pro/cssol', DCj!(t)'( 1ll£'llt of B i%gicCL/ 

8cil'll('es, .\'ol'tllel'/1 Ar;ZOllli C/(il·('I'.~it!l, /<'lags/a/.'t; Ariz. 

ABSTRACT 

We studied first-stage bl'uchid larnle be
longing to nine genera, three subfamilies, and 
tilt' following 20 species: AcantllOscelides au
1'1'01111'1, ...4.. baboquil'(tl'i, A. cl1i),lcCtll1l(1e, A. col
IIlSII.<;,A. macrophtlwlmu8,A. mi:rtlls,A. obtec
t /I s, •.:t. p r () s () P() 1ci I' s, it I g Ct rob ills })/'() S 0 }J is, 
A III bI y (' e r Ii s a (' U pI/I (' (' II sis, Ca ). y () brile Iz Ii S 

gleciitsiae, JIimosestes amicIIs, iH. protrCtctlls, 
.U. sal/nei, Seftll/llills arizMleHsis, Se;mills 
I/lO/'OSIIS, Stator filllbatlls, S. prUillilll(s, S. 
pygidialis. and Zai>rotcs slli>/asciatlls. Repre
sentatives of each species were examined, and 
the prothoracic plate, spiracles, legs, and 
chaetotaxy were figul'L'd. Each species was de
8(Tibed, and keyed; and their relationships, 
biology, and lanai beha\'ior were di<;cllssed. 

The use of characters of larval insects in 
formulating classifications was discussed. 'vVe 
rOl,nel that the initial larval forms to be de
scrihed \vere thosp of economic significance or 
those that displayed unusual morphological 
dHtl'aeters. In some eases, lan'al characters 
pnwide a means of delineating adult taxa that 
were known to be dif'ff:'rent but could not be 
sep<ll'atpd p<lsily using adult characters. 

Till' following characters were used: Pres
{'IW{', abIWI1CP, Ipngths, number of segments, 
and ('olnpl{lxity of clen'lopnwnt of the legs; 
typP of tanms; n'iati\'(:' lengths, presence, ab
sencp, (tnd distribution of sC'tal'; degree of de
vt'lopl1lPnt of proti1oraeie plate; presenc(' 01' 

I ('Ul'l'l'nt alliin',,:;; 8nst!'l'n Nt'\\' Ml'xko l'ni\·pn;ity. 
R(ls\\'l'lt. X ~l!'x. :-;:-<20 l. 

absence of median 01' anterior arms, 01' 

both, on the prothoracic plate; number of pairs 
of setae associated with the prothoracic plate; 
and larval behavior of wandering following 
edosion, or penetrating the pod or seed direct
ly upon hatching. 

The larval and adult classifications were 
then compared. CW'yobrllchlls gleditsiae was 
sufficiently unlike the other species to verify 
that it should remain as a mem bel' of a distinct 
subfamily (Pachymerinae). There is evidence 
based on larval morphology, that the genera 
Zai>l'otes andSpennoplwglls are only distantly 
related to the other genus in the subfamily 
Amblycerinae, ilrnblycO'IIS, Classification of 
the subfamily Bl'uchinae shows some incon
gruence but not as much as the Amblycel'inae. 

Of those genera within the subfamily 
Bl'uchinae, adults and larvae of the genus 
JIimoscstes show the greatest incongruency 
between classifications. According to the lar
\'al classification, M. }Jl'otrctctlls should be 
placed in a separate genus. There is some dis
agreement in the genusAcant/wscelides, since 
.4.. Hw('rophthalnzlls and A. cliiricalJllCle ap
peared to be more closely 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 
Stator. 

The results of the Principal Component 

1 



2 TECHNICAL Bl'LLETIN 1525, U.S. DEPT. OF AGRICULTl'RE 

Analysis supported, to a large extent, an intui
tive larval arrangement. The genus Zabl"Otes 
was placed closer to the genus Statol" than to 
Jlimosestes prot)·(tctlls, which differs from our 
phylogenetic groupings. AC((HtllOscelicies mac
}'ophthalmlls and ...L chiricaillwe appeared to 
be closely related and were g-rouped near the 
more advanced Sel1nillS mo/·oS/lS. This ar
rangement coincided with the intuitive larval 
classification but differed from that of the 
adults. The remaining species showec1little or 
no disagreement between either larval ar
rangement. 

The function of the V-shapecl neck fold and 
retraetable 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 
increase 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 seg
ments are expanded by movement of 
haemolymph. aids in gaining purchase (lever
age) necessary to O\'ercome 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 substrah" thus allowing the anterior 
end of the body to mo\'e freely about. Upon 
attachment to the substrate, it may also pro
vide valuable pu l"chase for the body when the 
larva is burrowing. The anal aperture, which 

appears to be tripartite in species of the more 
primitive subfamilies, thus \vas likely as
sociated with the primitive habit of ,,'andering 
in search of a suitable host. It probably has 
been retained because of the apparent ease 
with which a V-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 wantingin 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 to eclosion. (3) Legs, in 
most cases, possess a flattened or rounded tar
sus that terminates in an anteriorly directed 
lip. Within the egg or burrow, the lip is directed 
downwanl, thus providing additional resist 
ance to the backward thrust of the body re
sulting from the activities of th1e mandibles. 

INTRODtTCTION 

l\Iost published works on lan'ae describe 
either economically important forms (Crouzel 
and other~. /.CJfi8)2 or forms possessing what 
appear to be highly specialized traits 
(Clausen, 1940; Maulik, 198.1). These and 
other works of their time are primarily con
eernt.'d with the functional significance rather 
than taxonomic significance of the novel 
characters of larvae. It was not until the 
piom'ering works of Boving (19:29), followed 
shortly by B()ving and Craighead (.1980) and 

~Thl' ypnr Il1 ltali('. W1Wll it follow;; tlw tUI th!ll"~ naml'. 
n'f('r" to tlw Ltt,'t'atll re Cit('(I, p . .13. 

others (Paterson, 1931; Roberts, .1930; van 
Emden, 1942), that larval taxonomy finally 
began to receive attention. From the time of 
Linnaeus, phylogenies have been recon
structed on the basis ofa postaiol"i e\'aluation 
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, 1964; Rozen, 
.19(4), as well as noninsectan groups (Orton, 
19.57). 

On the basis of latTal characters, Roberts 
(1989) suggested that the beetle family 

• 
.. 
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3 FIRST-STAGE LARVAE OF BRUCHIDAE 

Erotylidae should not be split, as had previ
ously been suggested, on the basis of adult 
characters. Commenting on Leng's "Cata
logue of Coleoptera of Amedca North of 
Mexico," Boving (1929) stated that genera, 
subfamilies, and even families would probably 
be rearranged atler a thorough study of the 
larval forms. However, others at that time did 
not shar'e his \'iews. Crampton (19;]0), in com
paring adult and larval morphologies of dipter
ans, suggested that lan'al characters were of 
little or no value because of the tremendous 
genetic and phenotypic plasticity possessed by 
the lan'al forms. Consequently, they express 
exees:d\'e "sideways developments" and 
exhibit too much mosaicism to be of \'alue. 

Although eonsiderable eongruency existed 
between larval and adult for111S 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 stages 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 makin~ a final 
decision, an opinion also shared by Maulik 
(198 n. These comments were, of course, par
tially inconsistent with those expressed by 
B()ving and C'raighead (1.9.30) in their disclls
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 (1941). in his work on the first instal' of 
Bllptestis rllstleOl'1I In (KBY.), concluded on 
the basis of certain morphological characters 
that a new family should be recognized; 
whereas, Anderson (1.91;7) argued that the 
genus Cimbeds should be transferred to the 
family Anthribidae rather than remain in the 
family C'urculionidae. Sanderson (1948) used 
larval host plants to providE> evidence for 
spE'ciation; whereas, MacSwain (1.956) added 
oeluwior and ecology to delineate first instal'S 
of ;\feloiclae. 

Gordon (1955), followed shortly thel'eafter 
by the excellent rE'view article of nm Emden 

• 	 U .<I.in, wa::; the first to discuss thoroughly the 
significance of lana! characters in the del'iva

tion of taxa. Van Emden discussed the theoret
ical and practical implications of subimaginal 
versus imaginal traits, and both authors con
cluded that larval characters tend to be of 
equal significance to those of the adults in the 
taxonomy of insects. B2al (1970) and Edmunds 
and Alle'il (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 
bl'uchids, we chose to work on this family of 
heetles. The Bruchidae are beetles whose 
adults, when they feed, feed primarily on i;he 
pollen and nectar of plants (Zacher, 1951). Ac
cording to Center and Johnson (197.4), a broad 
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 eggs on 
the surface of pods or seeds. After a period of 
embryonic development, usually 5 to 10 days, 
the first instal' emerges through the broad an
terior end of the egg or directly through the 
venterofthe egginto the seed or pod, 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 Bruchidae 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 lllany larvae may be found in a 
single seed or a single larva may consume the 
cotyledons of several seeds (Center and 
Johnson, 1973; Howe and Currie, 1964; 
Johnson, 1967; Riley, 1891,1892). 

Because some species of the Bruchidae com
pete directly with lllan 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 biology and 
control of economically important species 
(Bondar, 1,921; Brindley, 1933; Campbell, 1.920; 
Chittenden,1898; Howe and Currie,1964; Lar
son and Fisher, 1938; Lepesme, 19M2; de Luca, 
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1!J5fJ'; 1Jat'codteh, 1,r).j4; Paddock, U)J,r); Because the mouthparts of the first instal' 

Parne 11, 1966; Peake, 1952; Pierce, 1930; Ran
 are, in most cases (for example, fig. 23, Q and 

dolph and Gillespie, .19S8; Riley, lH9l, .1892; 
 R3), too minute to be accurately observed 

Slingerland, lS!J8; Smith and Michelbacher, 
 (Prevett, 1971), we used characters relating to 

I!JH; Steffan, 1.94S; Zacher, 1930). 
 chaetotaxy, legs, tarsus, spiracles, anal aper


The morphology (Boving, 1927; Eichelbaum, 
 ture, behavior, and, in some instances, host 

l!1JS; Gennar, 1818; de Luca, 196'8; Parnell, 
 plant" to derive Our system of classification. 

1.CJ64; Patton, 1895; Pfaffenberger, 1!i74; Pre

vett, 1967,1968,1971; Steffan, 19.46; Teran, 
 The purpose of this study is to derive a sys

1.962, 1967), and, in certain instances, func
 tem of classification of the first instal'S of the 

tion a I mOl'phology (Kun h ikan na n, 1928; 
 following species: Acanthoscelides alll'eoillS 

Lept'sme. 1942; Mukerji, 1 !Jd9; Zacher, 1980), 
 (Horn), .4. b((boqllil'((l'i Johnson, A. 

han' been r<:>pOl·t<:>d for a limit<:>d number of el/ iricallllae (Fa1l), A. COlillSNS (Fa1l), A. 
nwc
economic as well as noneconomic speci<):~. rophtlwimlls (Schaeffer), A. mixtlls (Horn), A. 


Bti\'ing (I!J27) devised a species key to 
 obtectus (Say), A. prosopoides (Schaeffer), Al

bruchid larvae but probably did not use first 
 garobills prosopis (LeConte), Amblycerlls 

instal's, judging from his measurements of the 
 (lcapllicensis Kingsolver, Cco'yobn(c/zlls

length of !:'ach species. He llsed characters re
 gleditsiae (Linnaeus), Mimosestes am iells 

lating to mouthparts, ocelli, and legs to derive 
 (Horn), M. /Jrotractlls (Horn), M. sallaei 
his specil's eiassification. (Sharp), Neltllmills arizonensis (Schaeffer),


Of the 1,300 described Bruchid species 
 Sennills morOSliS (Sharp), Stator limbatlls 

worldwide (Johnson, 1970), only about 50 de
 (Horn), S. /Jruininlls (Horn), S. pygidialis

tailed lan'al descriptions are a\'ailable. Of this 
 (Schaeffer), and Zabrotes sllbfasclatus (Bohe

total, ~~ Wel'P described by Prevett (1971). Pre
 man). Our larval classification is compared 

vett del'i\'(:,d his classification b~' using the fol
 with the existing adult classification at the 

lowing characters of the first instal': Spiracles, 
 subfamily, generic, and species levels. We used 

chaptotaxy, shape of setae, legs, and shape of 
 traditional and numerical methods in our 

tarsus, in conjunction with characters of later 
 classification. Keys to the 20 species are pro
instal'S. He was. ho\Vp\'er, unable to distin vided, and the systematics and functional 
guish lwtween larn1e at the species level. morphology of the larvae are discussed. 

MATERIALS AND METHODS 

Because of the difficulty encountered in as because these were indications that the larva 
sociating lal'\,<11 bruchids with their adults, would probably hatch within minutes. Other 
eel·tain tel'hniques \\'et'e lts<:>d to ensure the specialized techniques were used to obtain 
gatlwring of accurate data. To ensure accurate first instal'S. Larvae of Acanthoscelides pro
identification of each species, seeds or pods sopoides were obtained by Forister and 
Were taken from jars containing a single Johnson (.1971) by allowing adult females to 

gpecies of brllchid. and their eggs were re oviposit into open-celled styrofoam. We ob

moyed and placed in serewcap \'ials, which tained them in the same way. 

WPl'P allowed to stand at room temperature: Information on larval behavior was ob

Eat'll \'ial was ('hecken periodically with a dis
 tained by observing the activities of live 
sN'ting' microscope, and, upon eclosion, the specimens or their damage to seeds and pods. 
lan'ae were removed and placed in vials con Such activities of the bruchid larvae as where 
taining 70 lwrcent ethyl alcohol. the larva hac! burrowed, the number of 

80111l' larnw were cl.ll'efully dissected from exu viae left within the bm:rows of the larvae, 
Uw ~'gg chorion. This procedure was employed 
only whpn thE:' heavily pigmented head capsule 

•and H-shaped prothoracic plate Wl're \'isible, nAil figl1rl'l; appear together. beginning on p. -17. 
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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 entire 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 an oven at45° C for 8 
to 12 hours. After the larvae had been cleared 
in lactic acid, they were positioned in a drop of 
Berlese's tluid. The mounting medium was 
placed on a O.R-mm regulation size, depression 
slidt:'o A cOH't"slip was placed over the lan'a, 
compressing it in the position desired. 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 to 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 laterally. 

A system de\·eloped by Baving (1927) and 
adopted by Prevett (1971! was used to illus
trate chaetotaxy. Rectangular diagrams (figs. 
2 to 21) were drawn in which dotted lines were 
included to indicate sutures. These lines of 
demarcation divided the integument of 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 
\vere 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 
userJ. 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
ters A and B. 

Prevett U97n used A, B, and C and their 
lowercase counterparts to denote the position 

of setae on the postdol'sum. Because of the 
small size of first instal'S and difficulties as
sociated with determining the exact location 
of each seta and because of variability within 
spe.::ies, we used a different method. If there 
was only one primary seta per subsegment, it 
\vas designated aSrl, regardless of its position. 
The second and more ventral seta was desig
nated as B. No "e" setae were found on species 
in this study. The use of lowercase letters par
alleled that of the capitals. The lateral or 
pleural area is divided, by sutures, into a 
spil'l:1cular area (abdominal segments 1-8) and 
epipleuron. Identifying letters, for setae, ap
pearing on these respective areas of the in
tegument are 8', ors", or both;E, ore, or both; 
and H, or II 1 or both. The thoracic sterna of 
most larvae support a pair of elongate, coiled 
setae located between the thoracic appendag
es. These s.etae are labeled R. Thoracic legs of 
Mimosestes protractlls, Stett~r limbatus, S. 
])1'11 ill i 11 liS 1 and Z abl'otes Sll bfa se icd /I s are lack
ing and have been replaced by pairs of setae. 
These setae are identified as K. A.canthos
celides baboqll il'ad and Amblycerlls aeClplll
cells;s possess an additional seta (I) near the 
base of the meso- and metathoracic appen
dages. 

Abdominal sterna of most species have one 
to three short setae. These setae are identified 
with lowercase /I, 1', and .r, depending on loca
tion, with the anterior seta labeled 1/; the mid
dle, 1'; and the caudal,.r. The dorsolateral seta 
on abdominal segment 10 is labeled g. 

The prothoracic setae were identified by de
veloping a composite illustration of all setae 
appearing on 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 similar to that ofPrevett (1971) 
is used for describing the prothoracic plate 
and associated setal pattern (fig. 22, C), Each 
half of a prothoracic plate usually possesses 
anterior (A), median (M), and posterior (P) 
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 tladened or rounded tarsus, or three seg
mented with an opposable (fig. 23, J) or im
movable (fig. 23,10 claw. 

The anal aperture was either Y-shaped or 
transverse. 

Characters of the head were not used be~ 

cause Baving (1927) and Kunhikannan (1923) 
stated that head characters are not useful for 
separating larval forms of bruchids. Our ob
servations agree with those of Prevett (1971), 
who observed the mouthparts of first instal's 
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 (peA) (Dixon, 1973). 

FtTNCTIONAL MORPHOLOGY 

Little has been done to ascertain the func
tion of certain structures peculiar to the mor
phology of first instal' Bruchidae. For this rea
son, we have included a discussion of fl.lnc
tional morphology and how it may relate to 
larval behavior. 

V-Shaped Neck Fold and Retractable 
Head Capsule 

The V-shaped neck fold and retractable head 
capsule are typical of all known first instal' 
Bruchidae (Kunhikannan, 1923) and, inas
much as these lan'al forms are all endophytic, 
theIr 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 itselfforward in the egg, th us forcing the 
anterior end of the body against the dOl'soan
terior a:;pects 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, 196.9). 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, 1989) 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, 1923; Mukerji, 1939; 
Zacher, 1980) emergence hole in the venter of 
the egg. 

To a large extent, the above observations 
and interpretations support those of Howe 
and Currie (196.4), Kunhikannan (1928), 
Lepesme (1942), and Zacher (1930) but differ 
from those of Mukerji (1939). According to 
Mukerji (1939), "The two anterior horns ofthe 
shield (anterior arms of the pl'othoracic 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 
thf> egg-sac," Contrary to these observations, 
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 
lan'a definitely gnaws the emergence hole in 
the \"enter of the egg' with its mandibles. Also, 
tlw hole is larg'e enough to allow passage of the 
body by ]leristalsis, which, according to 
Lplwsnw (l !J1; •.n, occurs in a f('w set'onds. 

(;('IWI'ul Body Shape 

Aeeonling to Peukl' (1,9.52), the general body 
sIHllK', whkh consists of a broad head, thorax, 
and first through third abdominal segments, 
roJlowl1d by a noticeable taper in the r('main
ing abdominal segments (-1-10l, is typical of all 
known first instal' hruchids except Za/Jl"otes 
s/lb(ascilltlls (Kunhikannan, If}2;]). Its body is 
highly taperpd toward the anterior as well as 
))osterior ends. Some inlwrent advantages as
sociated with this body shape were discussed 
in till' pre\'iol1s :;;eetion. 

Bl'it,t1y. the bnlHdest portion of the body oc
curs in thosl' area:;; where the greatest pur
('hasp (leYl'ragl') is g'ained for eclnsion or bur
towing into a sped or pod, A:;; thl' posterior 
abdominal st'gnll'nts are 11t'Ollght fonyard, the 
nW\"l'llH'llt of til{' hody fluids into the anterior 
:'t'gnH'l1ts l'l"l'at(>:-\ additional :-\welling, thu:;; 
forl'ing' tlw tl't'th of tlw prothoraeic plate and 
tIll' :-:pilH'S of till' nr~t abdominal segmt'nt 
again~t tht, wall of the burrow OJ' inside of the 
dWl'IOI1. 

~onll' difficulty is encountered as the larva 
attpmpt~ to emerge through a rather small 
hole in the ehnrlol1. Thi:-\ problem may be over
l'Oll1£' by ]lel'i~taltie waves of muscular con
traction that pas:-\ forward over the body sur
fat't' (Wiggll'sworth, 196.5), th us squeezing the 
wider pOl'tion:-\ nr the body through relatively 
narrow IHlssagt'ways. :\eyertheless, many 
lnrnH' do perish during eclosion because they 
are unabll' to t':-\Cflpe through the emergence 
holl'. t'spl'l'itdly tho::w forms which do so 
thl'Ollg-h till' anterior end of the egg-. Appar
ently. tmel' H lan'a ha:-\ beg-un the process of 
('dosion, it t'ann()t rL'l'ntt'l' the egg, possibly 
lll'l'UU:-\P of irrl'vl'l'sibll' peristaltk' waves or 
phy:-\it'al obstruction. or both, of the retrorse 
:-\p tlll' , ~pinl's, or prothol'aeic plate, Those 
forms that pnte)' the ~eed or pod direetly U~")Jl 
t'nWl'gent'e probably experience lower mt ' .... 
ity ratE;'~ lWeaHse of leverage gained ~·,w I-[·e 
t'l'l'(l or pod tit'slH.> b;{ the llse of the Pl'(, 'l!Yfacic 
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 func
tion of the plate was studied by Kunhikannan 
(1923) in Callosobrllclllls ell inellsis and Acan
tllOscelides obted1/s. Mukerji (1939) stated that 
Kunhikannan was in error based on evidence 
from Mukerji's studies. Our observations do 
not ngree with those of Mukerji (1939) and 
Lepesme (191;2), but do agree with those of 
Kunhikannan (1923) and Zacher (1930). 

According to Lepesme (1.942), the 
prothoraclc 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. It 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 (193.9) 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 ofthe 
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 fold 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 
LIse of the plate during seed entry. 

According to Kunhikannan (1928), the plate 
is used to gain purchase both during- eclosion 
and pod or seed entry, or both. Afterwards, the 
plate is lost during tIle first molt, and the lan'a 
move:;; pel"sistaltically within the burrow. 

According to Zacher (1930), "The function of 
the neckplate in Za brotes is entirely ob\'ious, 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. As observed from lateral 
(Prevett, 1967, fig. Vl) and anterodorsal 
CKunhikannan, 19:23) views, the teeth of the 
median arms are located anteromedially to 
the teeth associated with the posterior arms. 
Their strategic location enables the larva to 
obtain purchase on the seed test or pod 
pericarp, while the teeth of the posterior arms 
are free or are still within the chorion of the 
egg, thus enabling the larva to apply force 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 arms through. 
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 Abdominal Segment 

The function of this structure was over
looked by Kunhikannan (1.923) but has since 
been discussed both as an egg burster (Howe 
and Currie, 1964; Mukerji, 1939; Teran, 1.962; 
nm Emden. 1946) and a fulcrum used by the 
larva to emerge from the egg (Howe and Cur
rie, 1.964; Teran, 1962; Zacher, 1930). 

In addition to functioning with the V-shaped 
neck fold and retractable head capsule during 
eclosion, this spine appears to have another 
function (Howe and Currie, 1.96.4; Zacher, 
19;]0). From our observations of emerging 
specimens, it appears as though the spines are 
manipulated with ease; that is, their distal 
ends (Mukerji, 193.9) 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, 1.964). Recorded observa
tions on embryonic development of bruchid 
lan'ae 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 ofthe body, and alternat
ing usages of the spines and prothoracic plate, 
intervened by the stabilizing effect ofthe body 
setae, the larva is able to right itself within the 
egg 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 which all are of 
subequal lengths to those in which legs are 
completely wanting. Kunhikannan (1923) de
scribed the functional significance and activ
ity of those legs of varying lengths in his be
havioral discussion of Acanthoscelides obtec
tllS. 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 create addi
tional pressure on the mandibles, by shifting 
the weight and forces ofthe 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 
pod 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 explanation for 
this may be that of the species involved in this 
study that possess legs, only Amblycerus 
acapillcensis and Ca1'yobnwhus gleditsiae 
(figs. 23,J andK) lack a tarsus that terminates 
in a flattened 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 forcing the 
haemolymph into the anterior segments. As a 
result, the anterior segments would swell, 
forcing the lip ')f the tarsus into the tissue of 
the cotyledon. This wou1d 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 acapll/censis 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 ofCal'yobl"llchlls gledit
siae al"E;~ 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 assistance. This probably accounts for 
the apodous larva ofllrIimosestes pl"otractlls. It 
enters the very green pods of Prosopis juli
.l1ora, and the legs probably 1Nould provide 
little assistance and considerable drag in try
ing to move through the sirupy contents of the 
pod. Consequently, the appendages were prob
ably selected against. 

Tenth Abdominal Segment 

All the spedes in this study appear to use 
the tenth abdominal segment as an adhesive 
disk, thus serving a very important function in 
locomotion (Kunhikannan, 1923; Peake, 1952). 
Larvae of Amblycel"lls acaplilcensis were ob
served to crawl a short distance, then loop the 
body, bringing the caudal end forward. The 
tenth segment sucker then became attached 
to the substrate, and the larva rose to a verti 
cal position. There it swayed back and forth 
several time.:; before it resumed its horizontal 
position. 

On many occasions, the larva of A. acaplll
ccnsis also mo\'ed forward in short incre

ments, much like an inchworm (Geometl'idae) 
(Peake, 1952). 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 function as the larva crawled over 
the pod or seed surface. However, because 
many of the first instal' 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) primary 
setae to the complete absence of primary setae 
(typical of more sedentary larvae, thus proba
bly more derived). 

In most instances, the prothoracic primary 
setae do not equal the lengths attained by the 
primary setae located on othel' 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 suc
cessfully escaping from the egg. 

Setae that appear on the thoracic sternites 
of many forms are large and coiled (fig. 8). Ac
cording to Kunhikannan (1923), 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 body fluids 
in the thoracic segments. In conjunction with 
the reduced pressure and what appears to be a 
springlike seta, the thoracic sternites would 
probably be elevated, thus allowing the larva 
to disengage the lip of its tarsus in preparation 
for the forward movement of the body. 

SYSTEMATICS OF SOME FIRST INSTAR LARVAE OF THE BRUCHIDAE 


Mtwphological Charactcl'S limited extent) host plants were used to derive 
the following larval group arrangements and 

External morphology, behavior, and (to a stepwise component analysis (fig. 44): 
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LARYAL GROepS AND Sl'BGROl'PS 

1. 	 :\mbly('/'l'lIs ((('(l/III/('elisill 
2. C(II'yobnlchllll gl{'clit.~i(le 
:t A. AlgfLr(Jbill,~ prollopill 

B .	 .,tc·ctlltll<Js('eiic/es obtl'l'ills 
C. A. III'ollo/wides 
D. 	 A. <'Ollltllll.< 

A. Ill/reO/liS 


B:. A. ua/}(Jt{uil'(L)'j 


.1. A . .lJilll(),Ql'stl'l1 :wlinei 

B. 	 ,ll. (Llllie'US 

C. "\('ulllitos(" Udes lII(lcl'ophtlwilllHs 
ii. 	A. A. ('hil'ic'1I1111111' 

B, Xi'lI/lIl1ills 1I1'1:(lIII'II"ill 

C, SCI/I/ills 1II01'()SIIS 

Ii. 	 Stu/Oj' Jlygicli(liis 
S·I_rlliHiIlIlS 
S. lilll/HltlUI 

7, .lJilllOsl'::;(("q JlrOIl'u('/1I11 
~, Zubmlfs IllliJ./llSC'iu/IIS 

Characters that pro\'ed to be of greatest value 
were those associated with

• Prothoracic plate: Number of teeth pres
ent on median and posterior arms; presence or 
absence of median arms; number of associated 
setal pairs: gross morphology; shape of some 
teeth; clegrN.' of c1e\'elopment. 

• Legs: Presence, absence; number of seg
ments; degree of de\'elopment of tars LIS; shape 
of tarsllS; relative lengths of legs; associated 
setal arrangements and sensory pores. 

• Anal apertu re: Shape. 
• Spiracles: Uniforous, biforous, and loca

tion. 
• Setae: Distribution on different intraseg

mental areas; presence or absence of primary 
setae; varying lengths of primary setae; re
duction in setal number. 

NonmorphologicaI Characters 

When known. host specificity and larval be
havior were used in Our classification. We used 
sllch attributes of larval behavior as whether 
the larva bores directly into a seed or pod, or 
(,"closes through th(," anterior end 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
playa definite trend in reduction of develop

ment or loss of structures from what we con
sider to be more ancestral (Cal'yobl'llch liS 
gledits iae and Am blycerlls ([CaplliceIlS is) to the 
more derived forms (Zabl'otes sllbfasciatas 
and ll'Iimosestes prot/·actus). We consider an
cestral structures to be those composed ofnu
merous parts and less reduced in size, whereas 
derived structul'es exhibit a loss of, or reduc
tion in size of, component parts (Brown, 1.96.5). 

The characters we considered to be derived 
wel' € ' 

e Setae: Reduction in relative lengths of 
both primary and secondary setae and a re
duction in number, 

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

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

• Spiracles: From biforo~ls to uniforous. 
• Anal aperture: From Y-shaped to trans

verse. 
• Larval behavior: After hatching, larvae 

that crawl over the pod or seed surface prior to 
entering the host are considered to be most 
ancestral (in the sense of MacSwain, 19.56); 
whereas, those that penetrate the pod or seed 
directly upon eclosion we regard as being more 
derived. 

Grollp 1.-This group, composed of only 
Am blycel'lls acaplllcens is, is considered to be 
most primitive because it has (1) three
segmented legs possessing internal 
sclerotized plates (fig. 23,J) and terminates in 
a 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, 
J). 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
penclages, 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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Grollp ;2 .-This group, composed of Cu/'yo
brllchlls gleditsiae, is distinguish<::d by the ab
sence of (1) median arms on the prothoracic 
plate (fig. 22, K), (2) opposable claws on the legs, 
and (3) primary ~etae on the 10th abdominal 
segment. The reduction in length of abdominal 
primary setae indicates that group 2 is proba
bly mOre derived than group 1. The presence of 
foul' pairs of SE:'tae on the postclorsul11 of ab
dominal segments 2-7 (fig. 34) and a primary 
and s('condary hypopleul'al seta on abdominal 
segnH.'nts ;) and H easily separate gl'()l:ps 
1 and 2. BN'ause groups 2 and :~ are distantly 
n~lated. many noticeable morphological dif
f('rt'nc('s exist bdween them. Biforous spira
des, a Y-shaped anal sule-us, and se\'en pairs of 
setae associated with the pl'othoraC'ic plate 
repl'l'sent a few of many possible chal'aeters 
that may be used to s(:'pm'ate the two groups. 

Grollp S.-The se\'(:'n species of this group 
are l'eeognized by the preSE:'nce of Hto 10 pairs 
of setae on the prothorax (tig. 2), exclusi\'e of 
those associated with the prothoracic plate. 
These spedes are also similar in gross mol' 
phology of the prothoracie plate (fig'. 22), 
number and distribution of setae asseciated 
with the plate. and each pair of legs being ex
l'pelkd in k'ngth by the slll'cpeding l)ail: (ex
cept .-'lclI.llthoscelidr's /HI/)()(}lIil·(/l'il. We ~wpa
rate ~llbg'r(Jllps :~A, B. and (' from subgroups 
:lJ) Hnd 8 on the basis of lan'al behadol'. The 
first instal' of groups :3A. B. and C cI'awls OV('I' 

tlw pod or sped surftwe following edosion, 
whpt'l,Cls the first instal' or groups 8D and B 
bores dil'('etly from the egg into the pod or 
seed. 

SlliJgmlllJ .J.4..-This subgroup, composed of 
A..lr;cc/'oiJi{(s /l1'C).'!()pis, diffel'S in that it has a 
single tooth on each median arm and se\'en 
teeth on (;'ach posterior arm of the prothoracic 
plate (tig. 22, I), and the mesothoracic spiracle 
is located on the epipleuron instead of the 
hypopleuron as in the other groups. 'Ve con
sider this subgroup to be related to subgroup 
:38 since both subgroups exhibit similarities in 
th(;'ir prothol'acic plates (fig. 22, G and l), 
ehaetotaxy (figs. H. 10.30, and a2), and larval 
belwviol'. 

S IIl1gro/l p S R .-Ac(wt/lOscclicics OiJtCctllS dif
fers from others in group 3 in possessing a 
single tooth on the median arms and five teeth 
on each posterior £11'''111 of the prothoracic: plate 

(fig. 22, G). It also possesses broad sclerotized 
plates on the dorsum of abdominal segments 8 
and 9 (tig. aO). The number of teeth on the 
median arms (fig, 22, G and H) and the absence 
of primary setae on the postdorsuJn of abdom
inal segments 1-7 (figs. 30 and 31) are differ
ences between subgroups 3B and C. 

S II iJgl'oll P SC.-Ac(ll! tlwsce/ ides ]JI'OSO po icl('f! 
is more nearly related to subgroup aB than to 
subgroLlp :3D beeause of differences in Jarval 
behavior and host plant preferences, It diffel's 
fl'om subgroup:3B by lucking abdominal plates 
(fig. 30) and long, curved Retae at the distal end 
of the basal leg segment (fig. 23. G), and by 
possessing two secondary setae on the post
dorsum of abdominal segments 1-7 (fig. 31). A. 
prosol)oidc's and A. collwU/s are alike because 
both possess two teeth on each median arm of 
the prothol'acic plate. 

Subgl'oup 3D.-AcantllOscelides cOl/Il.'H/.';, A. 
III i.\·tlls , and .4.. (lI/reo/lI.'! are very closely re
lated. A. a/I I'eoills and A.. m ixtu .'I are thought to 
be more closely related because of nearly iden
ticai prothoracic plates (fig. 22,A and F), pres
enCe of seta d' on the pl'odorsull1 of the 
mesothoracic and metathoracic segments (figs. 
2 and 7), and lan'al behavior. These two 
species are, however, readily separated by 
thl'ee postdorsal and one epipleural setae on 
abdominal segment 9 of A. (wrcatlls (figs. 24 
and 2~)), which mi.rtlls lacks. The larva of A. 
collusus may wandel' after eclosion, which )'e
sembles the behavior of those larval forms in 
subgroups 3A, B, and C. A. COllHSllS also pos
sesses two teeth on each median arm of the 
prothoL'acie plate (fig. 22, D and H), which is 
similar to A. PI'osopoicics and differs from A. 
(Llo'col/(s (li g. 22, A) andA. mi.rtll s (fig, 22, F).A. 
COllllSlfS also possesses primary and secondary 
setae on the mesothoracic epipleuron (fig. 5) as 
doA. all1'colllS (fig. 2) and A. mi;rtlls (fig. 7) but 
is want. 'g in A. PI'osopoides (fig. 9). In addi
tion,A. COlll/SllS enters the pod or seed directly 
f)'om the egg, which A. prosopoides has not 
b<:'en observed to do, thus more closely ap
proximating behavioral characteristics of A. 
(lIo'eol/ls and A. mi:rtlls. 

S /I bg rOil P 3 E.- -Aca Ilt/zoscelides b(I,boqH i t'a1'i 

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 f on the meso- and metathoracic sterna 
(tig. :3). 

GI'OII)) 4.-.Mimosestes sallaei, JJ. (lInic1(s, 
ancl Acullthoscelides l1lacrophtlwlmlls resem
ble one another more closely than they do any 
other species group. Because of this, they are 
placed together in this group. The prothoracic 
plate of eac:l species, which senes to distin
guish group -1 from other groups, has two teeth 
on each median arm ancl an elonga4;;e, pointed, 
median tooth subtended by seven or eight 
smallp!" blunt tpeth on the posterior arms 
(fig. 22, f<.,', D, and S). The chaetotaxy is also 
f;imilal' on thp epi- and hypopleural regions of 
till:' meso thorax and metathorax (figs. 6, 13, 
nnd 15) and most abdominal segments (except 
f;l'g-nwnts 1, 2, and 5) (figs. 2~, 35, and 37). 

Sllbgrou)) 4A.-JJi))losestes sallaei is readily 
disting-uished because each pair of legs is 
longer than the preceding pair, and each leg 
terminates in a flattened tarsus (fig. 23, ll-I). M. 
Iwllaci also possesses seta s' abo\'e the first 
abdominal spiracle (fig-. 27). 

Subgrollp 4B.-JJi))/osestes amicllS is sepa
rated from subgroup 4.4 by its thoracic appen
dages of subequallengths (fig. 23, L). The flat
tened tarsus and larval behavior serve to dis
tinguish it from subgroup 4e. 

Subgrollp -4 C.-Acantlzoscelldes mac
)'Of/htllalmlls differs from these similar forms 
beeCluse its legs are of subequal lengths and 
each terminates in a rounded tarsus (fig. 23, 
EL The prodorsal region of the meso- and 
metathorax (fig. 6) possesses three setae. A 
pair of setae are also present at the base of 
each appendage. 

Group .'i.-As in group 4, .4canthoscelides 
cizil'icahllClt', iVeltllmllis arizonensis, and Sen
Il ill S moroSIlS probably represent a polyphyle
tic assemblage. Each species has legs that 
tprminate in a rounded tarsus (fig. 23, C, N, 
and 0). This character separates this group 
from the others, with the p' 'sible exception of 
subgroup .Ie. However, the metathoracic ap
pendage ofA. nwc1'Ophtlwlnw.<; terminates in a 
tarslls, which is more flat than rounded. 

SubgroujJ .5A.-.4cantllOscelides chi?'!cahllae 
is thought to be related more to NeltHmillS 
ari.:onensis than to SeltHillS morOSllS because 
of the complete absenee of sternal setae on the 
abdomen ofS. maroslls (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 
possesses three teeth on one median arm and 
two teeth on the other median arm of the 
prothoracic plate (fig. 22, C). 

SlIbg~'o/(}) 5B.-Neltllmills arizonensis is 
distinguished by the presence of three to four 
teeth on the median arms and five to six on the 
posterior arms of the prothoracic plate (fig. 22, 
e». It also infests the seeds of Prosopis and has 
comparatively ·.;horter setae than those of 
subgroup 5A (figs. 16 and 38). 

Sllbgro(lp 5C.--Sennil(S morOSllS is easily 
separated by the absence of setae on the ab
dominal sternites (fig. 39) and presence of two 
teeth on each median arm of the prothoracic 
plate (fig. 22, P). 

Groll}) B.-The larvae of Stator pygidialis, 
S. PI'1/ ininlls, and S. limbatlls 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 7 and 8 
because larvae in group 6 have an elongate, 
pointed median tooth on the posterior arms of 
the prothoracic plate (fig. 22, Q, R, and S). 

Stator pygidialis and S. ]Jrllininlts 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 identical 
prothoracic plates (fig. 22, R, and S), usually 
differing only in a single tooth on the n.edian 
arm of the prothoracic plate of S. ]Jrllininlls. 
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 8 of S. prllininlls (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 S. prllininus and S. pygidialis. 

Grollp 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, R, and 
S) serve to distinguish this group from group 6. 
Characters of the prothoracic plate also sepa
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rate group 7 from group 8. Each arm of the 
prothonlcie 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, JI) pos
se,.;ses antel"ior, median, and posterior arms. 

GrollP 8.~This group, composed of Zabrotes 

S 1I bIasc iCLt I(S, is se pa:'ated from all other 
grollps by the absence of primary setae, legs, 
(figs. 21 and 43), and a nearly complete reduc
tion in the pl'othoracic plate (fig. 22, n. 

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

CLASSIFICATION OF LARVAL BRUCHIDAE AT THE SUBFAMILY AND 

GENERIC LEVELS 


Bo\'ing (1.917) and Pre,'ett (1971) classified 
brllchid larvae at the subfamily level but 
prinHlI'ily used characters of the intermediate 
instal'S. Prevett was the first to use characters 
ofthe fil'st instal' in a subfamily classi fication. 

We compared characters of the first instat·s 
of species in this study to see if we could arrive 
at a subfamily classification that would con
form to the adult subfamily classification. We 
compared the chaetotaxy, prothoracic plates, 
Il:'gs, and anal segments. These characters 
were then compared with characters Pre\'ett 
used in his classification. Except for 
chaetotaxy, OUl' results were generally incon
clusive, indicating that additional characters 
and spet'ies need to be studied or that there is 
incongruence bt:,tween lan'al and adult classi
fications at the subfamily level. 

Chaetotaxy 

Our observations and those ofPrevett(1971) 
• inclicate that thE:' ('haetotaxy of the first in

stal's may be lIseful to separate subfamilies. 
The setae of the spiracular area of abdominal 
segments 2-8, the hypopleura of abdominal 
segments 2-9, abdominal sternites 2-R. and 
the prodorsum of the meso- and metatho
rax all atE:' valuable to distinguish the 
Puchymerinae, Amblycednae, and Bruchi
nal'.· In the Pachymprinae, CCll"yobrlfc/UfS,

• Cnl"l/I'do/l. and P(1ChJjHll'l"lIS all luwe second
ary sl'tae in the spiraclIIllr area of abdominal• sl:'g"ments 2-H. Their abdominal hypopleu ra 
(2-H) an' variable b€:'C'Hllse some s('gments bt'ClI' 

a single seta, where~\s othel's han' two. The• 

sternum. Caryobrllc/zus and Ca/"Jjedoll are 
without setae on the prodorsum of the meso
and metathorax, whereas seta el'is present in 
Pacl/yml'l"lls C(I relo. 

Setae are not as common on the spiracular 
al'eas of abdominal segments 2-8 in the 
Amblycerinae as they are in the 
Pachymerinae. Amblycenls clcapllZcensis pos
sesses one seta, on the spiracular area of ab 
dominal segments 7 and 8, that separates it 
from the Pachymerinae. Zab1'otes slIbfas
ciat1(s is w"\thout setae, whereas Sper
/I10p/wgllS 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 abdominal 
segments 2-9. The condition that exists in the 
chaetotaxy of the spiracular and hypopleural 
areas ofZ. sllbfasciatw! is also typical of many 
Brllchinae. However, Z. sllbfasciatlu; may be 
distinguished from species of Bruchinae by 
the presence of a single secondary seta on the 
meso- and metathora.::ic epipleuron. The 
Amblycerinae consistently bear setae /I and L' 

on abdominal sternites 2-8. This subfamily is 
also the only subfamily that consistently lacks 
setae on the meso- and metathoracic prodorsa. 

Except for M imosestes p1'otractlls, which has 
one seta on the spiracular area of the second 
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 BnlChinae also lack setae on the 
prodorsum of the meso- and metathorax, but 

l'h!lt'totaxy of abdominal sternites 2-8 also ap others may possess two or three setae. 
pl'ars \'ariable, but there are usually more In summary, the Pachymerinae are most 
than two setae or less than two setae on each easily distinguished from the other sub.' 

.. 
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families by two setae on the spiracular areas of 
abdominal segments 7-8. The Amblycerinae 
may be distinguished by a combination of the 
::lingle seta (II) on abdominal hypopleura 2-9 
and the presence of not more than one seta on 
the spiracular area of abdominal segments 7 
and 8. Zabrotes sl/b/ctsciatlls (Amblycerinae) 
first instars resemblf:.' many species in the 
Bruchinae in many characters, including the 
lack of spiracular setae. Z. slIb/usciatlls may 
be separatl'd from the Brl1chinae, however, by 
the single secondary seta on its meso- and 
metathoracie l'pipleura. Tlw Bruchinae me 
distinguished from the other s'lbfamilies be
cause they lack spiracular setae. JI. protmctlls 
(Bruchinael POss('sses one spiracular seta on 
the st'cond abdominal segment but also pos
sesses two s€'condary setae on the prodorsum 
of th(;' mt'SO- and nwtathorax, which is suffi
eiE:'nt to distinguish it from the Amblycerinae 
and Pachymerinae. 

Prothoraeie Plate 

Carllobl'/ll'hlls gledil::;i(lc is easily distin
guished from other species in this study by the 
abst'l1('~' of median arms and the presence of 
sen'n pairs ofass()ciatNl setae. Pre\'ett (1.971) 

eitt'd the absem'e of setae on the sclerotized 
plate as a consistent difference between the 
Puchymerinae and the other two subfamilies 
Iw tl·(>ated. We found that this is not true ofe. 
glcclit S i lIt' (fig. 22, K). Con vel'se Iy, characters 
we used to distinguish the Pachymerinae are 
not of valuE:' in separating members of the 
same subfamily in Prevett's stlld~', because 
membel's of Curycdo/! appear to possess me
dian arms and fewer numbers of setae (four 
pail sl. We wel'e unable to find characters, of 
the prothoracic plate, that link togethel' mem
bers of the Pachymel'ine genera C(!I'ycdoll, 
['a('/Il/lillTIIS, and CarlloiJl'lIcil liS. 

The two species we studied in the 
Amblycerinae ha\'e prothoracic plates that 
are extremely different from one another. The 
plates of Amblyccl'lis (lClLfllllc('tu;is (tig. 22,..f) 
and ZaiJrotcs :wb/asci(ltlls (fig. 22, T) seem to 
represent extremes in degrees of develop
lllt'nt, whE:'reas that of Sl'crnlOjJlwglls sp. (see 
fig~ 22 ..t in PreYett, 197Il is reduced in devel
opment and appE'ars to have a form inter
mediate to that of the other two species. Today 

no characters of the prothoracic plate appear 
to link together members of the Amblycerinae. 

As stated by Prevett, with the exception of 
Brl/cllidills sclzolltedenf (Pic) (Prevctt, 1.971: 
fig. 23, G), the plates of the Bruchinae appear 
X-shaped and may be used to distinguish this 
subfamily. The plate ofB. scholltedeni may be 
distinguished by its V-shape and the presence 
ofthree pairs of setae on the sclerotized plate. 
Some members of the genus Curyedon (Pre
vett, 1.971: fig. 15) also possess an X-shaped 
plate. We found that seta 5 (fig. 22, C) appears 
to be a consistent character to most 
Bruchinae, but apparently not to CCLl'yedo1'l. 
Seta 5, then, separates these two groups. 

Legs 

The legs of Curyobrlleh /IS 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 segments in the legs ofe. 
glcditsiac. Consequently, the number of seg .. 
ments in their legs apparently does not link 
members of this subfamily. .. 

The legs of Amblyeerlls ({caplIleensis are the 
most highly developed of those species in
\'olved in this study. They have four segments 
with the three distal segments possessing 
internal sclerotized plates (fig. 23,J). There is 
a great deal of similarity between the appen
dages of A. (lcupllleensis and Puc/iymel'llS 
cardo (Prevett, 1.971: fig. lla). • 

Baving (1.927) observed that Spermophaglls 
1w.!.Tmallseggi Gyllenhal had "three pairs of 
rather long legs ..." A leg of this species was 
subsequently illustrated by Baving and 
Craighead (J .930). Kingsolver (1.970) trans
ferred the adults of this species to the genus 
Amblycerl(s where they rightfully belong. 
Prevett (1.971) remarked that this species was 
not similar to others in the Amblycerinae. Bo\,
ing's studies of Amblycerlls ho/f'mal1seggi sup 41

• 
port ollrs: Species in the genus Ambillcerlls 
have elongate legs. Species of the true genus I 
Spcl'mo}lltagus and of Zabrotes appear to be 
apodous. 

According to Pre,-ett, appendages of the 
Bruchinae are three segmented. The third • 

.. 
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segment, Ollet110re than had previously been 
found (Kunhikannan, 19:28; Riley, 1891), Pre
vett termed a "poorly defined" coxa. This 
basal segment may occur in all Bruchinae, but 
it is so small and difficult to see that we cannot 
\"t~rify that all the Bruchinae that we studied 
ha\'(' thret'-segmented legs. The legs of some 
Bruchinae are f1attened tt'rminally, whereas 
othel's an' rounded (fig. 2:~,A, [), eompare with 
('). ThE:' Bnlchinae Stator IimbatllH, S. 
}ll'lIilliIIlIS,S, Ill/gidialis, and :Uimos('stes prot
/'(tcil/I! lack appendages as does EII/W/lll/s 
i'll/it/IOn!.!' (see fig. ·12 in T('I'<1.n, 1,%7), several 
s(ll'('it's of the subfamily Amblyeerinae, and 
slweies of TllberclIlo/Jruc/lIl.'! (Prevett, 1971). 

Dul' to th(' presence, degree of de\'elopn1l:,'nt, 
or absl'nce of legs among the members within 
tilt' three subfamilies, it does not appear pos
sible at this time to distinguish one subfamily 
from another on the basis of leg de\'elopment. 

Spiracles 
Mt'mbers of the Bruchinae may be distin

guislwd by their uniforous spiracles, whereas 
tllP spirae\es of the Pachymerinae are bifor
nus. The bi forous spi l'acular condition consti 

.. 
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CON(;Rl'ENCE BETWEEN A LARVAL AND AN ADULT CLASSIFICATION OF 

BRUCHIDAE 


\Vhen the la'n'al elassification at the species 
level had been completed, it was compared 
\vith a species elassificatiol1 of the adults. This 
was something of a problem because, although 
there has b(~'n a good deal of ,'esearch on the 
Brllchidae in recent years, little work has been 
done on the relationships between taxa at the 
g('nprie le\'pt and abon', Therpfol'(', the adult 
t'lassificntjon bplow was compilpcl from a key 
by Bridwl'1l (l,Q!,(i), Sloboclchikoff and Johnson 
(uJ';.n, pl'rsonal communications with J. M. 
Kingsoh'er, and unpllblishNI data of one of us 
(.Johnson). Tlw following classificati011 of the 
adults is prt's('nt(;'d so that those species that 
at'p listed eiose to onp another we h('lit've are 
most closely n'latp,d: 

tutes a subfamilial character, which may be 
used to distinguish the Pachymerinae. In the 
Amblyee"inae, the genera ZaiJrote,'1 and Sper
IIlOp/WgIIS have spiracles that are uniforous, 
but Amblyce)'lIs has biforous spiracles. 

Anal Segment 

A comparison of the first instal' anal seg
ment was not made by Prevett (1.971) nor had 
one been made previously; therefore, the fol
lowing statements refer only to species in this 
study. A consistent feature of all Bruchinae 
and ZaiJrotc.'I .'IlIbfasciaills is the two-lobed 
anal segment created by a transverse anal 
aperture, but Caryobrllchlls gleditsiae and 
AlIlblycc)'lIs aC(l.jlllZcensis are characterized by 
a Y-shapecl anal sulcus, 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
tion offirst instal' New World bruchid larvae is 
formulated. 

CLASSIFICATION OF SOME ADULT 
BR1TCHIDAE 

Subfamily Pachymerinae 
('{/.I·!IObl'll(·ltll,~ gledi/sio(' 

Subfamily Amblycerinae 
A 1IIb/!I(,I'I'/lS U('ulllI/(,(,lIsis 

Zubro/es slI/J}ilsl'intlls 
Suhfamily Bruchinae 

JJill1()s('sl('.~ (LlIlil'Wl 

JI. MII/CII'i 


M·/lI·(]/rucills 

Al{/II.I'(/Ilill.~ pro/w/lis 

A ('(1111 II ().~(·('lides 111111' roph tI", Imll II 


II. /'11 i ,.irllllll (1(' 


A.obtrrtlls 

A. Jl/'o,~rJ lJO j dl'.~ 
A. tIll ,.ro/tts 
A. ('OIlIlSUIl 
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CLASSIFICATlON OF SOl\'lE ADULT 

BR (TCHIDAE-Continued 


Subfamily Bl"lI{'hinae-Continued 
A. lIIi.rtus 
A. /wboqll i ,'nri 
St'lInillS 1110/'08/18 

Slato/" limbCltlls 
S. pl'IIillill1l8 

S. pl/gidin/is 

The subfamilies Amblycerinae, Pachymeri
nae, and Bruchinae are quite distinct fl'om 
each other, at least in the adult stages, and 
are believed to represent natural r:roups. Re
cent studies, however, indicate that Za.brotes 
and Amblycerl/.'l, genera of the Amblycerinae, 
may not be as closely related to one another as 
was once thollght (J. M. Kingsolver, personal 
commun.). 

\-Vhen characters of the adults are used, 
species in the genera Mimosestes, Algul'Obills, 
and Ac(tlltllOscelides form an apparent, natu
ral, cohesive group. Species of Senllills and 
StatOl' have many characters in common and 
appear to be more closely related in the 
characters oCtile adults than to others treated 
here. The genus ~Velt/(mills lacks close af
finities to other groups known to us. 

The classification of species larnll charac
ters for the most part matches that of the 
adults (fig. 4 ..0. Amblycerlls QcaplIlcensis and 
Caryobruchlls gleditsiae are both distinct and, 
based on hllTal characters, should probably be 
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 
mac)'()phthalm/l.~ (group 4) is more similar to 
Mimosestes Un! iclts and iH. sullaei, and group 5 
is composed of three species from three differ
ent genera. It was pointed out previously that 
groups 4 and 5 (p. 12) are probably artificial, so 
these exceptions are probably not of any great 
significance. 

Congruence between adult and larval classi 
fications is probably best exemplified by the 
three species in the genus Sta.tor. The species 
show close relationships whether adult or lar
val c h aracte rs are 11 sed. 

Incongruence is most striking betwee I the 
adult and larval classifications of both 
}rIimosestes pl'otractl1s and Zabrotes sllbfas
dn(IlS. Larvae of both species resemble larvae 

in species ofStator. The differences from other 
larvae are especially apparent in the Principal 
Component Analysis (PCA) (fig. 44). The adults 
of M. p?'otractlls are quite distinct from other 
known species of M imosestes, therefore radi
cal differences are not so surprising. It is with 
Z. sltbfasciatlls that the incongruence be
tween the adult and larval classification is 
most noteworthy. Zabrotes and Amblycerlls 
adults are classified in the same subfamily, yet 
the larvae are vel'y different. In the list on 
pa~e 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 • 
n;lIs moroslls and Nelillmills a.1·izonensis. 
Adult characters do not closely ally N. 
urizonensis with any known bruchids (except 
other Neltllmills), but larval characters 
loosely ally it to both Acunt/zoscelides 
ell iricalzuae and S. morosliS. .. 

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 
reprod uction. 

As far as is known, adults most often feed on 
pollen and nectar in flowers. It 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, differences in 
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. Statm' has become 
highly specialized and very successful, 
whereas species in other genera have appar
ently evolved different structures in radiating 
into different niches. 

Although the principal 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 (1963), because we also have terrelationships generally agree, classifica
concluded that, although larval and adult in- tions also differ distinctly. 

PRINCIPAL COMPONENT ANALYSIS 

• 

• 

~ 
~ 

.. 

After the elassification presented on page 10 
was eonstructed, 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 -lAo 
Variables used in the PCA were: 

1. 	Number of teeth on posterior arm of 
prothoracic plate. 

2. 	 Number of teeth on median arm of 
prothoracic plate. 

3. 	Number of setal pairs associatt:·d with 
prothot"acic plate. 

4. Number of segments in leg. 
f). Number of anal lobes . 
6. 	 Number of pro thoracic setae, exclu

sive of those associated with prothor
acic plate. 

7. 	Number of primary setae on 
mesothoracic epipleuron. 

H. 	 Number of primary setae on meta
thoracic prodorsum. 

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

10. 	Number of setae on abdominal seg
ment 10. 

11. 	Number of setae on postdorsum of ab
dominal segment 9. 

12. 	Number of secondary setae on 
spiracular area of abdominal segment 
l. 

13. 	Number of setae on sternum of ab
dominal segment l. 

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

COMPARISON BETWEEN INTCITIVE AND NUMERICAL CLASSIFICATIONS 


Thp results of tht::' peA (fig. 44) arp generally 
similar to tht' rt'sltlts obtaineciusing an intui
tive approach tsee list on p. 10). Caryoi>tIlclills 
gieclitRio{' (Pachymerinae) and .4.11Iblycc)·II.'1 

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

16. 	Number of setae on sternum of 
metathorax. 

17. 	Number of seta~ 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 epipleuroll 8. 

According to Sneath and Sokal (1.973), three 
eigenvectors can often represent the majority 
of the variation among operational taxonomic 
units (OTU'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 component 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 OTU's. 

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

(((,{(})lllecl/sis (Amblycerinae) did not cluster 
tog-ether or with any other groups as would be 
expected (fig. 44). What was probably most in
structh'e was that ;llimosestes prot)'((ctlls, 

.1 
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Stalo)' fill/bett//s, S. 1I1'//!/1 ill liS, S. Ilygiciialis. 

and Z(t/))'otes sllb./llsdatll.'1 t'iustered at such a 
grl'nt distant'(:' frol11 the other spedes. Thes(' 
fi\'!:' ::;tH'l'ie::; \\,pre ela::;::;ified e\ose to each othel' 
in tht> li::;t on pagE:' 10 so both t'iassifil'ations arE:' 
::;imilar in ti1i::; n'::;pel't. 

TIlt' otlwr ('IU::;tl'l' in figllre ·1-1 i::; ('ompo::;ed of 
group::; :~, '\, and fi. Tlw mHjor difft'l'l'nee::; bl:;'
lWPl'n tilt:.' PCA l'l'::;ulb; and the I'e::;ult::; of the 
inituitivl' approach in ti1i::; duster an' with 
.11 i IltOlH'st es (/III ic 11.'1 C~o. 12), Ac(t II thoscc/idc.'! 
Ill"osoJwirics (~(). ~), and SC'l1 II itls IIIOl'OSIIS (No. 

Hi).;}!. I1miclls clusters very dose to r\.C(l1It1lOs

Cl'lides (( II reol II s, wi th res ults q 1I ite d i fferen t 
from our "intuitive' groups (p. 10). 

A. 1))"OlwJwilies is somewhat distant I"rom 
other memlwl"s of group :~ when subjeet(>d to 
thl:' peA. S. })W}"(}liIlS is rather distant from 
otlH'rs in tlw t'lllstl'I', not matching results in 
our "intuitive" gTOlipS (p. 10), It was pointed 
out earlil'l', howe\'('I', that S. /I/O)'OSIIS was not 
\'PIT elosely relatNI to other species in the 
study, so this is not especially surprising. 

•GENERAL DESCRfPTlON OF FIRST [NSTAR BRlTCHID LARVAE 

'I'll(' following deseription is adapted from 
Pre\ ett (1 £)71). Parentlwtical comments are 
ours. 

Fo/'m: (fig. 1) (eyphosomatic) ... with 
thoral'ie :;;egment:;; larger than thosp of abdo
I1H'n; (abdominal ::;egnH'nt:;; tapering to a mi
nute tenth sl'gnH'ntJ; t'utit'ie white or yellow
ish. not :;;l'il'rotiJ'.l'd l'Xl'('pt on (~th and Hth ab
dominal tergiU's in A('(/lIt/loscclic/c's obt('('(IIS) 

.... dorsum of proti1orax ... with sl'elor
tii'.et\, u::;ually (H-shappd prothoraek) plate; 
nlticle, .. lwaring wpll (\pfilwd :;;pries of long 
and short setal', designatt:'d primary and ::;ee
tlllliary SP~<H' (l'l'spectin'lyl. 

Head: deeply retracted into prothorax, 
elongate (wal, occipital foramen very large, 
ventl'al, di\'ided at about anterior third by ten
torial bridgp, often uniformly selerotized, ... 
fnll1tal and (l'orona\) sutures di::;tinet. frons 
bearing four pairs of setae and, usually, a pair 
of median sensillae. vertex without setae. 
:;;onwtimes with a pail' of dorsolatel'al sensil 
lae; antei/lla (fig. 23. P) completely enelosed by 
frontal piece, two-segmented, (quad!'ate basal 
segment suppoI,ting 011(> or more short, stout 
:;;pim'::; and conical sensillae; distal segment 
dpeply e1eft, forming two elongatp lobes, long, 
taetilp seta nt di:;;tal end of shorh'l' lobe); one 
pail' of ocelli; dY}1l'l(s (fig. 2;~, Q) lal'gely 
(:;;l'i~'t'otized) ..., lwal'ing one or two setae 
and. usually. a st'nsillul11 on pither side; lab
l'llll! U'ig. 2;~, (2) tuHlally narl'ow('r than c!ypeus 
.. ,(distal end broadly oyate; two to five broad 
sptap with anteriorly deflected tips alinpd 
IH'Hr (\ista1 pnd; cent('rpd behind, and, on occa
sion:;;, within an arc of thp pl'l'viou:;; setae, an' 

• 
two plongate, pointed, sensory setae; one pair 
of elongate, pointed, sensory setae near 
mediolateral and proximolateral border; sen
sory pore located mesad of proximal setal 

•pair); epiphal'yn,r 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 setd 
on either side, situated among fine lateral 
setae towards front marg;n; mandibles heav
ily selerotized, normally short, simple, with 
rounded distal edge, cutting edge gouge-like, 
mola absent; maxilla with small cal'do, well 
developed stipes and palpifer which bears a 
one- to three-segmented maxillary palp and \ 

single, outer, mala, cardo sometimes bearing a 
seta, stipes with variable number of long setae 
on membranOLlR area and sometimes a minute 
seta on selerotized ring neal' insertion of pal
pifer, palpifer bearing variable number of 
setae on membranous area or one or two setae 
on .'iclel'otized ring, palp with up to four as
so(:iated setae ...; labium (fig. 23, R) (com
posed of fused submentum and mentum; 
single sclerotized plate, with bifid tip, located 
medially; one short seta neal' proximolateral 
border of plate; one pair of elongate setae 10
eated mpdiolaterally in membranous portion 
of labium), 

TI/O)·(t,l·: membranous, except for a 
::;c1t'l'otizpcl (H-shaped plate with) . 
backwardly projecting teeth on (median and) 
posteriol' (arms: fig. 1, A); mesothorax and 
mC'tathorax larger in circu mference than 
prothorHx and with tergum divided into two 
folds (prodorsum and postdorsum); epipleura 

• 
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(and hypopleul'a) distinct and swollen; sterna sum); (epipleul'a and hypopleura distinct); 
undi\·jded; (swollt'n lobelike elevations located sterna undi\'ided, bearing many backwardly 
mesad of thoracic appendages; lobes bearing directed minute spines, .. ; spiracles situated 
setae and pointed scit>l'otized plates; (in dorsoanteriol' aspects of epipleuron) of 
llH'sothol'Heie spiracle on epipll'urol1 or hypo segments 1-8; seg-ment 9 (reduced); segment 
pll'urnn Iwa!' llH'sopl'othoracic bOI·c!er). 10 minute, nipple-shaped, divided into two 01' 

Legs: usually present (if absent, replaced three equal lobes by transverse 01' Y-shaped 
by short. pointed setal composed of (two to anal sulcus; segment one bearing a strongly 
thrt'e) sl',g-ments. antt.'rior pair oflegs inserted sc\erotized (posteriorly directed) spine close to 
t'iosely together, second and third pairs suc spiracle. 
eessh'eiy more widely st'parated (may be of 

S pi)'ucll's: unicameral or bicameral.subequal ()!' varying- lengths and terminate in 
a tarsal ('omplex). 

Abdomen: membranous; segments 1-(9) Tl'(lc/ical system: with 4-13 pairs of en
with two terg-al folds (fig. 1) (pro- and postdor- huged chambers in the main branches. 

KEY TO SOME SPECIES OF FIRST INSTAR BRUCHID LARVAE 

1. 	 Legs and primary setae absent ...... , 2 GO). Segment 10 with transverse anal 
L(;'g's and primary setat' IH'esent . . . ... 6 apertu re .................. ,............ 7 

:2t1l. Elongatl:" pointed, median tooth on Seg-ment 10 with Y-shaped anal ap
postt'l'ior arm of pl'othoraC'ie plate (fig-. 22, erture ........... '" ............... , .... 19 
S) ...................................... :3 7(G). Legs of subequal lengths.. ......... 8 

Postl'rio!' arm of prothoracic plate lack Each pail' of legs slightly longer than 
ing a median, elongate, pointed .tooth .. 5 preceding pair or meso- and metathoracic 

:W~l. Without setae on hypopleuron of legs subequal in length and prothol'acic 
I1H'SO- and mt'tathorax ........ ,........ .J legs greatly reduced in length (A. 

S('ta (II) on hypopleuron of meso- and baboqllil'Clri; fig. 23, B) ................. 12 

I1wtat horax (fig. Hl) ................... . 8(7), Legs bearing a rounded tarsal com
............... , ..."'(ato)' /il'lIilliHIIS (Horn) plex (fig. 23, N) .. " ................ .. ... 9 


l(:~l. St'tue II and I' on stern lim of meso Legs bearing a flattened tarsal com
thorax throug-h abdominal segment 7; plex (tig. 23, L); large, median tooth on 
thoracic appendages replac('cl by lateral posterior arms of prothoracic plate; few 
lobt"s (fig. 20); egg with prominent ante prothoracic setae; tirst abdominal ster
riot" middorsal puint (fig-. -15, -1) ..... , ... num lacking- setae; ninth abdominal epi
" ..... , ... ..."'tutOI' Jlygidi(l/is (Schaeffer) and hypopleLlron bare .. , ......... , .... . 


Setae /I and /' absent on sternum of . .. .. .. .... .. JvIilllosestes amic/ls (Horn) 
meso- and rnetathorax; seta II absent on 9(8). Setae II, /', or.r on sternum of abdom
abdominal sterna 1-7; thoracic appen inal segments 1-9; seta A on postdorsum 
dages replaeed by setaK, lateral lobes of abdominal segment 6; sclerotized 
absent; egg t'OIWt'X dorsally ....... , ... . plates on abdominal sterna reduced in 
... .. .. .. , .. , ... .Statol' fimbatlls (Horn) size .. ,., ......... , ........... , ... ,., ... 10 
... ;)(2), Pl'othoracic plate wi th posterior, Abdominal sterna without setae and 

median, and anterior arl11s; tive pairs of possessing numerous, enlarged sclero
sptat:' on pro thorax ..... , .............. . tized plates; seta A absent on abdominai 

. ,." ... , ~l1in/()scst('s lJl'otr(tctlls (Horn) segment 6; seta E very short on abdom
PI'othol'acic platE' vestigial, composed inal segment 6; three setae on distal por

of two sc\(:,l'otiz(:'d tl'eth projecting abo\'(:' tion of proxi mal leg segment of meso- and 
inh'gument tfig. 22. T); 15 pairs of setae metathol'ax; seta 17 on p~'othorax ..... . 
on prothorax . , ." ..... , ............... . .. .. .... . .. , " Bennills mOl'OSIlS (Sharp) 
' ... ,. Za/Jl'rit('s .'mbfasciatlls (Boheman) 10(9). Hyposternal setae absent on meso
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and metathol'ax (fig. 6); seta 11 on abdom
inal segment 9 ......................... 11 

Hyposternal setae on meso- and meta
thorax (fig. 4); seta h absent on abdomi
nal segment 9; dorsum of mesothoracic 
ancl metathoracic segments lacking pri 
n1ary setae ............................ . 
..... .rlc(mt/IOI:;('elidel! e/z il'icCllllWC (Fall) 

11(10). Paired setae at base of thoracic 
appendages (fig. 23, E); median arm of 
prothoracic plate bearing two teeth; seta 
A on abdominal segment 1; sebl ((" on ab
dominal segment 2; seta e' absent on ab
dominal segments 2-4; seta a' On abdom
inal segment 8; seta a" on abdominal 
segment H ....•......................... 
.. . . .. ~4.('(1I1th()s('clidel! m(lcrophtllalmlls 

(Schaeffer) 
Paired setae absen t at base of thoracic 

appendages (fig. 28, N); median arm of 
pl'OthoraC'ic plate bearing three or more 
teeth; seta A absent on first abdominal 
segment; seta el' and d" on prodorsum of 
abdominal segment 7; secondary setae 
absent on postdorsnm of abdominal seg
ment 2; seta E absent on abdominal seg
InE'nts 2-4 ............................. . 
..... .Selt/( HI ills ari::onensis (Schaeffer) 

12(7), Each pair of legs slightly longer 
than preeeciing pair; median arm of 
lll'othoracic plate with two OJ: more teeth, 
if only one tooth on median arm then 
posterior arm with more than three 
teeth; setafnot on sternum of meso- and 
metathorax ............................ 13 

l'.lesothoracic and metathoracic legs 
subequal in length, prothoracic legs very 
short; median arm of prothoracic plate 
with one tooth, posterior arm with three 
teeth and not expanded laterally; setaf 
on meso- and metasternum; thoracic 
sterna without sclerotized plates; only 
seta g on abdominal segment 10 ....... . 
.. A(,Clnt/zoscelides baboqll il'ari J oh nson 

13(12). Median arm of prothoracic plate 
with three teeth, posterior arm with 
three or fewer teeth .................... 14 

Median arm with fewer than three 
teeth, posterior arm with more than 
three teeth ............................. 15 

14(13). Seta d' on abdominal proclorsum 8; 
seta a I on postdorsum of abdominal seg
ment 9; seta E on epipleuron of abdomi

nal segment 9; secondary seta II only on 
abdominal hypopleuron 9 .............. . 
....... AC(l nthos<;f'i ides all reollls (Horn) 

Seta d ' absent on abdominal prodor
sum 8; seta a I lacking on postdorsum of 
abdominal segment 9; seta E absent on 
epipleuron of abdominal segment 9; pri 
mary setaH on abdominal hypopleuron 9 
........ Aeanthoscelide.c; mi:rtliS (Horn) 

15(13). Median arm of prothoracic plate 
with two teeth ......................... 16 


Median arm of prothoracic plate with 

one tooth ............................... 18 


16(15). Prodorsum cfabdominal segments 
lacking primary seta D; hypopleuron of 
abdominal segments 1-9 with secondary 
f''?tae only; setae a ' and a" on postdorsum 
of abdominal segment 9 ................ 17 

Primary seta D on prodorsum of ab
dominal segments 2-7; hypopleuron of 
abdominal segments 1-8 with primary 
seta H; secondary setae a ' and a" lacking 
on postdorsum of abdominal segment 9; 
setae d l and d 'l on prodorsum of abdomi
nal segment 8; setae a I and a" on postdor
sum of abdominal segments 1-7 ....... . 
Awnthoscelieles prosopoieles (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 s' 
on abdominal segment 1; seta 17 absent 
on prothoracic sternum ............... . 

... , ........ Mimosestes sallaei (Sharp) 
Teeth on posterior arm of prothoracic 

plate similar in size; only secondary seta 
a I on postdorsum of first abdominal seg
ment; spiracular seta s' absent; seta 17 
on prothoracic sternum; seta A on ab
dominal postdorsum 9, at least six times 
longer than seta a l 

......... Acanthoselieles collusus (Fall) 
18(15). Sclerotized plate on dorsum of ab

dominal segments 8 and 9; setae S', el', 
and A on abdominal segment; spiracle on 
hypopleuron of mesothorax; setae lo
cated distally on basal leg segment ap
pear elongate and decurved (fig. 23, G) . 
......... Acanthoscelides obtectus (Say) 

Schlerotized plates lacking; only seta 
a ' on dorsum of abdominal segment 1; 
spiracle in epipleuron of mesothorax; dis
tal setae on basal leg segment greatly 

.. 

.. 


-
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l'NiLICeci (fig', ~:3, I); hypopleuron of ab
dominal segment t with seta It "', .. ,,' 
,.,"', .• ./tliJCtl'obills pl'osopis (LeConte) 

lH(6). Apical end of distal leg- segment 
with well developed, immobile claw (fig. 
2:~, EO; leg- segments laeking internal 
selel'otize<l plates; six pairs of setae be
tWt'en halves of prothoraeie plate; 
pl'othoraeie plate laeking median arms; 
~:wt<w Bb'b" on abdominal sf.'gnwnts 2-7 

, .. .C(o·YOOI'IIc!IIIS gleditsiCl(, (Linnaeu8) 
Distal leg segment with elongate, 

fleshy lobe with opposable, flexible, 
sclel'otized claw (fig. 2:3, J); internal 
sclerotized plates eviclent in leg seg
ments; five pairs of setaE' bt'tween hah'es 
of pl'othoracic plate; prothoracic plate 
with median arms; abdominal segment 
10 with setae (/', A, ancl!1 .............. . 

.. .AmbIY('(')·l/S (((,(/./)lllc(,1Isi;;; Kingsolver 

DESCRIPTIONS AND DISCUSSIONS OF LARVAE 


Acantitoscelic/es allreo[us (RoI'n) 

Summary of ehat'totaxy: 'rable 1:1 
Pl'othol'Ct.r (fig . ..! ).-With 10 setae, exelllsive 

of those associated with pl'othoracic plate (fig, 
2~, I'D; sl'ta 12 on ele\'ated portion of integu
l1H:'nt; sternum with few sclerotized plates. 

Pmthomcic plate (fig. 22, A).-lVledian and 
postpriOl' arms with three tpeth; posterior arm 
with lateral pxtension; seta 2 (fig. 22, C) 10
eated medially; seta 5 and associated sensory 
pore on mt'sal border of posterior arm. 

J/csothol'a.l' (Lilli metathoI'Cl.\' (/ig.J).
Pl'odol'sum with one ~>eta (d"). Postdorsllm with 
ont' prilllat·y (Al and 011(> seeolldary (a") setae. 
:\1 e s 0 e pip I t' u ron wit h two set a e (E, e' ) ; 
metl'pipleuron with single secondary seta. 
Hypoplelll'On laeking setae; spiracle on 
I1ll'::;ohypopiPuron. Stl'rnum with two setae (1/, 

R); few sclerotized plates. 
Legs (JIg. 2,j, At-Two-segmented; each pair 

longPI' than preceding pail'; distal end of sec
ond segment with nattpned tarsus; pail' of 
tactile s(;,'tae at apical end of basal segment; 
pail' of sensory pores at base of meso- and 
metathoracic appendages; singlp sensory pore 
at base of prothoracic appenclagp. 

,:\.hdoll/clI ((i{J. 2.1, J,-Pl'oc!orsa of ::;('gments 
1-~ with seta d' only; pl'ociorslim 9 lacking 
sl'tae. PostdorslIm of segment 1 with onp spta 
«(1 '); postdol'sa 2-8 wi th pri mal'Y and secondary 
(a 

rl
) st'tae; postdorsum $) with one primary CA) 

and two sN'ondal'Y (a', (l") setae. Dorsum of 
s('gmt'nt to with seta g. Spil'aculal' area with
out setal'; ::;pitH' on s('g'ment 1. gpipleul'on of' 
s('gment::; 1 and 9 with primary setal' only; 

.. 
·,-\11 tahleR IIPp,'III'1!l tht' Aplll'I1<II)(, heginning on p. 6!1. 

segment 2 with seta (" only; l'emall1111g' epi
pleura ;)-~ with two setae (E, ("). Hypopleul'on of 
~egmt'nts 1-9 with single seta(h); hypopleuron 
10 bare. Sternum of segments 1,3, and 8 with 
two setae (I', .r); segments 2 and 4-7 with three 
setae (II, /', and.r); single seta on segments 9 (1') 

and 10 (.r). Segment 10 with transverse anal 
aperture. 

S ig II ~n (,(til t c/w /'{(cte1·s.-E ach pair of legs 
slightly longer than preceding pair; median 
and posterior arms of prothoracic plate with 
three teeth; setad' on abdominal prodorsum 8; 
setaa' on postdorsum of abdominal segment 9; 
seta E on abdominal epipleuron 9; only seta Ii 
on abdominal h:vpopleuron 9. 

Specimens e.i'amill('d.-30. 
Host plants.-Astmg{tills pra('iollglls Shel

don: Arizona. Coconino Co.: 6 mi SW Tuba City 
(Moenave Reservoir), 'i August 1971. Yavapai 
Co.: .Junction ofTuzigoot Natl. Mon. and Hwy. 
~D, 27 May 1971,27 June 1971, 17 July 1971." 

Glycl/l'l'h iza lcpidota (Nutt.): Arizona. 
Coconino Co.: 6 mi SW Tuba City (Moenave 
Reservoir), 19 June 1971. 

Biological notes.-Larvae were collected 
from the seeds ofG.lepidotCl (Nutt.), but about 
95 percent were from ~4st1'agClll/S ]JI'Cle[onglls 

Sheldon. The pods of A. prae[onglls possess 
thick walls that are fleshy when immature and 
become woody upon maturation (Kearney and 
Peebles, 1.969), 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, 

5Sl't'ds Wt'l't' ('ollp('tl'd hy G. S. Pl'aff('nlH'l'gl'I' unll'Rs 
othl'I'\\'\S(' dl'sig-l1at('d. 
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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 chorion for purchase in 
boring into the seed. 

Acantl/oscelicies (tIlreoZlIs does not appear to 
prefer any particular stage of seed develop
ment because first instal'S were obtained from 
seeds in which initial cotyledon development 
had not occurred. However, most of the larvae 
were collected from fully mature seeds. 
Females appeal' to be consistent as to where 
they oviposit the eggs (fig. 45, ID). 

.After entering the seed, the first instal' bur
rows the short distance through the cotyledon 
and into the st'edcoat tissue (fig. 45, IE). The 
larva feeds on this tissue throughout the first 
and partofthe second instal'S, then it begins to 
feed on the cotyledons. The lan'a, with its dor
sum resting on seedcoat tissue and its venter 
facing the cotyledons, feeds in semicircular 
movements. The larva devours the seed leaf 
tissue until contact is made with the seed in
tegument (fig. 45, lA). {}sually, when this hap
pens, only the small end fragments of the 
cotyledons remain (fig. 45, Ie), and packed 
tightly at one end of the chamber formed by 
feeding are exuviae, which have been shed ~lt 
previous molts. 

The lan'a is usually in the latter stages of 
the fourth instal' when the cotyledons have 
been conRll med. 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 occurs within this chamber. After molt
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 I)ne larva could be found. Can
nibalism apparently occLlrs because we ob
sen ed a late instal' larva consuming an ear
lier instal'. 

Disrllssion.-A. (Iuteo/lls is more closely re
lated to A. mi.rtlls than to other members of 

the complex (see discussion ofA. baboqll il'ctTi). 
Their prothoracic plates are identical (except 
for a slight posterolateral extension of the 
posterior arms of A. ctilreollls), and both 
species infest closely related host plants CA. 
(wreollls infestsAsfragallls prctelonglls andA. 
mi.l'tus infests Astragalus wooton i). 

These two species are easily distinguished 
by the setae A, ((', a" on the postdors um of 
abdominal segment 9, and the secondary seta 
on abdominal hypopleuron 9, of A. allreolils 
(primary seta (H) on abdominal hypopleuron 9, 
oL4. lIli.rtlls) (figs. 24 and 29). 

Because of similarities of the prothoracic 
plates of A. alll'eolllS and A. mi;l:tlls to 
Kunhikannan's (1923) drawing of "Mylabris 
Iligrinlls," we feel that he had misidentified 
specimens of Bruchidae and that he actually 
studied either one or both of these species of 
A.canthoscelides. This is even more probable 
because "M. nigrinlls" is known to feed only in 
the seeds of Cassia, not Astragallls (Johnson 
and Kingsolver, 1973). 

For additional distinguishing characters of 
A. allreollts, see the characters in the key 
(p. 20). 

Acanthoscelides baboqll.ivari John80n 

Summary of chaetotaxy: Table 2. 
Prothom:t' (fig. 3).-With 10 setae, exclusive 

of those associated with prothoracic plate (fig. 
22, B); sternum lacking sclerotized plates. 

Pl'otlioracic plCLte (fig. 22, B }.-Median arm 
with one tooth, posterior arm with three teeth; 
median and posterior arms short, anterior 
arms elongate; seta 5 (fig. 22, C) and sensory 
pore on posterior arm near mesal border. 

Mesothora.l' and metatho1'CLx.-Prodorsum 
without setae. Postdorsum with t~ree setae 
CA, a', (t"). Mesoepipleuron with primary (E) 
and secondary (e'); single seta (e') on metepi
pleuron. Hypopleuron lacking setae; spiracle 
on mesohypopleuron. Sternum with three 
setae (II, /. R); sclerotized plates absent. 

Legs (fig. 23, 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; pail' of 
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sensory pores located basally on proximal 
segment. 

Abdomen (fig. 25).-Prodorsum of segments 
1-8 with single seta (d'); prodorsum 9 without 
seta(e). Postdorsum of segments 1-8 with pri
mary and secondary (a") setae; postdorsum 9 
WI th one primary (A.) and two secondary (a', a") 
setae. Dorsum of segment 10 with seta g. 
Spiracular area of segment 8 with numerous 
small elevations; setae absent; spine on seg
ment 1. Hypopleuron of segments 1-9 with one 
seta (II); hypopleuron 10 without setae. Ster
num of segments 1-8 with two setae; one seta 
(I') on sternum 9; sternum 10 without setae; 
sclerotized plates absent. Segment 10 with 
transverse anal aperture. 

Sigll(ficullt clwracters.-Meso- and meta
thoracic leg's subequal in length, prothoracic 
legs greatly "educed in length; median arm of 
prothoracic plate with one tooth, posterior 
arm with three teeth, !,ot laterally expanded; 
setaf on meso- and metasternum; sclerotized 
plates absent on thoracic sterna. 

Specimens e.ramillecl.-11. 

Host IJ/allts.-Illcligo/e}'(( sp/taeroc(upa 


Gray: Arizona. Pima Co.: Kitt Peak, 5 October 
1972. Cochise Co.: Miller Cyn., Huachuca Mts., 
6 Octobel' 1972 (both C. D. Johnson). 

B iologicaillotes.-For information concern
ing ecology and behavior, see Johnson (197.4). 

Dis('IISsioll.-We recognize Acuntlloscelides 
babolfllil'ari as a species belonging to a group 
that includes A. ((II reoills, A. mi.dlls, A. col
lusus, A.. prosopoicles, A. obtectlls, and Al
gumbills pl'osopis. These species share: (1) 8 to 
10 pairs of setae on the prothorax, exclusive of 
those associated with the prothoracic plate; (2) 
the gross morphology of the prothoracic plate 
and associated setal arrangement are similar; 
(3) bare hypopleural regions of meso- and 
metathorax (except.A. prosopoides), setae (H, 
II) on mesohypopleuron; (4) each pair of legs 
longer than preceding pair (except A. 
baboC[1I i l'a/'i) ear h possessing a pair of tactile 
setae at distal end of basal leg- segment; (5) 
absence of seta $' (except A. obtectlls, first ab
dominal segment); (6) epipleural chaetotaxy of 
thonlx and abdomen (setae E and e I absent on 
mesoepipleuron of A. prosopaides), seta E ab
sent on abdominal segment 9 of A. mi.ttlls; 
and (7) hypopleuron 10 either absent (A. obtec
tllS) or without setae. 

On the basis of larval morpholo~y and be
havior and ovipositional behavior, \ e have di
vided this group into two subgroups. What we 
consider to be the more advanced subgroup 
includes A. baboqll ipari, A. (WreOlHS, it. mi:r
tllS, and A. callusiis. In this subgroup, the 
gross morphology of the prothoracic plate is 
quite similar as is the hypopleural chaetotaxy 
(primary setae absent) and numbers of setal 
pairs (10 pairs, excluding those associated 
with prothoracic plate) on the prothorax. A. 
mi.rtlls differs slightly by possessing seta Han 
abdominal segment 9 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 Center,GA. calluslls may wander over the 
pod surface of E1'l'azll1'izia 1'otunclata 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 (Bridwell, 
1918; Center and Johnson, 1974; Zacher, 1930) 
in that the eggs are cemented to the pod or 
seed surface. 

Members of the second subgroup (Acanthos
celides Pl'osopoides, A. obtectlls, and Al
garobills }J'rosopis) differ from the first sub
group in that they either 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 ofA. ])1'Osopis). The pri
mary setae are of greater length than those of 
the first subgroup. Moreover, the eggs are not 
cemented to the pod or seed surface as they are 
in the first subgroup, and the first instal' wan
ders over the pod or seed surface after ec1osion 
and before penetration. The eggs of A. ])1'0

sopoicles are cemented only near the center, 
whereas the ends remain unattached (Foris
ter and Johnson, 1971). This may represent a 
transitional form of egg-laying behavior in
termediate to that of the first subgroup and 

6C'ENTER. T. D. A SURVEY OF SOME LEGUME SEED

FEEDING INSECTS OF NORTHERN ARIZONA WITH NOTES ON 

THE LIFE HISTORIES OF THE BRUCHIDAE(COLEOPTERA). 

Unpub. Master's thesis. Northern Arizona University. 
157 pp. 1971. 
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that of the remaining members of the second 
subgroup. The ovipositional behavior ofAcnll
tit oscelicles obtectll sand Algarob ills prosop is 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, 1974; 
Zacher, 1930). 

First instal'S ofAcnnt/loscelicles baboqu h'nri 
are easily recognized by the arrangement of 
the teeth on the prothoracic plate (one tooth 
on each median arm and three teeth on each 
posterior arm). The only other members of this 
complex to possess a single tooth on each me
dian arm (A.ccwthoscelicies obtectHs and Al
garobills prosopis) belong to the second sub
group. A. baboqll i pnri can be easily separated 
from these species by relative length of pri
mary setae, development of legs, and number 
of teeth appearing on posterior arm of 
prothoracic plate. 

Acanthoscelides chiricahuae (Fall) 

Summary of chaetotaxy: Table 3. 
p)·otl/ora.!" (fig. 4 ).-With nine setae, exclud

ing those associated with prothoracic plate 
(fig. 22, C); three horizontal rows of sclerotized 
plates on sternum. 

Pl"Ot/zoi"Qcic plate (fig. ii, C}.-Median arms 
with two or three teeth; posterior arms with 
fou r irregularly 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, C) in line with setae 1 and 3; 
anterior arms narrow and elongate. 

ill[eso til 0 ra .l· an ci metn til 0 )·n.t (fig. .4 J.
Prodorsum lacking setae. Postdorsum with 
single seta (n"). Epipleuron with two setae (E, 
e' ). Mesohypopleuron with one seta (H) and 
spIracle; several bumps on anterodorsal bor
der of spiracle; metahypopleuron with pri
mary and secondary (II) setae. Sternum with 
two setae (ll, R); numerous, irregular rows of 
sclerotized plates. 

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

.4bclomen (fig. 26}.-Prodorsum of segments 
1-9 with single seta (d'); seta ci' on segments 
1-5 with closely associated sensory pore. Post

dorsum of segment 1 with primary (A) and two 
secondary (it I, a") setae A, a" closely as
sociated, near tergo-pleural border; segments 
2-9 with two setae (A, a"). 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-S with primary (E) and secondary (e ' ) 
setae. Hypopleuron of segments I-S with seta 
Iz only; hypopleura 9 and 10 bare. Sternum of 
segments 1 (Il, x), 2-5 (11, p), and 9 (11 ,t') with two 
setae; segments 6-S and 10 with seta Il; nu
merous sclerotized plates on segments I-S. 
Segment 10 with transverse anal aperture. 

Significnnt clza1"actet·s.-Legs of subequal 
length and possessing a rounded tarsal com
plex; setae Il, L', or x on sternum of abdominal 
segments 1-9; seta A on postdorsum of abdom
inal segment 6; hyposternal setae on meso
and metathorax. 

Spec i-mens exatnined.-6. 
Host plants.-Mimosa biuncifeTa Benth.: 

Arizona. Yavapai Co.: Verde Valley, fall 1972 
(G. W. Forister). 

B iologi'cal notes.-See Forister 7 for infor
mation on behavior of adult and first instal', 
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 
broad band or as filaments encircling the egg. 
On numerous occasions, we observed several 
to many eggs glued together in a single mass 
on the seed surface. 

The first instal' most commonly 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 circular exit hole in the side ofthe seed. 

Discllssion.-Acanthoscelides chiTicahnae 
resembles Neltumius a1'izonensis because 
both species possess legs of subequallengths, 
and the tip of the distal segment is rounded. 
Also, upon eclosion, both species may bore di

7 FORISTER, G. W. BIONOMICS AND ECOLOGY OF 11 
SPECIES OF BRUCHlDAE (COLEOPTERA). Unpub. Master's 
thesis. Northern Arizona University. 93 pp. 1970. 
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rectly into the pod from the egg Ot· they may 
exit through the anterior end of the egg and 
crawl beneath the egg chol'ion, using it as a 
brace. The ability to behave both ways is 
unique to these two species. Usually, howe\'er, 
both species bore directly into the seed from 
the egg. 

A. ('II il'icalilwe possesses a prothoracic plate 
with a distinct shape (fig. 22, C') and also differs 
remarkably in its chaetotaxy from S. 
(u·izonensis.MiIlIOSCl bi,l1le(rel'(l, the host plant 
of this species, is also different from the host 
plant of N. Cll'iz()llellsis. Because of these fun
damental differences, we feel that A. 
eli il'icuh /(u(> occupies a distinct phylogenetic 
group. 

Although the drawings of the prothoracic 
plate of ''i'rlyiabris pUllpel'culllS" by Kunhi
kannan U923) are not as detailed as ours, 
it is very likely that he dealt with A. cll iricu
Iwae, not A. pal/percuius. We belie\-e this 
to be true because of the obvious similarities 
in the prothoracic plates and because Mimosa 
biunc(f'era is not kn::nvn to be a host of A. 
paupel'cuills (Johnson, 197'0). 

Acanthoscelides COllllSllS (Fall) 

Summary of chaetotaxy: Table 4. 
Protllora..r (/ig. 5}.-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. 

P)'ot/lOracic 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 5 
and associated sensory pore on medial border 
of posterior arm; medial border of posterior 
arm straight, lateral border extended lat
erally; four pail's of setae between anterior 
arms. 

M('sotho/'Cl.r alld lIletathol'a.r (!'ig. 5).
Prodol'sull1 with primary (D) and two second
ary (d', d") setae. Postdorsum lacking setae. 
Me~')epipleuron with two setae (E, e'); single 
seta (e') on metepipleuron. Mesohypopleuron 
with spiracle; metahypopleuron bare. Ster
num with two setae (II, R); few sclerotized 
plates. 

Legs (/ig. 23, D}.-Two-segmented, each 
pair longer than preceding pair; distal seg
ment bearing flattened tarsus; pair of ta~tile 
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. 

Abdoln(,H (fig. 27).-Prodol'sum of segments 
1-8 with single seta (d'); prodorsum 9 without 
setae. Postdol'sum of segment 1 with seta (I' 
only; postdol'sa 2-8 with two setae CA, aU); 
postdorsum 9 with primary (A) and two sec
ondary Ca', aU) setae. Dorsum of segment 10 
with seta g. Spiracular areas without setae; 
spine on segment L Epipleuron of segments 1 
and 9 with primary setae only; segment 2 with 
single seta (e'); remaining epipleura with two 
setae (E, e'). Hypopleuron of segments 1-9 with 
secondary seta (II) only; hypopleul'on 10 lack
ing setae. Sternum of segments 1-7 with three 
setae; two setae (1', .r) on segment 8; segments 9 
and 10 with one seta each (.r and I', respec
tively); sclerotized plates absent on segment 
10, rare on segments 1-6; sclerotized plates 
more numerous on segments 7-9, appearing in 
one or two lateral rows. Segment 10 with 
transveJt'S(; anal aperture. 

SignU/cant chamctel's.-Each pair of legs 
exceeding length of preceding pail', tarsal 
complex flattened; seta D absent on abdomi
nal prodursa; hypopleuron of segments 1-9 
with secondary setae only; abdominal post
dorsum 9 with two secondary setae (a', aU); 
teeth on posterior arm of prothoracic plate 
similar in size and shape; only seta a' on first 
abdominal postdorsum; spiracular seta (s') 
absent. 

Specimens e.wminecl.-32. 
Host plants.-Parryella filU'o[ia Torr. and 

Gray: Arizona. Coconino Co.: 6 mi SW Tuba 
City (Moenave Reservoir), 7 August 1971. 

Biological Ilote.s.-Bionomics, host plants, 
developmental period, percentage infestation, 
and possible evolution of traits by the plant to 
avoid predator satbtion are discussed by Cen
ter.s We found a marked preference by the first 
and early second instal'S for the endosperm 
tissue. After seed penetration, the larva feeds 

"See footnote 6. 
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upon and movps through the endosperm. Dur
ing the latter part of the second stadium, the 
larva begins ft'eding on the cotyledons. The 
latTa gnaws a circular hol~' in the center ofone 
cotylNlon before feNling on the second cotyle
don. Occasionally, two and sometimes three 
larnw we1'P found within the same seed. Be
canse only one adult usually emerges from a 
"N'd, cannibalism probably oCl'urs. 

DisC'llssio/l.-Tlw prothoraeic plates or 
AC(tIlt/lOsC'clides col[IlIWS and A. /l1'CJ.'wpoicles 

(fig'. 22, fJ) are more similar to paeh oLher than 
to other I1wmbers of the complex mentioned in 
the discussion of A. /)(l/Hll{1I il'ad. The ar
rangement of teeth on the prothoracic plate is 
similar as is tlw arrangement of the associated 
setae. .A. collwws possesses two more pairs of 
setae on the prothorax and only secondary 
setae on the hypopleural regions of the abdom
inal segnwnts. They also differ in their lan'al 
and egg-laying- beh,wior (see discussion of.A. 
liaboC[1I il'ari). 

The species treated as "Jly/abris hO)'lli" by 
Kunhikannan (1.92.'1) may actually haye been 
.-tccwthoscelilies COllIlSIlS. There is a distinct 
rest'mblance between the prothoracic plates, 
and A. ('olll/sllS is known to feed in Amo)'plw 
)i'lIticOlW, the seeds from which Kunhikannan 
reared his specimens. ''.If. horn i" is now a 
synonym of AC(llltlioscelicles sllliHll(til'IUl 
(Sharp) (Johnson, 1970). l'nfortunately, we 
were unable to obtain specimens of A. sllb
mllticlls, a species that also feeds in Amorpha 
/1'11 t iCOS(t. 

ACClllthosceLides macrophtlzalmllS 
(Schaeffer) 

Summary of chaetotaxy: Table 5. 
Prot/IOI'Cl.1" (fig. 6).-With nine setae, exclu

sive of those associated with prothoracic plate 
(fig. 22, E); sternum lacking sclerotized plates. 

ProtIJ())'acic 1)/((((' (fig. 22. E).-l\fedian arms 
with two tet'th; broad posterior arms with 
$(:'\'en tpeth. median tooth elongate, remain
ing tpeth of gllbC'qllal size: seta 2 (fig. 22, C) 
located medially; seta:) within plate of pos
teriol' arm: latC'todistal area o[ posterior arm 
t'xtl'ncled laterally. 

J/I'ROt!fI))'(t,I' and lI!et(dlio)'ct.r (fig. 6).
Prodorslll11 with primary (D) and two second
ary (el', d") setae; sensory pore closely as

sociated with seta d f Postdorsum without• 

/setae. Mesoepipleuron with two setae (E, e ); 
single seta (e / ) on metepipleuron. Hypopleuron 
lacking setae; spiracle on mesohypopleuron. 
Sternum of mesothorax with two setae (IT, R); 
metasternum with one seta (R); sclerotized 
plates of different types, sizes, and distribu
tions. 

Deys (JIg . .28, 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. 

Abdomen (fig.:28 }.-Prodorsum of segments 
1 through 7 with single seta (el'); seta el' w'ith 
closely associated sensory pore on segments 
1-5; prodorsa 8 and 9 without setae. Postdor
sum of segment one with single seta (A); setae 
.4, a" on segments 2-7; postdorsum of seg
ments 8 and 9 with three setae (A, a', aU). Dor
sum of segment 10 with setag. Spiracular area 
of segments 2-8 with small, pc>inted, 
sclerotized 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 (E, e'l setae. 
Hypopleu ron of segments 1-10 with one sec
ondary seta. Sternum of segments 1-8 with 
three setae (11, I', x); seta I' on sternum 9; setae 
lacking on segment 10; numerous sc:lerotized 
plates on all sterna; plates appear larger on 
segments 1-4 and 10 than on remaining 
sterna. Segment 10 with transverse anal aper
ture. 

Significant clw)'(Lctel's.-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 prothol'acic plate. 

Specimens e.i'Clnzinecl.-26. 
Host plallts.-Lellcaena glaHccl (Linnaeus): 

Mexico: 2 mi SW Guaymas, Sonora, 13 .March 
1973 (C. D. Johnson). 

B i%gic(([ >/Otes.-The oval eggs are usually 
laid individually L1pon the surface of the pod. 
They are cemented to the pod surface by what 
appeal's to be partially fused, elongate strands 
of mucilage. These strands are longer and 
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most highly ('on('entrated at the anterior or 
~'nlargNI (>IHI of the t'gg and only a few, short 
stl'ands appear at tht' posterior end. TIle mid
dle of tilt' t'gg apPNlrs to be Iwarly de\'oid of 
these strands. On n llnH'l'OUS occasions, we ob
st'l'Vl'd dusters of t'ggs in old exit holes. 

The first instal' IWI1l'trat<.'s the pod dit(>('tly 
frotH till' ('gg and l'OnSUI1WS till' entirp l'ontt'nts 
of n singlt' st'{'d. 

Discussioll. -We consid('r A!'fllltlioscciicics 
1II(l('l'oj)/ithuIIlIlIS to b(' a memlwl' of 11 group 
that inl'itllil's JlilllOs('stn; (wlicllS and .11. sClI
Itll'i, 1nail thn'l' SPl't'il'S. till' prothorat'ic platt's 
and assol'intt'd sptal arrangen1Pnts are simi
lru'; all possPSS two tt'pth on tht' median arms 
and an plong-atl', pointt'd, median tooth sub
tenrit'd by six or sen'n shol,t, rounded tl't'th on 

... till' pnstl'rior arms. TIH' ehaetotaxy on tht' 
l'pipleural and hY!loplt'l1nd n'gions of the 
mt'sothorax and 1111'tati1orax and most abclom
mal segnwnts, l'x('(;'pting some intrasegmen
tal areas (that is, tirst abdominal spiral'ular 
areas :\nd abd.ominal epipl(>ura 2-5), is quite 
similar. 

TIlt' ti1rN' spN'ies differ, how~'\'('I" in the ap
Iwaran('e of t\wir thoraeit' appendages, host 
plants, lar\'al bt:'luwior, and chaetotaxy of the 
prothorax {.ll. (llIIicIIS) and meso- and 
Il1ptatl1onlek tprgites (A. macl'o/lhtha[HllUi). 
Tlwrl' is a gradation from primitiYe to a c1e
l'jYt'd ('ondition in this gl'oup in the degree of 
den'lopml'nt ofthl' legs and the appearance of 
the foot apparatus, 

The legs of.4.. InCu')'oJlhthalulIls are of sub
('qual lengths, and upon eclosion the first in
stal' bon's dil'ectly into the pod of Lell('aelllL 
giclllCll. The first and s('cond pairs of nppen
dages possess a rounded tarsus, whereas the 
tip of the distal segment of the metathOl'acic 
appt'ntiagl's (fig. ~;3, E) apPt'ars to represent a 
morpholog;eal condition intermediate of that 
I;'Xlll'(lSst'd by the I'ound('d tarsllS (figs, 2S, C; 
~f), X and ()j and the flattened tars liS of ;l1. 
((lI/i(,lI,'; <tig. 2:3, L). This ('ondition may rt'pre
st'nt mosaic regn'ssinn within this species. 
Thus, this SIH.'<.'it'S may likely be in a stage of 
transition from H sP<'ci('s that possesses a nat
tplwd tarsus and wanden; ovt'r the pod or seed 
snrfacl;' befon' (;'ntnlnc(.> (primitive; Mac
Swain. UJ!)/)) to \111(' that posst'sses a rOlllHI(;'d 
tarSllS and penl'tratt's tht' pod or seed directly 
upon p('[osion (molt' ach'aneedt 

The legs ofJ1. amiclUi (fig. 23, L) are also of 
sl..lbequallengths but possess a nattened distal 
tip, which would seem more conduci\'e to 
locomotion. The fit'st instar most frequently 
penetrates the pod of Pmsopis jlll(t7ora di
rt'etiy upon eclosion but may also exit thl'ough 
the antel"ior end or the egg and crawl beneath 
the t'gg chorion, llsing it for purchase. This 
combination of morphological and behavioral 
('haraett'rs probably represents a more primi
tiyt' condition than that oUL II/(u'r<)pltthalmlls. 

The legs oLllimosestes sallaei (fig. 2a,M) are 
much better de\'eloped, being longer, of vary
ing lengths and possessing a l1attened tarSllS. 
All of thest' featurt's apparently contribute to 
mort' ~'rfectiye locomotion and pod penetra
tion. This species may burrow directly from 
tlw egginto the pod ofAc(Lciafal"llesi(lIla (c. D. 
Johnson, unpublished data) or other host 
plants, or it may exit through the anterior end 
of the egg and walk o\'er the pod surface before 
penetration CKunhikannan, 1923). The advan
tages associated with legs in which the length 
of ont' pair is exceeded by the length of the 
succeeding pair is best described by 
Kunhikannan (19:23) in his description of a 
primitive species, Accmthoscelides obtectlls. 

Acalllhoscelides miXllls (Horn) 

Summary of chaetotaxy: Table 6. 
PmthOl·a.r (fig. 7 ).-With nine setae, exclud

ing those associated with the prothoracic plate 
(fig. 22, Ji'); sternum with few sclerotized 
platt's. 

Pmthomcic plate Ui"g. :22, F }.-Median and 
posterior at'ms with three teeth; sides of pos
terior arms subparallel; median arms promi
nent; seta 2 (fig. 22, C) located medially; seta 5 
and associated sensory pore located mesad of 
medial border of posterior arm; length of an
terior and posterior arms subequal. 

Jlesot/lOra.l' and meta.thonu (fir). 7}.
Prodorsul11 with one seta (d ' ). Postdorsul11 
with single primary and secondary (a'l) 1"(!tae. 
IVlesoepipleuron with two setae eE, e'l; 
metepipleuron with one secondary seta (e ' ). 

lVlt'sohypopleuron asetiferolls, spiracle pl'esent; 
metahypoplellron bare. Sternum with two 
s(;'tae (II ,R); sclerotized plates few and appear
ing in three rows. 

Legs (fig. :28, F ).-Two-segmented; each pair 
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longer than pl't'{'(;'ding pair'; distal segment 
with rtattpl1l'd tar~lls; pair of tactile setae 10
eated distally on basal segment; pair of sen
~()ry porEc'~ appearing proximally on basal 
~wg'nH'nt. 

AbdOn/en (,flg .•![) ).-Pt·odol'sum of segments 
1~·7 with singll' Sf.'ta (d'); I'emaining pl'odol'sa 
without setae, Postdorsllm of first abdominal 
s~'gnH'nt with single secondary seta (a"); sl'tae 
..t and (L' on postdol'sum or s('gmpnts 2-9. Dor
su 111 of sPg'nH'n t 10 wi th seta g. S pi rl:lC'ular arpa 
l~\t'king sl·tae, spine on segment 1. B~pipleLlron 
of sl'g'ment 1 with a primary seta; seta c' on 
s~'g'm(;'nt ~; sl'g'nH'nts 8-H wi th two setae (E. c'); 
('pipl('ul'on n without setae, Hypopleuron of 
st'g'nH'nb; I-H with singlp seta (II); seg-nH:'nt 9 
with pl'ifnary seta only; seg'ment 10 without 
S(itm'. ~tt\rnum of segm('nts i-7 with three 
Sf;.'tcw (/I, 1', .r); two setae (II, .t) on segment H; 
st'gnwnts nand 10 with one seta <"ach (I' and .r, 
rt'spedivt'iy); sderotized plates sparse, lISU

ally in one 01' two lateral rows, Segment 10 
with tntns\'('l's(;' annl apet'tut'e, 

,siYlli/i('(wt ('/w/'(lctcrs.-Each pair of legs 
slightly long'l;'r than preceding pail'; median 
and postedo)' arms of pl'othol'acic plate with 
thrN' tet'th; postt'riol' arms of prothoracic 
platt' not expandecllaterally; seta el' absent on 
abdominal prodol'sum H; abdominal segment 9 
laeking seta E on epipleurol1 and seta 0' on 
postdol'sU m; s(;'ta H on abdominal hypo
pleul'on n, 

~pcci/llells (',w1/1illed.-17. 

Host IJlant.'l.-Astrngalll,'; wootoni Sheldon; 
Arizona. Yantpai Co.: 9 ll1i S Sedona, 19 June 
W7], 27 .Jum> W7l, 17 July H)71. Junction of 
Tuzigoot ~atl. Mon. and Hwy. H9, 27 May 1971, 
19 June 1971,27 ,June 1971. 

B io[ogiml i/o/c's.-See Johnson (1970) for a 
list ofknowl1 host plants, All the larvae llsed in 
this study were obtained from the seeds or .4. 
lI'()otolli (fig. ·15, 2), The pods, when mature, are 
approximately 20 to 25 mm in length and 10 to 
if> 111m wide, Tlw~' possess I11pmbranous walls 
and an' indehiscent. The onll<.'s are attached 
by a funieulus (fig..15, 21) to the midr'ib of the 
(wary. Bpcause no eggs wen' obsen'ed upon 
till' $et'ds or within thl':' pod, we assume that 
tiw [emaIl' oviposits upon the pod surface, 
Numerous holes wen' ohsenreci in the 
pericarp. In older pods, the holes ',vere very 

~l\'ident, however, as some pod walls possessed 
small, transparent, membrane-covered holes. 
Apparently, oviposition and larval penetra
tion may occur on growing or immature pods, 
beeallse new growth of the pericarp has 
obscured the latTal ent/'ance hole. 

After the lan'a 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. 
Cons('quently, the larva must climb the stalk 
or funiculus to reach the seed. After the hu'va 
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 
h;ely, 19(i(i; fig, ..t5, 2D, and C). As a means of 
g<lining pu/'chase, the larva wedges the 
prothol'acic plate against the surface of the 
funiculus, The pressure On the mandibles ap
parently facilitates penetration of the seed in
tegument, Once inside, the larva bul'l'oWS the 
length of the radicle (fig. 45, 2B) and then ab
ruptly alters its course 1800 and burrows along 
the base of the cotyledons until it reaches an 
area near the hilum (fig. 45, 2E). When the 
larva reaches this area it usually is in its sec
ond stadium. Immediately, it begins to gnaw a 
chamber larg-e enough to enable it to rotate 
lXOc• With its dOI'sum adjacent to the hilum, it 
begins feeding in semicircular movements 
until contact is made with the surface of the 
seed integument. Prior to pupation, the larva 
again undergoes a 1800 rotation, coming to rest 
with its venter upon the hilum. The larva 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 pot-tions of earlier exuviae were 
found tightly packed at one end of the pupal 
chambel' in the seed near the base of the radi
cle. It is not known why the radicle is left 
untouched by the developing Im'va. Perhaps 
noxious chemicals are concentrated in this 
area, because it has been reported that this 
plant causes radical behavior in horses, cattle, 
and sheep (Kearney and Peebles, 1.969). After 
pupation, the adult begins chewing around the 

• 
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operculum, pushes out ttH' operculum, and 
emerges from the I:>eed, BeCHUl:>e the pod walls 
are thin, the adult easily chewl:> its way out of 
the 110(1. 

DOllblt' and e\'l'n l11ulti}lle infestations have 
bt;'pn obsen'ed in these seeds. These are excep
tions, how(>\,er, because most seeds are in
ft'sted by a single lan'a, It is interesting that 
tlw sl'cond and third lan'ae to enter a seed 
always do 1:>0 through the same burrow ini
tially exea\'atN] by the first larva. 

In only (lnl' of thl;.' I:>l'\'e1'al hundred seeds 
that we obsen'l'd was thil:> behavior diffen'nt. 
Tlwn a I:>P('d wa::; in!,pl:>tl'd by t,\'O larvae. One 
had t'ntt't'l'd a::; (iPserilwd all()\'l', but the other 
had pnt('l'l'd tlw ::;el'd near the lens tKopoo
$hian and Ist'ly, 1.lJ(j{j\: tig. :3, ..1 and B), which is 
a I:>itp opposite tlll' baSt' or tilt' fun1culul:> where 
the lan'al' normally enter tfig, -li1, ~C). It is 
unknown how the lar\'ll gained ::;uffit'ient pur
cilal:>e to IWI1l'trute the seed integument. Pos
sibly, two st'eds \\'pre dOI:>E.' enough together to 
u:w one as purchase 01' perhaps the funiculus 
was bPllt, thus permitting the I:>eec\ to rest 
upon tilt' midrib 01' till' pod wall. The larva 
l'oultl tlwn gain I:>uffit'it'nt pllrchal:>e by forcing 
thl' prothor<lcic plntt' ag-ainl:>t any of these, 

Cannihalil:>lll definitely occurs among larnle 
of thi::; I:>peciel:>. ;\ul11erous instances were ob
sl'l'\'l'd in whkh neal'iy mature larvae had de
\'ourNI parlier instal'S Ot' earlier instal'S were 
ft'<.>ding upon 111111'e mature lan'ae or a lan'a 
had <.>aten itl:> way into the abdomen (through 
thp tl'rgum) of an adult, 

Di:H'J(ssioll,-Spe discussion of A.('(l)!thos
I'die/n-: (u/rCll!IIS and .-1. hubOI/II inai. 

ACQlIthoscelide.'i obtectlls (Say) 

Summary of chaetotaxy: Table T. 
Protho/'a.r (fig, .\'l.-With nin<.> setae, exc1u

1:>1\'e of thosl' Hl:>soeiah'd with prothoraeic plate 
(fig. ~~, G); threp I:>l11all, cuticulaI' lobes nenr 
medinn tll:>lH'Cts of segment; three horizontal 
row::; ofl:>dl'l'otizl'd piatt'S (described as minute 
hristlt':;; by Kunhikannan, 1.'12.1) on sternum. 

['mOIlI/'ltch- 11/(111' (tl{/, 2-!, G J,-:\l<.>dian arm:::; 
with one tooth (Kunhikannan, 192,/); po::;terior 
arms With fin) tl't'th l foul' to fh'e teeth of 
Kunillkannan. l!J,!.I, and Rilpy., IS!}] l; tl'('th 
sub-l'qual in SiZt'; spta ~ (fig. 22, (') Iwar median 
:U'Pt.1l'tS (\f PIn tt' : I:>t'bt :i and a Sl:> ot'i a tt'd ::;t' i1l:>o l'Y 

pore loeated medially on ba::;e of po:::;t('rior 
arm::;; posterior arms broad at base, concealing' 
:::;iz(;' of median arms. 

;l/elwt/tora,t' ({lid metatliol"(t.r (rig. 8).

Prodorsum with two setae (D. d"). Postdorsum 
with single seta (n '), Mesoepi plellron with 
primary(E) and secondary(e') setae; setal" on 
metepiplellron. Hypoplelll'on asetiferOlls; 
mesohypoplellron with spiracle and several 
borderingcllticular projection::;. Sternum with 
two setae (Il, R); many rows of posteriorly di
rected sclerotized plates, 

Legs {/ig. 2.1. G },-Two-segmented (thl'ee
segmented, RileY,1891); each pair longer than 
preceding pail' (Klinhikannan, 1923); long pair 
of declll"\'ed setae at distal end of basal seg
ment (Kunhikannan, 19:23); pair of short tac
tile setae near base of proximal segment; dis
tal end of second segment forming Battened 
tarsus (lacking tarsal spine shown by Riley, 
18.92). 

Abdompll (fig. 30).-Prodorsum of segments 
1-8 with single seta (d') and associated sensory 
pore; prodorsllm 9 asetiferous; larger pig
mented sc1erotized tergal plate on segments R 
and 9 (plate on tergite !J by Kunhikannan. 
1.92,j; anal plate by Riley, 18.91); tergal plate 9 
with distinct horizontal suture, giving rise to 
pro- and postdorsa. Postdorsllm of segment 1 
with single seta (A); postdorsa of segments 2-8 
with two setae (A,a"); postciorsum 9 with three 
setae (A, (I', a"), Dorsum of segment 10 with 
seta g, Spiracular area of segments 2-8 
asetiferous; 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 (1") on second seg
ment; segments 3-8 with primary (E) and sec
ondary (1") 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 1-R with three setae (II, /',.r) and many 
small sc1erotized plates; sternites 9 and 10 
with seta /', without sclerotized plates (con
trary to observations of Kunhikannan, 1923, 
who reported their presence on these seg
ments). Segment 10 with trans\'erse anal sul
cus. 

8igll((ic(Uzf c/za1'(tcte)'s.-Each pail' of legs 
longer than preceding pair; median arm of 
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prothoracie plate with one tooth; sclerotized 
plate on dorsum of abdominal segments Hand 
9; seta s', el', and A on first abdominal seg
ment. 

Specilll(,lIi{ e.wlIlilled.-26. 
Host pl(ll1ts.~('ommon beans (see Johnson, 

19(0). 
B io[ogic(l/ /lOtes.-Because of its economic 

impol·tance, considerable work has been done 
on the lift' history of.A. obtectlls. There is "0
luminolls litt'l'ature on tht' biology of this 
:'lWt'i e s (C h i tt end t' n, 18!J8; 0 a \' i a ul t, 192 H ; 
HowE:' and ('uniE:', 1!J64; Johnson, 1!J70; 
Kunhikannan, U}2.3; Lepesme, .1[)42; Riley, 
18!i1, 1892; Steffan,194.1, [946; Z~,cher, 19;]0, 

1.95 1l. 
Dis('II.'I.';iOlI.-Pirst instal'S of A. oiJtectlls 

most elosl'ly rl'sl'mble those of AIYCl)'obills j))'()
sop is. Tlwil' pt'othoraelc piates, chaetotaxy, 
laryal and (:'gg-laying beluHior are similar (see 
discussion of Ant Ilthoscclides babo({1l inu·i). 

This spet'iE:'s POSSt'SSE:'S somt' distinguishing 
traits that allow separation from other 
~·iIweies. that is. the pigmentE:'c\, sclel'otized 
piatt' on tlw dorsum of abdominal segments ~ 
(pn'yiously unl't'eognized) and 9 and the elon
gatp, C'UI'\'(;'c\ taetiie setae at the distal end of 
the basal leg sE:'g'mE:'nt (Kunhikannan, J!J23; 
Rilpy, IS!IJ, IS!)2l. 

Fo)' other distinguishing charaeters, see 
disl'lIssion 01'..1. /)(t/JOI{1l il'ari, the above signifi
l'ant l'hal·aders. and the key. 

AC(lllthoscelides pro,sopoides (Schaeffer) 

Summary of chaetotaxy: Table H. 
Prothom.\' (/Ig. 9 ).-With eight setae, aside 

from those associated with prothoracic plate 
(fig. 22, f[); numerous sclel'otized plates on 
sternum. 

PmtilOracic ph.', (jig. 22, H }.-lVledian al'l11S 
with two teE:'th, posterior arms with four teeth; 
seta 2 (fig. 22, C) located nearly anterome
dially; seta 5 (fig. 22, C) ciecur\'ed; posterior 
al'l1u:; not expanded laterally. 

J/csotl/ora.\' alld mctctf/zor(/.r (flO. 9).
Prodorsum with primary (D) and two second
HI'Y (d', d") setae. Postdorsllm lacking setae. 
Mesoepi plelll'on wi thout setae; metepipleu ron 
with single secondary sda (c'l. Mesohypo
plt'ul'on with spirade and two setae (H, h); 

metahypopleuron bare. Stern lim with pri

mary (R) and secondary (ll) setae; many large, 
sclerotized plates. 

Legs (fig. is, H}.-Two-segmented; each pair 
of legs longer than preceding pair; distal tar
sus tlattened; mesothoracic and metathoracic 
appendages with pail' of sensory pores near 
proximal end of basal segment; pail' of tactile 
setae at distal end of basal segment. 

A.bdomen (jIg. 81 J.-Prodorsum of segment 1 
with secondary seta (d"); segments 2-7 with 
primary (D) and secondary (d") setae; segment 
Hwith two secondary setae (d', d"); segment 9 
lacking setae. Postdorsum of segments 1-7 
with two secondary setae (a', a"); two setae (A, 
a") on segment R; segment 9 with single pri
mary seta. Dorsum of segment 10 with seta g. 
Spiracular area without setae; spine on seg
ment 1. Epipleuron of segments 1 and 9 with 
sing'le seta (E); second segment with single 
secondal'Y seta (e'); segments 3-8 with two 
setae (E, e'). Hypopleuron of segments 1-8 
with one seta (H); seta It on segment 9; seg
ment 10 lacking seta. Sternum of segments 1-7 
with three setae (II, /', .r); segments 8-10 with 
single seta (.r, .r, and 11, respectively); numer
ous sclerotiz('(1 plates on segments 1-8; seg
ments 9 and 10 lacking sclerotized plates. 
Segment 10 with transverse anal aperture. 

Significant characters.-Each pair of legs 
longer than preceding pail'; median and pos
terior arms of prothoracic plate with two and 
four teeth, respectively; seta D on pl'odorsum 
of abdominal segments 2-7; hypopleuron of 
abdominal segments 1-8 with seta H; absence 
of (l' and a" on postdorsum of abdominal seg
ment 9; setae el' and el" on abdominal prodol'
sum 8; setae a I and a" on postdorsum of abdom
inal segments 1-7. 

Specimens e.ramineel.-12. 
Host plants.-Zizipillls obtlls(folia (Hooker): 

Arizona. Yavapai Co.: 3 mi N Camp Verde, 3 
.June 1972. 1.5 mi SW Camp Verde, 3 June 1972, 
17 June 1972. 

B ioiooic(([notes .-See Forister and Johnson 
(1971) for information on the life cycle, be
havior, ecology, and host plant of this species. 
The fruit of Z. obtllsUolia has a bicarpelate 
o"ary with one cal'pel and ovule much en
bll'ged (Forister and Johnson, 1971). We ob
served that a greater percentage of the larvae 
appeared to prefer the larger ovule, but sev
eral larvae also developed within the smaller 
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andes. resulting in ~maller adults. In several 
instances, larnH.' penetn1ted smaller ovules 
and appeared to have fed prior to penetrating 
the septa and entering larger ontles. We also 
obsen'ed that in some fruits the septum 
sPIHtrating the two chambers npparpntly had 
lwpn JlPlwtratl'd l-l('\'eral timps by sing'le h1l'
\',n', Rpmnants of old exu\'iap wer(' found 
within tlH' pupal dHlInbl'r eXl'u\'uh'd by the 
!arnl. Lar"al' t'rHwjl'd over the fruit snrfacp 
following ('elosion, This fonn of lwluwior is 
thought to bt' dUll to tlw ratlll'r wpll-dl'\'(']()!wd 
lpgl-l, \\'h1('\1 may t'nablp t1w brya to Pl'lwtt'ate 
tIl(' stlrra('(' of tIll' fruit in a manlwr similar to 
that dl'SlTi!lPd for .-\cu IIthOl{i'c!iclcl{ oi1teci II I{ by 
Klinhikalll1an (1.92.1). 

[)il{clll{l{illll.-I"irst stagp lan'ae of .4.. IJI'O

,-;o/lOiilcl{ art' thl' only indh'iduals of the second 
snbg'nHlIl (SN' discussion of A, ba/lOl[ll [I'(u'i) to 
1l()SSPSS two tl'pth on pal'h median arm of the 
prothol'aeic plate (othet's POSSl'SS a single 
tooth). OtlH'I' charaetprs are the absence of 
nrimal'Y and prl'spnet' of two sE'conoal'Y setae 
on t Ill' postdol'~u 111 of ahdom inal ~pgments 1-7. 
This :-:;ppeips al~o Jal'k~ the selt'l'otizE'd abdomi
nal platt'S of A. (Jiltedl(s and difft'1'5Jrom .Al
Ylll'lliJillS lJl'OS()}J;S in the location of the 
nH'~othol'aei(' spiracle (hypoplt'unm in .4.('(111

thll,-;('('/iclcs C()IlIlI{I(S; I:'pipll'lIl'on in .-\lgilrobilll{ 

/II'O:W /) i.-; 1. 
For otlwt' disting'lIishing featurE's of this 

spl't'ips, I'pft>!' to til(' abo\'(.' signifkant ehan1c
tprs. 

A 19arobills prosop;s (LeConte) 

',':1 mmal'y of l'haptotaxy: Table H. 
Prot/lOr((.t· (fig, UJi,-With pight setae, ex

t'iusiyp of thosp associated with prothoraeit' 
platp I fig. 22. I); :,wn'l'al small, ('uticulal' pro
t u bp r a n('(';; nt' a I' pos tt'I'O med i an borde I'; 
sdl'l'otizt'd platt>s on sternum. 

Prothlltl/cic' plate' (fig. 22. [},-Median arms 
with ntH' tooth; postt'riOl' anl1S with s('\'('n 
tpt'th l~ix tpeth <U'l'ording to Kunhikannan, 
1!1.!.Il; postl'l'olatl'ral a5pE'cts of poster in I' ,1I'm5 
l'xtt'ndl'd latprnlly; ;;pta 2 (fig. 22, ('1 locat<,d 
nntpron1l'dially; (not ant('rolatel'aJly; Kunhi
kannan, 1!}2.Jl s(;\ta f) and assodated spnsory 
port> within plate Ilpar median bord<'I' of 
p()~tpri()I' arms (}nly OIH' pail' of ~eta(' along 

median border of posterior arms, not two pair 
as shown by Kunhikannan, 1.923). 

Jl esot/zora,r and metctt/zora,r (/ig. 10).

Prodol'sum bare. Postdorsum of mesothorax 
with two setae (A. an); metathorax with pri
mary (A) and two secondary (8', a") setae, 
Mesoepipleul'on with two setae (E, e') and 
spiraele; two or threp small, cuticular projec
tions near anterior bonier of spiracle; 
metepipleuron with single seta (e'). Hypo
pleul'on bare, Sternum with two setae (II, R); 
many selerotized plates. 

Leg8 (fig. 23, n.-Two-segmented; each pair 
longpr than preceding pair; apical end of distal 
segment forming flattened tarsus; distal end 
of basal segment with pair of tactile setae; two 
sl:'nsory pores at base of prothoracic appen
dage; single sensory pore at base of meso- and 
metathoracic appendages. 

Abdomen {fig. 32).-Prodorsum of segments 
1 and 9 bare; segments 2-8 with single seta 
(d') on prodorsum. Postdorsum of segment 1 
with one seta (a '); segments 2-8 with two setae 
(A., an) on postdorsum; postdorsum 9 with pri
mary (A) and two secondary(a',a") setae; seta 
(to twice as long as seta a' on segment 9. Dor
sum of segment 10 with seta g. Spiracular 
areas asetiferous; spine on segment 1. Epi
pleuron of segments 1 and 9 with single seta (E); 
secondary seta (e') on segment 2; primary (E) 
and secondary (e ') setae on segments 3-8; seta 
e' on segments 3-7 twice as long as seta e' on 
segment 8. Hypopleuron of segments 2-8 with 
single seta (I-l); segments 1 and 9 with second
ary seta; hypopleul'on 10 bare. Sternum of 
segments 1-7 with three setae (II, I', ,t') and 
sclerotized plates; sternite 8 with two setae 
(II, .r); sternites 9 (1') and 10 (x) with one seta; 
seierotized plates absent on segments 8-10. 
Segment 10 with transverse anal aperture. 

Significallt ch(Lmcters.-Each pair of legs 
longer than preceding pair; median arms of 
prothoracic plate with one tooth, posterior 
arms with seven teeth; sclerotized, pigmented 
plates absent on tergites 8 and 9; only seta a' 
on dorsum abdominal segment 1; length of dis
tal setae 0 n basal leg segmen t greatly red uced. 

S}J('('ime1ll~ r.raminecl.-6. 
Host lJlallis,-Prosopis julUZo1'a (Swartz): 

Arizona. y~tyapai Co.: Verde Valley, summer
fall 1972 (S. Swier). 

Bi%gi('u/ notes.-See Bridwell (1920, (1, b), 

http:1!1.!.Il
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i<'oristl'I',B KunhikannClll (l.CJ2d, us JIlI/Ct/II'is 
1I11i/ill'mit;), and Zacher (1.9.-10, 1!J51, 1!J.52) for 
information on life ('yell', lan'al beh,wior, and 
host plants. Contrary to reports of Kunhikan
nan (UJ2.n. W(' luwe observed first instal' lar
yap Iwnetrating pods of p)'oso/Jis }1I1i/7o/'(l 
without utilizing Ip\'eragC:' gailwd by wedging 
tht' pl'othorack platt' against tlw egg chorion. 
Thpsl' hn'\'al' crawl O\'pr tIlt' pod stlrfuct' fol
lowi Ilg l'('\osion. 

Dis('lIssioll.···Oftlw nH'mbers oftJll' complex 
IlH'ntiont'd in tlH' discussion of ..lCIlIlt/I!JS

eelicit's /Wi>()(llIil'Ul'i, Algell'o/Jills }II·()"W/)./s is the 
only sppl'ips with a singk tooth on ('neb me
dian arm and s('\'('n tl'eth on pach posterior 
ann. It diITl'I's from tIll' t'io:;pl~' n'Jated A. ub· 
fl'clliS by l'hantt't('r~ I1wntionl'd in till' di~ells
SlOn~ of .\(·(l1lt//I/,'~cdicll·.<: (lhtc!'ftl,<: llnd A. 
{)(thor/II il'lll'i. Bt'ClltlS(' of similaritips t(l that 
SIH'l'il's, ;L /J/'(lS(llIIS 11no: been plaet'd in a sub
gr!lup with. \. OiJtCrilf.<:. \\,p Cppl that 1l101'1' lar
val' ur tilt' gl'll11S AI!/lIrnhil(s should ill' studied 
Ill' fm'l' !lll!' a t'ra ng't' 1111' 11 t t'11 n lit' Cll n fi I'I1H'd. 

A11IbLy('(>r/l.~ (l('(lplllcensis Kin~~oh(,I' 

~lI111mary or chal:'totaxy: Table 10. 
Pmt/IOr/l.1' U'iy.lJ l.-With l:~ setal', (:'xc\ud

ing thos{' assot'iatpd with prothoraeie plate 
(lig. ~~, Jl; spta ~f) JocatNj nH'sad of seta l6; 
Sdl'I'otiz('d !'tl'rnal platp~ obtllsP rather than 
acute. 

['l'OtllOl'(lcic 1)/(1((' (,fly. 22, J J.-l\1edian arms 
with two tel'th, median tooth twiee as large as 
lateral tooth; medial bonlpl' of median arm 
t'onfiu('nt \vith same border of posterior arm; 
posterior arm broad with laterally extended 
laterodistal bonIer; posterior arm with eight 
or nint' teeth; Sl'nsory pore near median base 
of postl'riot' arm; seta absent on posterior 
arms; l:'eta ~. loeatedunteromediaIly, remain
ing sptap near border of anterior arms; two 
s('nsory pores located mpsad of anterior arms. 

J[csotho}'u.r Cllld II/r(lItllOl'lI.r (fig. 11 J.
Prodorstlm bart'. Postdol'stll11 with four setae 
(.·t, II", B, b"): spta(' A, (/" and B, b', b" on 
nH'tathnrneil' post(\orsllm. EpipleLll'on with 
pl'imary tEl and secondary (e') s(;'tae. Hypo
pINI ron with si ng-Ip s('cond a I'Y seta (II); bi foroLls 
::;pi rat'l(' on n1(':;;o hYIlOplt'lll'on. Stern Lim with 

th ree setae (II, .I: R) and 0 btu se selerotized 
plates; seta /( elongate and located mesad of 
s~ta R. 

Legs (fir}. 2.'1, J).-Three-segmented; each 
pair longer than preceding pair; segment 3 
t(>rminating' in neshy lobe and opposable cres
eent shaped, m()\'able sclerotized e\aw; seg
nH:'nt :3 with thin sclerotized plate along an
terior sllrfaee'(may provide rigid surface on 
",bieb the rlaw and plate of segment 2 artieu
late); sel'ond and third pairs of appendages 
poss('ss thre(' tal'tilp seta(' and two sensory 
pores Iwar base of fleshy lobe; three setae and 
011(' sensory pore near base of neshy lobe of 
fi rst append ag('; posterior su rfaee of seeond 
segment with elongate, decul'\'ed, posteriorly 
directed spine; one spine located laterad and 
OIH' spine located anterobasally on second 
segment oflegs; sensory pore located medially 
on lateral side; se\erotized plate along an
teriol' surfaee of median leg segment pro\'ides 
articular surface for sclerotized plate of basal 
segment; seta located proximally on anterior 
surface; basal segment of prothoracic appen
dage with posteriorly directed seta on caudal 
surface, 

Abdomen (fig. dJ }.-Prodorsum segments 
l-9 with single seta (el'); seta d ' on segments 
1-<J with e\osely associated sensory pore. Post
dorsum of segment 1 with three setae (A, a', 
a"); segments 2-6 with four setae (A, (( I, aU, b'); 
segments 7-9 with single primary (A) and sec
ondary (a") 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 (A, a '). 
Spiracles biforous; segment 1 with seta s' at 
base of spine: segments 2-6 with two setal;! (s', 
.'1"); segments 7 and 8 possess single seta (s'), 
Epipleuron of segments 1-9 with two setae (E, 
e' ). Hypopleul'on of segments 1-9 with two 
setae (E, e'). Hypopleuron of segments 1-10 
with one seta (II). Sternites 1-8 with two setae 
(II, I') and pointed sclerotized plates; single 
seta (I') on sternite 9; sternite 10 bare. Seg
ment 10 with Y-shaped anal sulcus. 

Sign ((jean t ell aracte1'S .-Three-segmented 
legs, each longer than preceding pair, each 
possessing internal sclerotized plates; seta II 

mesad of seta R on meso- ancl metathoracic 
sterna; five pairs of setae between anterior 
arms of prothoracic plate; setae absent on 
base of posterior arms of pro thoracic plate; 

,. 
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s(;\tae A and (l' on dorsum of abdominal seg
ment 10. 

Specim (' Il~ e,rtUII i /u>d. -25. 
[{o~t Jllcult~.--C(les(Zl}Jilli(l u(cal(l('() Humb. 

and Bonp!.: Mexico. fi mi N Los Moc:his, 
Sinaloa, 12 Marc:h 19,:~ (C. D. Johnson), 

B iologica[ 1IOte~.·-Females oviposit at ran
dom Upll11 the surface of pods of ('(l('~(llpilli(l 
('(((,ll/nco. Tlw ('g-g's may be laid singly or in 
elllst(;'rS and may be o\'iposited in small holes 
as well m; at random o\'er th(:, pod surface. The 
f('males apppar to attaeh the ('ggs by means of 
tlw "puddjp" techniqll(;' 10 llPl'tlllSl' of the ~'()pi
OllS quantities <,r l'l'mpnt assoeiatl'd with <.>ach 
l'g-g. 

Larnu.' bol't, from the egg-into the pod, but in 
01H' instancl' til(' hll'\'a was pl'('maturely re
mo\'pt! from tlll' egg, and its mode of locomo
tion and gelwral habits were observed. The 
lan'n m'ti\'t'ly erawled for a distance approxi
mately equal to one and one-half times its 
I('ngth and t1wn attached its(;'lf to the sub
stratp with til(' stll'kt'dikl' tenth abdominal 
~wg-ment. With til(' abdomen firmly attached to 
the substratl', tilt' larva tllPn stood upright 
waving its anterior end about much like a eab
hagt' lnopt'l'. Tht, larva tlwn resumed its hori
zontal position. WIll'11 this lan'a was plaeed on 
till' Sl1rf~H'(' of a pod of its host plant, it wag able 
to bot'l' through tlw sidt) of tilt' pod, without 
pllrl'hnst', in about :~ to i) minutes. This indi
l'att'S to us that Ip\'l'rage i:< not neceggarily 
rpquirpd for pl'lH'tration of a pod by this 
sppcips. This lll'havior may be of importance 
on('e the larva has penetrated the pod and 
E.'ntel·ed the chamber containing the oYlrle. A 
('ongiderable digtanl'E' (3 to ~) mm) exists be
tween till' o\'ulE.' and the pod wall. The "looper" 
lwhaviol' would enhance mOl'e rapid contact 
with thl' seed. Once contact is made with the 
seed, tilt' larnl is capable of boring into the 
st'0ti without purchase as it did through the 
pod wall. 

DI.'1(''lssi(lll.-~This sppcipg is readily distin
gllislwd from tIll' other slweies on the basis of 
host plant 11l'pfel'('nl'P, behavior, and the sig
nificant morphological chal'at'tE'l'g mentioned 
aboH'. .:\Iany or its charaders HI'(' probably 
pl'imitin'. ('spf.:'cially tilt' well-rl~'n.'loped 
tlwrnl'ie appendag(ls. whieh PORSPRS a termi-

II) ::-;'.'1' fnnt noll' n. 

nal, mo\'able claw. Because of this character 
(B()\'ing, 19.:10) in combination with its 
V-shaped anal aperture and long primary 
setae, this species is regarded as being the 
most primiti\'e of the species im'olved in this 
study. 

Caryobruchus gleditsiae 
(LinnaellS) 

Summary or chaetotaxy: Table 1l. 
[>rotho)'(u (.flO. 12 J.-With 1:3 setae, exclu

si\'(:' of those associated with prothoracic plate 
(fig. 22, K); seta 16 arising from sternal lobe; 
selerotizecI plates large, in three horizontal 
rows. 

[>rotho),(lcic pl((te (fig. ;2.:2, K }.-Median arms 
absent; broad postprio]' arms tapering an
terolatt'rally into elongate, narrow anterior 
arms; postprior 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 6 located medially. 

Jlesothora.l' and nletathcn·(L.r (fig. 12 J.
Prodorsum greatly reduced. Postdorsum with 
primary (A) and three secondary setae «(I'. a", 
h'). Epipleuron with primary (E) and two sec
ondary setae (c'. e"); spiracle on mesoepi
pleuron. Hypopleul'on with one seta (II). Ster
num with three setae (II, f. R); seta II and R 
restricted to lateral sternal lobes; sclerotized 
plates on and between sternal lobes. 

Leos (fig. 2:3, [{ ).-With three large seg
ments; cun'ed, sclerotized, 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. 

Abdolll(,11 (rio. 34 J.-Prodorsum of segments 
1-...1 (el') and 9 (d n) with single seta; seta d' on 
spgments 2-H with elosely associated sensory 
pore; prodorsul11 of segments 5-H with two 
setae (el', (l"). Postdorsum of segments 1 and H 
with primal'y (.4) and two secondary setae (0', 

an); segment 9 with setae A and an; segments 
2-7 wi th four setae (a", B, iJ', b") on postdors1l111. 
Dorsum of segment 10 with seta g. Spiracles 
bifol'ous; two setae (.'1', .'In) on segments 2-8; 
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segment 1 with three setae (8',8",8"') near oase 
of spine. Epipleuron of segments 5 and Hbare; 
segments 1---1, H-7, and 9 with primary (El and 
se<:ondary «(") setae. Hypopleul"on of segments 
1-·1, G-7, and 10 with sN'ontlary seta only; seg
nwnt H with shOt·t primary Sf.'ta (H); segments 
1) and H with two setae (H,It). Sternum of seg
nwnts 1-7 with three setae (II, I" .I"); stprnites 
1-7 with I1lllCronatp-s\u11Wd sc1t:'rotizptl plates; 
seta II and HtUtp sC'lprotized plates on sternites 
R-IO. S('gnH:'nt 10 with Y-shaped anal sultus. 

Sigl!(t'iccLllt C'l1Cl1"(L('(c)·s.-Absencl' of median 
anns on pI'othonleie plah'; seven pairs of setae 
associatNI with prothorat'ir plate; ll'gs three
st'gmented; immobile da\\' at distal end of 
segnH:'nt :~; bifol"oUS spiracles on thorax and 
abdomen; PHH'I"Onate se\erotizp(\ plates on ab
dominal sternit{,s 1-7, 

Spccimclls ('.WIII iI/I'd .-20. 
Host p/n nts.-,.<':;llblllll I"('SCLIl(l Trt'\.: 1\'1exico.:3 

mi W San Carlos Bay, Sonora, 2~ December 
IH72 (C. D. Johnson>. 

B iologic(l/ i/cdl'S .-Because t hey are \'ery 
hard, the seeds ofthe host plantS. IlreSfLll(L are 
sometimes referred to as stone nuts, The seeds 
a 1'(;' ~'()\'erpd by a fragilt,. spongy tissue that 
bpCOl1H::'S hurdl'nNI when dry and is easily 
S(;'IHll'uted from th(:· seed sUI'faee. The females 
may o\'iposit on t'ith(;'I' thp eo\'et"ing or the 
sped. 

TllP o\'al-shcl!)(><! egg has a l'ubbery netlike 
chorion subtenclecl by a broad band of muci
lage, As many as four eggs were o\'iposited on 
the same seed, but because we ha\'e obsen'ed 
only one adult to emerge from each seed, we 
assume that cannibalism occurs. 

The hUTa bon's into the seed directly from 
the egg and n1()Vt;'s toward the center of the 
seed where it gnaws a circular chamber, These 
chambers yielded no evidenrp of old eXl1Yiae, 
probably indicating that they are eonsumed 
by the larva. The chamber is used fOl' pupa
tion. and upon emergente tlw adult completes 
thl' l"l'nuwal of the opercular co\'ering, a task 
lwgun by the last instal' lan'a. The adult forces 
thp lid to til(' olltsidp and ('scapes through the 
cil"('tdar holt>, 

[) 1."?('/U:1R iOil ,-The host plan t (8 (ll)(cl'll'csa 11(1) 

and Rignifi('nnt morphological characters, 
sue has absE'nc€' of med ian arms on prothoracic 
plate, V-shaped anal a,Jerture, ,1I1d tarsus, 

facilitate separation of this species from the 
others in this study. 

Mimosesles amicus (Horn) 

Summary of thaetotaxy: Table 12. 
Pl"Otl/o)"(I,(" (fig. un.-With foul' setae, ex

elush'e of those associated with the 
IH'othoracic plate (fig. 22, L); stern lim with 
many large sclerotized plates. 

Pmthot"acic plate (!'ig. ;2;2, £}.-Median arm 
with two te(,th; posterior arm with eight teeth; 
median tooth on posterior arm elongate with 
rounded end; medial border of posterior and 
median arms contiguous; posterior arms 
b!'oad, sho/,t; anterior arms elongate, nal.TOW; 
seta 5 (fig. 22, C) near middle of posterior ar111. 

MesotllOl"a.t and )/letatho)"a,r (fig. 13).
Prodorsul11 without setae. Postdorsum with 
primary (A) and two secondary (a', a") setae; 
sensory pore closely associated with seta a'. 
:Vlesoepipleuron with one primary and one 
secondary (e') seta; metepipleuron with sec
ondary seta (e') only. Hypopleuron lacking 
setae; spiracle on mesohypopleuron. Sternum 
with one seta (R); many large sclerotized 
plates. 

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

Abdomen (fig. 35}.-Prodorsum of segments 
]-8 with one seta (d') and associated sensory 
pore; prodorsum 9 without setae. Postdorsum 
of segment 1 with seta A.; postdorsum of seg
ments 2-8 with two setae (A, u"); distance be
tween setae A and (lit less than half that be
tween same setae on segments 6 and 8; post
dorsum 9 with one primary (A) and two sec
ondary setae (a', a"). DOl'sum of segment 10 
with seta g. Spiracular area lacking setae; 
three bumps or swellings above spiracle on 
segments 6-8; spine on segment 1. Epipleuron 
of seg'ment 1 with single (E) seta; secondary 
setae only on segments 2-5; primary (E) and 
se(,ondary (e') sl'tae on segments 6-H, epi
plE'ul"on 9 bare. Hypopleuron of segments 1-8 
with setal!; hypopleura 9 and 10 lacking setae. 
Sternum of segment 1 without setae; seta.t' on 
segments \)-8; setall on segment 10; two setae 
(1', ,r) on segments 2-5 and 9. Segment 10 with 
tt'ans\,et'se anal aperture. 

.. 
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.. 
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Sigl! ~t'iC'((nt cllllr(tC'ters.-Legs of subequal 
length with flattened tarsal complex; en
larged, median tooth on posterior arms of 
prothoracic plate; median arm of prothoracic 
plate with two teeth; prothorax with four 
seUH', t'xeiudingthose of the prothoracic plate; 
abdominal stern lln1 1 and abdominal t'pi- and 
hypopll'llron n laeking setat'o 

S}Jf'('ill1clIS e.t"llmillcd.-I. 
/lost ,J/(lIlls.---Proso/Jis }lIli,t701'(l (Swartz): 

Arizona. Yavapai ('0.: Junl'tion of Tuzigoot 
~atL ~\l()n. and IIwy. ~D, 1 Augm;t 1HI1. 

H iolo{jiclI/ II (J(( ....:;. -SN Kunhikannan (1 !}2.1)' 
and Foristpl.t I for information on ho;.;t plants. 
d('\'l'lopnwntal tillH'. and lll'havior. Lal'nl.l' 
appl'ar to ('nU'I' till' pod dil't'etly from the egg 
and \HOVt' within tlw pod lwfnre pntering the 
;.;lIlp of a ;';Pl'{1. Lan'at' alway;.; cOl1snl11(' eon;.;iti
l'rablp quantitip;.; of the pndo;.;penll 1)pfo1'e 
fl'pding on tlw l'otylpdnn;.;. 

TIll' ;.;nftl'r portions of the ('X\I\'I,1(' are prob
ably clln;';\ll1ll'd bpcal1;';t' only the ht'adly 
;.;l'il'l'otizpd parts an' found within the 
l'iuunbl'r pxt'twutpd by tilt' lan·Ill>. 

[)is(·IIS.'1ioll.-Sl'l' di;.;cussion of AC(/lllllOs
I'd i dc,'! III (lITII /lIdIi (( 1111 /I S. 

,l1 imosestes protract 11$ (Hol'n) 

Summary Df l'I)(H'totaxy: Tablt> 1:3. 
PrnllllJrt/.r (Ii!!, n J.-Pl'irnul'Y Sl'tcH' ubsl'nt; 

ftVl' Rl'tne pn1sl'nt, l'Xl'lllSlYl' of those as
;.;ociatpd with prot\lOrueie plate: Il'g;.; ab~t'nt, 
replal'pd by seta 1:3: fOllr ;';l'nsory pores near 
posteronwdian hordt'r: sternum heavily laden 
with many large, ~dt'rotiz~'d plntps. 

PmflwrrlC'ic plat(' (.fig. 22, .1l1.-l\It'dian arms 
with two tpt'th; posterior arms with six tl'pth; 
;tnterior arm;.; narrow, elongatp; posterior 
arm;.; broad, short, and with laterally extended 
apil'ai p nd; sptuP :2 and :3 l fig. :2:2, C) a bsen t; ~eta 
;) and associatl'd st'nsory pore near median as
IwdR of posterior al'ln. 

.llnwlbClI'II.I· (Iud /IIda/ho/"a.r (fig. /!; J.
Primary SE'tlW absent. Prodorslim with two 
:4l'UH' td', d"J, Postdorsum hart'. EpiplplIrOl1 
with sl'tap t" and (''', l\Iesohypopleuron with 
two St'UW (It·. ,,-'), spin-tell', and s('\'eral small, 
t1('shy lolH's antPrior to spiraclt'. l\fEc'tahypo

• 

pleu ron bare. Stern um with seta K; numerous 
large, sclel'otized plates. 

Legs.-Absent, replaced by enlarged, de
l'tIITed spines (setae 1:~ and K, fig. 14). 

A.bdolllen (ti'g. ;36 }.-Lacking primary setae. 
Prodol'sum of segments 5 and 7 with two setae 
(d', cl U 

); proclol'sa 6 and 9 with seta d'; prodor
sum 9 with oblique row of sclerotized, pointed 
plates; pl'odorsul11 S bare. Postdorsllm of seg
ment 1 with st'ta a" only; two setae' (a', aU) on 
postdorsllll1 of segments 2-8; postdorsum 9 
bare. Dorsum of segment 10 with seta g, 
Spiraeular areas of segments 3-8 asetifel'ous, 
numerous small, sciel'otized plates neal' spira
ele; segment 2 with seta .'I', scierotlzed plates 
lacking; seta .'I' at base of spine on segment 1. 
Epipleuron of segments 2-8 with single seta; 
small projections neal' base of seta on segment 
2; epipleura 1 and 9 bare. Hypopleuron of seg
ments 1-7 with one seta; remaining hypo
pleUl a (8-10) bare. Sternum of segment 1 with 
three setae (11,1', x); stt'rnum of segments 2 (Il, 
.f l, 3-6 (II, /.), and tI (1', .r) \ i th two setae; seta 1/ 

on stel'nite 7; sternites 8 and 10 asetiferous; 
numerous large, irregularly shaped plates on 
sternites 1-9; sternite 10 bare. Segment 10 
with trans\'el'se anal aperture. 

S ig 1/ ~(iC(l nt cJIClI·(lctel's.-Absence of pri
Il',ary setae and legs; legs replaced by declll'\'ed 
spinE;'s; numerous enlarged, posteriorly di
rected, sclerotized p1ates on thoracic and ab
dominal sterna 1-D; three pairs of setae on 
[>rothol'acic plate. 

Specimens e.rCl11lined.-6. 
Host /J!(/)/ls.-PI·oIWllis ,illl(t7o)'(( (Swartz): 

Arizona. Y~l\'apai Co.: Yel'de Valley, sunlmer 
1912 (S. Swier). 

Biolofjicu/llOtes.-See Foristel'I2 for infor
mation concerning percentage infestation, 
host plant, and o\·iposition. 

JJimosestl's lJ)'O/I'(LC/IiS infests very imma
ture green pods of P. }IlIU7oJ'(l (personal COI11

l11un., S. Swier). The absence of thoracic ap
pendages and replacement of them by de
cun'eel spines might explain why this species 
is successful when entering soft pods. The 
pn'sence of primary setae 01' longer appen
dagt's might impede the movement of a lan'a 
through the sappy pulp within a very imma

12 8('(' footnotf.' •. 
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tun' pod. When tilt>, female oviposits several 
eggs on top of each other, the larvae cannot 
pE'netratp tlH.' pod dirpctly upon hatching, and 
tlw pres{'IH'p of the small decurved spines 
might pnhanee stability along the pod rib once 
tIll' lan'a has \'Cleated the eg'g (personal COI11-

Illun., S. Swit'r). 
DisclissilJll.-JI. protractllN is most rapidly 

l't'('ognized by th{' abSt'IH.'C:.' of primary setae 
and segmented walking appendages. Thest' 
traits ally it to tilt' group that includes Zu
lll'v t (' S S II bfCl S (' i{( t /( s. 8 tat () r / i /1l but 1/ s. 8. 
pl'll ill ill II ..... and 8. jJY[jidiu/is. 

DlH' to thl' l't'duetion in siz(' of the 
!lrothoraclt' plate. tlw number of setae (three 
pairs) assoeiatt'Cl with the plate. and location 
of spiraele on hypoplenron, ;ll. Ilmt),(lctlls is 
t'onsidel'l'tl to 1)(' most elosely related toZ. s/ib
t(l.'lC'iuiIlS. Because thest' traits are considered 
to 1)(' the most cit-rived. we ('onsider these 
spel'il's to be the most acl\'anced of those in
\'olve<l in this study. 

Tlwn> art', howen'l" numerous differel1ces 
betwP('n the two speeies. Probably the most 
recognizablE:.' is the degree of development of 
the prothoracic plate. The plate of Zabrotes 
stlli.tiu.:cilltlls (fig. 22, T) is represented only by 
a puir of toothlike sderotized projections, 
which I't'presents what we consider to be a de
riH'd trait, ",hpl'eas, anterior, median, and 
posterior arms are present on the plate of M. 
[J/,Iltl'll C'i liS. In addition, .1[. III'oirae-ills pos
sessps fin' pairs of setae on the prothorax (15 
pairs in Z. slIli,flt.'!ciatlls) and numerous en
hu·ged. selerotized plates on all sternites (ab
SE:'nt in Z. sJliJ/as1'iatlls) and is restricted to the 
host plant Prosopis jll/U7om. 

J/ imosestes sallaei (Sharp) 

Summary of ('haetotaxy: Table 14. 
Prot/lOra.!' (/ig. IS J.-With nine setae, exclu

sh'e of fh'e pairs associated with prothoracic 
platt' tfig. 22 S); two distinct rows of small, 
$el~'r()tiz('d platc.>s near upper anterior portion 
of segmt'n t. l1(lal' distal end of anterior arms of 
prothol'nt'ie })late; sternum with few 
sderotl7.('d plates. 

PI·()thotaC'ic }l/ate (fig. ;2;2, N).-See 
Kunhikannan (1.92/1. II/ate Ill. figs. 6 (lnd 8); 
11l('dian arm with two teeth, one large and one 
small; postE'rior arm with numerous teeth, 

medial tooth elongate and pointed (noted by 
Kunhikannan, .1928), remaining teeth nearly 
equal in size; posterior arm expanded lat
erally; seta 2 (fig. 22, C) nearly anteromedial; 
sensory pore or pit between setae 1 and 2. 

M ('sot II 0 I'fLr and met at II ora.1: (fig . .1.5).
Proclorsum without setae. Postdorsum with 
primal'y (A) and two secondary setae (a', a"); 
setae A and a" close together and located near 
ventral aspects of postdorsum. Mesoepi
pleuron with two setae (E, e'); metepipleuron 
with single secondary seta (e'). Hypopleuron 
lacking' setae; spiracle on mesohypopleuron. 
Sternum with two setae (R, H); 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 A; post
dorsa. of segments 2-8 with two setae (A, a"); 
postdorsum 9 with setae A, a', and a". 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 (E); segments 
2-4 with secondary setae only; segments 5-8 
with primary (E) and secondary (e') setae. 
Hypopleuron of segments 1-9 with single sec
ondary seta only; segment 10 lacking setae. 
Sternum of segments 1-7 with three setae (ll, 
t·, ;r) and n limerous sclerotized plates; stern urn 
8 with two setae (t', ;1.') and few sc1erotized 
plates; seta von segments 9 and 10; sc1erotized 
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 a' and a" on ninth abdominal post
dorsum; median tooth on posterior arm of 
prothoracic plate elongate and apically 
pointed; seta A on first abdominal postdor

, 

• 
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sLlm; seta s' on first abdominal spiraeular 
area. 

Specimens e.wmillecl.-.:!6 
lJost pia II ts .-L-lcac ic~f(tnl es icow (Linnaeus): 

Mexico,8 mi S Atenquique, Jalisco, 3 January 
1973 (C. D. Johnson). 

Biological Ilotes.-For host plant informa
tion, see Zachet· (1952): Larvae used in this 
study were obtained from the seeds of A. fa 1'

He8iuHCl. Information is also available on the 
bionomics (Cushman, 1911; Hinekley, Z960, 
1961), ovipositional behavior (Hinekley, 1960, 
1961), egg characteristics «('ushman, 1.911; 
Hinckley, J[)60; Kunhikannan, 1928), and par
<mites of eggs, larvae, ane! adults (Cushman, 
19f1 ;.!-linckley, UJ60, 1961). 

We have observed that larvae may leave the 
egg by way of the anterodorsal end and crawl 
over the pod surface. These larvae move to the 
sulcus of the seam uniting the two hah-es 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 prefer the slight depression along the side of 
the ridge of the pod seam for oviposition. Per
haps this beluwior is a mechanism to ensure 
larval survival because Hinckley (1960) re
ported some eggs are not always firmly at
tac hed. There fore, if the eggs are laid next to 
the seam, the newly hatched larva need only 
crawl a short distance (less than 2 mm) to pen
etrate the pod. 

DiscIiSS10Il.-Mimosestes sallaei is one in a 
group of three rat.her distantly related 
species. These species are thought to be re
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
tional discussion see that of Acanthoscelides 
mac rophthahnlls. 

Neill/mius arizonensis (Schaeffer) 

Summary of chaetotaxy: Table 15. 
Prot/lOra.r (/ig. 16).-With seven setae, ex

elusive of those associated with prothoracic 
plate (fig. 22, 0); sternum with two or three 
irregular rows of sclerotized plates. 

ProtllOntcic plate (fig. :22,0) .-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, C) 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. 

lHesotlio)'ax and meicLthora;r (fig. 16).
Prodorsum lacking setae. Postdorsum with 
primary (A) and secondary (a I, a") setae. 
Mesoepipleuron with two setae (E, e ' ); 
metepipleuron with seta e'. Hypopleuron 
without setae; spiracle on mesohypopleuron. 
Sternum with one seta (R); three or four ir
regular rows of sclerotized 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. 38}.-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 2-6; prodorsum 7 
with two secondary setae (d ' , d"); prodorsum 9 
without setae. Postdorsum of segments 1 and 7 
with setae a' and a", respectively; segment 2 
with one seta (.4); segments 3-6 and 8 with 
setae.4 and (1,11; setae a' and.4 on segment 9, 
distance between setae exceeds half the 
length of seta.4. Dorsum of s('gment 10 with 
seta g. Spiracular areas without setae; spine 
on segment 1. Epipleuron of segments 1 and 9 
with one seta (E); segments 2-4 with second
ary seta only; two setae (E, e' ) on segments 5-8. 
Hypopleuron of segments 1-9 with secondary 
seta; hypopleuron 10 bare. Sternum of seg
ments 2-8 with three setae (ll, l', x); setae 1l and 
p on segment 1; seta l' on segment 9; segnlent 
10 without setae or sclerotized plates; seg
ments 1-9 with one to several irregular rows of 
sc1erotized plates. Segment 10 with trans
verse anal aperture. 

SignU'icant clWTacters.-Legs of subequal 
length, with rounded tarsus; primary seta .4 
on postdorsnm of abdominal segment 6; meso
and metahyposternum bare; seta h on abdom
inal segment 9; median arm of prothoracic 
plate with at least three teeth. 

Specimens exantinecl.-15. 
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Host plcwts.-Prosopis juU.tZora (Swartz): 
Arizona. Yavapai Co.: Verde Valley, summer
fall 1972 (S. Swier). 

B iologicalllotes .-See Forister (1970) for in
formation on egg characteristics, develop
mental period, and generations per year; 
King'solver (1964) for host plant information; 
and Kunhikannan (1,9:28) fot' egg characteris
tics and larval behavior and characters infor
mation. 

Dis('lIssioll.-N. (iJ'izonellsis represents a 
species distinct from others invoh'ed in this 
study. The similal'ities shared with SCll/lillS 

I/IOt'OSII8 are mentioned in the discussion of 
that species. For other distinguishing differ
enn's, see biological notes and significant 
characters mentioned above. 

SeTUliliS morOSllS (Sharp) 

Summary of chaetotaxy: Table 16. 
P I'ot/wra.r (fig. 17) .-Wi th 11 setae, exclu

sive of those associated with prothol'acic plate 
(fig. 22, P); numerous enlarged sclerotized 
plates on sternal lobes between appendages. 

Prothol'acic liiate (fig. 22, P}.-Median arms 
with two teeth of variable sizes; posterior 
arms with six teeth (five contiguous and one 
lateral); seta -1 (fig. 22, C) missing; seta 5 within 
plate of posterior arm, associated sensory pore 
on median border of posterior arm; seta 2 lo
cated medially; distal end of posterior arms 
extendpd laterally; anterior arms tapering 
from base to apex. 

ilIesotliol'(l.r ({lid metatho/'Ct.r (fig. 17).
Prodorsum lacking setae. Postdorsum with 
three setae (A, (l', a lf

); setae A and alt nearly 
contiguous, neal' tergo-pleural border; seta ((' 
and associated sensory pore located dorsally. 
Epipleuron with two setae eE, e '). Hypo
pleuron bal'e; spiracle on mesohypopleuron. 
Mesosternum with two setae (II, R) and nu
meroLls sclerotized r 1 ,ttes on sternal lobes; few 
pbtes between and behind lobes; metaster
nLlm with four setae (ll, /',.r, R) and sclerotized 
plates on sternal lobes. 

Legs (fig. 23, O).-Two-segmented; subequal 
in len~rth; 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 el' on segments 2-8 with closely 
associated sensory pore. Postdorsum of seg
ments 1-5 and 7-8 with two setae (A, a"); post
dorsum 6 bare. Dorsum of segment 10 with 
seta g. Spiracular areas of segments 2-8 
asetiferous; segments 2-5 with several small, 
fleshy projections above spiracle; segment 1 
with seta (s') at base of spine. Epipleuron of 
segments 1 and 9 with one seta (E); secondary 
seta(e') on segments 2-5; remaining epipleura 
(6-8) with two setae (E, e'). Hypopleuron of 
segments 1-9 with secondary seta only; hypo
pleuron 10 bare; sterna asetiferous; numerous 
large sclerotized plates on segments 1-8, 
plates reduced in size on sternites 9 and 10. 
Segment 10 with transverse anal aperture. 

Significant clwmcters.-Legs of subequal 
length and a rounded tarsLls; three pairs of 
setae between anterior arms of prothoracic 
plate; abdominal sterna lacking setae 1I, t', or 
.r; hyposternal setae absent on meso- and 
metathorax. 

Spec imens e.ra in ined.-32. 
Host picmis.-Cassia ballhinioides Gray: 

Arizona. Yavapai Co.: 1 mi S junction of Bea
ver Creek-Montezuma Well roads, 4 Sep
tember 1971, 17 June 1972. 

Biological notes.-Detailed information 
concerning the life history, habits, and host 
plant records of this species was presented by 
Center and Johnson (1973) and J ohnso11 and 
Kingsolver (1973). 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 two larvae infesting the same seed 
were observed, indicating that cannibalism 
does exist because only a single adult emerges 
from a seed or seeds. Most seeds are infested 
by a single larva, and, after penetration of the 
seed test, the larva appears to feed on the en
dosperm for at least one and maybe 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. 

Discllssion.-Sennills morosllS 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
tN' shared by the genus Stator, see discussion 
of State»· limbctllls) and the abdominal ster
nites are devoid of setae. These are considered 
to be an advanced trait; consequently, S. 
nzorOSIll> is placed near that complex men
tioned in the discussion ofMimosestes j))'otrac
tllS. S. morosils does possess primary setae and 
segmented walking appendages that distin
guish it from the more advanced group of 
Stator, IHimosestes protl'actlls and Zabrotel> 
S II b/(lsciat liS. 

The larvae of'S. moroslls are most similar to 
those of Neltll mius ari,::ollewils. The legs of S. 
)/101'OIWS are subequal in length and possess a 
rounded tarsus. Except fot· the sternites, the 
chaetotaxy is identical on the meso- and 
metathorax. Howe\'er, numerous differences 
do exist between these two species, that is, 
setae on the thoracic sterna ofS. /lwrOSIlS (ab
sent on N. l/ri;;(lI1ellsis), fi\'e pairs of setae as
sociated with prothoracic plate ofN. a ri.::o lie 11

sis, and setae on abdominal sternites of N. 
ari.'::ollensis. Because of these differences, we 
consider them to be distantly related species. 

Stator limbatlls (Horn) 

Summary of chaetotaxy: Table 17. 
Prot/tol'((.r (fig. IS }.-Lacking primary setae; 

nine setae present, exclusive of those as
sodated with ]1l'othoracic plate (fig. 22, Ql; legs 
absent, replaced by seta 23; many small, 
sclerotized plates across sternum. 

Protho)'acic plate (fig. 22, Q}.-(Kunhikan
nan, 192.'1) 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 4 (fig. 
22, Cl absent; seta 5 and associated sensory 
pore located mesad of medial border of pos
terior arms; width of posterior arm base 
!-.rreatly narrowed. 

J[l','wthorn.r unci II1c(((t/lOl'a.1' efig. 1H).

Primary setae absent. Pl'ociorsul11 of 
mesothorax bare; metathoraric prod~rsllm 
with three setae (d', ell/, el'''); seta d' with as
s(lciatl'd SI.:'nsory pore distant from other two 
setae. PostdorS1lll1' of mesothontx with th"ee 
!'wtal' (ll', (I", h'); Sl'ta (/. \vith assocint('d sensory 

pore, near middle of tergum; setae aI/ and b' 
near pleurotergal.border; metathol'acic post
dorsum with single seta (a l ) and associated 
sensory pore. Mesoepipleul'on with two setae 
(e', e"); spiracle in anteroventral area of sub
segment; metepipleuron with single seta (e'). 
Hypopleuron bare. Legs replaced by seta K; 
small, sclerotized plates. 

Legs.-Absent (Kunhikannan, 1923), re
placed by setae 23 (on prothorax) and K (on 
meso- and metathorax) (fig. 18). 

Abdon/ell (Jig. 40 }.-Primary setae absent. 
Prodorsa bare. Postdorsum of segments 1 and 
9 with two setae (a', (t/l); three setae (a', a", b') 
on postdorsum of segments 2-8; seta a' on 
segments 1-7, with closely associated sensory 
pore; setae a" and b' closely associated but dis
tant from seta a '. 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 
(e'l; epipleuron 8 with two setae (e l 

, e"). Hypo
pleuron of all segments (1 to 10) with seta h. 
Sternum of segments 1-9 with single seta (r); 
sensory pore evident anterolaterally of seta r 
on segments 1-7; few small sclerotized plates 
on segments 1-9; sternite 10 bare. Segment 10 
with transverse anal aperture. 

Sign ificant charaders .-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 e.ramillcd.-61. 
Host plants.--Acacia millefolia Wats.: 

Arizona. Pima Co.: Box Canyon, Santa Rita 
"NIts., 7 October 1972 (C. D. Johnson). 

Biologicalnotes.-For information concern
ing life history, ecology, o\'iposition, and host 
plants of this species, consult Forister,13 
Johnson (1967), Kunhikannan (1923), Zacher 
(Jf}80, 1Y51), and .Johnson ancI Kingsolver 
(/ II I)}'('''~s). 

Eggs may be laid singly or in clusters with a 
narrow band of mucilage around each. In 

la~('(' footnoll' 'i. 
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many instanct's, thl' glut' sel'\'ed to connect 
nllllWrOtiS eggs togethel·. The t'gg- is similar to 
that ofStato}' }})'Il i!l ill liS (fig'. ·l5,:31, but diffet's 
fl'om that of S. Jlygidialis 111 that it lacks tlw 
prominent antedol' middoL'sal point ehal'ae
tl'ristie of that species (fig..~5, ·ll. \\'l' found 
('ompll'te l'xudal' in pupal ehamlwL's, indicat
ing' that l'xll\'iap al'(' not partially OL' l'OI11

plt'tl'ly ('onslll1lpd. 
[)ist'lIs;!ioll.-Tlll' adults of SI(//or lilfliJlItflS. 

S.I)I'/{ illill/{.'{, nndS.j)ygiclillli.<; an' \'pry dm;ply 
l't'latl'd in tlwit· bt'ha\'iOl' and morphology; con
~pqltl'ntly, thl'Y form a \'pry distinct genus 
(John:o;on and King:o;oln'r, iii prcss), TJ1l' larnlP 
also fortH a di~tilld gT(lllJl on tilt, basis of l1lor
plw\og'Y and lwlla\·iol'. 

Thl'~l' thl'l'(' :o;ppcit's an' l'('adily sl'pal'ated 
Ct'olll J! ill/IJscstl',<{ IJl'otmcflls and Zalirotcs .'1/1b

(I/S/'illfils lll'l'ttllsl' tlH'Y han' an l'longate, 
poJt)tpd, llll'dian tooth on th(' postl'rior arm of 
till' pl'othontcic platt' (~Pl' figs. ~~. (I. R. and."'). 
In add it 10 n. tilt' nll':-;ot I\oracie s pi radl' i:-; on the 
ppiph'nron thY[lopl('uron in .11. }JI'otractlls and 
Z. sl/litiuw;((t1Iln, and foUt· pairs of sptae are 
n~sol'iatpd with till' pl'othoracie plate (three 
pail'~ in.lI.},),o/ntc!lIs and Z. slll~((/s('iatlls), 

Tlw fin' tl'pth on ('Hch postt'rior arm of the 
protlwt'ucic plat(' llr.....'.liJllhlltll.<{ S('1'\'(' as a ll:o;e
Cull'l'itl'rioll fot· ~Pl't'i(':-; s(·paration. Only threp 
t('('tlt apPt'arol1l'ut'i} p(l~tl'rillr arm ofthl' plate 
llt'S,/I}·,nI1ill<l.<{ and S. I)!I!li<iillli.<;. Also,S. lilll
'lIlllls lal'k St'ta d on tIl(' pl'odol'sllrn, a ('harnc
tt'r typical of tilt' otlwl' two ~pe('it'~, 

Stu lor fJ r/l ill iTIll S (II 0 1'11) 

SUlllmary of ch<wtotnxy: Table Ix. 
I'rot/'lInt.,· {t~'[/. It} J.--Pl'imal'Y st'tae ab:wnt; 

with nine pail'~ ofs{'tnp, l'xclusivl' of foul' }lairs 
n:-;s()l'iatl'd WIth }It'othoradc platl' (fIg. ~~, R); 
~tl'l'nl1lH with IlUnWrOlls "mall. l'utindar lobt's 
~lIlTotlnding ~l'ta ~l; Ipgs nhsl'nt, n'placl'd by 
Sl'till' i~ II. 

['rut/ifll'llt'Il' }I/((tl- (fly . .!.!. R J,--:\[pdian al'lll:O; 

WIth nrH' Ill' two tppth: postt'l'iol' arl11~ with 
thl'l'l' tl'l'th: !lIlt' ('Iongatp, pointt'd nH'dian 
tooth, two :;malI. l'olllHh'd tppt h of subt'ljllnl 
:{ll.l' mot ~I\O\\'n h~' KlIllhikannan. Ul.!,1); lat
I'I'odistaJ a~IH'('ts ot' po:o;t('I'jor arms l'xtL'lHll'd 
latt'rally: antl'l'lOt' tH'ms, l'xtt'lHI(ld antt-'nllat
PI,ttlly. t)()~spssing ~lIbpandl('J :-;idps; thr('p 

pairs of setae between anterior arms; seta :i 
(fig, 22, (') missing; seta 2 not located an
teromedially, as shown by Kunhikannan 
(/ !J2.11; seta 5 and associated s(;'nsory pOl'e 
along- medial border of posterior arm, 

JJ <' sotII () r (t .1' (/ II dille tat II () )'(l.r (fig, 1.9) , -
Primary setcw absent, Proc1orsul1l bare, POl'>t
dorsum with thrN' setae «((',a' ,b'), Epipleuron 
of I1wsothorax with two setae (c', e"); sensol'y 
pOl'e and spiracle; metepipleul'on with single 
s('ta (c'), Hypopleurol1 with one s('ta (/1), Ster .num with nnnH,'rOllS small, cuticular lobes 
SlllTolllHling seta f{; only seta I\ present, 

Lcgs,-Absent, replaced by setae 24 and f{ 
(fig, U)); st~, rn al proj ec tio n s, shown by 
Kunhikannan (1.92:n, not eddent. 

AI)({O/lU'1I (Jig, -$1 I,-Lacking primary setae, 
Prodorsum of segments 1-7 with seta el'; pro
dorsum bare on seg'ment H, absent on seg-
ments nand 10, Postdorsum of segment 1 with 
single seta (atll; postdorsa 2-7 with setae a" and 
h'; postdorsum 8 and dorsum of segment n with 
three setae (a', ((tI, b'). Dorsum of segment 10 
with seta [J. Spiraculal' area of segments 2-8 
a::;etiferolls; segment 1 with seta s' at base of 
spine. Epipleuron of segments 1-5 with setae'; 
two setae (e', e tl ) appear on epipleuron of seg
ments 6-8, epipleuron n bare. Hypopleul'on of 
segments 1-10 with single seta Uf). Setae /I and 
I' on sternites 1-7; one scierotized plate and 
several small, cuticular projections on seg
ml'nt~ l-fi; two to four large, pigmented, .selerotized projections on sternites 7 and H; 
small, cuticular projection1'; on segments 6-8 
and sternites Hand 10 bat·e. Segment 10 with 
transverse anal aperture. 

S i{J1/ i/ic(L lit ch(lI·(Lctel·s.-Absence of pri
mary setae; legs replaced by shot,t, acute 
s(;'tc1e; large, pigmented, sclerotized projec
tions on abdominal sternites 7 and 8; posterior 
arms with thr(;'e teeth; median tooth elongate, 
pointed; two teeth on right median arm, left 
ll1(ldian arm with one tooth, 

SjH'cilll('IlS c.!'amilll'd.-48; reared from 
~('PdR of .1IilJlOlw [j1'll/IClllli Gl'ay: Arizona. Co
chise Co.: Co('hise Stronghold, 14 October 1973 
(C. D. J oi1nsonl. 

Hio[ogi('u/ I/o(l's.-A wide range of plants 
SC'I'Y(' as host for this species (Bricl\vell, /.918; 
.Johnson, lflfi7; Zacher, 1.9ti2). Several eggs 
may he laid upon a si ngle seed (B ddwell, 1.918; 
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Johnson, 1,9/r;), resulting in smallpr adults. 
Tlw Pgg( lig..15, :n (dl'st'l'iuet! by Brit! W('1I, HilS, 
and Klinhikannan, UJ2.11, whit'h diffprs mol'
phologieally from that of tlll' c\ost·ly r('latpd 
Slll'cit's.st(lto,. pyyiclilllil'l (fig. ·15,.1), possesses a 
broad band of l11ueilagl', which int'l"l'asE;'S 
grpatly in width toward and at till' anterior 
PIHi. Lar'vnllH'haYl0r durtng and suhsl'qUl'nt to 
l't'losion has also bepn dist'llSSpd by ti1t'St' au
thlll's, Foristl'J.\ I rt'po!'lt'd upon its parasitl's, 
\\'IH'rea~ Bridwt'll U!I [.\ 1 disl'llSSt'd adult mat· 
ing Iwha\'iol', 

Tlw fundional signit'il'CltH'l' of tilt' largt', 
selt't·otiz.pd, pigllH'nt('d projt'ctions lin stl'I'
nitl's 7 and X allPt'a!'s to he that of gaining 
addl'd thn!st W1H'1l lan'ul' tunlwllhrough tllt' 
cotylt'<iol1s. 

[)is('t(s ...;ioll. -Stator IIl'lli/lil/lIl'I sharps a 
nl1mbl'r or Illorphologieal similnl'itips with S, 
l'I1l/)(IlIIS but mol'(' closl'ly l'l'sl'mhlps S. 
j'!l!IiciudiR. Sptat' /I and /. (on n1(':-\()- and 
llH'tathonll'ic stpl'na (If.s. JlllyiciiClli:·;) an' ab
SPill on l11('sO- and 1111'tat\wrtlt'k St~'I'IHl of S, 
fln/illilillR, ,o..;,/II'llillilllll'l has sl'tuP 2·' and 1\ on 
Its thora~'il' stl't'llit~'s and two to fOllr largl' 
sc1l'I'olizl'd projt'l'tinns on abdominal stl'l'nih's 
7 and X, but tlH's(' al'l' abspnt on S./Il/!lidia/i,'i. 

S,/I/'l/il1/1/1I.'i also lacks sl't~H' lS and 17, which 
[U'P on til(' prothoracie stl'rnitt' o;'S.}lyyic{iu/il'l. 

Thp distinguishing j'l:'atlll'l' ortlw first insUlt' 
of S. III'IIIII/nfl,"; is tilt' pr(,Sl'nt'l' of two to rout' 
lal'gl', pointpd, pignwntl'd, postl'l'illl'ly <li
I'l'dl'd. sl'll'l'lltizl'd platt'S on till' stpl'nlll11 of 
nbdominal st'gml'nts 7 and ~, 

Stator py~idi(lLis (Schaeffer) 

SUmnHll'Y of dUH'totaxy: 1\lbll' 1~l. 
['rot/wrlt.1" (fig. JU), -·Primary s{'tal' ahspnt; 

with 10 pairs of sptat', t'xciUsi\'{' 01'·[ pairs as· 
soeiatl'd with IH'othol'a<'il' platt' (fig, 22,S); Sl'\'· 
eral small, l'utlt'lIlar loiH's on stl'rnul1l;jointNI 
apPl'IHlagps replaced by latl't'itl lolws, whieh 
!){lSS('SS distally a s('nsory pon' and two s('bH'. 

Pmtho}'(/('i(' plate (II!!. 22, S ).-Mt'dian arm 
WIth two tepth of subl'lluul siz.t': postpl'iol' anl1 
with thn't' tl\('th: I1wciial tooth elongatl' and 
pointN\,subtt'ndpd bJ' two ~malll'I' t('l'th of 
t·qual sizp; latprot\istal aspe('ls of postl'I'ior 
arms pxlpndl'd Intt'l'Illly into quaciratp.silapet\ 

projections; antt'riot' arms l'xtpncied an
tet'oi<ttl'rally; three pairs of Sl'tae bptwt'el1 an
terior arms; seta·{ (fig. 22, C) ab!-wnt; st'tat' 2 
and :~ lo<.'at<.'d I1wdially, not arranged along 
nwdial bor(\E'I' of ant(;'rior arm; sensory pore 
IOl'atpt\ anterolatl'rally of spta 2; seta 5 and 
assoelated Sl'nsory port' IOl'atl'd mesad of I1W
dian l)(lJ'(\PI' of posterior arm, 

J[('lwi /to/'(/.!' {{lid III('/utllo/'(l,l' (/i[J. 20).

la('king primHJ'Y sl'tal'. Prociorsum bare. Post
dorsum with thrl't' setal' (a' ,CI", b'); sl'ta((' with 
e\osl'ly assoC'i ated s(' nso t'y port'. rvleso(;' pi
pll'uron with two sl'tae (e', e"), sensory pore 
IOl'atl'd anterodorsally to spintC'lt'; ml'tepi
pll'uron with onl' seta «(") and sensory pon' 
IOl'atpd antel'ot!orsally. Hypopit'llron bare. 
Sl~'I'nllm with two Sl'tae (II, I') and sl'\'et'al 
small, l'uticular lumps; Ipgs replaced by lat
(,I'al, f'it'shy lobes, 

lA'[JS,-AbsPllt, replaced by rudiments in the 
form 0 I' late ral 10bps (8 nodgrass, 1.985). Eac h 
lobe with two distal taetile setae; single sen
sory 1101'('011 I1wsothol'Hcic lobe; metathoraeie 
lobe with two sensory pores. 

A 1)([011/1' II (fiy. ~2 ).-Primary setae absent. 
Prodorsum of seg'ments 1-7 with seta (d') and 
associatl'd st'nsory POI'l'; pro(\orsum 8 bare; 
plical' absent on dorsum of segnwnt 9. Post
dorsllm of s('gnwnt 1 with onE' spta (an); post
dorsa 2-7 with two \'l'ntral setae (a", b'); post
dorsa 8 and Hwith three sptH(' (a', (In, iI'). Dor
slim ofsegnwnt 10 with sptay. Spiracular al'en 
of s('gnH'nts 2-8 aSl'tifl'rous; seta .'I' at basl~ of 
spil1(' and dorsad of spiracle on first spgment. 
Epipleuron ofs'2'gmt'nt 1 with seta (e') and se\'
Pl'al post('riorly loeatt'd, pointed, cutinriar 
projl'<'tions; epiplelll'a 2-5 with single st'ta (1"); 

s('taE' (" and en on epiplelll'on of segments 6-8; 
ppipleurol1 $) bart', Hypoplpul'a 1-10 with seta 
It. Stel'nites 1-7 with two setae (II, 1') and nu
1l1l'l'OUS ('llticular lobes; only seta /' on ster
nitps Hand H; single horizontal row ofcutieular 
loilt's b('tw{'('n sl'tal pair (I') on stern um H; 
st('rnite 10 bare. Sl'gment 10 with trans\'('I'se 
anal aperturl'. 

Si{JI1U'icunt clw}'(ll'fcl'l'I.-PI·imary sptaE' and 
l('gs abst'nt; legs l'l'placl'd by latl'rallobes; me
t! ian arm 0 f prothot'l1cic p latp wi th l\vo tpeth 0 f 
('qual siz.p; postpl'ior ann with thret' t(,t'th, 
I1wdian tooth plongate and pointed: two lat
('ral t('t'th short, of subeq ual size; l'OW5 of 
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pointl'd, t'util'ulnr PI'ojl'diollS along callclal 
al>ppl'tl> of fir~t ('pipll'ul'on. 

Spccimens ('.t'Cllililled,-I. 
Hos! }J{colts.-('ullicOlCil'C( IlIlI1l itis Benth.: 

Arizona. Coconino Co.: Bal>e, south slope, l\It. 
Elden, I"lagstaiT, fall lBn (C. D. Johnson). 

Bio[()yica{lIotes.-Tlw larva pelwtrates tilt.' 
sped directly fl'OI11 the egg. Egg morphology 
<lifTtll's from that of StatcJI' lim/willS and S. 
prllinilllls (fig. -15,;{) by POss('ssing antpriol'ly a 
"t'ry distinct l11idd(lI'sal point (fig. ,In, ·D, TIll' 
l'gg is o"al, 1}()Sst'ssing a \\'id<.> ant~'riol' ~'nd and 
is bound to till:' sped l>urfa('(' by a broad band of 
mlleilagt'. TIl(' mueilag<' probably pro\'idl's a 
I1wans by whi('h the lan'a may gain sufficit'nt 
pu r('hmw to IWlwtl'atl' the egg ehorion and 
sept! intpgllnwnt. 

[)i,<;(·IIIiSi!lIl.~TIH' two teeth on eaeh median 
anl1 of till' prothorat'il' plate of S. Illl[;idill/iS 
and the pain'd latpnd lolw appt'ndages on the 
thol'Hei(' stt'l'lHl S('l'\'e as criteria for separat
ing this sPN'jps from otllPr spedps within the 
gt'nlls. The anteriorly IDeated, middorsal point 
on ttl(' !H1l'ful't' of the l'gg of S, PY!licii(l/is (fig. 
.Jii,·I) is al:-;o a \'l'ry ul>pful eritprion for :-;eparat
ing tilt' :-;1H'l'ies within this genus. The egg SlIl'
fal'P is ('on,'px in S. limha/lls and S. JI),II ill illllS 
(iig..Iii, al. 

A mort' thorough (\i:-;(,llssion of till' genus is 
prpst'nt('d in tilt' diseu:-;sion ofS.lillllwtlllL FOI' 
a dist'lIssifln of till' sppcil's within the group 
lacking pl'imary sptat' and lpgs, see the dis(,llS
:-;ion of .lJimos('stf'S profradlls. 

Zabroles .'wbfasc;atlis (Boheman) 

Summary of ('h~H'totaxy: Table 20. 
Prothorn.!' (/ig, 21 J,-Primary setae absent; 

1;) pairs of st'l'tmdary sptae present, exellisive 
of tllost' associated with prothoradc plate; 
prothorat'il' aPPPlHlagp n'pla('ecl by seta 2~; 
sclt'l'otizpd plates absent. 

PJof/ol'(tl'ic' }llell(' (fig, 22, T}.-Kunhikan
nan U!J2;n, Stpffan (U1~.'i), and Zachel' (1.980) 

nH'ntiol1t'd tlw rt'dllction in de\'elopment of 
the prothoraeie plate. The illustration of 
Zachel' i:-; IHo:-;t a(,(,llrate, In addition to the 
l'xtl'rnally llrnjt'('ting tl'l'th of the pORteriOI' 
arms, Iw also show<.>d the sllbintegll.I11(>ntal 
l't'mnants of the nwdian and anterior arms. 
Difren'net's al'p rt'I){)l'teci in the numbers of 
Ill'ojl't'ting t~'(lth. Our obsprvations that two 

teeth are present agree with those of 
Kunhikannan and Steffan. Zacher repol·ted 
two to three projecting teeth per prothoracic 
arm. 

J[('sotl/orax lind met((tlio)·a.r (fig. 21 J.
Without primary setae. Prodorsllm ban:'. 
Postdorsum with two setae (Il', (/ "). 1<-:: pi plellron 
with sing'lp s('ta (1"). Hypopleuron with one 
Sl'ta (II 1; spiracil> on mpsohypopl('uron. SU'r
nllm without sei('rotizpd plates; legs replaced 
by seta K. . 

Lcgs.-Absent (Kunhikannan, 192;]; Steffan, 
J.I}~.1; Zacher, [[JJO); l'eplaced by setae 2,1 and/{ 
(fig. 21). 

Aln{olllclI (flY. 4,1 J.-Primary setae nbsent. 
Prodorsum of segment 1 with two setae (d',el"); 
segments 2-7 with single seta (el'); prodorsa 8 
and B blue. Postdorsum of segment 1 with 
single seta (0 '); postdorsa of segments 2-B with 
setae (/' and ((". Dorsum of segment 10 with 
seta g. Spiracular area of segments 2-8 bare; 
segment 1 with seta s' at base of spine, both 
located dorsad to spiracle. (Seta .'I' is always on 
abdominal spgment 1, contrat·y to reports by 
Steffan (1.94.1) that seta .'I' is sometimes pres
ent.) Epipleu ron of segments 1-8 with two 
setae (e', e"); segment 9 with single seta (e'). 
Hypopleuron of segments 1-9 with one seta(h); 
hypopleuron 10 bare. Sternum lacking 
sclerotized plates; setae II and l' on segments 
1-8; one seta present on sternites 9 (I') and 10 
(1/). Segment 10 with transverse anal aperture. 

S igil i.fic (t II t c II (l I'll (' t CI's. - A bsenceo I' p ri
mary setae and legs, the latter replaced by 
small, pointed 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 
f'urved seta at base of spine on spil'acular area 
of first abdominal segment. 

Specimens e.Honined.-20. 
Host p{a/l(s.-Common beans. •
B i%gica{ Ilotes.-Due to its economic sig

nificance, much has been written about this *' organism, Howe and Currie (J 964), Steffan 
(l,91,t)), and Zacher (1.9;]0) pr(;'senteci detailed 
a('('ounts of the life history and fa('tors affect
ing oviposition, developmental rate, and mor
tality. Information is also available ('oncern
ing larval morphology, behavior, and food 
plants (Kunhikannan, 1.928; Steffan, 194/}; 
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Zacher, 19.10,1951,1952), Zaeher (19.51, 1!J.5;2) tan distribution. The first instal' larva is most 
listed feeding habits and preferences of the easily recognized by the reduction in devel
adults and, in addition, listed 1:3 plants that opment of its prothoracic plate (fig. 22, T). For 
may SetTe as potential hosts. other distinguishing differences, see discus

DisCIlS/{ioll.-Z, slib/llsciatlls, due to its sion of Mimosestes protmc-tlls. This species 
habit of infpsting stored legumes, is a species was treated under the name Z. pecto)'(llis by 
of major p('onomic importance and ('osmopoli- Kunhikannan (19:23), 

LLTERATl'RE CITED 

A:->!lEHSO:->. W. IT. 
UI17, 	 LAHVAE O~· S(J~IE (:ES'ERA OF A:->THRI1I11lA~: 

IC(Jl.EOIYI'ERA I. Ann, Enl. ~l1l·. An1l'r. -Ill: ISH-
;>l7. 

BE'-\l, R. S. 
I!I';'II. 	 ,-\ T'\XO:->O~lll' _\:\[) Blo!.()(;!(,Al.::Hl'lIY or-SPECIES 

UF A1"\,,\I;r;:--;IS'1 (l'OLEOI'TER,\: [)ER~IESTlDAEII:\ 

TlI~: I :\I'n:n S'\'ATF:S A:-;n l'AS'AIlA. Ent. Aml't·. 

1;;(:11: 1 II :la;;. 
HIl:--;[J\R. (;_ 

Ill~L I A L\R\,~; DE LA >;IlIX nES I'AL~IIERS, Hroti'na 

ISI'I'. ZUO!.I Ill;I:l~> 1:1;;, 
Hm 1:->1;. A. U. 

UI~i, 	 OS' 1'l\f: l'l.ASSIFIC\Tlu:\ IlF THE :'IIYLABRIDAF:

L\R\'AE I('O! ~:OPTERA: ~lyt.AlIRIDAEI, \\'a,;h. 

~:nt. Sot', PnH', ~!lni\: \:l:{.· I-I~, 

HI~ll 	 '" nit: n,ASSlFh'ATltlS' OF BEETLES Al'l'(JlUlI:\(; 

T() 1.·\H\'·\I. ('IlARACTERS. Brooklyn Ent. SUl'. 

B'll. ~-1\2' ;;Ji sn, 
alld F. (' (' R\II :111·>\[1, 

I:I:lll 	 -\" lLIl STR.\TEIl S\':\OI':';[S OF TilE PRJS'C1l'AL 

1 \H\ \1 HlIDIS OF THE IlIWEH l'IlI.EOI'TERA. 

Ent. \11\1'1'. 11. 1 :\:>1 
BHIIIWEU.••1. !'. 

Ill!"'. 	 :->OTES 11-: THE BR1'I'HID"~: AX[)THEm I'ARASrn:s 

1:-> TUE HA\\'AIIA:-> tSL,\-:ns. Ilawall, r:nt. Sur, 
Pl'tl('. \ Hili' :I: -111;; -:in;;. 

Hl21la. 	;-';OTE:-: 0:\ TH~; BR1THIIlAE (COLEOPTI-:RAI A:\[) 

'rHr:m PARASITE$ IX TilE HA WAUA:-; ISLA:\[JS. 
P;qwr a. HawaII. Em. S(w. I'nl\', ,I: ~U;~-I(l~l. 

1ll211h. 	l"SI-:CTS 1:\,Il'Rlol-S TO TilE AI.(;AIWBA FT::ED IX· 

III :,TRY II a wa 11. Plan tt'I'S' R('(', 2:l: :~:rf-34:t 

Wltl 	 Tin: (;~;SER·\ OF BEETLES OF Tin: rA~ItLY 
BRl'I'lItTl.-\!-: 1:--; \~IERII'A XORTH OF :'IlF;X!CO, 

\\'a~h. Ani.!, S('I. Jnll\', :H)(2): i'i~-il7, 

BRI "IlI.F)'. T. A 
HI:\;; S(I~IE "IlTES os TIll-: BWI.O(;Y OF THE PI';A 

WI-;r:\ 11. "BHITlll'S I'IS(JRl'~I" I., (('OLb;I1I~EH,\. 

BHll'IlIll.\EI AT ~[(lSI'OW, IIlAIIO, .10111', E(,OIl, 

f:tH, ~H: lO;;s- lIH1~. 

BR(lW'\,. \\' L, 
\!III:; "l'~IERl!'AL TAX(l:--;()~IY. I'O:\\·EIH;I-;S'('E. A:-in 

F\OlXTlIl:\ .\HY rll':!)l,(,TluX, SYRtpJl1. Zoot. 1.1: 

lill 1Il!1. 

{'A~IPI3F.LL, R. E. 
H120, TH r: 13 HOA 0 B EA:-i \\'EE\'IL, .. B R L'CH L~S 

Rl'FI~I'\>:L'S" BOH, (lTRlTLlO:\IDAE1. l' .S, Dept. 
Ag-t', Bul. XOi. 

('~:S'TEI{. T. n,. and ('. D. ,JOH:-ISO:\. 
Hl'ja, 	 COMPARATIVE LIFE HISTORIES OF "SENNICS" 

(COLEOPTERA: BRL'CHIDAE1. Em·iron. Ent. 2(-1): 

66!)-672. 
~~~~ and C. D. JOHXS()S'. 

1H7,\. COE\'OLL'TIOX OF SOME BRt'CHIDAE AND THEIR 

HUHTS (COLEOPTERAI. E('olog-y 55: 101)6-110:3, 

CHITTF.:-IOE:\, 1", H, 
IXlli\, IXSECTS I:\Jl'RIOl'S TO BEA:-IS A:-ID I'EAS, l'.S. 

Dept. Agl', Yearbk. 1ll9ll: 2a:3-260. 

('LAn:;f;N, C, P. 
l!.l·IO, THE I~DIAT1'RE STAGES OF THE EITHAH· 

IDAE. Wa;;h. Ent. Soc. Proc . .J2(ll): 161-170. 

('HA~IPTON. G. C. 
19aO. 	 A CO:'IPARIS()S' OF THE MORE I;\IPOHTANT STRL'C

TI'RAL DETAILS OF THE [.AR\'A OF THE AHCHAIC 

TANYOERID DIPTERON "PROTOPLASA FITCHlI" 

WITH OTHER HOLOMETABOLA FROM THE 

STAXOI'OIXT OF I'HYLOGE>:Y. Brooklyn Ent. 

So{'. Bllt. 25(5); 2a9-25H. 

CROl'ZEI,. I. S. DE. R. J. SALAVIN, and D. R. DE BASALO,' A, 
U)fil'\. 	 ESTt'0I0 MORFOLOGICO EX LOS ESTAOIOS LAR· 

\'ALES DE LA "ISOCA DE LA ALFALFA". "(,OLIAS 

LESBIA" (1".1. Re\,. de I m'est. AgropeclIatias 

5( 10); 11 a-l:3X. 

CnHI:'IIA:-;. R. A, 
11l1!. 	 XOTES ON THE HOST I'LAXTS A;o.;O PARASITES OF 

SO~IE ;o.;ORTH A~IERI('AX BRl'CHIOAE, :Jollr. 

Econ, Ent, ,\(6); -IX9-iiI0. 

DA\'IAL'LT, L. 
l!!2l-i. 	 Sl'R LE OE\'ELOI'PE:'Ilg:-lT POST E:'IBHY():\NAIRE 

O~: LA BRl'CHE nl' HAHICOT "ACANTH(')sn;L10ES 

OBTECTt·S" SAY, Ann. Ent. Soc, Fl'an('<.'. 97: 
105-132. 

DlXOS', W, J. 
l!li:l. 	 B~lIl-BIOMEOICAL (,OMPl'TER PHOGRAMS. 773 

Jlp. l'nl\', Calif. P 1'<.' s:;, B<.'l'k<.'l<.'y, Los Angeles, 

London. 

EO~ll·NDS. G, F ...JR., and R. K. ALL~;N. 
HHlIl, 	 THE SIGNIFICA:\n; OF ;-':YMP!i"L STAGES 1;0.; THE 

STl'OY OF EPHE:'IIEROPTt:RA. Ann. Enl. Soc. 

AnH'r. fi\l(2J: :~O()-303. 

http:A~IPI3F.LL


1·J 	 TE('lI~lCAL Bl'LLETl~ 15~i), L',S, DEPT, OF AGRHTL'lTRE 

Ell'lIFLBAl'~I. F. 
III In, BEMERKl':-WEX Zl'R A:-':AT!l?IIt: DER LAltYl,; 

\'O:-':"CARYllBORCS XlTLl';OR1';\r" FBR, Ent. 
:\[Itt.~: l:lf>-I:17. 

E;\1ll ~::-:, I'" l. \'A:-I, 

lUI~, CAR\'Ar: OF BltlTISH BgETLl':~, I [L KEYS TO TIll~ 

FAMILll';~, E nt. :\lun thl r :\1IIg', 7K(:~:3 l: :!llt}..~ Iii, 

ttll!), 	 EU(;-BL'RSTI':R:-{ IX ~O:\IE MOIU': [,'A:\lILlES OJ.' 

POLYPHAGO{'S BEETLE~ :\Xl) :-{tL\1E t;l·;:-If;RAL 

REMARKS 0:-1 E:CGBl'RS'\,r:RS, Roy, l<:nt. SOl'., 

London, Prut', ~ I: HU··U7, 

Ulfi7. THr'; T.\XONOMIC SLCNI~'J('A:-:CE OF Til£<; CHARAl' 

,.. "tS OF liII~IATl'RE I:-I~":(,TS, Ann, Rp\', \<:nt.~; 
.-IUIi. 

!<:\. ";-"'" ll, Eo 
19l1·1. 	 TilE CLASSWICA'I'lO:-l AND f:VOU'TIO:-I OF IlICGElt 

\\'ASPS AS sl'G(;r;STEll BY LAR\' ,U. l'HARAt'TER~ 

(IlY:\IENOI'TERA: :-{1'Hf;C()[[)[<:Al. Ent. X('W8 

7iiWl: ~::!5-~:H. 

FORISTER, (;. W.. and C, n, .r()J!:-I~():-;', 
I l17l. 	 B1,;f1I\ \'IOIt A:-In 1,;COl.OGY OF "A(,ASTHOSl'~~LlOES 

PROHOPllID[O;S" (COLEOPTERA: BRI'CHIDAEl. 

I'an,l',tl'ilk l!;nLI71:ll; ~~.I-~:l,1. 

(;~:R;\\AH, l!:, F, 
IS1K. :-IATI'R(;[';:-{I'IIIl'HTE m;:-{ "BRtTIIVH Rl'FICOR

:-':IS,' , :\\tlg'. Enl. a:1-7. 

(;ORIJO:-:, L 
l\lii:i, 1;\IPl)[n'A:--:n: OF T.AR\'AL !'HARA('TERS 1:-1 ('LAS

~IFH'ATIO:--:, Xalll I't' I 7(j{,I·Il<HI: \111-!1l~. 

fll:--:('Rl,EY. A. [l, 

UItHl. TIlE KU' BEETLE, ":lII;\W:-{EKn;:-{ SALLAEI" 

lSIL\ RI' '. (:--: Il A\\, All {(,OL~:()PTl':RA: B RITHI

llAEI. Hnwaii, Ent. Sot'. PI""" 17: ~l)O-~(Hl. 

HlIlI. 	 (,O;\\PARATI\,~: E(,(}I,OGY (W TWO BEJ::n.r:S ES

TABUSHf·;n 1:-: HAWAII: A:-: A:-:THRlBlD. 
"AHAEI'f,;RI'S U;\'IP[';:-::-':IS," A:-It) A BRl'CIIID 

";\tr;\(()SESn;~ :-{AL1..U:I." r;t'ology .12{;~): 521i
Zl:l~. 

HIXTOX, H. E, 
UIt)!). Rf:SPIRATORY :-{)'STI-:;\\S OF I:-:Sl':l'1' EW; :-{H~;LlX 

Ann. Rt'\". Ent. 11: a·I:~a(iK 

HOWE, R. W., and ,I. E, ('t'RRIl-:, 

Hl/H. 	 S(l;\IE LABORATORY OBSER\'ATIll:-':S 0:--: THE 

H.\TES IIF llE\'l-:J.!lI':.tI';:-:T, :\IORTALITY A:-:D 

0\ lI'O:-{ITIO'" OF Sf:\ ~;IUL ~PE{,IES OF' BR{ 'CIIIDAE 

BREI·:J)!:--:(~ 1:\ :-{'roREll P\'U';l-;S. Bu!. I':nt. Rl'~, 

;;;;,:ll:l:l, \77, 

.JolI:-;:-;o,\. C. ll. 
Hltl:t \ TA XIl:\O:'lU(, !(Jo;n:-{!o:\ IlF TH~: ca·;:-a 'S ":-;1'A'rOll" 

"·OI.EllPl'EH,\; BHITHIIl.U:I. A lin. Ent. SIH', 

~\nllfr. :;tlltll. KilO .Stl:l. 

1',1t;7 	 '\lIT~ '" I'm: ~Y~TE~I'\TI(S, HOST pI .\:--:1';; ,\:-':11 
Blu,\O\W;; Ill-' TIll-: BTU nlln t;l';:\I':R.\ ";\II';IW· 

flRt (til";" .\"[1 "STAron" !('OLJ-:tlPTl';RA: 

HlUTIIID.\FI. \'l\nI'Hl'llk EtlLI:!(II: 2tit 271 

,JOII:-::-{OX, (', n, 
W70. 	 BI()~Y~TE;\It\TH'~ OF TilE ARIZOXA, t'ALWOR:-':IA, 

A:-':D OltEC():-': ~Pf:(,IES OF THE ~EKD BI,;t-:TLE 

(;EXt'~ "At'A:-':TIIOS('ELIDES" ~CHlLSKY (COL 

EOPTERA: BRlTIiIDAf;), ('alit l'ni\', Puh, Ent. 
fiB: I ~11(i. 

1!I71. 	 ECOLOGY OF TWO .. ACA:--:TIIOSCELIDE:-{" 1"IWl\l 

"I:-:DIGOFERA," WI'I'II A D1';:-;CRIPTIO:-l OF A :-IE\\, 

:-;I'E(,I~:R {COLEOI'1'8HA: BRI'CHJDAEI. Kans, 
Ent. Sot', ,J 0\11'. ,17: :!(j~·27!{, 

Hnd ,J. :\1. KI:-.:wmL\'ER. 

Ill7:!, 	 A lu·:nSION OF TilE (;r,;N\':-{ "~E:-I:-IIl':-{" OF NORTII 

AND cr'::-':TRAL AlI\E:RICA (COLEOPTERA: 

BltlTHIDAEl. l'.S. Dt'pL Agl', Tpt'h, Bul. 1·1G2, 

1:!ii pp, 

.~...~ and J, M. KI:-IGSOLn:R. 
In pl'l'~l', ~\,:-{TE"IATJ('~ OF "STATOR" OF :-IORTII A>m 

CENTRAL AMERICA (COLEOPTERA: BRl'CHJDA[~), 

(•.S. DeJlt. Agr, Tt'l.'h. Bul. 

KEAR:-IEY, T. II., and R. P, PEEBLES. 

1}ll)·1, ARIZO:-lA FLORA. IOR5 pp. Uni\'('l'sity Caiifol'!1ia 
Press, Berkeley. 

KINGSOLVER, ,J. 1\1. 
1%,\. TH8 GENl'S "NELTt'MIl'S" (COLEOPTERA: 

BRl'CHIDAEl. Coieoptel'ists' Bu!. IH(-I): 105-111. 

1970, 	 A SYNOPSIS OF THE S\'BFAJ\IILY AMBLYCERINAE 

BRIDWELL 1:-1 TH8 WEST INDIES, WITH DESCRIP

TIONS OF NEW SPECIES (COLEOPTERA: 

BRl'('HIDAE1. Amer, l';nt. Soc, Tran8, H6: .169
.j!)7, 

KOI'OOSHIAN, H., and D, [SELY, 

1!JIlG. SEED CHARACTER RELATIONSIIII'S IN THE 

LI;;GI'MINOSA~;. Iowa Acad, Sci. Proc. 73: 59-1l7, 

Kl'NHlKAN:-IAN, K. 
U)2~, 	 THE Fl'NCTION (W THE I'ROTHORACIC PLATE IN 

MYLABRID (BRl'CHID) LAR\,AE(A STl'DY IN ADAP

TATION). 1fysore State Dept, Agr•• Ent. Sel', 
Bu!. 7, -17 pp. 

LA RSO:-l, A, 0 .. and C, K. FISHER. 

1!l3H. 	 THg B~:AN WEE\'lL A:-IO THE SOl'THERN COWPEA 

WEE\'IL 1:-1 CALIFOR."\IA ("A(,A:-ITHOSCELIDES OB

TECTl'S" SAY AND "(,ALLOSOBRL'CHl'S 

MACl'LATl'S" F.l, l'.S, Dept. Agr. Tech. Bul. 593, 
70 pp. 

LEI'ESME, P. 
1 !),12. 	 St'R r; r~('L()SIO:-I ET LF, (,OMPORTEME:-IT DE LA 

LAR\'E NEONATE CHEZ "ACANTHOSCELIDES OB

SOLETl'S" SAY, Soc, Ent. de France, 47(1): 7-B, 

Ll'CA, y, DE. 

I !liiB, 	 CO:-lTRIBl'TlONS A 1; ETl'DE MORPHOLOGlQl'E 81' 

BIOLOGlQ I'E DE "BRlTHl'S LENTIS" FRCiHL. ES

:-{AISDI':Ll'TTE, Ann, dp I' Insl. Agl'. 10(1): 1-!l,1, 

IBm... 	 LA LAR\'£-: :-IEO:-lATf: DE "IlRl'CHIDIl'S AT

IHlLI:-II':ATl'~" {PIn ((,OL. BRt'CHIDA[';). Btl!. tiP 
I' 1l1st, Flllldanwntal d' Afl', Xml'P (LF,A,N,l, 
5('1', A. Sci, Xatl, :~n(21: 5HIl-592. 



FII{ST-STA(;E LAR\'AE ()F BRl'('HIDAE 	 ,J5 

~IA{,:::;W,\I:-:. J, W, 
HliitL A 1·I.MlSlFH'ATlO:\ Dr' THE FIR.">T l:-;~I'AR LAR\' AE 

IlF TilE :\lEl.Ollh\f: Il'OLr:OI"I'ERA1. Cahf. l'IlI\'. 

Pllb~. Ent. 12: t li'>2. 
.711.\ Rcm IT(,H. S. 

l\J:~ L l'O:>:TROI. OF \\,1::1::\ U,S 1:\ SToHf:n BEA:-;" A:-;O 

COWPEA.">. 1'(,1111. AgI', r:"pt. Sta. Bul. 1;;0: ;1·~. 
.7IIAI'LJK. :::;. 

IU:ll ll:-; TItE STHIT'ITRf: OF LAR\'Af: OF HISPI:-:r: 

lU:~:TLES. Zoo!. SOl'. London. l'l'lll'" pp.ll:!i' -II H2. 

~IIKEJWI. n, 
1~I:Hl, 	 A:-;AT01>IY OF THI'; L,\ft\'AI. STAGES OF TIlE 

BItt'l'lIlil BI';I-;1'[.I'; "BRn'Ill.'S 11l'AllRI:\IA, 

I"[,LATI'S" FABR.. A:->ll TilE ;\IETlIOD OF 

1,::.n;RW':;\('(': Ill" THr: LARYA FRO)I THE EGG 

SIIELl" Ztgl'iu', F. Angpw, Ent. 25: 1·12··It\O. 
()Ino:>;, (;, L. 

HI;,7, 	 TIn: BEAIU:--H: OF l.AR\'AL E\,OLI'TIO:-; OF SOME 

[,1{(lIlt,f:)IS 1:-: I-'HOG CLASSIFII'ATIO;\, Systl'm. 

Zoul. Ii; 79·l'lfi. 

PAllO()('K, F. B. 
HI 1\1. 	 'I'llI-: ('OWPEA WEE\'IL. "BIH'CHI'S <g' AD· 

RI;\IAtTI.ATl·S" f'AB, l)tYLABfUDAEl. 1'l'x. AgI·. 

Expt. :::;tu. Bll!. 251;' 

I'AR;\I·:U.. J. IL 
Hltj~, 	 'I'm·; EXTER;\Al. :\!l)RPIIOLOGY OF THf; LAR\,AE 

A:-;O ;\OTI:;S 0:01 TH~; Pl'PA~; (Jf' "BRITHIDIl'S 

ATER" (~IARSH,1 ({'OL" BRITHIDA~;J A;\D "APIO:-: 

Ft'Sl'IR()STR~;" f'. lCOI", Cn{Cl'L10;\lDAEJ, Ent. 

~l(lnthty Mag-. 100: H:3-H7. 

HHiH. 	 OBSER\' ATto:olS 0:-; THE !'OPI'LA110:-: FLITTI'A· 

TIO:olS A;\D LIF~; HISTORIES OF THE BEETLES 

"BR1'CHlDWS ATER" (BRI,(,HlDA~;l ":-;'D "APIO:-: 

fTSl'lIH)STR~:" II'l'R(Tl.IO;\lDAEl 0:-: BR()OM 

!SAR{)THA~I:-;I'S SCOPARIt'S). Anim, E('ol. .rOll 1'. 

:If,: 1;,); ·lhH. 

PAl'ERS();\,:\. F, 
1~1:l1. 	 STt[)lE~ ll:-; 1'111-: ('HRYSO:'IEUTJAf:, PART II, THf: 

BIO;\OMICS A:oID CO~IPARATIYE :>IORPHOl.OGY Of' 

TH~: ~:ARL.Y STAnES OF CERTAI:-; ('HRYS()~IELrDA~; 

(COLEOPTERA: PIIYTOPHA(;Al. Z(lO!. So(', Lon
dnn. Pl'lW,: l'l7ll-H~n, 

f'A'rTO;\, W. H. 
lXH;'). SYsTE:'IATIC "AIXl:: OF THf: LAR\'A OF "SPER. 

~((lPHAGI'S." Canada, EnL 27: 2HO, 

Pf:AKF., F', (;, G. 
Hl;,)2. 0:-; ,-\ 8R{,(,HID SEl-;n-BORl-;R 1;\ "ACACIA ARABI

CA," Rul. Ent. Res. -Ia: al ;-:l2~. 

PFAFFl-::-:8ERt;J,:R, G. S, 
1\1; -I. 	 ('()MPARATl\'f: :\lORPHOLOGY OF THE F[:-;-AL LAR

\'AL l'isTAR OF "I'AHYOBHI'CIit'S BI'SI'KI" A:-:D 

"PA\'IJY~IERI'S" SP. «('O\.f;OpTERA: IlRITHlOAE: 

PA(,HY~[f'Rl;\,U;l, Ann. Ent. So('. Amer. 671-ll: 

tW 1 till·L 

I'lf:Rn:, W, D. 
Ulan, 	 :-;nT~:S 0:-: TilE ('A~AFISTl'LA WEE\,II-" (w nlF: 

\;I-::-;'\'S "PI-lr:LO:'II::RI'S" 1'1(' (COl,r;OPTERA: 

:>l'YL.,\BRIDAF:I, Wagh. Ent. Su(', Prot', :~2(a): 

ai ··IX. 

Plu:n:TT, P. R. 
Hill';'. 	 TilE LAR\'A OF "('AI{YI':OO;\ SF,lmATl'S" ((It.,I; TilE 

GRO\';\ll:-:t'T SEED BEETLE (COLEOPTERA, 

BIU't'HlDAEI, J ()U t·, :::;t 0 l'l'd Prod. Re", :1: 117.. 12:1. 

HJ(j~. 	 THE LAR\'A 0\;' "PACIlYMERI'S I'ARllO" ([:,\IHU, 

THE I'AL~t Kr;n~EL BOIU;n (t'OLf:OPTERA: 

BRITIllDAr:l. JOUI\ :::;tol'ed Prod, H(·g.·1;23!l·2IK, 

Hl7I. 	 THE LARVAl'; (W SO~IE :>:H;ERIA:-: BRI'CHIllAE 

(COLEOpTERA), Roy, Ent. :::;0('" Londoll, Tnlns, 
12a(:lI: 2·17-:n2. 

HA~[)()LPII, :\. M .• and B. R. GILLESI'll::. 

H)5K 	 ;\OTl':S ()~ THE BIOLOGY Or' "BRI'ClIl'S 

BI{ACHIALlS" FAIlR.•Jollr. El'on. Ent. 51(:1): 

·101-.102. 
REES, B, Eo 

Ill·II. 	 I-'IRST·I:-;-STAR LAR\'AF; OF "Bt'PRESTIS Ht·S

TICORl')I" (KBY.1 A;\D "S(,HlZOPl'S SALLAEI" 

HORN, WITH ;\OTES 0:01 THE CLASSIFICATIO:oI OF 

"SCHlZOPl'S." Wash. Ent. Soc. Proc. ,1:3(9): 210
~~2. 

RILgy, C. \'. 
UHIL THE PEA A:-:D BEA:oI WEE\'ILS, Insert Life ..\:297

:302. 

Il'H2. 	 THE FIRST LAR\'AL OR POST-E:'IBRYO;\IC STAGE 

OF THE PEA AND BEAN WEEVILS. ('anad. Ent. 
2·1(7): IB5-IIl6. 

ROBERTS, A. W. R. 
I H:30, A KEY TO THE PRI:olC[PAL FA:'ULfES OF COLEOP

TERA 1:--1 THE LARYAL STAGE. BlI!. Ent. Res. 29: 
57-72. 

luan. 	 ON THg TAXO;\OMY Of' ERO'I'YLIDAE {('OLgOp

TERAl, WITH SPECIAL REFERE:--IC'E 1'0 THE MOR

PHOLOGICAL CHARACTERS OF THE LAR· 

\'AE, Roy. Ent. Soc., London. Trans. BH(3): PH

ll7. 
ROHLF. F.J, 

IH6a. 	 ('O:-:GRl't,;:-:n; OF LAR\,AL A:\n ADI'LT (,LASSfF'I
I'ATIO;\S 1:-: "AEDES" (DIPTERA: (,t'LICI· 

DAEJ. System. Zoo!. 12(1-..\): 97-117, 
ROZE:-:, ,1. G" ,J R. 

I [l6.1. 	 pHYLOGE:\ETIC-TAXOI'OMI(' SIGI'IFICA;\CE OF 

LAST I;\STAR OF "PROTOXAEA GLORIOSA" FOX, 

WITH DES('RlpTlOI'S OF FlRST A;\D LAST INSTARS 

(HY)IENOPTERA: APOlDEA). N.Y. Ent. Soc . .r Ott 1'. 

72: 22a....230. 

SA:-:DERSO:\, M, W. 


19..\H. 	 LARVAL, pl'PAL, AND ADI'LT STAGES OF :-:ORTH 
A}.tERICA:oI "pIIYSO:-;OTA" (C'HRYSOMELlDAE), 

Ann. Ent. Soc. AmPI'. 61: 46R-~77. 

SI.I;\GERLA:-''U, Ill. \\" 
llWa. 	 ;-.ion:s FRO)1 THE COR;\ELL I:\SECTARY. 111. SO)IE 

OBSERVATIO;\S l'pO;\ TWO SPECIES OF 

"BRl'CIH·S."P~y('he 6: ·1·15-·119. 

SLOBODnIlKOf'F. C, N., and C. D, JOHNSO:\. 

lna. 	 A PHE:oIETIC A:-:D A PHyr,OGE:-.lETIC APPROA(,H TO 

THe; CLMiSIFI('ATIO:-: OF A GE:\l'S OF SEED 

BEETLES (COLEOPTERA: BRITHrDAE1. Sy:'ltem. 

Zoot. 22(31; 2l{0-29~. 



Tl'~('H~ICAL Bl'LLETr~ 1525, l'.S. DEPT. OF AGRICl'LTl'RE 

R~[JTII, t:, L., !Inti K A. Mwm:LBACHER, 	 'TERAS, A, L, 

IH·I·I, 'I'm: P~;r\ WEEVIL, Calif, Agr, I!:xpt. Sta. Ll'lItlpt lU(i7. CONsm8RACIONES SOBRE "El'BAPTl'S PALUA-
1·J(): 1,,2. 1'l'S" LAC.. "Bltl'CHI'S Sl'AP1'LARIS" PH' Y [)~;. 

R:-.'EA'I'I!, 1'. H. A,. and R. R. SOKAL. SCRII'l'ION DE LOS ESTADOS PREIMAGINALES DE 

llJ7:t 	 NI·M":RWAI. TAXOSOMY: THE I'lu:-.'npu:s ASn "El'BAI"ITS Rn.'I'I'HORAX" (PIC). Ada 7,001. Lil 

I'RAl''I'ln: OF Nl'MERJ('AI. CLASSIFI('A"HlS. ;,7:~ loan a ~l: II-~,m. 


I'P. W. 1[. Fn'l'll1an and ('0 .. Ran FI'lll)l'l$t'O. 


S:-.'O[)GRASS, R, E. WIl)<:I.I-:S\\'ORTH, \'. B. 


ill:{;'. I'llINt'lI'U;S IW I:-.'SIo:(,T .\IORPHOl,OGY. tlli7 Pl'. 
 I !Hin. 	 TIU: PIU:>:CII'LI-:S OF INSECT PHYSIOLO{;Y. I,ll pp, 
;\\plh\lpn und Cu" Ltd., L('[1(lon.~h'l;l'!Iw·lI!11 Bonk CU. ~PW York. 

STr:FFAN,.). IL 
ZAl'IIER, 1",

lU,I;)' 	 (,()S'J'WIIl'TlllN.\ I: ETI'[)E DE "ZAIlIWTES S\'I\, 
ltl:lO. 	 l'NTlmSl'('lIl';>:GI-:N Zl'R :'IORPIIOLOGIE l'ND

FASCIA'!'l'S" BllIH:.\\,\S Mpl1l. ~lus. :-\atl. Illst. 
BIOI.O(;IE IH:R SAME;o.;KAFl:;R lBHl·CHIDAE·

;:-.; ilt.. I'al'ls (:-\ .S,I, ~ 1: ;If,· x I. 
I.AIUlnAE). Arb, BioI. Abl. IAn~t. Reil'ilsanst) 
II': 2:l3-:JX.1.

ULI'i. 	 \.,\ LA'{\'~: J>1U~IAlRE IlE "BHtTllllll\':-; FASCIXI'I'S" 


Ill.. ET SES ItAI'I'OHTS A\ ~:C 1~(,EUlt'ES LAH\'ES 


S[':ONATES Ill': BIU'CHlln·;s. Sm'. Ent. Fral1l'p. 
 I Hii 1. 	 flll'; :>:AIIRPFr.ANZEN DEll SAM1-:SKAFER, ZtSt'hl·. 
But ;'1: I~ Iti. f. Ang'e\\'. \<:nt. aal'·.!l: 2LO-~17. 

'Tlm..\S, A. L. 
1%2, 	 OI.lSERVA('lllSES SOBIU: BRt'CHIDA1-: ll'()L~:OP· 


T~:IL\l llI-:1. ;>:OIUlEs-rr; AR(;~:;>:TIS(), Ada Zuo]. Inii:.!. DIE :>:,\.HRI'FLA;-.1ZE;-.1 DER SAl\IENK;\FER, 


LII1"una. lii: 211 :!12. 7,lschr. f. Ang-l'\\'. Ent. :1:1(31: ·160-·180, 


, 



--17 FIRST-STAGE LAR\TAE OF BRl'CHIDAE 

\ \ 

" / 

I 

-' 
\ 

FH;nu: I. (;('I1l'I·uh1.l'd fjr~l instllr Inl'VIl Showlllg pri· 
mary 110ngl llnd :;('l'ondary {sll!Il,tJ :;t·tnl'. p,p!.: 
prothOl'lll'll' plnll'; SJl.: nr~t abdonllnnl spin(', !:kall' Ii Ill' 

l.ll nllll. 

FH;nu: 2.,-Thol'aCic setnl map: Awnt/ws,'ciid,'s '1I/)·I'(JiIlS. 

~~B B 

.\ 
r 

12~ I 


JV- I ~V 


PRD- MESD- META:':J ::,j 
j;'IGt'RF: .\.--Tlwrati(, setal map: A('(lHllw.~('dicl('s 

rh P'j,',!llIIlIr. 

Ftc;l HI" " Th.. ra.l,· -,-lal lIIap .Inn, /I",,"·/'/lIh.< 
IUl/t'H,1 ~ 'lr~ 



TECHNICAL Bt'LLETIN 1525, l'.S. DEPT. OF AGRI(TLTl'lU~ 

"--... :, 
......,. ---,\: )

tJ2~ J
,'\ ' 3 

, 4'~ ,) 
/ ","5 ~6 

\ j. 7 

~'D 

~{ 14~'L,
\ .... 

16 : 

' ' ," :~ ~ ... ""," . 

PRD-~
<L 

'6/' 
:.~ 

PRlr- dJ 

;I
./ 

'1 - \
~ J
.d

,I

\ 
.1 

\

~') \ 'I

,> \J, \ 
"j ""d' 

\ 
l//tJ.1i Ad' t/ \ 

IF
3 :?~ /;/go \ l " 

2, , >-/
..,-:-"";;:.-{" OV;:;:;-~ 

, d," \ r;;:;:'-l" (JO
r=c"'~5 d7(~~ ~ Ii 

4d" 
_.r- ..!1>4 //.: I( b9 </ 

/,' 

e't::-- ""/ ~,e'if.- ..iJB ; 
"/ 

~E e{.:;::>, -
E 

(10 .1,2 

u 
u ~ .. ~ \-.~ 

,-'" r , u"'\·~V.. \."J'" 
., > ....R R , ' 

<{')16 ' .• ~ ~~ I 
>." 

~.>'~, "",I •.·ii~PRil- MESO-" 
MESD- ) lY .m~'~ 

0 
"'I(;nu: (i.-Thorat'jc !;etai map: AC(lllllwsce/icil'.q mill' 

m I,hi 11lI11I! II N. 

U14~V V I J,Uv /p 

3
~... ~ l6 - ~-:;.... .-~?R ... ~~~R-;~~ ~ .... 

1 == ~-~ >;~ ~~...-: J :- >.- -:-:.. -; 
l ~ _.z ~~~ _ _-"=-, :"~f"... 

PRO- MESO- META

~ 

FIGI'r{\~ H.~Thoraeil' !;f.'tai map: Acall/Iins('elides oblec/ liS. 



49 FIRST-STAGE LAR\'AE OF BRlTHIDAE 

;f,flV 
<1'3" 

FIG l'R~: 10.·-Thol"Hcil' sptal map: rl/{/IJ./'Obill S J)I·(Jlw}Jis. 

\<'l(;['rn: !l. Thol'Ul'\l' splat mup: ~\('(/l/tJ/()s(,flt(/('1{ pro· 
,~lllmid('s, 

( I '\ 
\ / 


.
: 
'JA A

" , ~. "J..\ '.
" , li.i(JB \, 

~)J VB~~ 
,75 

".-b' e......b"""}]6 
" .;17 

:lB .~ ".'3;;;' f [ "[ 

,,12 

- ..
'H 

"'~ '.2r16 


1'110- . 

....~ 

Fmt'RE 11. ... Thora('lr SPlat map: .4 mbiycl'l'It.'t 0/'(1/111/1'(,11-

Rl~'{ ... 

F'lGl'RE 12.-Thol"Hric setal map: Cnrllobruc!lIIs g/editsilll'. 



50 TEC[!~ICAL Bl'LLETI~ 1525, {'.S. DEPT. OF AGRICULTURE 

I I 

.ad' I 
I tid' I 

I 
I

I 
I ~ I 

I 
&l- I5e.. 4 3 ~d" 

I 
I Gd" I 

~ 
I I ____ L- ___ -----'----

I 

C e <Yqa 
1/ e~ 

0 e"
0 

9 -------- -~------
h' 

u~c::, '7", h"
?--.;:::,.~ ~ - :::::::..:::,. --:;-~K-- ~~-rf\K~---~>~-~ 
:~~s:s..-::-::. 3=.-s. -:~ ~~ -:~ .:::,...::> -"- ~ ~::,..';:".. ~,~~ 
-:>~3:~~ :::,.::,..::,.. ~.::".::"~::;:,.: ~:?;:- =--~.::> ~ '::!:...:;;;:~~..;;:::::-~ ~ ~ ":>... 

PRO- MESD- META- PRD- MESD- META
Fila'IU: l:l. Thol'a('I\' :;l'tal map: J/illloscs/el< ,,/)//I·/IS. 

FIGL'RE 1-I.-Thol'acic setal map: Mimoses/es protmellls. 

I 

/ 


I 'cia' 
I~ ,I I 

•• &J5 I 

" " 
A 

s.g!' 

12 
? 

I<~IGl;RE lB.-Thoracic setal map: Neitllmi1l8 ari;;01l(,118;8. 

[o'u;nu: 15. ~,Th()I'UI.'i(' setal map: Mimoscstes sa'laci. 



--- -----

51 FIRST-::nAGE LARV AE OF BRUCHIDAE 

I 

: <\a' I 
i 

I 
1 
1

1)ij 

i A ' i 

I 

1.I: Ja" da'/ 
.... -- ....,... ... ,- -.- - I 

-~----

E~
de' 

12 
"" 

FIGl'R~: 17.-Thol"Hcic setal map: SCllllius IIHl/'(lSIlS. 

-~-----~--r- --~----r---_, 

: a~o 
'- I--"' 

o 
~ei 

veil .... e' o 
t::\'0 

Jf12 

e:.14 

MESO- META 
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.IIlIlIosl>sl('.~ ,nulI'us; 18, .\1. [Iroll'(/('/Jls; 14. olE. s(ll/al''-; 15 • .ve/tllmius ari;::ollensis; 16, Sennills moroslIs; 17. SteL/01' 

1111/1]<1111,<; l~. S./ll"IlIlllIlllS: 1U. S. pygidiatis: 20. Z(lbl'o/es slIb/asciatlls. 
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TABLE l.·-DixlriIJlltioll lI/scl(lI 01/ Acantilosn'!ides aUrl'\)!us,/irst illstor 

1'1'". P",.:t· ~pin\(' ~:I'I' Hypo· 
,1"1'· .lUI" nlal' p\\'II' plpII' 

S,'gllwtll slim ":11 III Ht·pa l l'UIl 1"lIi S[I'I'Il111l1 I'rothtll'ax 

~Il'sot hOl'a x .I A a \:<:l' 1I R 'J 

~I!'tathol'!Ix d A a l' II R 3 
.-\ hdollll'n ,I 

d a r: It vx :l 
2 d A a (' It U\'X Ii 
:1 tI A a' Ep' II \·x 7 

-; d A a Ee h uvx 1~ 
~ d' .\ It 1<:\' h YX I,' 
(I Aa II' r: h \. 16 
10 ~2. x 17 

, ::-:01)(, PI'PSI'llt III spl'('iI'S. 

2 [lol'~()latl'l'HI ,wta un uhdtlllllUal !>('gnwllt 10, 

TABLE '2.--Distl'iillltioll o/setac Oil Acanthoscelicles baboquivari,/in;f 
iI/star 

1'1'". post· S"irat' Epi. Hypo· 
.1"1" dOl' IIlar' ,,1(,11' plt'tI· 
sum :-<1I1l1 at'('a! rOI1 ron Stl'I'I1l11l1 f'I'othol'llx 

~I('';(lthorax Au n' uf R 2 16 
~Il'tath"rax An n' p' lIf R :3 
AbdollWI1 1 
1 d A a h uv fi 

d A a h 61I " 
;{ '7 d r\ a h 1I \' H 

Ii A a h 1I x 12 
.:\a'cl" h I·'" lfi 

1 XOIIl' PI'ps,'nt In SPN'IPS, 


1 [lol'!<olat('rn\ ,wtn on abdol11lna\ ';l'gl11l'nt I D. 


T AB L[-~ :3.-D ist I'i but in II 0/ .'{cl (( e Oil Acan thosce Iides chi ricah lIae, fi I'st 
illstal' 

. ~.--~ -- ---~--~-~ -
Pn'~ P"st· Spirm'· EPI' Hypo. 

tipI" dol" "Ial' plpll' plplI' 
:-::.. g:mt'nt SIIIll Slllll an'u l l'on ron 1'tl'rnu 111 Prothol'ux 

.-.---~--"-

..
~1\'sothllr!lX a El" H u R 
~ldath"I'nx a El' Hh II R 6 
,\belllnwn H 

d A/\ a" ~; h II X 9 
2 ;, d. A II (' h 11" ]D 
f). r. d A l\' F;t.. ' h 1I 11 
~I d A H I·; U\' I:! 
10 gl U 1·/ 

1 XnlH' Jlrl'~l'nt lrl SPl'('lt',;, 


1 [l"I',;oItltprnl ~t'lll un ahdolllinni s(>gnwnt In. 


16 
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TABLE -t.-DistributioJl ofsettte Oil Acanthoscelides collususJirst insta)' 

Pt'O' POgt· Spil'!l{" Epi. Hypo· 
dor· dor· ular pll'U' pleu· 
sum lium arl)H l ron ron Stl'rllum Prothm'ax 

.\ll·:,;othot'ax Dd'd" (0;(" 1I R 2 17 
~Il'tnthut'ax Dd'd" (" II R a 
Abdolllen -I 

d' n h U\·x 5 
d' A a" h lI\'X G 

:~7 d' A a" h lI\'X 7 
~ d' A a" h \"x 12 
U An'a" h x 1,\ 

to gz \' IG 

I None pn'sl'nt in SPl'C'iPli. 

2 Dorliolntc'l'al sc'ta on abdominal :,;eg"nH'nt 10, 


TAB[,E 5,-lJi.'ltrilJlltio/l o/setul' Oil Acanthoscelides macrophthalmus, 
fi rsi i nsta r 

I't'o Post· SplnH' ~;pi· Hypo· 
dot" dor· lIlar plpu· plpu· 
su III sllm rOll rOll Stpl'Illlm PI'othorax, 

~[pS(lthot'!lX [)d'd" u R 2 
~Il'tathol'ax Dd'd" R :3 
AbdonH'n ,I 

1 d' A S E h lI\'X 5 
~,I d' A n" h U\'X H 

d' A a" 1<;1." h u\'x 9 
S ..-\a'all Ep' h lI\'X 12 
!l Aa u" E h \' 1-1 
1() g"' h 16 

_..  -  -.-..-,,-~-.--

I {)ol'slllatl'l'al lipta on ahdoll1ll1al spgllH'nt 10, 

TABLE G,-lJistl'i{JlltiOII o/seia(' 011 Acanthoscelicles mixtus,first instal' 

Pro· ['ust· Spirat'· Epi· Hypo· 
dol" dot,· ula;' pIcou· pl('lI' 

Sl'g"l11pnt SlIlll Slim area' rOil I'on Slernu m Prothorax 

~!('s(}th(lrax d' A a " Ep' u R I 
'\Il'tathlll'!lx d' A a " P' u R 2 

Abdomen :3 
1 d a" E h uvx '\ 
.) d' A a 

.. e' h U\'X 5 

:l--7 d A a " Ee' h U\'X 7 
X A a " Bc" h 1I x II 

U A a " II \' 15 
10 g2 U 16 

I :-.ion!.' prt'!H'llt In ;qwri<'s, 
2 f)ol'solnternl spta Oil abdominal st'gnH'nt 10, 



71 FII{NT-NTAGE LAR\'AE OF BRlTIIIDAE 

TABLE 7.-Di.-;trilJlltilJII O(sctllC Oil Acanthosel'iicies obteetlls,/irst illstal' 

PI',," Post - ~lllnH·~ El'i  Ilypo. 
du!'  dul' ,dar pit·!!· p\('u, 
'''_I III ~lIm arPtl ron ron Stl'I'llHl1l P('othonlx 

:'Ill's(Jtlturax 1> ,I- II !{ ~ 111 
:'I1l'larhol'llX f) ,r u R !{ 

A hd OIlW 11 

1 Ii A [.: l! U\·x 5 
.j ,I A II II \1\"X Ii 
:~ " d A a Ii It \- X tI 
!I Au a' h \' I~ 

III 1" \' 1,1 

TA BLE :::'.-11 is! ri 1m t io /I {)f setH!' () II Ac an those!: i ides prosopoicies, iil'ld 
instil}" 

1'1'''- Pn:-:.t· :-:1'11':11"' EPI' Hypo. 
thl!' d,,1' ,tho ph·u- p!pu· 

SI'g-lllt'lIt ",ntH ... unt ~lrpa t l'"n l'UI1 StP(,I111III Pl'ot \wl'ax 
- ..._- "--- ---~-<~-~---

:'I[,·,."thnrax Dd 01 IIh u R 4 
:'I1"t'llll<lnlX Uti 01 I' 1I R ii 
.\\'.1"1Ill' II K 

<i a a E II 1I \'X 11 
[l d 11 a l' If 11 \'X I~'. 

" 

-
I [l .i an r:p If U\'X 1·1" 

,\ ,I :\ a HE" X 15" :1 A E h x Hi 
III g-.! U 

I ,.oUt' prt· .... pnt H\ ~P{.CH~~, 

'[l"I'""latl'l':tl "pta on abd"l1llllal !<,'g-mprtt 10, 

T ABLl~~ H.--[);,.;:tl·i/)J(tioH (It'set([1' Oil Aigarobius prosopis, lln;t instal' 

ePrO ]'"st· ~plrat·, EIl)- Hypo
dHr· d"l'- ,dar pipli' plplI

~t'g'na'!lt "":inl -It 1II artAa' rOil l'OIl Stl'l'nul1l Prothorux 
~. ~. ~,...c.....-_ •• __ __ __ 

.---~-~~--.------+-.-

~[t',,,th .. rax A a E(, 1I R 1 
~kt,tth"l'ax :\a a p u R ·1 
.-\I"I"IlWll i) 

a F: h II\,X 11 
-, d A a p II Il\'X fl 
-,- -, d A a J:<:(. II u\'x 1-1 

d A a r;p II II X Iii" 
:' Aa a E II \' If) 

I·' go.! X 

. ~onp f,rv",Ptlt HI ..... pt>f.l;t'~< 


"]l"r,,,I;ttl'ra! ,.'ta IOn ahdomlnal "pgnH'llt 10. 




TECIINICAL Bl'! LETIN 1525, C.S. DEPT. OF AGHICl'LTtrRE 


TABLE lO.-~[)islrilJl(ti(}1l r~(sct(ll' Oil Aml>lyt'eruR cte<lpuieenRis,/irst 

i)/ sl 1/1' 

1'1'11 P"st, ;';PI1'I1\" Epi, lly po

d,,1' dOl' 1I1al' pll'lI' plt'li 
rOil :';t\,l'llllill l'l'othorax

;';\'g"IlWIl t ,,11111 stirn unItt 1'011 

:\[p~o{hnrax A a H h' 	 11;(" h \If It a [I 

I·; (~ I h Ill' R If>:\[pllllhlll'UX A U Hh h' 
i) J()

AI"I 01111' 11 

d An It s l'~p' h II \- Ii 2:! 
2f):! Ii tl Aa 'u'h S So 1':\, h II\' 7 

11 ,.. h ltV K7 h d A 
h !ld A u I'~(" 

10 An II 12 
!' 

'['ABLE ll, [)i:,fl'il){{fillllll(Sr'/U(' Oil Caryo\)l'lIehlls glp<iitsil1l',/il'si il/s/aJ' 

['1'0 1 '",,{ :-:I'II'lll' 1':\11 1l~'l'tl, 

du, dOl" 111ar pll'll pl['11 
:';ll'l'lllllll 1','olhOl'!lx:-:,' g"tll (' II f .... lItH .... nt11 al'l'a 1'1111 rOil 

:\[l'Sothol';l'I, Aa'a h 	 J.;(I'P" h lIf R I 17 

:\I"talllora\ Au a' I> 	 1';\"(''' h III' It :! 21 
•5 2~,\lnlol1lt'll 


d .\a ;l s'~·'s 1';(" h uvx X 


" a Bhb s s I·;p h \I\')( !l 


" .1.1' u Hi> h" s s 1111 	 II \'X 11 " 	 ..
I; 7 d .1 a Bh'l> ~' s, Il;p' h 	 llYX 12. 


II 1:1
.! d :\a a s's 	 1111" 
~I d A a l'~p' 11 II 1 I 


h II Iii
III g"' 

TABLE I~, [JiHlri/llltioll or ,""/(/(' OIl MimoR(,RU'R amicl1s,i'il'l;t iI/stilI' 

Prn l'n"t ~IHn\(' 1':1'1 II~-I"I' 

dill dill" 1I1al' p!t'll pit-II 
atPH I foil 1'lIn :-:t 1'1'1111111 ['I'ot hOl'nx~1'C'Hh'llt "-.:lln ,1111I 

I·;p: 	 It Ii\[.""tltora'l. ~\a a 
(' 	 R H\1 ..1at hlll':t \ An a 


10
,\ 1.'[01111'11 

,I A E h Iii 


.: ,. d ,\ a l' h \ 'I. 


I~ ... d ,\ a Ep' h X 


~. Aa a \'X 


III J,:~:.! 	 II 

j ;'\UIlP l'n~!"Ip·ut Tn '·qwrlPs~ 

'[lUl'",,[;!!!'!'al ,pta .!l1 nl"I"IlIHllll "l'g"IlWl1t til, 



FIRST-STAGE LARVAE OF BRlTHIDAE: 

TABLE la.-DistriiJutioll o/setae Oil Mimosestes pl'otl'actus,/il"st instal' 

Pro· Post· SpInH'. Epi· Hypo
dol" dOl" II I llI' pleu· pIl'u

SP)!;I1H'llt slim Sit III arE,.) a rOil 1'011 8tl'1'I111111 Pt'ot!HII'ax 

~ll'Sothol'ax d'd" e"p·t h'h" K 2 
Ml'lnthol'!Ix dd" (1' l"" K a 
Abdomen -I 
1 d'd" II" S h II\'X 5 
'J d'd" a'a .. 

S l' h U x la 
:1-5 d'd" a a't p h U\' 

Ii d a'u" P h U\' 

7 d'd" II n" l' h u 
S a a l' 

!) d \'X 

10 g-I 

Illol'""Ial(·t'IlI "pta on nhdollllnni spg-llH'nt Ill, 

TABLE l ..L-DistriiJlltioll (~t'set(le Oil Mimosestes sallaei,fil'st instal' 

1'1'". I'Il~t, SpInH" I<~pi· Hypo. 
duro duro utaI' p!PlI' plplI

St'g-IlH'llt SUI11 sum ar(lH I'on ron Sternum Prothol'!lx 
---.-- -"-~. ....-....~~ ..~---~ 

"~[('sot horax Aa'a Ee' u R 2 
~1l'tnthol'!lX Au'a" (" u R :1 
A bdol1ll' 11 ..j 

d A s E h uvx 5 
~1 d A a e h lIYX 7 
;). 7 d A II Ee' h lIYX 9 ..S d A a Ee' h YX 12 
V An'a" E h \' I·' 
til g-I Y 16 

I [Jol'sol!ltl'ral spta Oil abdullllnal Sl'g-I1Wl1t 10, 

TABLE lS,-Distributioll of setae Oil Neltumius al'izonensis,fil'st instal" 
_.__.. _---_. --~.,.---, . ~--.-----~.------. 

1'1'0' Post· SpIral'- Epi- !Iypo
do!', dol" iliaI' piell- pleu

S.·gnwnt su III slim a.rl)a r 1'011 rOil StprllUIll Prothorax 
~~---.~- .< ---+" .,.>.--"-<---_... 

~It'"othol'ax An'a" Ee' R 6 
~It·tathorax Aa a" I' R 7 
AhdI1l1}('11 ~ 

1 [) a F; h 1I \' 9 
d' A p' h LlVX 11 

;t ·1 d ..\ a" {' h lI\'X 12 
;,../l d A a" E~" h U\·x J(j 

7 (['d" a Ee' h lI\'X 

d A a E<,' h \.1\' X 

Aa' f; b \' 

1:-;'(1111' PI'I'St'lll in SIWl'il'~' 


lDor"oiatel'al $('(1\ on abdolllinal spg-I1H'nt 10, 




7-1 	 TECHNICAL Bl"LLETIN If12i5, LT.S. DEPT. OF AGRICL'LTlTIU~ 

TABLE 16.-DiHtdblltioi/ of setae Oil Sennius mOl'osus,/i)'st illst((1' 
-,........ --~-~--..~~-.----... --~ .--.-~---. 


~ --,. ~.----.- -, 

Pro- I',,~t • Spirm" l<:pi, Hypo

dol', d"r- "Ial' plt'u- plell' 

~pg-nHlllt ~1I1l1 ~lIm Hl"(lH I'on I'un St('I'nlllll I'I-olhllntx 
---...-. ,--- ._---------"-~-.--~--. 

~h'solIHll'ax Aa a El' 1I R ~ Ul 

~h-latlwl'ax An a 10':(" U\'X R 	 a 17 
,[Abdollll'll 

A tl s r: h 5 
.J ;1 d A a (- 11 H 

r;p' h 7 

,-K d A a t-:l' h l< 

E h 1~ 

ti d 

U tl A a 
l!l g-I 1-1 

I ll(lr~"lall'ntl ~I'ta llil ahdollllllal spg-Illl-nt Ill, 

TABLE 17,--Dil;trilllltioll (}/~wta(' ()Il Stator limbatlls,/irst illstar 

1'1'0- I',,'\t SPIl'll\" I<:pi· Ilypo

.101" d'II" lI!tu' plt'U pll-II

~\llll SUln al'(~a I'on ron Sll'I'IlUlll Pl'othonlx 

~h-S!lth"rax K ~8 

~1l'tHlh"nIX Ii dll" K 2 
,,\hdonlPll :3 

n a' S l' h v ,[ 

~ '7 a a"h (' h \' 5 

~ n ah (I' (l" h \' (j 

p h v 17 
h 22 

TABLE lK.-Distl'i/J,tfioll o/setae Oil Stator prllininlls,/il'l'd iI/star 

:::,·ltl1wnt 

1'1'1'
dol'

"lim 

p",,! 
dill" 

"tllll 

~pirlll'

ttlar 
EPI' 

plptl
rOil 

lIypo
pll-lI
1'011 ~tl'I'Il11I11 I'ruthunlX 

~Il'sot !wrax 
:'IIl'lath"l'a, 
AlulonH'1l 
I 

I; 

d 
tI 
tI 
d 

aa'b 
a ab' 

.:1 II 
ab 
n'h 
a a b 
a lI'h 

p 

h 
h 

h 
h 
h 
It 
h 
II 
h 

II \' 

lIV 

11 \' 

\IV 

V 

K 
K 

~ 

a 
1 

fJ 
[) 

In 
l~ 

II 
21 

'llol'""latt'nd "PIa Oil nhdnllllllal sl'g"ll11'nt In. 



75 FIRST-STAGE LARVAE OF BRUCHlDAE 

TABLE 19.-DisttibltfioH of setae on Stator pygidialisJin~t iHstar 

Pro· Post· Sptnlt" Ept H~'po· 

dol" dol" ular plpu· plt'lt. 

slim Slim areu ron rOll Sternll m Prothol'ax 

Ml'sothol'ax a'a"b e' (.' U\' 2 22 
(,'Ml'tathornx a'u'b U\' a 

AbdollH'1l 5 
1 d' u'~ p h U\' 6 

d u"b' p' h uv 8 
n,7 d u"b' (\' (\" h uv 10 

("pl'~ a'a"b h v 1·1 
U a'a"h' h v 15 
III gl h 17 

1 UOl'soiutprnl spla lIll abdom trial Sl'j!'ll1l'nl 1 (1. 

TABLE 20.-[)i.~tribllti()n o/setae Oil Zabrotes subfasciatus,/irst instal' 
- .-~~-~ -~.- "~--- -- ~----"... 

1'1'0- Post· Spintt'- r~pi· Hypo· 
rlOl" dlll" ular pIl'u, pleu· 

St'g-nH'nt Sit m sum arl'a ron ron Sternum Prothorax 
--- -.-- -- .-.---~--.-- ~-'-' 

~It'solh(ll"ax a'a'! e' h K 18 
~Iptathorax a'a'" e' h K 2 19 
AbdnllH'n 4 20 

d't!" a ,\$' e"'e/J h uv 5 21 
2 7 d a a" e'e" h uv 7 22 
~ c\ 'a'f e'e" h u\' 12 23 
[I a'a" l" h \' 13 24 
!(l g-l U 17 

I [lol'solatPra\ spta on abdominal Sl'gn1l'nt 10, 




