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ABSTRACT

Several competing hypotheses attempt to explain how envi-
ronmental conditions affect mass-independent basal metabolic
rate (BMR) in mammals. One of the most inclusive and yet
debatable hypotheses is the one that associates BMR with food
habits, including habitat productivity. These effects have been
widely investigated at the interspecific level under the assump-
tion that for any given species all traits are fixed. Consequently,
the variation among individuals is largely ignored. Intraspecific
analysis of physiological traits has the potential to compensate
for many of the pitfalls associated with interspecific analyses
and, thus, to be a useful approach for evaluating hypotheses
regarding metabolic adaptation. In this study, we investigated
the effects of food quality, availability, and predictability on the
BMR of the leaf-eared mouse Phyllotis darwini. BMR was mea-
sured on freshly caught animals from the field, since they ex-
perience natural seasonal variations in environmental factors
(and, hence, variations in habitat productivity) and diet quality.
BMR was significantly correlated with the proportion of dietary
plants and seeds. In addition, BMR was significantly correlated
with monthly habitat productivity. Path analysis indicated that,
in our study, habitat productivity was responsible for the ob-
served changes in BMR, while diet per se had no effect on this
variable.
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Introduction

For at least 5 decades, species-specific rates of energy metab-
olism have been studied and correlated with biotic and abiotic
factors, as evidence of metabolic adaptation to different envi-
ronments (e.g., Gordon 1977; Schmidt-Nielsen 1997; Willmer
et al. 2000; McNab 2002). Energy metabolism is associated with
the rate at which animals acquire and process energy to fuel
their existence. Since metabolic rates set the pace of life, mea-
surements and analysis of their variability have been and con-
tinue to be of paramount importance to several contemporary
evolutionary and ecological theories, which attempt to link an-
imal energetics to traits such as species richness, species dis-
tribution, reproductive effort, activity levels, and life-history
strategies (Kooijman 2000; Brown et al. 2004; Cruz-Neto and
Jones 2005). McNab (1992), Hulbert and Else (2004), and
Speakman et al. (2004) provide an overview of the development
of various metabolic measurements and describe how one such
measurement came to be known as the basal metabolic rate
(BMR). Originally defined as a way to index the minimum rate
of energy necessary to maintain homeostasis, BMR is by far
the most widely measured energetic parameter for endothermic
vertebrates and has been used as a standard to assess the costs
of different components of organism energy budgets, to analyze
species-specific variations in rates of energy expenditure during
maximal and sustained activities, to evaluate scaling effects on
rates of energy flux among species, and to understand metabolic
adaptations to the environment (McNab 2002). Consequently,
understanding and explaining the selective pressures that un-
derlie differences in BMR within and across species is pivotal
to elucidating major questions in evolution, ecology, and phys-
iology (van der Meer 2006).

The dependence of metabolic rates (including BMR) on body
mass has long been recognized, but functional explanations for
this dependence are still subject to intense debates (Cruz-Neto
and Jones 2005). Nevertheless, it is well known that differences
in body mass alone do not tell the whole story regarding var-
iations in BMR (McNab 1992). Currently, there are several
hypotheses that attempt to explain how biotic and abiotic con-
ditions affect mass-independent BMR in mammals (McNab
2002). One of the most inclusive and yet debatable hypotheses
is one that associates mass-independent BMR with diet. The
food habits hypothesis identifies three components of the diet
that can introduce variability into BMR: quality, availability,
and predictability (Cruz-Neto and Bozinovic 2004). Specifically,
the hypothesis posits that species or populations that exploit
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food with low energy content and/or low digestibility evolve
low mass-independent BMRs (Cruz-Neto et al. 2001; McNab
2002). Likewise, the evolution of a low mass-independent BMR
is likely to occur in habitats where food availability is low and/
or unpredictable (McNab 2002; Cruz-Neto and Jones 2005).
Albeit attractive, several problems and ambiguities have
emerged from studies attempting to test the food habits hy-
pothesis. One main problem, which is also relevant, is asso-
ciated with the taxonomic level of analysis. For example, studies
carried out at the interspecific level assume that for any given
species, all traits are fixed, and consequently the variation be-
tween individuals is largely ignored (Bennett 1987). Interin-
dividual variability is the raw material on which natural selec-
tion acts. By ignoring such variability, interspecific studies of
physiological traits cannot unambiguously demonstrate adap-
tation, nor can they unequivocally describe and differentiate
the ultimate or proximate factors responsible for variations in
any phenotypic trait, including BMR (Cruz-Neto and Bozinovic
2004). Intraspecific (or interpopulational) analysis of physio-
logical traits has the potential to compensate for many of these
pitfalls and, thus, to be a useful approach for evaluating hy-
potheses regarding phenotypic and genetic mechanisms of met-
abolic adaptation and evolution (Dohm et al. 2001; Nespolo
et al. 2003b, 2005; Labocha et al. 2004; Konarzewski et al. 2005;
Sadowska et al. 2005; Lovegrove 2006). Nevertheless, results
from between-species or between-population analyses of the
food habitat hypothesis do not always corroborate the expected
patterns, with results differing according to the experimental
protocol used and with the specific component of the hypoth-
esis being tested (Mueller and Diamond 2001; Cruz-Neto and
Bozinovic 2004; Speakman et al. 2004).

In addition to problems associated with the level of analysis,
several specific problems also plague the interpretation of the
results from studies attempting to test the food habits hypoth-
esis. For example, ambiguities surrounding diet categorization
can potentially confound interpretations from interspecific
analysis of the relative importance of diet quality (Cruz-Neto
et al. 2001; McNab 2002; Muñoz-Garcia and Williams 2005).
To what extent this problem has been circumvented by labo-
ratory-based intraspecific analysis is questionable (Cruz-Neto
and Bozinovic 2004).

On the other hand, evidence of an association between mass-
independent BMR and food availability and predictability
comes from interspecific or interpopulation studies where fac-
tors such as latitude, temperature, rainfall, and aridity of the
species’ habitats of origin have been used as a proxy to infer
the effects of availability and predictability on mass-indepen-
dent BMR (Degen et al. 1998; Lovegrove 2000, 2003; Tieleman
and Williams 2000; Mueller and Diamond 2001; McNab 2002;
Tieleman et al. 2003a, 2003b; Wikelski et al. 2003; Rezende et
al. 2004; Williams et al. 2004; Cruz-Neto and Jones 2005). With
the exception of some interpopulational analyses where habitat
productivity and/or variability were directly assessed (Mueller

and Diamond 2001; Speakman et al. 2004), generally, the pre-
cise effects of these two components cannot be separated be-
cause of confounding effects from other features of the habitat
where the species has evolved (i.e., direct climate effects).

While comparative physiology documents the range of phys-
iological variation across a range of organisms, measures of
integrative physiological traits, such as BMR, in wild-caught
animals may provide insight into the actual mechanisms that
an organism employs to maintain homeostasis in its everyday
life and, combined with natural history data, is a prerequisite
for developing hypotheses regarding physiological mechanisms
of homeostasis (Costa and Sinervo 2004; Goldstein and Pin-
show 2006). Thus, besides complementing data from laboratory
studies, such an approach allows for a direct analysis of how
physiological traits change as energy demand and environ-
mental conditions change (Wunder 1992; Derting and Hor-
nung 2003) and provides a way to more thoroughly test the
food habits hypothesis. To our knowledge, this type of analysis
has never been done before. In this study, we investigated the
effects of diet quality and habitat productivity (a measure of
diet availability and predictability) on the BMR of individuals
in a free-ranging population of the leaf-eared mouse Phyllotis
darwini (see “Material and Methods”). Basal metabolism was
measured on freshly caught animals from the field, since they
endure/encounter/undergo natural seasonal variations in cli-
matic factors (and, hence, habitat productivity) and diet quality.
Our main objective is to evaluate the food habits hypothesis
by differentiating between the relative importance of diet qual-
ity and diet productivity in determining the variability of mass-
independent BMR in a free-ranging population of rodents.

Material and Methods

Animals, Habitat, and Dietary Analysis

We used adult males and nonreproductive females of the leaf-
eared mouse Phyllotis darwini (Muridae). This species inhabits
semiarid and Mediterranean scrublands in central Chile, from
25� to 38�S and from sea level to 2,000 m above sea level
(Steppan 1998). The vegetation at the study site is sclerophyl-
lous, described physiognomically as evergreen scrub, and more
specifically known as matorral. The climate is Mediterranean,
with an annual mean precipitation of 376 mm, concentrated
65% in winter, from June to August. Precipitation is minimal
from December to March, accounting for only 3% of the yearly
total. Temperatures are highest from December to March
( ), corresponding to austral summer, and low-mean p 22.1�C
est from June to August ( ), during austral winter.mean p 7.7�C
The combination of high temperatures and low precipitation
from December to March characterizes the typical summer
drought of this Mediterranean climate (Jaksic 2001; http://
www.bio.puc.cl/sca/).

Animals were captured monthly from July 2005 to February
2006 in Quebrada de la Plata, central Chile (33�31�S, 70�50�W,
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Figure 1. Double logarithmic relationships between body mass (mb; g)
and basal metabolic rate (BMR; mL O2/h) in the leaf-eared mouse.
Each point represents a different individual. The allometric equation
representing the linear curve is .0.56BMR p 6.1mb

500 m above sea level), using 100 clean Sherman live traps with
small amounts of oats as bait. We captured a total of 57 animals
(33 males and 24 females). All individuals were ear tagged to
avoid repeatability in our measurements. Animals were trans-
ported to the laboratory within the same day of capture and
released 24 h later, following BMR measurements. We did not
feed animals before measurements, so we were confident that
they were postabsorptive. No pieces of oats were found in feces.

The leaf-eared mouse is reported to feed primarily on plants
and seeds and occasionally on insects (Meserve 1981; Silva
2005). To determine monthly variation in diet, we collected all
feces present in Sherman traps. Feces from each trap were stored
in individual vials for posterior analysis. Feces from each in-
dividual were pooled and homogenized in a solution of 6%
sodium hypochlorite. Three replicates per individual were an-
alyzed under a stereoscopic microscope (#20) with a calibrated
ocular. For each sample, we recorded 10 fields and determined
the relative volumetric percentage of plants, seeds, and insects
(see “Data Analysis”). For each dietary item, the percentage of
area covered was estimated using an ocular containing a

grid. Areas without fragments and fields with !50%10 # 10
of area occupied by dietary fragments were excluded from the
analysis (DeBlase and Martin 1981; Silva 2005).

Habitat productivity (Q) for each month was calculated as
follows:

pp
Q p # 1,000,

(T � T )(T � T )max min max min

where pp is the total monthly precipitation (mm) and Tmax (�C)
and Tmin (�C) are the mean maximum and minimum temper-
ature, respectively, for each month (Tieleman et al. 2003a).
Climatic data were obtained from the Pudahuel meteorological
station located 8 km north of our study site (http://
www.meteochile.cl). Q tends to be low in hot, dry months and
increases rapidly as the habitat becomes more mesic. In addition
to being an index of climatic variability, Q can also be used as
an index of the productivity of an area (Tieleman et al. 2003a)
and, thus, can be regarded as a measure of the availability and
predictability of dietary resources.

Measurements of Basal Metabolic Rate

Following capture, all animals were maintained in the labo-
ratory for less than 24 h at natural temperature and photo-
period. Before being released at the same site of capture, in-
dividuals were fed apples. BMR was measured in the laboratory
by recording oxygen consumption in a computerized (Datacan
V) open-flow respirometry system (Sable Systems, Henderson,
NV). Postabsorptive animals were maintained in plexiglass met-
abolic chambers (1,000 mL) at (NespoloT p 30.0� � 0.5�Ca

et al. 2003c), which is within the thermoneutral zone of this
species (Bozinovic and Rosenmann 1988). The metabolic

chamber received dried air at a rate of 800 mL/min from mass
flow controllers (Sierra Instruments, Monterey, CA), which is
enough to ensure adequate mixing in the chamber. Air passed
through CO2-absorbent granules of Baralyme and H2O-ab-
sorbent granules of Drierite both before and after passing
through the chamber and was sampled every 5 s by an Applied
Electrochemistry O2 analyzer (model S-3A/I, Ametek, Pitts-
burgh, PA). Oxygen consumption values were calculated using
equation (4a) of Withers (1977). Since P. darwini is nocturnal,
all metabolic trials were completed between 0900 and 1700
hours, when individuals were resting. Body mass was measured
before metabolic measurements using an electronic balance
(�0.1 g), and colonic body temperature (Tb) was recorded at
the end of each measurement using a Digi-Sense copper-con-
stant thermocouple. BMR was estimated as the lowest steady
state period of 3 min, recorded during measurements (ca.V̇o2

2 h). Observed BMR was compared against standard BMR
values expected for eutherian mammals (McNab 2002), fol-
lowing the allometric equation: BMR (mL ,0.72O /h) p 3.53m2 b

where mass (g). Since body mass is the main factorm p bodyb

explaining variation in BMR (Kleiber 1961), mass-independent
BMR (percent of mass expected BMR) was calculated as

BMR observed
percent BMR p # 100.

0.72BMR expected p 3.53mb

Data Analyses

Statistical analyses were performed using the Statistica (StatSoft
2001) statistical package for Windows. We performed linear
regressions with mass-independent BMR as the dependent var-
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Figure 2. Relationships between mass-independent basal metabolic rate
(BMR) and the proportion of dietary plants (a), seeds (b), and insects
(c) in the leaf-eared mouse. BMR is presented as the percentage of
expected BMR calculated from the aforementioned equation. The re-
gression coefficients and their associated significance are indicated on
each graph. Each point represents a different individual, and curves
are represented by (a), (b),y p 40.056 � 55.408x y p 126.05 � 63.46x
and (c).y p 109.2 � 3.671x

iable and mb, diet, and the Q index as independent variables.
We used ANOVA (or Kruskall-Wallis) tests for comparisons
among factors. Before analyses, we tested assumptions of nor-
mality and constant variance test using Shapiro-Wilks W and
Levene’s tests. When required to satisfy assumptions of nor-
mality for parametric statistical tests, percentage data were arc-
sine–square root transformed.

The structural equation modeling module of Statistica was
used to compute standardized path coefficients among mea-
sured variables and to test the overall path diagram as a likely
cause of the observed data. We used maximum likelihood to
estimate parameters, with their respective standard errors (Nes-
polo et al. 2003a). The significance of the overall path model
was assessed using the x2 statistic computed from the departure
of the observed data from the expected covariance matrix
(Shipley 2000). The null hypothesis of perfect fit states that the
data support the proposed model. Contrarily, a significant x2

value means that the model is not supported by the data and
needs to be modified. Structural equation modeling has two
basic assumptions: multivariate normality and linearity among
variables. The fact that the proportion of plants, seeds, and
insects in diets must sum one unit implies the existence of a
conservation law. To overcome this problem, we analyzed three
different structural equations, considering the proportion of
only one kind of diet (seeds, plants, or insects) in each analysis
(Fig. 4). Results are reported as SE.means � 1

Results

The mean body mass of the leaf-eared mouse was 72.1 �

g (range: 43.4–140.2 g) and did not differ significantly in16.0
relation to both month and sex or to the interaction

(two-way ANOVA; , ).months # sex F p 0.724 P p 0.6527, 57

The amount of plants in the diet ( , ,H p 30.334 df p 7 P !

) increased significantly during winter (Dunn’s method,0.001
), while the amount of seeds in the diet increased duringP ! 0.01

summer ( , , ; Dunn’s method,H p 33.673 df p 7 P ! 0.001
). During winter, dietary plants (mainly leaves) repre-P ! 0.01

sented nearly 100% of all items, while during summer, this
item decreased to nearly 70%, with a concomitant increase in
dietary seeds. No significant changes in dietary insects were
detected ( , , ).H p 4.403 df p 7 P p 0.732

We observed a significant scaling relationship between BMR
and mb (Fig. 1). The intraspecific allometric equation calculated
for an individual leaf-eared mouse was BMR (mL O /h) p2

( , , ). A signifi-0.56�0.10 26.1m r p 0.345 F p 20.011 P ! 0.0001b 1, 56

cant linear relationship between mass-independent BMR and
the proportion of dietary plants and seeds was found. This
relationship was positive for dietary plants (y p 40.056 �

; , ; Fig. 2a) and negative for dietary55.408x r p 0.302 P p 0.022
seeds ( ; , ; Fig. 2b).y p 126.05 � 63.46x r p �0.367 P p 0.004
No significant relationship was observed between mass-inde-
pendent BMR and dietary insects ( ;y p 109.2 � 3.671x r p
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Figure 3. Relationships between mass-independent basal metabolic rate
(BMR) and the Q index calculated for the leaf-eared mouse habitat.
BMR is presented as the percentage of expected BMR calculated from
the aforementioned equation. The positive relationship is highly sig-
nificant. Each point represents a different individual, and the curve is
represented by .y p 98.534 � 0.00023x

, ; Fig. 2c). Mass-independent BMR was also0.012 P p 0.925
significantly related to the Q index, which is associated with
environmental productivity ( ;y p 98.534 � 0.00023x r p

, ; Fig. 3).0.537 P ! 0.001
Finally, as an attempt to determine the hierarchical order of

factors affecting the magnitude of BMR, we developed/gener-
ated three path models based on nominal x2 P values. None
of these path models presented significant differences from the
expected covariance structure (i.e., all are supported by the data;
Fig. 4). As expected, for all of the models, path analysis indi-
cated that BMR was always significantly correlated with body
mass. Interestingly, for all models, the Q index was significantly
correlated with both diet and BMR; however, diet was not
significantly correlated with BMR. In fact, the exclusion of this
path generated models with slightly improved fit but that were
not significantly different from the original model. Thus, we
prefer to retain the model containing the path between diet
and BMR because it is congruent with observations, and it
allows us to highlight the nonsignificant connection between
diet and BMR.

Discussion

On an evolutionary timescale, it has been hypothesized that
diet is a powerful selective agent shaping rates of energy ex-
penditure in birds and mammals (Bozinovic and Martı́nez del
Rı́o 1996). The evolution of diets that are free from chemical
agents, with low fiber content and/or high digestibility, are
thought to be correlated with the evolution of high rates of
energy expenditure, most notably the BMR (McNab 2002). The
effects of diet quality have also been extended to a proximate
level. For example, it has been hypothesized that within an
individual’s lifetime, an organism faced with a low-quality diet
can lower its BMR and, hence, reduce its daily food (energy)
requirement (Cork 1994). Cruz-Neto and Bozinovic (2004)
reviewed intraspecific studies that manipulate diet quality in
order to evaluate changes in BMR. The results from such studies
showed mixed support for the food habits hypothesis. Some
species did indeed downregulate BMR in response to an ex-
perimental diet quality, but other species showed no effect—
or even an increase in BMR—when exposed to low-quality
diets, depending on the acclimation period and whether ani-
mals can trigger the integrated processing responses (sensu Bat-
zli et al. 1994; see also Choshniak and Yahav 1987; Veloso and
Bozinovic 1993, 2000; Bozinovic 1995; Koteja 1996; Geluso and
Hayes 1999; Rosen and Trites 1999; Silva et al. 2004).

In our analysis, which used a “natural experiment” in which
animals changed their diets at will, a shift in diet was correlated
with changes in mass-independent BMR. In this regard, our
first analysis using linear regressions (Fig. 2) supports the as-
sertion that diet quality affects mass-independent BMR, even
at a proximate, local level. In a more specific context, our results
support the expected patterns for animals with mixed diets, as

originally suggested by McNab (1986). For example, the leaf-
eared mouse showed a negative and significant relationship
between mass-independent BMR and the percentage of seeds
and insects in its diet, but an inverse pattern was observed
when plant materials became progressively more important
(Fig. 2). Thus, it seems that adjustments of BMR for animals
with mixed diets are primarily regulated by the type of the food
that composes the bulk of the diet, with adjustments occurring
in the same direction as those expected for mammals specialized
on a particular component of the diet. Such a pattern was also
observed in a higher-level analysis of carnivores with mixed
diets by Muñoz-Garcia and Williams (2005), who found that
mass-independent BMR was positively correlated with the per-
centage of meat in the diet.

Several interspecific studies have implicitly analyzed the ef-
fects of food availability and predictability on mass-indepen-
dent BMR by demonstrating that mass-independent BMR is
higher in mesic habitats when compared with xeric habitats or
by showing strong correlations between climatic variables (tem-
perature and rainfall) and mass-independent BMR (Lovegrove
2000; McNab 2002; Rezende et al. 2004). Underlying these
analyses is the assumption that climatic variability directly re-
flects food availability and predictability. Our results show that
the mass-independent BMR of the leaf-eared mouse is lower
during warm months than cold months and varies positively
with precipitation (Fig. 3). Given that productivity tends to be
higher during the cold, wettest months in Mediterranean hab-
itats (Jaksic 2001), this result supports the prediction that mass-
independent BMR is positively correlated with productivity.
However, one difficulty in ascribing these results to a direct
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Figure 4. Path diagrams of the three causal models tested. The correlation coefficients (�SE) and their associated probabilities are indicated
for each arrow (three asterisks, ; two asterisks, ; NS, not significant); error.P ! 0.001 P ! 0.01 u p residual

effect of productivity and resource availability is that the sea-
sonal variation we observed in BMR may also be a direct re-
sponse to the effects of climate per se. For example, as climatic
conditions vary seasonally, endothermic animals would show
phenotypic physiological responses to directly cope with the
changing conditions of temperature and humidity (McNab
2002; Lovegrove 2005). Thus, for the leaf-eared mouse, the
decrease in BMR during summer might well be due to factors
related to maintenance of the water budget during periods of
drought, whereas the increase observed in winter can equally
be ascribed to an increase in thermogenic capacity, reflected by
the increase in BMR. Even though our use of the Q index
might not have fully solved this problem, our results point to

a more pronounced effect of environmental productivity on
mass-independent BMR of the leaf-eared mouse rather than
an effect of climate per se. For example, Mueller and Diamond
(2001), using a common garden experiment (they kept rodents
from distinct geographical locations under the same condi-
tions), studied the relationships between metabolic rate and
environmental productivity of species of rodents (Peromyscus).
These researchers found that high-BMR mouse species from
high-productive environments were more active than were low-
BMR species from low-productive habitats, concluding that
BMR is driven by environmental productivity and, hence, food
availability rather than temporal variability in productivity. This
conclusion also seems to apply to our study but on a seasonal
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scale. Tieleman et al. (2003a, 2003b), studying five species of
larks present along an aridity gradient, found that acclimation
to temperature could not explain the variability in BMR be-
tween these species. Thus, much of the observed variability in
BMR can be directly ascribed to differences in habitat pro-
ductivity rather than a direct effect of climate per se. Indeed,
when the two/three components of the food habits hypothesis
(diet quality and availability) were analyzed in tandem, using
path analysis, our results suggested that the impact of the Q
index of habitat productivity on mass-independent BMR was
responsible for the observed changes in BMR, while diet quality
had no effect on this variable.

As stated earlier, we cannot be sure to what extent the major
effects of the Q index reflect an effect of diet availability alone
and/or an effect of climate per se. Nevertheless, the important
point here is that, contrary to what has been suggested by
Mueller and Diamond (2001), the different effects of the com-
ponents of the food habits hypothesis can have very different
effects on the variability of BMR and, hence, cannot be said to
exemplify one common factor. One example of these multi-
faceted effects can seen in the use of seed as food. The leaf-
eared mouse feeds on seeds during the summer, when tem-
perature is high and water and food availability low. Hinds and
MacMillen (1985) and McNab (2002) suggested that seed-eat-
ing rodent species reduce their BMR to balance their water
budget and to cope with the ephemeral and dry nature of seeds
as a food resource. However, given the results of our path
analysis, a more plausible explanation is that the reduction
observed in BMR is mostly due to the low availability of this
resource, with the nutritional quality of the seeds as food play-
ing a lesser, negligible role.

In summary, our results were conclusive about the effects of
diet quality on setting the level of mass-independent BMR in
the free-ranging leaf-eared mouse. We also found that habitat
productivity affects mass-independent levels of BMR. However,
it was impossible to fully tease apart the two factors intertwined
within this index (availability and predictability) and to rule
out the direct effects of climate. When analyzed together, how-
ever, and with previous knowledge of the natural history of the
leaf-eared mouse (Mann 1978), our results suggest that the
distinct components of the food habits hypothesis cannot be
treated as a single common factor and that, at least for our
study species, the effects of food availability seem to be more
important than the effects of the nutritional quality of the diet
in setting the level of mass-independent BMR.

Finally, as Goldstein and Pinshow (2006) have pointed out,
quantifying organismal response to changing environments
provides a bridge between mechanistic physiology, ecology, and
evolutionary biology. Although uncontrolled factors in natural
biotic and abiotic environments may make it difficult for our
capacity to define accurate and causal relationships among var-
iables, this type of study provides opportunities not available
under laboratory conditions. In this vein, Costa and Sinervo

(2004) recently called for a new approach to ecological phys-
iology, denominated field physiology. These authors advocate
field physiology as a discipline founded on an understanding
of natural environments and the natural history of organisms
to develop hypotheses and questions regarding the types of
physiological problems faced by animals in the field. In this
sense, researchers have begun to quantify various aspects of
organismal natural history in order to evaluate the role of nat-
ural selection in determining the evolution of physiological
traits. Here we have illustrated the physiological receptiveness
of animals to environmental conditions, thus providing specific
insights into the evolution of metabolic capacities through the
combination of measurements of energetic responses to chang-
ing environmental productivity.
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