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Knowledge of feeding habits not only contributes information related to the
resources that individuals need to survive and breed, but also leads to insights about
the interactions between a species and its environment. The optimal foraging theory
explains diet selection by several attributes of the trophic scenario such as availability,
diversity, quality and predictability of food. Other models propose that digestive tract
mass increases under high metabolic demands by cold, affecting food choice and
intake. Thus, diet selection emerges as a behavioural trait shaped by intrinsic and
extrinsic factors. The goal of our study was to determine variation in the trophic
scenario among sites at different elevations, as well as variation in phenotypic traits
relevant to the nutritional and energy balance in Phyllotis xanthopygus. This small
rodent is widely distributed along the Andes Mountains. We assessed diet selection
and digestive tract size in individuals collected at three elevations across its distribu-
tion range. Results on dietary proportion of specific trophic categories (green parts,
fruits and arthropods) showed that P. xanthopygus alternates between omnivory and
granivory/frugivory. Richness, diversity and quality of the available resources evi-
denced a relatively low-quality trophic scenario at high altitude. Nevertheless, the
diets built in by animals from diverse altitudes lacked differentiation in quality or
diversity. P. xanthopygus seems to behaviourally compensate environmental variation
to cope with nutritional requirements, by changing diet composition and proportion
of items included. The resultant uniform diet quality is consistent with the absence of
variation in the gastrointestinal tract size. Considering the spatial variability and
seasonality of the region, a behavioural response is probably the most convenient
strategy to overcome short-term environmental heterogeneity. In a plastic species
such as P. xanthopygus, behaviour is a fundamental aspect to take into account by
predictive models in the forecasts of climate change effects on biological diversity.
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INTRODUCTION

The foraging habit of a species is a phenotypic characteristic that can be assessed
from different perspectives. The classical view of the optimal foraging theory explains
diet selection by attributes of the trophic scenario: availability of food in the habitat, its
diversity, quality and predictability, among other ultimate or external causes
(MacArthur & Pianka 1966; Schoener 1971; Stephens & Krebs 1986; Pianka 1994).
On the other hand, proximate causes like chemical identity, detoxification pathways,
morphology of the gastrointestinal tract and specific metabolic demands have been also
pointed out to account for diet selection (Karasov 1986; Sabat et al. 1993; Lepczyk et al.
2000; Rubenstein & Wikelski 2003; Simpson et al. 2004). Feeding choices are recog-
nised to be jointly determined by both the ecological context and the processing
machinery of animals (Bozinovic & Martínez del Río 1996). The resultant foraging
habit is a species-specific trait, but within certain limits and depending on the taxo-
nomic group, it can be quite flexible. Regarding dietary habits, there is general agree-
ment that a specialist consumes more than 50% of its diet in the form of one particular
item (Giannoni et al. 2005; Silva 2005). It is also a criterion used to arbitrarily assign the
terms granivore, insectivore and herbivore to animals whose diets include more than
50% seeds, insects or plants, respectively, whereas omnivore refers to those species in
which no particular category prevails (in the diet; Meserve et al. 1988; Kerley &
Whitford 1994). At the intraspecific level, dietary plasticity has been reported by
numerous studies, and highlighted as a keystone to the relationship among animals
and their habitat (Sabat et al. 1998, 1999; Sabat & Bozinovic 2000). Trophic interac-
tions established between animals and their environment are influenced by different
factors, being susceptible to change with temporal and spatial heterogeneity. By means
of diverse behavioural and physiological strategies, animals cope with environmental
variation to maintain their homeostasis and performance (Bradshaw 2003). Among
them, flexible responses, occurring on short time scales, make a major contribution
to the adaptability of animals (Pigliucci 2001). In this sense, the range of behavioural
plasticity is reported to increase with environmental variability (Komers 1997).

Animals can be modelled as systems processing energy and matter by means of
acquisition (foraging, digestion and absorption) and expenditure (thermoregulation,
growth, reproduction; Weiner 1992) events. Bottlenecks can operate on any stage of
this process: the availability of resources, the digestive capacity of organs and/or the
expenditure rate (Hayes & O’Connor 1999; Noren & Mangel 2004; Pryor & Bjorndal
2005). The interplay between diet and energetics has been approached several times
from alternative perspectives. For instance, the food–habit hypothesis (McNab 1986),
posits that food quality, availability and predictability directly affect basal metabolism.
Its predictions have been partially supported by evidence, but the role of other traits like
enzymatic plasticity or maximum thermogenic capacity has been suggested to shape
this interaction (Cruz-Neto & Bozinovic 2004). On the other hand, recent investigations
show that the level of energy expenditure estimated through basal metabolic rate is
determined by ambient temperature, precipitation and foraging habits of the species
(Naya et al. 2013a). Particularly for endotherms, the obligatory heat model (Naya et al.
2013b) proposes that digestive tract mass increases in order to generate enough

2 P.L. Sassi et al.

D
ow

nl
oa

de
d 

by
 [

L
ib

ra
ry

 S
er

vi
ce

s 
C

ity
 U

ni
ve

rs
ity

 L
on

do
n]

 a
t 1

0:
21

 3
0 

Ju
ne

 2
01

6 



metabolic heat to offset the gap between ambient and body temperature. Furthermore,
studies on phenotypic flexibility in digestive response have shown that acclimation to
cold environments results in an increase of food intake and hypertrophy of food-
processing organs (Hammond & Wunder 1995; Naya et al. 2005). The economic prin-
ciple of Sibly (1981) predicts that moderate demands of energy imply changes in food
processing while high demands of energy require additional changes in the mass of
digestive organs. Therefore, in colder climates a herbivore would have a relatively larger
gut, which allows it to increase the proportion of comparatively low-quality items
(green plant parts) in the diet. Similarly, low-quality diets and high energy demands
are connected to the increase of intestines and caecum at seasonal as well as geogra-
phical scales (Bozinovic et al. 1990; Hammond & Wunder 1991; Sassi et al. 2007).

Elevation gradients entail special interest for ecological studies because climate
sharply changes across relatively short distances. Therefore, the species whose distribu-
tion ranges are narrow along the altitudinal cline are strongly associated to local
climate conditions (Theurillat & Guisan 2001). Quantifying the responses of organisms
to environmental variations allows the revelation of mechanisms that relate physiology
and behaviour with ecology and their evolutionary implications (Bozinovic et al. 2007).
Our model species is Phyllotis xanthopygus, a small rodent widely distributed along the
Andes Mountains in southwest Argentina towards southern Peru, encompassing high
environmental heterogeneity (Steppan et al. 2007). In the Central Andes of Argentina,
the species has been found at altitudes between 1500 and 3300 m (Novillo & Ojeda
2014). This altitudinal range covers a broad temperature and rainfall gradient across a
steep slope, implying strong environmental variations. Climate estimates indicate that
P. xanthopygus endures markedly different conditions at diverse altitudes, with a pro-
nounced decrease in annual mean ambient temperature and an increase in relative
humidity towards higher elevations (Sassi & Novillo 2015). It has been described as a
herbivore, but high variation in diet is reported among subspecies as well as across
altitudes (Kramer et al. 1999).

In this context, the goal of our study was to determine the variation in the trophic
scenario (richness, diversity, abundance, and quality of trophic resources) among sites
located along an elevation cline, as well as the variation in phenotypic traits relevant to
the nutrients and energy balance (i.e. foraging habits and digestive tract size) in a
species distributed across that cline. We expected that availability and quality of food
items would be lower at comparatively higher altitude sites, and hypothesised that P.
xanthopygus would show adjustments to cope with its maintenance requirements.
According to the theoretical framework, we predicted that along the elevation gradient
individuals collected at higher altitudes would present comparatively less diverse and
lower-quality diets and larger digestive organs than animals collected at low-altitude
locations.

MATERIALS AND METHODS

Study site

The study was carried out at El Manzano Histórico Reserve (Mendoza Province, Argentina)
between December 2012 and February 2014. We established sampling sites along an altitudinal
transect at 1700 (33°35ʹ35.8ʹ’S, 69°24ʹ15.6ʹ’W), 2300 (33°36ʹ48.4ʹ’S, 69°28ʹ42.7ʹ’W) and 3100 (33°
36ʹ37.9ʹ’S, 69°32ʹ14.5ʹ’W) m above sea level (asl). Sites were 3 to 4 km apart, encompassing gradual
changes in the landscape. Since the access to the top site (3100 m asl) is blocked by snow during
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winter and spring (between May and October) we decided to conduct the study during the summer.
The focus of our study was to perform an altitudinal comparison, so we left aside seasonal
variation. According to Méndez (2011), these sites belong to different phytogeographic provinces,
where the sites at 1700 and 2300 m asl correspond to the Andean province while the one at 3100 m
asl is within the High Andean region. With regard to temperature, there are marked differences in
annual mean temperature among elevations: 14.91 ± 6.83 °C (1700 m asl), 11.15 ± 5.65 °C (2300 m
asl), and 7.40 ± 5.6 °C (3100 m asl) (Sassi & Novillo 2015).

Sampling and data collection

In order to compare resource availability and quality among the elevations we assessed plant
cover, richness and diversity. We set five strip transects per year at each sampling site, giving a
total of 10 transects per site. Each transect consisted of 20 quadrats, the size of which was
determined using the minimal area method (Matteucci & Colma 1982). Quadrat sizes were as
follows: 1 m2 (at 1700 m asl), 1.5 m2 (at 2300 m asl), 2 m2 (at 3100 m asl). Transects were at least 10
m apart. Samples were taken on 10 quadrats leaving 1 m2 in between. At each quadrat, we assessed
total percent cover and percent cover per plant species. Additionally, we collected samples from the
most representative plant species in the diet (more than 10% of occurrence) which were dried in
the laboratory for proximal chemical analysis (Bjorndal & Bolten 1993). The analysis included
nitrogen and crude fibre determination (AOAC 1980). To estimate resource quality per site, we
calculated nitrogen and fibre indexes per transect as [A]/g i * Pi, where [A]/g is the concentration of
nitrogen or fibre per gram of a trophic item i and P is the mean proportion of the item i (i.e. plant
species) in each transect. Chemical analysis of 21 plant species is summarised in Table A1
(Appendix).

In order to characterise the variation of the species’ diet among altitudes, we sampled fresh
faeces of captured P. xanthopygus, using Sherman live traps at the three sampling sites (Sassi &
Novillo 2015). Collected samples were taken to the laboratory for analysis. Ten grams from each
faecal sample were analysed using a microhistological technique proposed by Dacar and Giannoni
(2001) that allows identification of histological features of leaf epidermis, seed coats, fruits and
arthropod body parts. On each slide, 50 randomly chosen microscope fields were observed at 40×.
The presence of a food item was recorded and its relative frequency of occurrence was determined
by dividing the number of microscope fields in which that item occurred by the total number of
microscope fields observed (Holechek & Gross 1982). Only plant items were identified to species
level when possible. Similarity in the composition of stomach and faecal contents is usually high,
particularly when frequency values of food items are used in the analysis (Homolka & Heroldová
1992).

In the first year of sampling, we found significant amounts of arthropods in the diet;
therefore, in the second year we considered it important to record their abundance at each site.
For this purpose, we set five pitfall traps per site – consisting of jars (325 cm3) half filled with
water and a few drops of detergent to reduce surface tension – for a period of 3 days in
February 2014 (guidelines by Woodcock 2008). Finally, we counted the total number of arthro-
pods in each pitfall trap (Appendix, Table A2). All invertebrates were sorted to morphospecies
following Oliver and Beattie (1993) – that is, using external morphology only and without the
use of keys. To estimate the nutritional quality of arthropods we averaged nitrogen and crude
fibre values taken from the literature (Ramos-Elorduy 1997; Ramsay & Houston 2003; Melo
et al. 2011; Van Huis et al. 2013). To estimate diet quality, we calculated nitrogen and fibre
indexes per individual diet as [A]/g i * Pi, where [A]/g is the concentration of nitrogen or fibre
per gram of a consumed item i and P is the mean proportion of the item i (i.e. arthropod/plant
species) in each diet sample.

From the captured individuals, we randomly chose five adults from each site and took them
to the laboratory, where they were sexed and weighed to the nearest 0.1 g. Then, they were
sacrificed following guidelines for animal care and use of the American Society of
Mammalogists (ACUC 1998). Digestive tracts were removed and divided into four portions:
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stomach, small intestine, caecum and colon. For each organ, we removed digestive contents and
measured wet mass on an analytical balance to ± 0.1 mg.

Statistical analysis

To compare total vegetation cover among the sites we performed an analysis of variance
(ANOVA), with plant cover as response variable and site as fixed factor, followed by a Tukey test for
post-hoc comparisons. Data on plant cover was transformed to arcsine square root in order to meet
the parametric analysis’ requirements (normality and homoscedasticity; Zar 2010). To detect
significant differences in the supply richness and diversity among the different elevation sampling
sites, we calculated species richness and the Shannon–Wiener index (H’) at each transect per site
and then applied pairwise comparisons using a Wilcoxon for independent sample test (Zar 2010).
To analyse the overlap of trophic resource availability among sites we used the proportional
similarity (PS) index (Feinsinger et al. 1981). This index ranges from 0 to 1, the highest value
indicating maximum similarity in the proportion of trophic resources between two sites. To
evaluate the variation of nutritional quality supply, we performed an ANOVA using nitrogen and
fibre indexes per transect as response variables and site as fixed factor.

As for the arthropods, we estimated differences in abundance among the sites using a non-
parametric analysis (Kruskal–Wallis and post-hoc test), as the data did not fulfil the normal
distribution assumption. The data for ant abundance was analysed separately from the data for
the rest of the groups since the former are social insects and the presence of a colony could skew
results (Turner & Foster 2009).

In order to determine variation in the foraging strategy, we calculated richness and the
Shannon–Wiener diversity index using the frequency of food items in the diet. To define the
prevailing tendency of the dietary habits at different elevations, we clustered food items in three
categories based on nutritional quality: green parts, fruits and arthropods. To detect significant
differences among the sites, we applied pairwise comparisons using a Wilcoxon for independent
sample test (Zar 2010).

To compare diet niche breath among sites, we again calculated the PS index using the
frequency distribution of items in the diet and the frequency distribution of resources at the sites.
In this way, we determined the overlap between each individual’s diet and its supply at each
sampling site. Then we performed an ANOVA analysis with PS value as response variable and
altitude as categorical predictor, to test for significant differences among sites.

To analyse diet selection (i.e. the degree to which a species is more likely to take one kind of
food item rather than another) we only used plant matter. Plant species were clustered into six
categories according to life form: herbs, grasses, cacti, ferns, sub-shrubs (shrubs less than 1 m tall)
and shrubs. Food category selection was estimated by applying Manly’s index of selectivity (Manly
et al. 2002):

αi ¼ Pui=Paið Þ � 1Σ Pui=Paið Þ
where Pui is the observed proportion of category i in each individual’s diet and Pai is the available
proportion of category i in the environment. If αi is greater than 1/k, k being the number of food
categories, then category i is selected. If αi is less than 1/k, then the category i is avoided. To test the
reliability of Manly’s index, we resampled the faeces 100 times by bootstrapping. We then calcu-
lated the average values and the 95% confidence intervals (CI) of Manly’s index. The 95% CI that
include the value 1/k indicate a use that is proportional to the availability.

We assessed variation of diet nutritional quality among altitudes, using ANOVAs to compare
sites for nitrogen and fibre indexes per diet sample. In this case, nitrogen index values had to be
transformed to arcsine square root in order to meet the normal distribution assumption of the
parametric analysis (Zar 2010).

Finally, to evaluate differences in gut size among animals from the three elevations, we
performed a MANOVA analysis with site as fixed factor and stomach, small intestine, caecum,
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colon and total gastrointestinal tract weights as response variables. In order to standardise the
data, each variable was divided by the individual’s total body weight.

RESULTS

Total vegetation cover did not differ significantly among the sites (F(2,29) = 0.63; P =
0.54), being 50.4% for the 3100 m site, 54.45% for the 2300 m site and 52% for the 1700
m site. Plant richness and diversity were higher at 2300 m asl compared to the other two
elevations, this difference being statistically significant with respect to the site at 3100 m
asl only (Table 1). The overlap among plant communities is proportional to the distance
among sites, being in general not higher than 15% (i.e. between 1700 and 2300 m asl =
0.15, between 2300 and 3100 m asl = 0.11) and even lower between the extremes of the
cline at 1700 and 3100 m asl (PS = 0.03). Regarding the nutritional quality of plants in the
supply, the nitrogen gradient was 1700 ≈ 2300 > 3100, while the crude fibre gradient was
3100 ≈ 2300 > 1700 (Table 1). These results suggest a comparatively higher quality
trophic scenario at low elevation since the available plants at 1700 m elevation had on
average less fibre and more nitrogen than plants at 3100 m asl. Finally, we found that
both ants and the rest of the arthropods were significantly more abundant at the 3100 m
asl site than at 1700 m asl. The 2300 m site showed no differences from the 1700 m one
for the rest of the arthropods, while the value for ants was intermediate between the sites
(Table 1).

We collected a total of 18 faeces samples at 1700 m, 14 at 2300 m and 12 at 3100 m
elevation sites (one sample per captured individual). Species richness and diversity in the
diets did not vary among the elevations, probably because foraging behaviour did
(Table 2). In fact, the diet of P. xanthopygus changed across sites, as suggested by the
varying proportions of different food categories in terms of their nutritional quality. For
instance, at 1700 m asl green parts were more frequent than fruits and arthropods, the
latter category being significantly less frequent than the others. At 2300 m asl, the greatest
proportion corresponded to fruits followed by green parts and arthropods in significantly
lower proportions. At 3100 m asl fruits followed by green parts were consumed in
significantly greater proportion than arthropods. In general, P. xanthopygus includes

Table 1.

Richness, diversity, arthropods abundances and nutritional quality (mean ± SE) in food supply variables
present at three elevation sites in El Manzano Histórico Reserve, Argentina. Different letters indicate

significant differences among sites.

Variables
Elevation sites (m above sea level)

1700 2300 3100

Richness (no. species) 12.8 ± 1.47ab 13 ± 0.88a 9.7 ± 0.62b

Shannon–Wiener index (H’) 1.62 ± 0.14ab 1.9 ± 0.13a 1.35 ± 0.06b

Nitrogen index (%) 0.88 ± 0.05b 0.81 ± 0.05b 0.63 ± 0.05a

Crude fiber (%) 11.57 ± 1.31a 20.63 ± 1.31b 20.99 ± 1.31b

Ants (no. individuals) 19.4 ± 3.36a 50.0 ± 14.6ab 862.2 ± 113.42b

Rest of arthropods (no. individuals) 5.6 ± 0.93a 4.8 ± 1.40a 22.2 ± 3.20b

6 P.L. Sassi et al.
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similar amounts of green parts across the altitudinal transect with a lower proportion in
the intermediate site, where fruits were eaten in a remarkably greater proportion.
Conversely, arthropods were significantly more frequent in the diet of individuals stem-
ming from 1700 and 3100 m asl than at the intermediate altitude (Fig. 1).

Fig. 1. — Altitudinal variation (mean ± SE) in the consumption of the different food categories found in
Phyllotis xanthopygus’ diet in El Manzano Histórico Reserve, Argentina. Different letters indicate sig-
nificant differences within each site and among the three elevation sites.

Table 2.

Richness, diversity index, nutritional quality and similarity proportion index (mean ± SE) in the diet of
Phyllotis xanthopygus in El Manzano Histórico Reserve, Argentina. Different letters indicate significant

differences among sites.

Variables
Elevation sites (m above sea level)

1700 2300 3100

Richness (no. species) 6.5 ± 0.35a 6.43 ± 0.51a 6.17 ± 0.67a

Shannon-Wiener index (H’) 0.59 ± 0.03a 0.61 ± 0.03a 0.55 ± 0.06a

Nitrogen index (%) 6.7 ± 0.41a 6.04 ± 0.43a 6.65 ± 0.49a

Crude fiber (%) 18.6 ± 1.32a 23.49 ± 1.41a 20.77 ± 1.59a

Proportional similarity index 0.03 ± 0.005a 0.12 ± 0.011b 0.27 ± 0.048c

Feeding strategy variation in a small rodent 7
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Regarding the plant species included in the diet, the PS index between diet and
food supply showed that the overlap is, in general, low, although it significantly varied
among the sites food choice being more similar to food availability at high-altitude sites
compared to low-altitude sites (Table 2). Regarding diet composition similarity (PS)
among sites, it was around 50% between 1700 m and 2300 m, as well as 2300 m and
3100 m (0.563 and 0.495, respectively), whereas between 1700 m and 3100 m this index
was slightly higher than 40% (0.434).

Results of the trophic selection analysis via Manly’s index showed that at the 1700
m elevation site P. xanthopygus avoided grasses and ferns, and used the rest of the
categories proportionally to their availability. At 2300 m asl the species avoided grasses,
while herbs, subshrubs and shrubs were consumed in proportion to their availability. At
3100 m asl ferns were the only food category selected. Grasses and sub-shrubs were
avoided, while herbs, shrubs and cacti were eaten proportionally to their availability
(Fig. 2).

Dietary nitrogen and fibre indexes compared among individuals from each site
revealed that the quality of diet did not show among-site variation (Table 2), unlike the
nutritional quality variation found in the food supply and reported above (Table 1).

Finally, we found that individuals from different altitudes showed no significant
differences in the weight of the total gastrointestinal tract or its sections (Wilks(8,18) =
0.48; P = 0.49). Standardised means and standard errors for stomach, small intestine,
caecum, colon and total gastrointestinal tract are detailed in Table 3.

DISCUSSION

In order to maintain their energy and nutritional balance, animals cope with
variations in the trophic scenario through behavioural and physiological adjustments
that translate into their dietary choices (Sherry 1990; Chambers et al. 1995; Kyriazakis
et al. 1999; Sassi et al. 2011). Furthermore, all this occurs under temperature and other
climatic factors that impose diverse energy demands and restrictions to the foraging
behaviour (Caraco et al. 1990; Murray & Smith 2012).

As expected from climate characteristics, the richness and diversity of the avail-
able trophic items are comparatively lower at higher sites. Similarly, the nutritional
quality of the trophic scenario was lower in the high-altitude site compared to the low-
altitude site. Nevertheless, despite facing a varying environment, diversity and quality of
diets do not differ among sites: P. xanthopygus seems to compensate for among-site
variation through diet selection. We suggest that the species’ nutritional requirements
are met behaviourally by changing diet composition, and especially the proportion of
items included.

The adjustments in the foraging strategy are evidenced by the various indexes
used. Among them, the PS index reveals a relatively low similarity in the frequency of
available trophic items among sites (i.e. 10%), while the similarity among the propor-
tion of items included by P. xanthopygus in the diets was relatively high among sites (i.e.
50%). The PS index also suggests that the overlap between diet and supply is compara-
tively higher at high elevation, where the supply diversity is less than at lower eleva-
tions. This is in agreement with theoretical expectations from the optimal foraging
theory: the greater the variability of resources, the greater the specialisation of the
foraging strategy (MacArthur & Pianka 1966; Schoener 1971; Feinsinger et al. 1981).
Most interpretations posit that in an environment with a relatively poor food supply, it
would be too costly for a consumer to bypass certain alimentary items because mean
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search time per item is long and expectation of encounter is low. Therefore, a broad
niche maximises return per unit expenditure, promoting generalisation. On the other
hand, in a food-rich environment, search time is comparatively low, implying that less
preferred food items can be bypassed because prospects of finding more suitable items
are high. Thus, rich food supplies are expected to lead to narrow dietary breadths
(Wiens 1989).

Fig. 2. — Manly’s selectivity index (± 95% CI) for food categories at the three elevation sites: (A) 1700, (B)
2300 and (C) 3100 m above sea level. Dotted line indicates 1/k for a proportional use to the availability.
Values within the squares indicate the available proportions of each food category.
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Considering food selection through Manly’s index using only vegetation life
forms, results indicated that ferns were the only food category positively selected by
P. xanthopygus at 3100 m asl. The rest of the categories were avoided or eaten propor-
tionally to their availability depending on each site. Particularly at 3100 m asl, the
supply trophic quality, diversity and richness were lower than in the other sites.
Nitrogen and fibre content of ferns show it is a highly nutritious food item (Borges
et al. 2013). So, P. xanthopygus facing the extreme climate conditions found at high
altitudes selectively incorporates high-quality food items, such as ferns.

Foraging habits of the Muridae family in the region have been previously reported
to show great variation among localities (Silva 2005). Particularly for P. xanthopygus,
dietary proportion of specific trophic categories changes noticeably among several
studies. According to the 50% criteria, the species has been categorised as a herbivore
(90% plant green parts, Silva 2005; López Cortés et al. 2007), omnivore (at 1700 and
3100 m asl, this study and Pizzimenti & De Salle 1980), granivore/frugivore (2300 m asl,
this study and Bozinovic & Rosenmann 1988) and insectivore (54% arthropods,
Pizzimenti & De Salle 1980). Thus, the question arises: what governs this versatility?

It has been pointed out many times that food selection is not only a matter of
energy needs to fuel metabolic processes (Bozinovic & Martínez del Río 1996).
Foraging decisions are also guided by the requirement for water, essential amino
acids, vitamins and minerals, among other things. Therefore, under its physiological
conditions, an animal’s food choice is moulded by the fulfilment of its nutritional
needs. The resultant foraging pattern depends on the interplay between energy and
nutrient requirements and the distribution of alimentary items in the environment.
For instance, the availability of arthropods follows the pattern 1700 < 2300 < 3100,
although their incorporation in the diet occurred mostly at 1700 and 3100 m asl.
Thus, the behavioural mechanism should be different between sites, since the pro-
portion of arthropods in the diets is similar irrespective of their availability. We
propose that the variability in the proportion of green parts, fruits and arthropods
consumed is indicative of a flexible foraging strategy and active behaviour of diet
selection possibly shaped not only by the nature of alimentary options in the envir-
onment but also by the nutritional requirements of the species (Chambers et al. 1995;
Simpson et al. 2004). Indicative of this is the lack of differences in the quality of the
diets built in by animals from different altitudes, despite the quality variation
reported for the extant trophic scenario. A uniform diet quality throughout the
sites along the gradient is also consistent with the absence of variation in the
gastrointestinal tract among animals from different elevations.

Table 3.

Standardised weight (g) of stomach, small intestine, caecum, colon and total digestive tract (mean ± SE)
compared among animals from the three elevation sites in El Manzano Histórico Reserve, Argentina.

Elevation
(m asl)

Stomach
Small

intestine
Cecum Colon Total gut

1700 0.063 ± 0.0074 0.043 ± 0.0051 0.05 ± 0.0089 0.032 ± 0.0049 0.19 ± 0.0084

2300 0.051 ± 0.0079 0.043 ± 0.0048 0.05 ± 0.006 0.028 ± 0.0033 0.17 ± 0.0167

3100 0.04 ± 0.008 0.028 ± 0.0057 0.035 ± 0.0074 0.024 ± 0.0032 0.13 ± 0.022

asl: above sea level.
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P. xanthopygus’ phenotypic versatility has been reported previously at the species
level as well as at the population level. Recent investigations across the geographical
area approached in this study revealed a remarkable physiological and behavioural
plasticity (Sassi & Novillo 2015; Sassi et al. 2015). Gastrointestinal tract size of several
rodent species has been reported to vary along latitudinal clines in consistency with
predictions of the obligatory heat model (Naya et al. 2012, 2013a). Particularly, this
model proposes that herbivorous habits are more frequent in species living at higher
latitudes. With a similar logic, in the present study we searched for a predominance of
green plant parts over fruits and arthropods in the diet of high-altitude individuals of a
single species. At our relatively small geographical scale and intraspecific analysis, the
obligatory heat model does not explain the variation in foraging habits in P. xanthopy-
gus. Our results did not fit its expectations, suggesting that a latitudinal pattern does not
necessarily predict an altitudinal one.

Due to the seasonality of this temperate region (Sassi & Novillo 2015), the lack of
access to high-altitude sites in winter prevents us from taking a complete picture of the
P. xanthopygus diet. Therefore we recognise that our results allow for partial conclu-
sions on the species’ feeding strategy, which could also change throughout the year.
Still, our summer data reveal significant variation in parameters that describe the food
supply across sites, and a diverse selection of trophic items among animals at different
sites. At such a geographical scale, we propose that behavioural flexibility is the strategy
of this species to deal with the variation in availability and quality of the trophic
scenario. This is mirrored in the morphological stability of the digestive system.
Considering the spatial variability along the elevation transect, and the seasonality
suggested by climate data, a behavioural response is probably the most convenient
strategy to overcome short-term environmental heterogeneity. In addition to a demon-
strated capacity of P. xanthopygus to display acclimation in other phenotypic traits,
behaviour is still a first-line response to change. This is a fundamental aspect to take
into account by predictive models in the forecasts of climate change effects on biologi-
cal diversity.
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APPENDIX

Table A1.

Nitrogen and fibre contents in plant species with more than 10% of occurrence in the diet of Phyllotis
xanthopygus.

Plant species Nitrogen (%) Fibre (%)

Adesmia trijuga 2.27 34.61

Astragalus arnottianus (leaf) 3.29 24.25

Astragalus arnottianus (fruit) 2.96 18.12

Baccharis sp. 1.07 35.84

Berberis empetrifolia (leaf) 1.71 43.54

Berberis empetrifolia (fruit) 1.03 20.05

Cerastium arvense 1.54 23.25

Chenopodium sp. (leaf) 1.21 33.34

Chenopodium sp. (fruit)1 2.13 23.94

Colettia spinossisima 1.52 42.76

Descurrainia argentina 2.31 19.33

Dichondra sericea 1.03 25.96

Ephedra chilensis 1.01 51.54

Ephedra frustillata (leaf) 0.78 52.26

Ephedra frustillata (fruit) 1.54 25.89

Glandularia parodii 1.48 25.43

Ferns2 2.57 21

Junellia juniperina 0.88 31.18

Lecanophora ameghinoi 2.12 23.78

Lycium chilense 1.91 24.25

Oxalis erythrorhiza 1.39 16.68

Philibertia gilliesii 1.75 27.71

Poa resinulosa (leaf) 0.45 49.50

Poa resinulosa (fruit) 1.62 37.10

Senecio filaginoides 0.72 39.86

Sisymbrium andinum 1.76 29.18

1Cuevas et al. 2013; 2Borges et al. 2013.
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Table A2.

Abundance and proportion (%) of arthropod groups from the total sample collected in pitfall traps per
site.

Morphospecies 1700 2300 3100

Ant (Hymenoptera) 97 (77.6%) 250 (91.2%) 4311 (97.5%)

Fly (Diptera) 12 (9.6%) 5 (1.8%) 2 (0.05%)

Mosquito (Diptera) 2 (1.6%) 2 (0.7%) 2 (0.05%)

Spider (Araneae) 2 (1.6%) 6 (2.2%) 6 (0.14%)

Grasshopper (Orthoptera) 1 (0.8%) 0 1 (0.02%)

Cockroach (Blattodea) 2 (1.6%) 0 0

Woodlouse (Isopoda) 0 1 (0.4%) 0

Moth (Lepidoptera) 0 0 1 (0.02%)

Unidentified 9 (7.2%) 10 (3.7%) 100 (2.26%)

16 P.L. Sassi et al.
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