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We report on body mass dynamics, field growth rates and age-specific growth
curves for the leaf-eared mouse Phyllotis darwini (Waterhouse, 1837). Mark-recapture
methods provided data for a population of P. darwini in a semi-arid region of Chile
from 1987 to 1996. There were significant effects of sex, season, and slope exposure
on body mass. In addition, we found significant effects of sex, mass class, and season
on field growth rates. Individuals had highest growth rates during spring and summer
and lowest during fall, males grew faster than females, and juveniles grew faster than
adults. Growth rates of males were positively correlated with precipitation levels. This
result suggests that higher somatic growth rates during periods of unusual high
precipitation may account for population outbreaks observed in this species in semi-
-arid regions of Chile. Age-specific growth curves of body mass for both sexes showed
a strong sexual dimorphism. This sexual dimorphism in body mass may be related to
a polygynous mating system and strong male-male sexual competition during breeding
periods.
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Introduction

Growth, survival, and reproduction are the main components of the life cycle.
The interaction between life cycle and spatio-temporal variability of the environ-
ment determines the dynamics and structure of natural populations (Zeng and
Brown 1987, Caswell 1989). In particular, individual growth rates may reflect
changes in the environment, by being correlated with life history traits such as
survival and reproduction (Roff 1992). Therefore, studies of growth patterns and
body mass dynamics in natural populations are important to understand how life
history processes affect population dynamics. Because of the relationships between
body mass, survival, and reproduction, it is reasonable to incorporate body mass
as a variable in demographic models (see Caswell 1989). Also, the study of body
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mass dynamics is important because it allows an integration between the
energetics of individuals and demography, which arises from the metabolic
implications of body mass changes on population energy use (Marquet et al. 1995,
Medel et al. 1995).

For small mammals, there is abundant information concerning body mass
changes and field growth rates (Merritt 1984, and references therein). Several
authors have observed that small mammals exhibit seasonal variation in mean
body mass, being smaller during winter periods (Pucek 1970, Iverson and Turner
1974, Cameron and Spencer 1983, Merritt 1984, Slade et al. 1984, Zeng and Brown
1897, Bozinovic et al. 1990). Thus, a decrease of individual body mass causes a
decrease in populational body mass during periods of low food availability and/or
quality (Wunder et al. 1977, Merritt 1984, Karasov 1989, Bozinovic et al. 1990).
The same pattern may arise from processes such as emigration of old individuals,
differential mortality, and recruitment of young individuals (Iverson and Turner
1974). Consequently, determination of field growth rates may shed light on the
mechanisms involved in changes of population mass structure (Cameron and
Spencer 1983, Slade et al. 1984). Although several short-term studies of this
phenomenon have been conducted among neotropical small mammals (O’Connell
1986), we are not aware of any long-term analysis of the population ecology of a
neotropical rodent. Such long-term studies are needed to quantify body mass
dynamics and growth patterns, in an attempt to gauge how these traits respond
to variation in the environment and in population density.

In this paper we describe the body mass dynamics, sex-specific growth curves,
mass, sex, habitat and season-specific body mass, and field growth rates, based
on eight years of data from a population of the cricetid rodent Phyllotis darwini
(Waterhouse, 1837) inhabiting a semi-arid region of Chile. The leaf-eared mouse
P. darwini exhibits periodic outbreaks (up to 100 individuals/ha) which are trig-
gered by unusually high rainfall and subsequent pulses in plant growth (Jiménez
et al. 1992, Jaksic et al. 1996). Consequently, we analyze the relationships between
body mass dynamics and field growth rates concerning population density and
rainfall regimes.

Material and methods
Field and laboratory studies

The study was conducted in Las Chinchillas National Reserve, at Aucé (31°30°S, 71°06'W), 300 km
north of Santiago. The Reserve has a rugged relief with many ridges dissected by deep ravines and
few flat areas. The climate is semi-arid, with scarce rainfall concentrated in winter months. The
vegetation is a thorn-scrub, with species composition and cover depending on solar exposure (see
Jiménez et al. 1992). Slopes that face to the equator receive high solar radiation and are dry, whereas
slopes that face to the pole receive less radiation and are more mesic.

Life history data on P. darwini were collected through mark-recapture procedures on two opposite-
-facing slopes in each of two creeks 2 km apart within the Reserve from October 1987 to January
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1992, alternating creeks every month. Four trapping grids were used: two in opposite facing slopes of
El Grillo creek, and two in El Cobre creek. Each 7 by 7 trapping grid had stations separated by 15
m, thus covering an area of 105 by 105 m considering an influence boundary strip. We equipped grids
with one Sherman trap at each station; trapping sessions occurred every other month in each creek,
with traps activated simultaneously on the equatorial- and polar-facing slopes during 5 consecutive
nights. Traps were baited with rolled oats, and checked every morning. Each individual was marked
with a metal ear tag and the species, body mass, reproductive condition, and sex were determined.
From January 1992 to July 1996 only El Cobre creek was monitored, on a seasonal (quarterly) basis.

To analyze growth patterns during the first days of life, adult individuals of P. darwini were
captured near Santiago (La Plata creek, 33°28’S, 70°54'W) and transported to the laboratory. We
assigned animals in pairs of both sexes to plastic cages (40 x 40 ¢cm) with wood shavings as bedding
or nest material, and rabbit food pellets and water ad lib. We maintained animals at natural photo
periods and ambient temperatures. When females gave birth, males were removed and we recorded
body mass of offspring (£ 0.01 g) during the first 40 days of life on a weekly basis.

Data analysis

Field growth rates were calculated by subtracting body mass of an individual during trapping
period I from its mass in trapping period I+, dividing by the number of days elapsed during each
period, and then multiplying by 7 to yield a growth rate in g/week (see Slade et al. 1983). We
calculated field growth rates for individuals segregated by sex, season, slope exposure (equatorial and
polar facing slopes), and mass class. We defined seasons as winter (June—August), spring (September—
—November), summer (December—February), and fall (March—-May). In this study, animals were
assigned to seasons according to the season in which the last of successive captures occurred. We
assigned mass classes as juveniles (< 40 g) or adults (> 40 g), and body mass at first capture defined
mass class between successive periods of trapping. Because some animals that we recaptured during
a given trapping bout experienced mass loss, we only used the first capture of each seasonal trapping
period. To test growth rates for differences in sex, season, slope exposure, and mass class, we used a
four-way ANOVA. In this analysis we used two consecutive captures for a single individual. When an
individual was recaptured several times, we only used the first two consecutive captures, so that mass
changes represent independent samples.

To test body mass for differences in sex, season, and slope exposure, we used a three-way ANOVA.
We analyzed the relationships of body mass and growth rates with population density and rainfall
using the cross-correlation function (Chatfield 1989) and least-squares procedures. In this study, we
used the seasonal pattern of precipitation for the interval of time considered (1987-1996). We related
the precipitation that fell during the previous season with growth rates observed the subsequent
season. We excluded pregnant females when we analyzed body mass data, but not when we analyzed
growth rates.

Curves for age-specific growth patterns of body mass in both sexes were calculated using data
from the field and laboratory. We estimated age-specific growth patterns of body mass from indi-
viduals born in the laboratory by means of regression analysis during the first 40 days of life. We
used this relationship to estimate age (days) of individuals captured for the first time in the field and
with body mass lower than 30 g for females, and 35 g for males. P. darwini began to appear in the
traps at 15-25 g of body mass, which probably corresponds to time of weaning. In the laboratory,
individuals reached that body mass at the age of 20 days approximately. This way, we avoided
inclusion of adult animals that suffered loss of body mass. Then, we fitted a growth equation for each
sex using data for changes in mass between successive captures of the same-aged individuals. In this
analysis we excluded pregnant females. Data were fitted to von Bertalanffy’s model by the least-
-squares procedure.
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Results

We analyzed body mass data from 2614 captures (1361 of males and 1253 of
females), and individual growth rates data from 631 captures (269 of males and
362 of females), which corresponded to 408 different individuals (193 males and
215 females). Body mass varied temporally in both sexes, with P. darwini reaching
a peak in body mass in winter and a decrease in fall (Fig. 1). Nevertheless, there
was a large temporal variability in body mass in both sexes.

The three-way ANOVA revealed significant effects of sex on body mass (F =
441.99, df = 1, 2608, p = 0.0001), with males being larger than females (mean +
SD: 53.03 £ 14.6 and 42.42 + 11.5 g, respectively). Also, we found significant effects
of seasons on body mass (F = 37.03, df = 3, 2608, p = 0.0001), highest body masses
occurring during winter (53.76 + 0.75 g), intermediate in spring and fall (48.78
+ 0.51 g and 46.83 £ 0.54 g, respectively), and lowest during summer (45.66 +
0.48 g). In addition, there was a significant effect of slope exposure on body mass
(F = 17.84, df = 1, 2608, p = 0.0001), with equatorial-exposure subpopulations
being heavier than polar ones (48.68 + 0.35 g and 46.59 £ 0.46 g, respectively).
These patterns of change probably reflect responses due to variations in growth,
mortality, and recruitment. We did not find any effects of population density on
body mass in either sex (males: R%= 0.024, df = 1, 32, F = 0.77, p = 0.39; females:
R% = 0.021, df = 1, 32, F = 0.70, p = 0.41) or of rainfall (males: R? = 0.008, df =
1,28, F = 0.23, p = 0.64; females: R? = 0.0001, df = 1, 29, F = 0.01, p = 0.92).

Growth rates in both sexes also showed a large temporal variability (Fig. 2).
Seasonal growth rates of males and rainfall showed a significant peak of CCF at
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lag 0 (Fig. 3), which corresponds to the precipitation that fell the previous season.
Therefore, changes of body mass of males were positively associated with rainfall
levels. Consequently, we fitted a power curve (y = a + bx®) for the relationship
between growth rates of males and rainfall (Fig. 4), and the model fitted explained
70% of the variance. If we removed the outlier located at 450 mm of rainfall in
the graph, the correlation between growth rates and precipitations decreased to
B* 0.20, but the relationship was still significant (df = 1, 21, F' = 5.24, p = 0.033).

We tested the growth rates of 408 different individuals for differences in sex,
season, slope exposure, and body mass class. The ANOVA revealed a significant
difference between growth rates of males and females (F' = 10.54, df = 1, 395, p =
0.0001), with males growing 0.62 g/week (SD = 0.07) and females 0.51 g/week (SD
= 0.06). There was a significant difference in growth rates between mass classes
(F =64.38, df = 1, 395, p = 0.0001), juveniles (< 40 g) showing higher growth rates
than adults (1.04 £ 0.08 g/week and 0.36 + 0.05, respectively). We did not find any
effect of slope exposure on individual growth rates (¥ = 1.23, df = 1, 395, p = 0.27).
Nevertheless, we found significant differences between seasons (F' = 9.54, df = 3,
395, p = 0.001), highest total growth rates occurring during spring (0.83 + 0.11
g/week), and summer (0.76 + 0.10), intermediate during winter (0.57 + 0.09), and
lowest during fall (0.35 £ 0.07). Also, there was a marginal significant interaction
term between mass class and seasons (F = 2.41, df = 3, 395, p = 0.07), suggesting
that juveniles and adults had different patterns of seasonal variations in body
mass change. Consequently, we repeated the same analysis but with juveniles and
adults separate. The three-way ANOVA for adult data revealed significant effects
of seasons (F' = 2.81, df = 3, 272, p = 0.04), highest growth rates occurring during
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Fig. 3. Cross-correlation function between growth
rates of males of Phyllotis darwini and rainfall
during the previous season. Dotted lines in-
dicate Bartlett’s band. Seasons as time lags.

Fig. 4. Relationship between growth rate
(g/week) of males of Phyllotis darwini and
rainfall (mm) during the previous season. The
fitted curve was a power function (y = 0.24 +
0.25x%3 R? = 0.70).
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spring (0.63 *+ 0.12 g/week), intermediate during winter and summer (0.46 + 0.10
and 0.33 + 0.12, respectively), and lowest during fall (0.14 + 0.084). Juveniles
showed highest growth rates during spring and summer (1.68 + 0.24 and 1.43 +
0.14, respectively), intermediate during winter (0.99 + 0.18), and lowest during
fall (0.67 + 0.11).

A linear relationship between age (days) and body mass of individuals (Fig. 5)
was observed during the first 40 days of life (R'2 =085, df = 1, 185, p = 0.0001,
n = 186). We show growth curves in Fig. 6, wherein males of P. darwini reach an
adult weight of 75.07 g, the growth constant being 0.006, and a constant ¢o of
—33.86. On the other hand, females reach an adult weight of 41.72 g, with a growth
constant of 0.025, and a constant #o of —0.58. These results suggest that P. darwini
shows a strong sexual dimorphism in body size and growth rates.

Discussion

The leaf-eared mouse presents large temporal variability in body mass dy-
namics and growth rates, with important seasonal effects. Population body masses
are smallest during summer, increasing during fall and spring, and reaching a
peak in winter. Different processes operating at inter-annual and intra-annual
time scales may underlie the observed body mass dynamics. At an intra-annual
scale, body mass dynamics reflects the allocation of energy of individuals to
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reproduction and maintenance during different seasons, and likely the variability
in demographic parameters such as mortality, recruitment, and reproduction.

QOur results showed that P. darwini reaches the largest mean body mass during
winter and the smallest during summer. Several processes may explain changes
in mean body mass, for instance recruitment of light-weight individuals, dif-
ferential mortality, or changes in individual body mass (growth rates). Loss of
body mass during fall and summer may be related to energetic costs associated
with a period of low food availability and quality. In close agreement, we found
that juveniles and adult individuals showed their lowest growth rates between
summer and fall. In our study site, precipitation was concentrated during winter
months (Jaksic et al. 1996) and was associated with the season of vegetation
growth and reproduction. Thus, during summer and fall there was an important
decrease in herbage available for rodent consumption, and this may represent a
nutritional bottleneck for this species (sensu Karasov 1989). Even if rodents may
compensate for low availability of food items by behavioral and physiological
mechanisms, Karasov (1989) showed a clear effect of food quality and availability
on free-living woodrats Neotoma lepida during a seasonal nutritional bottleneck
in the Mojave Desert. He detected body mass reduction and nutrient imbalances,
with important consequences on survival and population mass dynamics.

Growth rates of P. darwini varied temporally in both sexes. The existence of
seasonal effects on growth rates provides some evidence that the body mass
dynamics observed in this population may be a result of changes in individual
body mass. Similarly, several authors have reported seasonal effects on growth
rates in other small-mammal species (Cameron and Spencer 1983, Merritt 1984,
Slade et al. 1984). The existence of low growth rates throughout summer and fall
supports the hypothesis that these seasons represent a period of low food avail-
ability. As expected, juveniles showed higher growth rates than adults.

The body mass dynamics observed may be a consequence of the different
seasonal effects on growth rates of juveniles and adults, and the recruitment of
light-weight individuals. Our opinion is that most changes in body mass dynamics
may be accounted for the recruitment of light-weight individuals in summer, and
the existence during winter of old individuals and young individuals that attain
their adult body size. The same pattern was documented in other rodent species
(Iverson and Turner 1974, Slade et al. 1984). In addition, we found significant
effects of slope exposure on population body masses, but not on individual growth
rates. Consequently, body mass differences between solar exposures may be the
result of demographic processes, such as differential mortality, or differential
recruitment in these two habitat types. It is important to consign here that
differences in population density, extinction and colonization rates, have been
recorded between slope exposures (Jiménez et al. 1992, Lima et al. 1996). Thus,
we think that spatial structure influences some demographic traits in P. darwini.

Because we did not find any relationship between body mass and population
density or rainfall in either sex, body mass dynamics may be the result of several
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demographic processes such as growth, survival, recruitment, and reproduction.
Therefore, if tradeoffs exist among these life history traits, or they relate in
different ways to population density and rainfall, then any relationship between
body mass and population density and rainfall may have been masked. Contrary
to body mass, growth rates of males showed a positive relationship with rainfall,
and therefore precipitation may determine the energy available for somatic growth
in males. This correlation reflects the seasonal changes found in growth rates and
the seasonal variability of the rainfall at this mediterranean-type locality. In
addition, this correlation may help explain the outbreaks reported for this
population (Jiménez et al. 1992, Jaksic et al. 1996). For example, the increase of
energy available for somatic growth may directly influence survival and repro-
ductive probabilities, thus providing a plausible mechanism underlying outbreaks
of P. darwini. Changes of individual body mass may determine survival and
reproductive probabilities, especially during periods of nutritional imbalances
(Karasov 1989). Thus, mass-based demography can be an important tool for
understanding the implications of individual-level processes such as changes in
body mass, on population-level patterns. Mass-based demographic studies have
been conducted in some rodent populations (Sauer and Slade 1985, 1986, 1987),
and these authors pointed out the importance of body mass for population
processes.

We found strong sexual dimorphism in body mass and growth rates. Growth
rates of males were higher than those of females, with males reaching a larger
adult body mass than females. This pattern was also evident in the growth curves.
Marked sexual differences in body size and age-specific growth suggest that P.
darwini has some important differences in life history features between sexes. For
example, females attain their maximum weight at 100 days, while males reach
their maximum body mass past 200 days. This difference suggests that females
attain sexual maturity younger than males, which is a common feature of species
with polygynous mating systems, with strong male-male competition for mates
(Emlen and Oring 1977). Sexual dimorphism in body size has been reported for
other rodent species (Cameron and Spencer 1983, Zeng and Brown 1987, Heske
and Ostfeld 1990 and references therein). According to Heske and Ostfeld (1990),
Ostfeld and Heske (1993), Boonstra et al. (1993), and Wolff et al. (1994), sexual
dimorphism in body size is expected to vary as a function of mating systems in
microtine rodents. Heske and Ostfeld (1990) argued that sexual dimorphism in
body size results from sexual selection, and that the difference in body size between
sexes is higher in the most polygynous species (Ostfeld and Heske 1993). Based
on our observed growth curves, we hypothesize that P. darwini has a polygynous
mating behavior, with males competing for mates and territories during the
breeding season, and females selecting larger males. In the laboratory, we observed
strong aggressive interactions between males during the mating period, resulting
in body injuries and sometimes death. If P. darwini has a polygynous mating
behavior, then we can predict that males should present lower survival rates,
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larger variances in reproductive success, and larger territories than females.
Although results of sexual dimorphism in body size are strongly suggestive in this
species, further studies concerning mating and social behavior are needed, and
we cannot reject the hypothesis of a promiscuous mating behavior of the females.
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