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Abstract Sexual size dimorphism is widespread in ani-
mals but varies considerably among species and among
populations within species. Much of this variation is
assumed to be due to variance in selection on males versus
females. However, environmental variables could aVect the
development of females and males diVerently, generating
variation in dimorphism. Here we use a factorial experi-
mental design to simultaneously examine the eVects of
rearing host and temperature on sexual dimorphism of the
seed beetle, Callosobruchus maculatus. We found that the
sexes diVered in phenotypic plasticity of body size in
response to rearing temperature but not rearing host, creat-
ing substantial temperature-induced variation in sexual
dimorphism; females were larger than males at all tempera-
tures, but the degree of this dimorphism was smallest at the
lowest temperature. This change in dimorphism was due to
a gender diVerence in the eVect of temperature on growth
rate and not due to sexual diVerences in plasticity of devel-
opment time. Furthermore, the sex ratio (proportion males)
decreased with decreasing temperature and became female-
biased at the lowest temperature. This suggests that the
temperature-induced change in dimorphism is potentially
due to a change in non-random larval mortality of males
versus females. This most important implication of this
study is that rearing temperature can generate considerable
intraspeciWc variation in the degree of sexual size dimor-
phism, though most studies assume that dimorphism varies

little within species. Future studies should focus on whet
sexual diVerences in phenotypic plasticity of body size a
a consequence of adaptive canalization of one sex aga
environmental variation in temperature or whether they
simply reXect a consequence of non-adaptive developm
tal diVerences between males and females.

Keywords Sexual size dimorphism · Phenotypic 
plasticity · Body size · DiVerential-plasticity hypothesis · 
Seed beetles

Introduction

Most animals show some degree of sexual size dim
phism, but the direction and magnitude of this dimorphis
varies substantially among species, and often among po
lations within species (Anderson 1994; Teder and Tammaru
2005; Blanckenhorn et al. 2006). This variation in dimor-
phism among animals has a common pattern in nature: 
ual size dimorphism tends to increase with increasing
overall body size when males are the larger sex a
decreases with body size when females are the larger sex, 
pattern known as Rensch’s rule (Fairbairn 1997). Though
Rensch’s rule was originally meant to explain variation 
sexual dimorphism among species, it has since b
applied to studies of intraspeciWc variation in dimorphism
(Blanckenhorn et al. 2006). Much of this variation in
dimorphism among populations is likely due to variation 
the magnitude of selection (Fairbairn 1997), often sexual
selection due to variance in sex ratio. Alternatively, t
eVects of climate or other ecological and environmental
variables may have diVerent eVects on males versus
females, either because the Wtness consequences of larg
versus small body size diVers between the sexes or becau

Communicated by Mark Chappell.

R. C. Stillwell (& ) · C. W. Fox
Department of Entomology,  
University of Kentucky,  
S225 Agricultural Science Center North,  
Lexington, KY  40546-0091, USA
e-mail: rstil2@uky.edu
123



274 Oecologia (2007) 153:273–280

 the
row
th
on

ent
sary
s

ies

ir
al.,
in

m

si-
to

ren

r
to

o

-
me
SI

h,
l

 and
ch
ical
al
the sexes diVer in the degree of plasticity they exhibit in
response to climatic or ecological variables (Fairbairn
2005; Blanckenhorn et al. 2006). Many studies have exam-
ined how environmental factors, such as temperature, aVect
phenotypic plasticity in body size (Stillwell and Fox 2005)
but few have examined how environmental factors aVect
sexual size dimorphism and the traits that mediate selection
on male versus female body size (Fox and Czesak 2006).

Two of the most important environmental variables that
induce substantial phenotypic plasticity in body size of
ectothermic animals are diet and temperature. In general,
animals reared on lower quality diets mature smaller (Berr-
igan and Charnov 1994; Nylin and Gotthard 1998) and ani-
mals reared at lower developmental temperatures mature
larger (Atkinson 1994; Angilletta and Dunham 2003). Vari-
ation in sexual size dimorphism can result when males and
females respond diVerently to diet or temperature (diVeren-
tial-plasticity hypothesis; Fairbairn 2005). The diVering
responses of the sexes could be caused by adaptive canali-
zation of one sex against environmental variation in tem-
perature (Fairbairn 2005) or sexual diVerences in dietary
requirements (Teder and Tammaru 2005). Because varia-
tion in dimorphism mediated by diVerences in plasticity
between the sexes has rarely been the focus of plasticity
studies, it is diYcult to determine the generality of these
patterns, much less what causes them.

In this study, we use two populations of the seed beetle,
Callosobruchus maculatus, that exhibit female-biased sex-
ual size dimorphism, as a model system to explore the
impact of larval rearing diet (host species) and temperature
on adult sexual size dimorphism. Both host species (Chan-
drakantha and Mathavan 1986; Van Huis and de Rooy
1998; Stillwell et al. 2007) and temperature (Chandrakan-
tha and Mathavan 1986; Guntrip et al. 1997; Stillwell et al.
2007) aVect body size of C. maculatus, but how dimor-
phism varies as a result of diVerences in phenotypic plastic-
ity between the sexes has not previously been explored.
Also, to our knowledge, no study has simultaneously exam-
ined how temperature and diet inXuence intraspeciWc varia-
tion in size dimorphism. Here, using a factorial
experimental design we test whether males and females of
C. maculatus diVer in plasticity of body size in response to
rearing host and temperature, thus creating intraspeciWc
variation in sexual size dimorphism.

Materials and methods

Natural history and study populations

The seed beetle, Callosobruchus maculatus (Coleoptera:
Chrysomelidae: Bruchinae), is a generalist seed herbivore
of storage legumes, but in nature uses primarily species in

the genus Vigna. The life cycle of C. maculatus revolves
around seeds. Females cement their eggs directly onto
seeds of their host plant. Eggs hatch and larvae bur
directly underneath the egg into the seed. Larval grow
and pupation take place entirely within a single seed. Up
emergence from the seed, adults mate and females begin to
lay eggs within hours. C. maculatus needs only the
resources inside of a single seed to complete developm
and reproduce; additional food and water are not neces
(Fox et al. 2004a, b). Because of the ease with which it i
reared in the laboratory, C. maculatus is a widely used
model system for life history, behavior and genetic stud
(Bieri and Kawecki 2003; Fox et al. 2004b; Messina 2004a,
b; Arnqvist et al. 2005; Vamosi 2005).

We examine diVerences in plasticity of body size
between males and females in two populations of C. mac-
ulatus that diVer substantially in body size and in the
response to rearing host and temperature (Stillwell et
2007). The South India (SI) population was collected 
1979 from infested pods of mung bean, Vigna radiata (L.)
Wilczek, and the closely related black gram, V. mungo
(L.) Hepper, in Tirunelveli, India (Mitchell 1991). The
Burkina Faso (BF) population was collected in 1989 fro
infested pods of cowpea, V. unguiculata (L.) Walp., in
Ouagadougou, Burkina Faso (Messina 1993). These two
populations diVer in a large number of traits including
body size, adult lifespan, larval competitiveness, ovipo
tion behavior and the amount of paternal investment in
reproduction (Fox et al. 2004a, b, c; Savalli et al. 2000),
many of which have likely evolved due to diVerences in
the properties of their host species (Messina and Kar
2003; Messina 2004a). Both populations were maintained
in laboratory growth chambers on seeds of V. radiata (SI)
or V. unguiculata (BF) at >1,000 adults per generation fo
>100 generations (BF) or >200 generations (SI) prior 
this experiment.

Experimental design

We used a multifactorial experimental design (tw
populations£ three hosts£ four temperatures) to simulta-
neously examine the eVects of host plant species and tem
perature on sexual size dimorphism, development ti
dimorphism and growth rate dimorphism in the BF and 
populations of C. maculatus. In short, larvae of full-sib
families were reared on three host plants (mung; V. radiata,
azuki; V. angularis and cowpea; V. unguiculata) and at four
rearing temperatures (20, 25, 30 and 35°C; all at 15:9
light:dark; though this is a long daylight cycle for tropica
beetles, the photoperiod was the same for all treatments
populations) yielding 12 treatment combinations for ea
population. These temperatures and light cycle are ident
to rearing protocols used in other studies for norm
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