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Abstract

 

We studied the effect of larval host (two 

 

Convolvulus

 

 L. species, Convolvulaceae) on sexual size
dimorphism and on the fitness consequences of adult feeding in the bruchid beetle 

 

Megacerus eulophus

 

(Erichson) (Coleoptera: Bruchidae). Whereas 

 

Convolvulus chilensis

 

 Pers. occurs in low density in
semiarid habitats, 

 

Convolvulus bonariensis

 

 Cav. occurs in less stressful environments and exhibits
higher population density. Host plants neither differ in seed mass nor in seed nitrogen content, and
there were no consistent host-associated differences in female fitness. Consequently, host quality was
considered to be similar. Sexual size dimorphism, expressed as the female:male ratio of body size, was
significantly greater in 

 

C. chilensis

 

 than in 

 

C. bonariensis

 

. A greater female size in the 

 

C. chilensis

 

population could be selectively advantageous due to higher survival during host-plant search in
stressful environments. Female longevity was affected by food availability (starvation vs.
honey-pollen solution) and by the interaction between food availability and larval host. Fed females
lived longer than starved females. This trend was found in both hosts, but it was of greater magnitude
in 

 

C. chilensis

 

 than in 

 

C. bonariensis

 

. Fecundity was significantly affected by adult feeding and larval
host, and marginally affected by their interaction. Fed females laid more eggs than starved females.
However, the increase in fitness of fed females was greater in 

 

C. chilensis

 

. Results might be explained
by differential selection on plasticity in life-history traits in contrasting environments. Females in

 

stressful environments should take a greater advantage of the transient availability of resources.

 

Introduction

 

In seed beetles (Coleoptera: Bruchidae), larval host plant
strongly affects insect behavior, life-history traits, and
fitness (Credland et al., 1986; Wasserman, 1986; Shade et al.,
1987; Fox et al., 1994; Fox & Mousseau, 1996; Tuci

 

c

 

 et al.,
1997; Boeke et al., 2004). Larval host plant may even
mediate the fitness consequences of other ecological factors
during adulthood (Vamosi, 2005). Most seed beetles show
the usual insect pattern in sexual size dimorphism: females
are larger than males (Savalli & Fox, 1999). This is thought
to be a consequence of fecundity selection favoring
large females that can produce more eggs (Darwin, 1871;
Hon

 

e

 

k, 1993). Surprisingly, until recently no study has
explicitly addressed the effect of larval host on sexual size
dimorphism in seed beetles (but see Fox & Czesak, 2006;
RC Stillwell & CW Fox, unpubl.).

In seed beetles that do not feed as adults, body size,
potential fecundity, and longevity are wholly determined
by resources obtained during the larval stage (Timms,
1998). Several bruchid species do feed as adults, consuming
flower pollen and nectar (Southgate, 1979). In this case,
the acquisition of nutritional resources during the adult
stage should affect insect fitness. There is some evidence
that adult feeding influences bruchid longevity, fecundity,
and egg size (Møller et al., 1989; Fox, 1993; Fox & Dingle,
1994; Takakura, 2004). However, to our knowledge, no
study has addressed how the larval host affects fitness con-
sequences of adult feeding in seed beetles.

 

Megacerus eulophus

 

 (Erichson) is a seed beetle associated
with Convolvulaceae species (Terán & Kingsolver, 1977;
Pfaffenberger et al., 1984). We have observed that 

 

M. eulophus

 

adults consume nectar and pollen on flowers of its host
plants (Suárez et al., 2004; E Gianoli, LH Suárez & WL
Gonzáles, pers. obs.), as has been reported for other

 

Megacerus

 

 species (Terán & Kingsolver, 1977; Wang & Kok,
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1986). In this study, we examined the effect of two larval
rearing hosts (

 

Convolvulus chilensis

 

 Pers. and 

 

Convolvulus
bonariensis

 

 Cav.) on sexual size dimorphism in 

 

M. eulophus

 

,
and evaluated larval host differences in the effect of adult
feeding on longevity and fecundity.

 

Materials and methods

 

Megacerus eulophus

 

 is distributed along South America
and consumes seeds of Convolvulaceae species (Terán &
Kingsolver, 1977, 1992; Pfaffenberger et al., 1984). In
Chile, 

 

M. eulophus

 

 may infest up to 50% of the seed crop
in individuals of the endemic species 

 

C. chilensis

 

, and reach
over 90% prevalence (E Gianoli, LH Suárez & WL Gonzáles,
unpubl.). 

 

Megacerus eulophus

 

 adults feed on nectar and
pollen of host plants (Suárez et al., 2004; Gianoli et al. pers.
obs.). Females of this bruchid species lay eggs on the
external wall of mature fruits, on sepals, and even on
single seeds. At 24–25 

 

°

 

C, approximately 4–5 days after
oviposition, the eggs hatch and the first instars burrow into
the seed. Larval and pupal development is completed
entirely within a single seed. Adult emergence starts
25–30 days later (Pfaffenberger et al., 1984, LH Suárez,
field and laboratory observations). 

 

Convolvulus chilensis

 

is a perennial herb endemic to coastal and arid zones
of northern Chile, often occurring in small populations
(Suárez et al., 2004). 

 

Convolvulus bonariensis

 

 is a perennial
herb native to southern South America. This species is
morphologically very similar to 

 

C. chilensis

 

 and occurs
in small populations on coastal zones of central Chile (E
Gianoli, LH Suárez & WL Gonzáles, unpubl.). In both
species fruits are capsules, ovoid, and glabrous that reach
up to 10 mm diameter and contain one to four seeds
(O’Donell, 1957).

In November 2003, we collected seeds of 

 

C. chilensis

 

in Aucó (31

 

°

 

29

 

′

 

S, 71

 

°

 

08

 

′

 

W; 600 m above sea level) and

 

C. bonariensis

 

 in Algarrobo (33

 

°

 

21

 

′

 

S, 71

 

°

 

41

 

′

 

W; 1 m above
sea level). Whereas Aucó is a rather arid and sunny habitat,
with recurrent drought periods, Algarrobo is a more stable
and benign environment in terms of water availability and
temperature (see climatic data in Gianoli & González-
Teuber, 2005). Seeds were collected from more than 20
mother plants of each species. A total of 257 beetles emerged
from both seed sets.

Within each group of seeds (

 

C. chilensis

 

 and 

 

C. bonariensis

 

),
virgin females were collected during the first 24 h after
emergence and were randomly paired with a virgin male.
We obtained 88 pairs from 

 

C. chilensis

 

 and 36 pairs from

 

C. bonariensis

 

. Each pair was confined in a Petri dish
(50 mm in diameter) with 12 seeds from the original host
and was randomly assigned to two treatments: (1) food:
adults were fed honey:pollen water solution (9:1 wt/wt);

(2) starvation: no food or water was provided. The
honey:pollen solution was delivered in each Petri dish on
filter paper, and was replaced daily. The couples were
reared in the laboratory at 24–25 

 

°

 

C and L12:D12
photoperiod. Only one larva developed within each seed.
Bruchid beetle survival was recorded daily. When the
individual died, we determined longevity (total adult
lifespan), fecundity (number of eggs per female in her
total lifespan), and the following size traits: pronotum
area (= length 

 

×

 

 width), ventral body length (excluding
head), total ventral body length (including head), and tibia
length. Size measurements were made on digital images
using SigmaScan© (SigmaScan Pro 5.0, Systat Software
Inc, Richmond, CA, USA). To evaluate sexual size dimor-
phism, both males and females were measured. Longevity
data included females only. Given that host quality can
affect body size or other traits related to insect fitness, the
mass and total nitrogen content of seeds were determined.
To avoid pseudoreplication, the measures of several seeds
(20–40) per mother plant were averaged to give the
individual value. Thus, we compared the seed mass of
seven individuals from 

 

C. chilensis

 

 and nine individuals
from 

 

C. bonariensis

 

, and seed nitrogen content from six
individuals from each species. We weighed uninfested
seeds only and the protein nitrogen analysis followed the
Kjeldahl protocol (AOAC, 1990).

Pronotum area was significantly correlated with all
measured morphological traits (Pearson correlation
analysis: r

 

201

 

 > 0.35, P<0.00001 in all cases). Consequently,
pronotum area was used as body size estimate. To analyze
the effect of larval host on sexual size dimorphism, we
calculated the female:male body size ratio. As described
above, to avoid pseudoreplication as a result of non-
independence of seeds from the same individual plant,
we determined the average sexual size dimorphism within
each plant (n = 14 plants from 

 

C. chilensis

 

 and nine plants
from 

 

C. bonariensis

 

). A one-way analysis of variance
(ANOVA) on log-transformed ratios tested for differences
in sexual size dimorphism between hosts. Longevity and
fecundity were analyzed using analyses of covariance
(ANCOVA). To analyze longevity, larval host and food
availability were considered main factors and body size was
entered as a covariate. To analyze fecundity, larval host and
food availability were main factors, and longevity and
body size were covariates. A significant food availability

 

∗

 

 larval host interaction in the ANCOVA would indicate
host-associated differential effects of adult feeding on
longevity and fecundity. Finally, differences in host quality
in terms of seed mass and seed nitrogen content were
analyzed using a t-test. All statistical analyses were
conducted using Statistica© (Statistica 6.0, StatSoft, Inc.,
Tulsa, OK, USA).
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Results and discussion

 

Both seed mass (Center & Johnson, 1974; Mitchell, 1975;
Cope & Fox, 2003) and seed nitrogen content, which
includes both proteins and defense compounds (Janzen,
1969, 1977; Ernst, 1992; Or & Ward, 2004), can be
predictors of host quality for bruchid beetles. There were
no differences in seed mass between 

 

C. chilensis

 

 (mean 

 

±

 

SE: 18.28 

 

±

 

 0.60 mg) and 

 

C. bonariensis

 

 (mean 

 

±

 

 SE: 18.63

 

±

 

 0.56 mg) (t

 

16

 

 = 

 

−

 

0.43, P>0.67) or in seed nitrogen
content (measured as g N/100 g seeds; mean 

 

±

 

 SE: 2.397 

 

±

 

0.051 and 2.385 

 

±

 

 0.097, respectively) (t

 

12

 

 = 0.11, P>0.91).
Although we cannot rule out the differential occurrence of
an unmeasured quality factor in the seeds (e.g., particular
carbohydrates: Gatehouse et al., 1987), these results
suggest that there is no difference in host quality for

 

M. eulophus

 

 in these closely related 

 

Convolvulus

 

 species.
Sexual size dimorphism (female:male body size ratio) was

significantly greater in 

 

C. chilensis

 

 than in 

 

C. bonariensis

 

(one-way ANOVA: F

 

1,21

 

 = 6.39, P<0.02; Figure 1). Body
sizes (in mm) for 

 

C. chilensis

 

 females and males were
(mean 

 

±

 

 SE) 0.97 

 

±

 

 0.02, and 0.87 

 

±

 

 0.02, respectively, and
for 

 

C. bonariensis

 

 they were 0.87 

 

±

 

 0.03 and 0.84 

 

±

 

 0.03,
respectively. To our knowledge, this is the first evidence
of host-associated variation in sexual size dimorphism in
bruchid beetles (see Teder & Tammaru, 2005). Using path
analysis, Fox & Czesak (2006) detected host-associated
differences in the relative importance of two sources
of selection on male vs. female body size in the seed beetle

 

Stator limbatus

 

. However, these authors did not report
actual differences in sexual size dimorphism between
hosts. RC Stillwell & CW Fox (unpubl.) found that rearing

host had no effect on sexual size dimorphism in the seed
beetle 

 

Callosobruchus maculatus

 

. In insects, females tend to
exhibit a greater phenotypic plasticity in body size than
males (Teder & Tammaru, 2005). There is no general
explanation to this pattern. It has been suggested that
such differential plasticity might be due to differential
canalization of traits most closely related to reproductive
fitness in males and females (Fairbairn, 2005). Alternatively,
population variation in insect sexual size dimorphism
might reflect adaptive responses to environmental chal-
lenges, the greater female size being related to a higher
tolerance to abiotic stress (Chappell, 1983; Cepeda-Pizarro
et al., 2003). Whereas the population of 

 

C. chilensis

 

 is
located in a rather arid habitat and shows low density, the
population of 

 

C. bonariensis

 

 exhibits a higher density and
more benign environmental conditions. Consequently,
it could be hypothesized that a greater female size of

 

M. eulophus

 

 in the 

 

C. chilensis

 

 population has been
selected as a result of a higher survival probability during
host plant search in this low-density habitat and/or greater
endurance of high temperatures (see Kistler, 1995; Stillwell
& Fox, 2005).

Female longevity in 

 

M. eulophus

 

 was affected by food
availability and by the interaction between food availability
and larval host (Table 1). Overall, fed females lived much
longer than starved females (91 

 

±

 

 8 days and 16 

 

±

 

 1 days,
respectively). This tendency was observed in both hosts
(Figure 2A). The increase in longevity, however, was of
greater magnitude in 

 

C. chilensis

 

 than in 

 

C. bonariensis

 

.
Whereas starved females from 

 

C. chilensis

 

 had the shortest
lifespan across treatments, fed females from this host lived
longer than any other experimental group (Figure 2A).
Earlier work in bruchid beetles has detected a similar
increase in lifespan with food availability (Møller et al.,

Figure 1 The effect of larval host (Convolvulus chilensis or 
Convolvulus bonariensis) on sexual size dimorphism in the seed 
beetle Megacerus eulophus. Female:male body size ratio (mean ± 
SE) is shown. Body size = pronotum area. There was a significant 
difference between hosts (P<0.02, one-way ANOVA).

Table 1 Two-way analysis of covariance (ANCOVA) of the effects 
of food availability and larval host on female longevity and 
fecundity in Megacerus eulophus. Data were transformed 
(ln X + 1) to meet analysis of variance (ANOVA) 
assumptions. Longevity was entered as covariate in the 
fecundity analysis and body size was entered as 
covariate in both analyses. F ratios are shown (d.f., longevity 
1,199; fecundity 1,72)

Longevity Fecundity

Covariate: body size 1.024 2.905
Covariate: longevity – 19.36***
Food availability (F) 52.91*** 4.477*
Larval host (H) 0.547 4.227*
F*H 16.56*** 3.5491

1P = 0.064; *P<0.05; ***P<0.001.
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1989; Fox, 1993), but we lack information on a previous
report of host-associated differential responses. Considering
again the environmental differences between host-plant
populations, we might interpret these results as coherent
with those on sexual size dimorphism. Thus, females from
a comparatively stressful environment should take a
greater advantage of the transient availability of resources.

After accounting for the effect of longevity (covariate in
the ANCOVA), fecundity was significantly affected by adult
feeding and larval host, and marginally affected by the
interaction between these factors (Table 1). Overall, beetles
reared on 

 

C. bonariensis

 

 were more fecund than those
from 

 

C. chilensis

 

. Fed females laid more eggs than starved
females. However, as was the case for longevity, the fitness
increase obtained by fed females was greater in 

 

C. chilensis

 

(Figure 2B). As discussed above, this result might be
explained by differential selection on plasticity in life-
history traits in contrasting environments. Interestingly,

the covariate body size was not significantly associated
with fecundity in 

 

M. eulophus

 

. This makes it unlikely that
sexual size dimorphism in this species is the result of
fecundity selection, as has been suggested for other insect
species (Hon

 

e

 

k, 1993). It is important to keep in mind that in
this study we did not measure nutrient input contributed
by males in their ejaculate, which may affect female
life-history traits (Savalli & Fox, 1998) and could interact
with host species (CW Fox, RC Stillwell, WG Wallin & LJ
Hitchcock, unpubl.).

This preliminary study highlights the importance of
larval host plant (and the environment associated with the
host plant) in shaping life-history traits of bruchid beetles.
Further research should address evolutionary issues of
the relationships herein described, isolating the sources of
variation involved in these ecological patterns, and testing
for their adaptive value.

 

Acknowledgements

 

We thank A. L. Terán for providing 

 

Megacerus

 

 literature
and V. Jeréz and E. Badano for their help with beetle
identification. We are grateful to C. W. Fox for sharing
unpublished manuscripts and providing helpful comments.
León Bravo kindly shared his photographic equipment.
Financial support was provided by FONDECYT 1030702.

 

References

 

AOAC (1990) Official Methods of Analysis. Association of Official
Analytical Chemists, Arlington, VA, USA.

Boeke SJ, van Loon JJA, van Huis A & Dicke M (2004) Host
preference of 

 

Callosobruchus maculatus

 

: a comparison of life
history characteristics for three strain of beetles on two varieties
of cowpea. Journal of Applied Entomology 128: 390–396.

Center TD & Johnson CD (1974) Coevolution of some seed
beetles (Coleoptera: Bruchidae) and their hosts. Ecology 55:
1096–1103.

Cepeda-Pizarro J, Vega S, Vásquez H & Elgueta M (2003)
Morfometría y dimorfismo sexual de 

 

Elasmoderus wagenknechti

 

(Liebermann) (Orthoptera: Tristiridae) en dos eventos de
irrupción poblacional. Revista Chilena de Historia Natural 76:
417–435.

Chappell M (1983) Metabolism and thermoregulation in desert
and montane grasshoppers. Oecologia 56: 126–131.

Cope JM & Fox CW (2003) Oviposition decisions in the seed beetle

 

Callosobruchus maculatus

 

: effects of seed size on superparasitism.
Journal of Stored Products Research 39: 355–365.

Credland PF, Dick KM & Wright AW (1986) Relationship
between larval density, adult size and egg production in the
cowpea seed beetle 

 

Callosobruchus maculatus

 

. Ecological
Entomology 11: 41–50.

Darwin C (1871) The Descent of Man and Selection in Relation
to Sex. John Murray, London, UK.

Figure 2 The effect of larval host (Convolvulus chilensis or 
Convolvulus bonariensis) and adult feeding (starved females: 
white bars; fed females: black bars) on (A) longevity, and (B) 
fecundity (mean ± SE) of the seed beetle Megacerus eulophus. 
Differences between groups within hosts were tested by an 
LSD test. *P<0.05, ***P<0.001.



 

Life-history traits in a bruchid beetle

 

237

 

Ernst WHO (1992) Nutritional aspects in the development of

 

Bruchidius sahlbergi (Coleoptera: Bruchidae) in seeds of Acacia
erioloba. Journal of Insect Physiology 38: 831–838.

Fairbairn DJ (2005) Allometry for sexual size dimorphism:
testing two hypotheses for Rensch’ rule in the water strider
Aquarius remigis. American Naturalist 166: S69–S84.

Fox CW (1993) Multiple mating, lifetime fecundity and female
mortality of the bruchid beetle Callosobruchus maculatus
(Coleoptera: Bruchidae). Functional Ecology 7: 203–208.

Fox CW & Czesak ME (2006) Selection on body size and sexual
size dimorphism differs between host species in a seed-feeding
beetle. Journal of Evolutionary Biology 19: 1167–1174.

Fox CW & Dingle H (1994) Dietary mediation of maternal age
effects on offspring performance in a seed beetle (Coleoptera:
Bruchidae). Functional Ecology 8: 600–606.

Fox CW & Mousseau TA (1996) Larval host plant affects fitness
consequences of egg size variation in the seed beetle Stator
limbatus. Oecologia 107: 541–548.

Fox CW, Waddell KJ & Mousseau TA (1994) Host-associated
fitness variation in a seed beetle (Coleoptera: Bruchidae):
evidence for local adaptation to a poor quality host. Oecologia
99: 329–336.

Gatehouse AMR, Dobie P, Hodges RJ, Meik J, Pusztai A & Boulter
D (1987) Role of carbohydrates in insect resistance in Phaseolus
vulgaris. Journal of Insect Physiology 33: 843–850.

Gianoli E & González-Teuber M (2005) Environmental hetero-
geneity and population differentiation in plasticity to drought
in Convolvulus chilensis (Convolvulaceae). Evolutionary Ecology
19: 603–613.

Honek A (1993) Intraspecific variation in body size and fecundity
in insects: a general relationship. Oikos 66: 483–492.

Janzen DH (1969) Seed-eaters versus seed size, number, toxicity
and dispersal. Evolution 23: 1–27.

Janzen DH, Juster HB & Bell EA (1977) Toxicity of secondary
compounds to the seed-eating larvae of the bruchid beetle
Callosobruchus maculatus. Phytochemistry 16: 223–227.

Kistler RA (1995) Influence of temperature on populations
within a guild of mesquite bruchids (Coleoptera: Bruchidae).
Environmental Entomology 24: 663–672.

Mitchell R (1975) The evolution of oviposition tactics in the bean
weevil, Callosobruchus maculatus (F.). Ecology 56: 696–702.

Møller H, Smith RH & Sibly RM (1989) Evolutionary demography
of a bruchid beetle. II. Physiological manipulations. Functional
Ecology 3: 683–691.

O’Donell CA (1957) Convolvuloideas chilenas. Boletín de la
Sociedad Argentina de Botánica 6: 143–184.

Or K & Ward D (2004) The effects of seed quality and pipecolic
and djenkolic acids on bruchid beetle infestation in water
deficit-stressed Acacia trees. Journal of Chemical Ecology 30:
2297–2307.

Pfaffenberger GS, Muruaga de L’Argentier S & Terán AL (1984)
Morphological descriptions and biological and phylogenetic
discussions of the first and final instars of four species of

Megacerus larvae (Coleoptera: Bruchidae). The Coleopterists
Bulletin 38: 1–26.

Savalli UM & Fox CW (1998) Sexual selection and the fitness con-
sequences of male body size in the seed beetle Stator limbatus.
Animal Behavior 55: 473–483.

Savalli UM & Fox CW (1999) The effect of male size, age, and
mating behavior on sexual selection in the seed beetle Calloso-
bruchus maculatus. Ethology, Ecology and Evolution 11: 49–60.

Shade RE, Pratt RC & Pomeroy MA (1987) Development and
mortality of the bean weevil, Acanthoscelides obtectus
(Coleoptera: Bruchidae), on mature seeds of tepary beans,
Phaseolus acutifolius, and common beans, Phaseolus vulgaris.
Environmental Entomology 16: 1067–1070.

Southgate BJ (1979) Biology of the Bruchidae. Annual Review of
Entomology 24: 449–473.

Stillwell RC & Fox CW (2005) Complex patterns of phenotypic
plasticity: interactive effects of temperature during rearing and
oviposition. Ecology 86: 924–934.

Suárez LH, Gonzáles WL & Gianoli E (2004) Biología reproductiva
de Convolvulus chilensis (Convolvulaceae) en una población de
Aucó (centro-norte de Chile). Revista Chilena de Historia
Natural 77: 581–591.

Takakura KI (2004) Variation in egg size within and among
generations of the bean weevil, Bruchidius dorsalis (Coleoptera,
Bruchidae): effects of host plant quality and paternal nutritional
investment. Annals of the Entomological Society of America
97: 346–352.

Teder T & Tammaru T (2005) Sexual size dimorphism within
species increases with body size in insects. Oikos 108: 321–324.

Terán AL & Kingsolver JM (1977) Revisión del género Megacerus
(Coleoptera: Bruchidae). Ministerio de Cultura y Educación,
Buenos Aires, Argentina.

Terán AL & Kingsolver JM (1992) Algunas novedades en el género
Megacerus (Coleoptera, Bruchidae). Acta Zoologica Lilloana
42: 19–27.

Timms R (1998) Size-independent effects of larval host on adult
fitness in Callosobruchus maculatus. Ecological Entomology
23: 480–483.

Tucic N, Mikuljanac S & Stojkovic O (1997) Genetic variation
and covariation among life history traits in populations of
Acanthoscelides obtectus maintained on different hosts. Ento-
mologia Experimentalis et Applicata 85: 247–256.

Vamosi SM (2005) Interactive effects of larval host and com-
petition on adult fitness: an experimental test with seed beetles
(Coleoptera: Bruchidae). Functional Ecology 19: 859–864.

Wang R & Kok LT (1986) Life history of Megacerus discoidus
(Coleoptera: Bruchidae), a seedfeeder of hedge bindweed, in
southwestern Virginia. Annals of the Entomological Society of
America 79: 359–363.

Wasserman SS (1986) Genetic variation in adaptation to food-
plants of the southern cowpea weevil, Callosobruchus maculatus:
evolution of oviposition preference. Entomologia Experimentalis
et Applicata 42: 201–212.


