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RESUMEN

Se presenta una análisis cladístico preliminar para 40 especies de Amblycerus Thunberg basado en 29
caracteres morfológicos. Se generaron cuatro árboles igualmente parsimoniosos de 60 pasos de longitud,
con una consistencia de 0.63 y un índice de retención de 0.88. Remplazando en el cladograma cada una
de las especies de Amblycerus por la familia de la planta huésped, fue posible formular una aproximación
de la macroevolución en los taxones de los huéspedes. Al parecer estos brúquidos se han movido de la
familia de plantas Fabaceae a 12 familias de otras plantas, principalmente Sterculiaceae y Boraginaceae.
Varios factores, incluyendo el comportamiento de oviposición, se han citado para explicar algunos de los
cambios de huésped. La bioquímica de la planta es especialmente importante, aunque solamente contamos
con datos correlativos para soportar estas conclusiones. Para nosotros, la explicación más parsimoniosa
sobre los cambios de huésped que observamos es por macroevolución durante ciertos periodos en la
diversificación de los brúquidos en la época reciente.
Palabras Clave: Amblycerus, cladística, macroevolución.

ABSTRACT

A preliminary cladistic analysis of forty species of Amblycerus Thunberg is presented based on 29
morphological characters. The analysis generated four equally parsimonious trees of 60 steps in length with
a consistency index of 0.63 and a retention index of 0.88. By replacing host families by each species of
Amblycerus on the cladogram, an approximation of macroevolution into host taxa was formulated. These
bruchids appear to have moved from the plant family Fabaceae into 12 other plant families, with many
species into the families Sterculiaceae and Boraginaceae. Various factors including oviposition behavior are
cited for some host shifts. Plant chemistry is especially important but we only have correlative data to support
these conclusions. To us, it appears that the most parsimonious explanation for the host shifts that we
observed was by macroevolution during enhanced rates of bruchid diversification in the Recent epoch.
Key Words: Amblycerus, cladistics, macroevolution.
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INTRODUCTION

All known beetles in the family Bruchidae feed in seeds of about 34 families of
plants but about 80% feed in seeds of the Fabaceae (Johnson 1981b, 1989,
Johnson et al. 2001). The reasons for host specificity to any family and especially
to the Fabaceae are unknown.

Because of the close relationship between bruchids and their hosts, evolution
may be occurring between them. Authors have suggested that coevolution (Janzen
1969, Center & Johnson, 1974) has been taken place between bruchids and their
hosts. The term coevolution is confusing because there are several interpretations
of the mechanisms of insect-plant interactions (Miller 1987). Phytophagous species
that evolve in parallel with host plants demonstrate coevolution (causally reciprocal
evolutionary change between interacting populations of hosts and associates).  

Descriptive coevolution between bruchids and their hosts has been discussed
by several authors, but Janzen (1969) and Center & Johnson (1974) will best serve
as examples for bruchids. Janzen (1969) interpreted results of a study in the
lowland tropics of Costa Rica that large seeds were toxic and presumably
protected from feeding by bruchid larvae, whereas smaller seeds were less toxic
and were fed upon by larvae of bruchid beetles. Janzen termed escape from
predation by producing many small seeds predator satiation. Center and Johnson
(1974) listed and interpreted examples that presumably demonstrated that
bruchids had overcome the defense of predator satiation with countermeasures
such as evolving the ability to feed in smaller seeds by improving a smaller body
size or feeding in more than one seed during their ontogenetic development.
Janzen also listed 31 “traits that may be functional in eliminating or lowering
bruchid destruction of seeds”. Center and Johnson discovered apparent
countermechanisms to 11 of the traits evolved by the Fabaceae. Several papers
by Rosenthal and coauthors (e.g., Rosenthal and Bell, 1979) have shown that
bruchids can detoxify toxic compounds in seeds. Johnson (1990a) cautioned
against excessive use of the term coevolution and suggested “plant-bruchid
interactions” be used as a more appropriate term. We agree. 

Jermy (1976, 1984) is the primary advocate of sequential evolution. The theory
of sequential evolution is that plants evolve and speciate without response to their
herbivores, in spite of the fact that herbivores may be present or not, because
insects do not apply a significant selective pressure on the plants. Jermy argues
that association between related taxa of plants with related taxa of insects could
therefore be explained without coevolution, because only the insect associates
would be evolving in response to the plants, and not vice versa. Sequential
evolution as defined by Jermy, seems to be evolution without coevolution.
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Apparently, Jermy added “sequential” to evolution to contrast evolution with
coevolution.

Macroevolution has been a contentious theory for many years (Mayr 1970).
Farrell (1998) summarized data to show that there was an explosive series of
adaptive radiations of angiosperm-feeding beetles with the rise of angiosperms in
the Tertiary period and especially the Recent epoch. These data tend to
demonstrate that macroevolution may account for enhanced rates of beetle
diversification. Modern evolutionary biologists who study plant-insect interactions
often use macroevolution to explain some host shifts of some herbivorous insects.
For example, Becerra and Venable (1999) summarized two scenarios for
macroevolutionary patterns for host use. The first scenario is that an insect could
be physiologically preadapted to a new host whose toxic compounds are similar
to those of the old host. The second scenario is that host shifts by phytophagous
insects could sometimes be mediated by plant chemical similarity (this explains the
patterns of evolution of host use in terms of parallel cladogenesis). 

In order to understand relationships (i.e., evolution) between insects and plants,
cladograms are required for both taxa. Only correlative examples of evolution in
bruchids and their host plants exist (Johnson 1990a). Ideally, cladistic  schemes
are necessary to derive valid explanations of evolutionary relationships between
plants and animals. Because few cladograms of Fabaceae and families of other
bruchid hosts are available and there are none published for the Bruchidae, these
relationships are difficult to explain. If there are no existing cladograms of needed
taxa, non-cladistic phylogenetic schemes are often used (e.g., Miller 1987, Farrell
& Mitter 1990). In this research, however, we have reconstructed a valid cladogram
of Amblycerus that can be compared to a general cladogram of plant families
(Chase et al. 1993).

Because there is a recent revision of Amblycerus Thunberg (Romero et al. 1996),
we were interested in phylogenetic relationships between the 40 species treated
by them and if their phylogeny corresponded to the phylogeny of their host plants.
We then asked these questions when we formulated this research: 1) what are the
phylogenetic relationships between 40 species of Amblycerus using cladistic
analysis, 2) and how did they evolve with their hosts? We compared the
phylogenetic results we obtained (cladograms) with previous research on
phylogenetic relationships within Amblycerus and to the phylogenetic relationships
of their host plants. Our results and preliminary hypotheses are presented below.

Phylogeny of Amblycerus. There is little information concerning the evolutionary
history of the Bruchidae. Only two very preliminary studies using cladistic approach
have been published, one on species of the genus Meibomeus Bridwell (Kingsolver
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& Whitehead 1976) and the study of the genera of bruchids by Borowiec (1987).
Borowiec's "analysis of apomorphic and plesiomorphic characters" is based upon
a systematist's intuition of those characters that are apomorphic and those that are
plesiomorphic. It seems clear that no data set was subjected to a rigorous
parsimony analysis because there is no mention of them in either paper.
Kingsolver & Whitehead reconstructed the phylogeny of species of Meibomeus of
North and Central America. Borowiec produced phylogenetic trees of Bruchidae,
Pachymerinae and Amblycerinae. Because both studies were flawed by the
analyses used, their data need to be reanalyzed and their current results
questioned. 

It is important, however, to make some general assumptions in order to have a
basis on which to begin phylogenetic studies in Amblycerus and other genera of
bruchids. The only fossil bruchids described are in the subfamily Pachymerinae
(Kingsolver 1965) and several authors have stated, after analysis of their data, that
early Bruchidae were similar to the subfamily Pachymerinae (e.g., Nilsson &
Johnson 1993, Kingsolver 1965). Vats (1980) concluded that larvae of
Pachymerinae were distinct from the Amblycerinae and Bruchinae anatomically,
morphologically, and behaviorally. Pachymerinae are the largest in size of any
bruchid, they have many spines and carinae, robust appendages, and the Old
World species feed mostly in legumes. Thus, we hypothesize that the subfamilies
of the Bruchidae originated from a Pachymerinae-like ancestor.  

There seems to be a misconception among New World entomologists that all
species of Pachymerinae feed in seeds of palms simply because all native New
World Pachymerinae feed in these plants. There are about 75 species of Old
World Pachymerinae that feed in the seeds of about 100 species of Fabaceae,
about nine species of Combretaceae, and one species of Apiaceae (unpublished
data). There are about 20 New World species of Pachymerinae that feed in about
73 species of palms (Johnson et al. 1995). Of the 69 known hosts of all species of
Amblycerus, 41 species of hosts are in the Fabaceae.

The subfamily Amblycerinae is composed of three genera in the tribes
Amblycerini (genus Amblycerus) and Spermophagini (genera Spermophagus and
Zabrotes). Of the larger subfamilies of the Bruchidae, Amblycerinae are the most
distinct morphologically from other subfamilies. There are about 100 species in the
genus Amblycerus in the New World. Of these, only 40 species have been reported
in the literature from the United States and Mexico (Romero et al. 1996). These 40
species and the entire subfamily comprise a hypothesized monophyletic group
based upon many characters including an entire hind femur and metatibia armed
with two large calcaria that separate them from other bruchids. Thus, this is an
appropriate group for the first species level cladistic analysis in the Bruchidae.
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MATERIALS AND METHODS

The data matrix (Table 1) was compiled using characters gleaned from the
external and internal morphology of the male genitalia. In all, 29 characters were
used, 19 from internal morphology, and 10 from external morphology (Table 2).
Features 2, 13, 16, 17, 23, and 26 were coded as multistate characters and all
were analyzed unordered. 

In this study we use Pachymerinae as outgroups to root the unrooted network
of taxa created by the parsimony analysis. 

The program Hennig86 (Farris 1988) was used to construct the cladograms.
Clados (Nixon 1995) was used to map the characters on the trees and to prepare
the figures. In order to try to understand taxonomic relationships between
Amblycerus species and their host plants, the bruchid species names were
replaced by their host plant families. All host plant records and sources are listed
in Romero et al. (1996). We compare our cladogram with the phylogenetic
analyses of Chase et al. (1993), who used the nucleotide sequences from the
plastid gene rbcL, in our discussions of adaptive radiation. The cladogram of
Chase et al. includes all the families used by Amblycerus analyzed in this study.

RESULTS AND DISCUSSION

Cladistic Analysis of Amblycerus. Four trees were generated using Wagner
parsimony (mhennig*). Branch-swapping (bb) of those eight topologies produced
no additional equally parsimonious trees. From these four topologies, we obtained
a Nelson consensus tree (Fig. 1), which is presented as the best estimate of the
relationships within the ingroup based on such a limited data set. All cladograms
had tree lengths of 60 steps, a consistency index of 0.63, and a retention index of
0.88. 

Character 16 (vestiture of body) shows a linear transformation from vestiture not
mottled to vestiture weakly to strongly mottled. Character 17 (integument color)
changes from legs and body brown to legs brown with some structures of body
black to legs and some structures of body black. Character 26 (sclerite in the
internal sac) changes from basal ovoid sclerite to sclerite with two arms to sclerite
with four arms. In total, the cladogram is formed by 30 synapomorphies, 18
parallelisms, and 12 reversals. Below we discuss the clades defined by
synapomorphies. 

The monophyletic group, Amblycerus, is delineated by the following
synapomorphies: hind femur entire (0); metatibia armed with two large calcaria (1);
pronotum with foveolae only in lateral areas, foveolae throughout (2-1 or 2-2),



Romero et al.: Cladistics in bruchids and host plants

6

Table 1
Data matrix for reconstruction of the phylogeny of Amblycerus. Characters and haracter
states are explained on Table 2.

Taxon                Character States         
1234567890123457500000000000

Pachymerinae 00000000000000000000000000000
A. acapulcensis 11200101001011000000010100000
A. alternatus 11200001000000110000000100001
A. anosignatus 11100001100010101000000001000
A. atkinsoni 11100010110010001000000?00000
A. baracoensis 11110011110010001000001000100
A. barcenae 11100000110110002100000010000
A. biolleyi 11100010110010001000001100200
A. cerdanicola 11110011110010001000001000100
A. championi 11110001110110002210000000000
A. chiapas 11100001100010101000000001000
A. cistelinus 11100001110012001000000000020
A. cuernavacensis 11200011000000110000000100001
A. epsilon 11100?00000000110001000000000
A. eustrophoides 11200001000010010000000100000
A. evangelinae 11100000110110002210000000000
A. guazumicola 11100001110012001000000000010
A. guerrerensis 11100001100010101000000001000
A. hespenheidei 11100001110010101000000100000
A. ireriae 11200101001010000000000100000
A. mariae 11111011110010001000000000000
A. marmoratus 11100001110110002100000?00000
A. multiflocculus 11100001000010110000000100000
A. nigromarginatus 11100001100010111000101200000
A. obscurus 11100001100010111000101200000
A. perfectus 11100001000010111000000000000
A. pictus 11100001110110002100000010000
A. piurae 11100001000000010000000100000
A. pterocarpae 11100001000000000000000000000
A. pygidialis 11111011110010001000000000300
A. robiniae 11200101001011000000010100000
A. sallei 11100001000000110001000000000
A. schwarzi 11200001000010001000001100000
A. scutellaris 11110011110010001000001000000
A. serieguttatus 11200001000010110000000100000
A. sosia            11100001110012001000000000020
A. spondiae         11200001000000110000000100000
A. stridulator      11100001000010111000001200000
A. teutoniensis     11100001110110002210000000000
A. veracruz         11111011110010101000001000300
A. vitis            11200011000000?00000000100001

1234567890123458200000000000



Acta Zool. Mex. (n.s.)  86 (2002)

7

Table 2
Morphological characters of Amblycerus and the outgroup Pachymerinae (0 =
plesiomorphic; 1,2,3= apomorphic).

Character 
#

Characters and Their States

External Morphology
0 Hind femur: toothed 0; entire 1
1 Metatibia: unarmed 0; armed with two large calcaria 1
2 Pronotum: with foveolae in small clusters over entire pronotum 0; foveolae only in lateral areas 1; foveolae

uniformly dispersed over pronotum or pronotum smooth 2
3 Cervical sulcus: present 0; indistinct 1
4 Cervix: setose 0; smooth 1
5 Hind femur: without foveolae 0; with foveolae 1
6 Outer tibial calcarium: curved 0; straight 1
7 Mesal tibial calcarium as long as or subequal in length to lateral calcarium: 0; mesal tibial calcarium 0.33 to

0.8 as long as lateral calcarium: 1
8 Pygidium without spots 0; with central spot or with some scattered spots 1
9 Pygidium with foveolae 0; smooth 1
10 Apical margin of pygidium: rounded or truncate 0; bilobed or trilobed 1
11 Antennae color: brown 0; one or more black segments 1
12 Vestiture: of one color 0; of two or more colors 1
13 Integument of body: without black spots 0; with foveolate black spots 1; with smooth black spots 2
14 Pubescence on elytra and pronotum: without stripes 0; with stripes 1
15 Pygidium: without stripes 0; with median linear stripe 1
16 Vestiture of body: not mottled 0; weakly mottled 1; strongly mottled 2
17 Integument color: legs and body brown 0; legs brown with some structures of body black 1; legs and some

structures of body black 2
18 Eye: ovoid 0; reniform, cleft to .30-.45 its length by ocular sinus 1

Internal Morphology
19 Boat-shaped sclerite in the internal sac of male genitalia: absent 0; present 1
20 Pair of long S-shaped sclerites in the internal sac: absent 0; present  1
21 Horseshoe-like sclerites and a pair of V-shaped sclerites in the internal sac: absent 0; present 1
22 Lateral margins of median lobe: constricted 0; sinuate 1
23 Spinules clothing internal sac: absent 0;  1/2 of the internal sac 1; 2/3 of the internal sac 2
24 Two long serrate blades in the internal sac: absent 0; present 1
25 Two plates with small tubercles on their dorsal surfaces in internal sac: absent 0; present 1
26 Genitalia with basal ovoid sclerite absent 0; with basal ovoid sclerite without arms 1; sclerite with two arms 2;

sclerite with four arms 3
27 Pair of long sclerites occupying 2/3 of the internal sac: absent 0; present 1; present, bearing large spines 2
28 Pair of medial, short, subelliptic, serrate sclerites: absent 0; present 1
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and a reduced mesal tibial calcarium (7). Amblycerus pterocarpae Kingsolver is
located basally and represents the least derived species in the genus. Most of the
remaining North American species are related by the presence of a multicolored
vestiture (12) and a pygidium with a median stripe (15). Due to homoplasy and the
small data set, deep node cladistic relationships of the remaining species are
uncertain. There are a few well-delimited clades, and these are discussed using
the specific epithet of the earliest member of the clade. 

The "epsilon" clade, comprised of A. epsilon Kingsolver and A. sallei (Jekel), is
supported by the presence of boat-shaped sclerites in the internal sac (19).

The "alternatus" clade, composed of A. alternatus (Pic), A. cuernavacensis
Romero, Johnson & Kingsolver and A. vitis (Schaeffer), is supported by the
presence of a pair of medial, short, subelliptic, serrate sclerites in the internal sac
of the male genitalia (28).  

The "ireriae" clade (Fig. 1), containing Amblycerus ireriae Romero, Johnson &
Kingsolver, A. acapulcensis Kingsolver, and A. robiniae (F.) is well supported by the
presence of a foveolate femur (5) and a bi- or trilobed pygidium (10). The latter two
taxa are additionally related by the presence of foveolate black spots on the
integument (13) and horseshoe-like sclerites and a pair of V-shaped sclerites in the
internal sac of the male genitalia (21).  

The "stridulator" clade, containing A. stridulator Kingsolver, Romero & Johnson,
A. nigromarginatus (Motschulsky), and A. obscurus (Sharp), is supported by the
character of two-thirds of the internal sac of the male genitalia lined by spinules
(23). The latter two taxa are related by the presence of a pair of long S-shaped
sclerites in the internal sac (20). 

The "anosignatus" clade, composed of A. anosignatus (Chevrolat), A. chiapas
Romero, Johnson & Kingsolver, and A. guerrerensis Romero, Johnson &
Kingsolver, is supported by two plates with small tubercles on their dorsal surfaces
in the internal sac (25).

The "marmoratus" clade, with A. marmoratus (Sharp), A. barcenae (Dugès), A.
pictus (Sharp), A. championi (Pic), A. evangelinae Romero, Johnson & Kingsolver,
and A. teutoniensis Ribeiro-Costa & Kingsolver, is supported by antennae with one
or more black segments (11), the vestiture of the body is strongly mottled (16), and
the legs are brown with some structures of the body black (17). Of the two
subgroups of "marmoratus", the "barcenae" subgroup is supported by two long,
serrate blades in the internal sac (24). The "championi" subgroup is supported by
the legs and some structures of the body black (17) and the eye is cleft to 0.3-4.5
its length by the ocular sinus (18). 

The "cistelinus" clade, composed of A. cistelinus (Gyllenhal), A. guazumicola
Kingsolver & Johnson, and A. sosia Ribeiro-Costa & Kingsolver, is supported by
the integument of the body with smooth, black spots (13) and a pair of long
sclerites without spines occupying two-thirds of the internal sac of the male
genitalia (27).
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Figure 1
Nelsen consensus tree generated with Hennig86 for 40 species of Amblycerus. The solid squares are
synapomorphies, dotted squares are homoplasies, and the white squares are reversals. Autapomorphies
are displayed in the tree but removed during analysis. 
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The "mariae" clade, composed of A. mariae Romero, Johnson & Kingsolver, A.
pygidialis (Suffrian), and A. veracruz Romero, Johnson & Kingsolver, is supported
by a smooth cervix (4).  A. pygidialis and A. veracruz form a subgroup supported by
male genitalia with a basal ovoid sclerite with four arms (26).

The "baracoensis" clade, comprised of A. baracoensis Kingsolver, A. biolleyi
(Pic), A. cerdanicola Kingsolver, and A. scutellaris (Sharp), is supported by the
internal sac of the male genitalia with a basal ovoid sclerite without arms (26). 

The clades produced by this analysis are very similar to the species groups of
Romero et al. (1996) that were derived by non-cladistic methods. Intuitive
comments on species groups in Amblycerus by Kingsolver (1970, 1980), Ribeiro-
Costa & Marinoni (1992), and Ribeiro-Costa (1995) mostly agreed with our results
but they placed A. alternatus, A. schwarzi Kingsolver, and A. spondiae Kingsolver
in the same species group. Ribeiro-Costa considered A. championi to be in a
separate, undescribed genus. These results are very different from ours.

Ribeiro-Costa (1995) analyzed the Brazilian species of Amblycerus using
phenetic methods that included eight of the species considered here. Her results
were similar to ours except that her results indicated that A. perfectus (Sharp) and
A. anosignatus should be in the same species group, and A. teutoniensis belongs
in the separate, undescribed genus.  These latter results are very different from
ours.

Thus, different techniques have resulted with moderately similar conclusions.
This indicates to us that more extensive, intensive, and refined phylogenetic
studies are needed to better ascertain the relationships within this genus.

Radiation Into Hosts. By replacing each species of Amblycerus with the
appropriate host families (Fig. 2), an approximation of adaptive radiation into host
taxa can be formulated. The cladogram presented in Fig. 2 may be easily divided
into three main clades. Clade 1 of Amblycerus is comprised of species that
principally feed on seeds of plants in the plant clade Rosid I, especially the
Fabaceae. Species of Clade 2 of Amblycerus feed principally in seeds of plants in
clade Rosid II. Most species of Clade 3 of Amblycerus feed in Clade Asterid I,
specifically the genus Cordia L. (Boraginaceae). Species of Amblycerus in Clade
1 feed in all four plant clades. Amblycerus vitis, a member of Amblycerus Clade 1,
is the only species of bruchid to feed in Clade Rosid III. Although there is no clear
perceptible pattern of host shifts along taxonomic lines, the host shifts follow a
discernible pattern from multiple hosts in the Fabaceae (predominantly Clade
Rosid I) and/or related families in the more basal clades of Amblycerus, to one or
a few hosts in some more presumably recently evolved lineages, often a single
species of Cordia (Boraginaceae). Taxonomic affinity in bruchids and their hosts
simply do not explain all host preferences.
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Figure 2
Hypothesis of adaptive radiation into host plants by 40 species of Amblycerus. This cladogram was produced
by replacing the species of Amblycerus with the appropriate family of host plants.
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Most species of Bruchidae feed in seeds of the Fabaceae (Johnson 1981b,
1989). Although species of Amblycerus feed in seeds of 13 families of plants (Table
3), the Fabaceae predominate. Of the 69 known hosts of all species of Amblycerus,
41 species of hosts are in the Fabaceae (see, for example, Romero, et al. 1996,
Udayagiri and Wadhi, 1989 and references therein). The very large (400+ species)
New World genus Acanthoscelides Schilsky feeds in ten plant families but mostly
Fabaceae (Johnson 1990b, Johnson & Siemens 1991), a pattern similar to
Amblycerus. Therefore, we hypothesize that the Fabaceae are probably the
ancestral hosts of species of Amblycerus and Acanthoscelides. 

Table 3
The most common host families of Amblycerus arranged according to the clades of Chase
et al. (1993). Different species of Combretaceae were put into clades I and II.

Rosid I Combretaceae
Euphorbiaceae
Fabaceae
Humiriaceae
Malpighiaceae
Rhamnaceae

Rosid II Anacardiaceae
Combretaceae
Malvaceae
Sterculiaceae
Tiliaceae

Rosid III Vitaceae

Asterid I Boraginaceae
Verbenaceae

Our problem here is to hypothesize an evolutionary scenario by which
Amblycerus, a small genus when compared to Acanthoscelides, has evolved the
ability to find and utilize seeds of 13 families of host plants, more host families than
any other genus of bruchids and into almost one-half of the known host families of
the Bruchidae.

When bruchids shift into another host plant or family this involves not only the
ability of the larvae to enter the fruit and/or seed, perhaps overcome toxins, and
then utilize the seed contents for nourishment, etc., but an entire complex of
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genetic or behavioral traits must be modified in order for the host shift to occur.
The adults must be able to find the new host, identify the fruits and seeds and then
the female must oviposit onto the fruit or seed.

Although chemical cues for host finding seem to be common in insects, there is
little hard evidence for this to date exhibiting this in bruchids. Johnson & Siemens
(1991) used correlative data to explain perhaps chemical cues of natural hosts that
induced gravid females of Stator vachelliae Bottimer to oviposit upon seeds of a
non-host. Johnson & Siemens found that presumably the females were attracted
to their natural hosts by chemical and/or visual cues and then oviposited upon
naturally intermixed, smooth seeds of both hosts and non-hosts. In subsequent
experiments in the field, they found that the cue that released oviposition was the
smooth seed. Smooth surfaces of seeds and other objects, including inanimate
objects, are often oviposited upon in nature and in the lab (Johnson & Siemens
1991). 

Each species of bruchid seems to have its unique cue to release oviposition
behavior. Forister & Johnson (1971) observed that Acanthoscelides prosopoides
(Schaeffer) oviposited in holes in fruits whenever possible, and, in the lab, they
preferred to oviposit in plastic with many holes in rather than fruits of its natural
host. Johnson (1981a) observed that some species of bruchids are known to
oviposit only on the external surface of fruits, some will only oviposit on smooth
seeds in partially dehiscent pods, and others will only oviposit on smooth, exposed
seeds on the ground. Thus, bruchids that oviposit in fabaceous fruits with a soft
surface (e.g., two species of Neltumius in Prosopis) may oviposit into a fruit of
another plant with a soft surface when under duress or when the plant is in close
proximity (e.g., one species of Neltumius in Condalia) (Johnson 1978). It then
follows that host shifts may be partially due to preadapted ovipositional behavior
and then perhaps ovipositional “mistakes” on non-host plants in close proximity
that have seed or fruit types similar to the ancestral hosts. 

Johnson et al. (2001) compared life history traits such as egg structure and
oviposition, larval feeding behavior, pupation behavior, and seed mortality of plants
fed upon by several species of Amblycerus. These traits may eventually be of value
when evaluating host preferences of bruchid beetles.

We suggest that to explain host shifts in Amblycerus, intensive research must be
done on host plant chemistry, host and Amblycerus biogeography, life history
studies, and molecular phylogenetics must be conducted. These suggestions are
presented with the hope that they will stimulate further study of the many aspects
of adaptive radiation of bruchids into flowering plants and as a tool to predict host
plants of bruchids in species where they are unknown.
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