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Abstract: In this study we described the diet of Hylaeamys megacephalus (G. Fisher, 1814) and investigated the
degree of individual variation in the diet of this species among the Amazon Forest and the oil palm plantation.
We analyzed the stomach contents of 36 individuals, of whom 11 were collected in the forest and 25 captured
in the palm oil palm plantation. The H. megacephalus diet consisted of 18 food items, of which 12 were animal
composition and eight were vegetable composition. The niche amplitude of the species was narrower in the forest
area (Ba \m = 0.478). This shows that individuals have
greater niche overlap in forest areas, while in the plantation areas the animals expand their food niche. In addition,

forest

=0.013) compared to the palm tree plantation area (Ba]Da

the values of the mean of the individual diet in relation to the diet of the entire population were lower in the palm
toress = 0-357), indicating a high
specialization in the palm oil plantation. These results indicate a population mechanism to reduce intraspecific

oil palm plantation environment (ISpa]m = 0.164) than in the Forest environment (IS

competition in response to scarce resources.
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Efeito das plantacdes de dendé (Elaeis guineensis Jacq.) sobre a variacio individual da
dieta de Hylaeamys megacephalus (G. Fisher 1814) (Rodentia, Cricetidae) na Floresta
Amazénica Oriental

Resumo: Neste estudo nos descrevemos a dieta de Hylaeamys megacephalus (G. Fisher, 1814) e investigamos o grau
de variagdo individual na dieta desta espécie entre os habitats de Floresta Amazonica e Plantagdo de Palmeira de
Dendé. Analisamos o conteudo estomacal de 36 individuos, dos quais 11 foram coletados na floresta e 25 capturados
na plantac@o de palmeira de dendé. A dieta de H. megacephalus consistiu em 18 itens alimentares, dos quais 12
de composicdo animal e oito de composicdo vegetal. A amplitude de nicho da espécie foi mais estreita na area de
m = 0,478). Isto sugere
que os individuos tém maior sobreposi¢do de nicho nas areas de floresta, enquanto que nas areas de plantacao os

floresta (Ba, . = 0,013) comparada com a area de plantagdo de palmeira de dendé (Ba

animais expandem seu nicho alimentar. Além disto, os valores da média de similaridade da dieta individual em
relagdo a dieta de toda a populag@o foi menor no ambiente de plantag@o de palmeira de dendé (ISpalm =0,164) do
que no ambiente de Floresta (IS, =0,357), indicando uma alta especializagdo individual na plantacdo de dendé.
Estes resultados indicam um mecanismo populacional para reduzir a competigdo intraespecifica em resposta a
escassez de recursos.

Palavras-chave: Dieta, importancia alimentar, especializacdo individual, amplitude de nicho, Rodentia.
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Introduction

The individual specialization has been considered as an endogenous
mechanism of population in response to several factors, such as
environmental variations (eg. habitat changes, seasonality or daily
periods), ecological pressures (eg. predation, competition, reproductive
period) and resource polymorphisms (Skulason & Smith 1995, Bolnick
etal. 2003). The resource polymorphism can be explained by the discrete
morphological discrepancies related to intraspecific differences in
resource use, which not only interferes with the size of a population’s
niche but may also influence the isolation reproductive behaviour of
individuals, representing an intermediate stage of speciation (Smith &
Skulasson 1996). The individual specialization would be a mechanism
to reduce intraspecific competition (Roughgarden 1972, Svanbéck &
Persson 2004) in populations with high rates of individual specialization,
where each individual typically uses a resource set significantly smaller
than the set of resources used by the population as a whole and with
less overlap of individual niches (Bolnick et al. 2003).

This scenario usually occurs when resources are meager, for
example, where individuals vary their diet in order to decrease
intraspecific competition (Svanbick & Bolnick 2005). The opposite
would occur when resources are abundant, where the overlap of
individual niches is high and individuals would use a pool of resources
close to the niche size of the population as a whole (Werner & Hall
1974, Bolnick et al. 2003). Most of these theories have been commonly
studied in communities of fish, insects and amphibians (Aratijo &
Gonzaga 2007, Araujo et al. 2009, Hannah et al. 2013, Bolnick et al.
2014, Costa et al. 2015), but in mammalian species the knowledge
about individual specialization and polymorphism of resources is scarce
(Olsson et al. 2007, Martins et al. 2008, Camargo et al. 2013, Pires et
al. 2013, Svanbick et al. 2015).

In the Amazon, the conversion of natural ecosystems into oil palm
monocultures (Elaeis guineensis) has expanded over the last 40 years
(Fitzherbert et al. 2008, Butler & Laurence 2009, Wilcove & Koh 2010).
The conversion of forest habitats to oil palm plantations causes loss
of environmental complexity and reduction of ecosystem resources.
Different from the original native forests, the oil palm plantations present
a uniform spatial distribution and tree age structure (Fitzherbert et al.
2008) with exposed soils, reduced leaf litter (Yeboua, 2000, Nelson
2002), low-density understory, highly volatile microclimate (Chung
et al. 2000), and a lower discontinuous canopy (Turner 2009). All
these drastic structural changes induced by the conversion to oil palm
plantation, have been affecting the fauna in different ways in the tropical
forests all over the world (Danielsen & Heegaard 1995, Chung et al.
2000, Peh et al. 2006, Barlow et al. 2007, Butler & Laurence 2009, Yaap
etal. 2010, Correa et al. 2015, Cunha et al. 2015, Ferreira et al. 2018).

Van Valen (1965) was one of the first ecologists to propose the
individual-level niche variation as a consequence of different genotypes
in the same population. Age classes and sex are factors that could
influence the individual variability of niche use in a population (Shine
1991, Bolnick et al. 2003, Martins et al. 2008). However, differences
in habitat and resource availability would also influence individual
variations (Lomnicki 1980, Bourke et al. 1997). Individual-level niche
variations have relevant effects, in the medium and long term, on
diversification of species, since they affect the stability of population
(Dieckmann & Doebeli 1999). Here we investigate the diet of the small
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rodent Hylaeamys megacephalus (G. Fisher 1814) and evaluated the
degree of individual variation in response to the difference of habitats,
including native Amazon Forest and oil palm plantation. We hypothesize
that in the oil palm plantation the individual variation of the Hylaeamys
megacephalus diet would be greater than in the forest, because of the
lower supply of food resources in the first habitat.

Material and Methods

1. Hylaeamys megacephalus

The species H. megacephalus (G. Fisher 1814) is a small rodent
from the Cricetidae Family, Subfamily Sigmodontinae (Figure 1).
According to this study, adults weight an average of 58g + 2g. They
are considered as frugivorous/gramnivorous (Paglia et al. 2012) and
are primarily terrestrial (Nitikman & Mares 1987) but also scansorial
(Voss et al. 2001). Despite the low sampling of this species in Amazon
Forest, it is probably widely distributed in this biome (Musser et al.
1998, Patton et al. 2000). In addition, its distribution is known for the
Cerrado and the Atlantic Forest (Paglia et al. 2012, Percequillo et al.
2015), always associated with forest habitats (Mares et al. 1986, Ochoa
et al. 1993, Percequillo et al. 2015).

2. Study Site

We collected the H. megacephalus (G. Fisher 1814) specimens
within the 103,000 ha Agropalma private landholding (01°55°57”
S/02°24°4” S, 48°45°49” W/48°48°2” W). The study area contains
39,000 ha of oil palm plantations and 64,000 ha of terra firme primary
forest (Figure 1). The remaining forest patches interspersed with oil
palm plantations ranged from 1,500 to 15,000 ha. The region of the
study is currently a mosaic of open habitat areas and natural forest
remnants under several other natural phytophysionomic types. The
height of the forest canopy range from 25 to 35 m, dominated by some
plant species, such as the Attalea maripa (inajé), Cecropia distachya,
Cordia scabrifolia, Tapiriri guianensis (tapiriri), Rollinia exsuca, Inga
thibaudiana (ingd) and Vismia guianensis (sealing). The climate in the
region is tropical humid, according to Koppen’s classification adapted
by Peel et al. (2007), with a rainy season from December to May and a
dry season from June to November. Mean temperature in the region is
26 °C and mean air humidity reaches up to 85% (Oliveira et al. 2002).
The Elaeis guineensis has an economic life of 20 to30 years, reaching
about 20 m in height. After that, the trees are cut for new planting, and
the remains of the previous planting are stacked in lines interspersed
with the new planting. These clumps of organic matter provide a good
environment for invertebrate and small vertebrate fauna. The oil palm
tree produces fibrous fruits most of the year, that are rich in beta-carotene
which gives them an orange color (Luskin & Potts 2011).

3. Specimens Collection and Procedures

We sampled the small non-flying mammals in the study area in
two field campaigns conducted in 2012, one in the rainy season and
the other in the dry season. Each campaign lasted about 25 days. We
installed 16 sampling points with a minimum of 1 km distance between
them, with eight points located in the Forest and eight points located
in the Oil Palm Plantation. At each sampling point we established a
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Figure 1. Location of the study area in the State of Para, Brazil, delimiting the forest fragments (in gray) and areas of oil palm plantation (in

white), and location of the sampling points (in black).

collection station, with a minimum distance of 500m from the edge of
each habitat (forest or oil palm plantation). At each collection station we
used pitfalls (Bury and Corn 1987; Ribeiro-Junior et al. 2011) and live
traps, like Sherman and Tomahawk (Voss and Emmons 1996). However,
we used only H. megacephalus specimens collected in pitfalls, since the
Sherman and Tomahawk traps were baited, and this would influence the
results. At each collection station we implemented a pitfall line with a
set of four buckets of 60 litters, buried with a distance of 15m between
them. The sampling effort was 2,240 traps/nights, divided between the
two types of habitats. All the points were sampled at the same time. We
collected the specimens of H. megacephalus just in 11 points from the
16 points sampled (Figure 1). The collection of samples was authorized
by ICMBIio/SISBIO, through the permanent license number 4628-1
assigned to Ana Cristina Mendes-Oliveira.

We withdraw the gastrointestinal tract from subjects using the
stomach and fecal contents for diet analysis. We measured the total
weight of the stomach and intestine, and the dry weight of the stomach
and intestinal contents using a high precision scale (20 g x 0.001 g). The
content was displayed on a petri dish using a microscope. We calculate
the frequency of occurrence (Hyslop 1980), and each food item was
weighted to calculate the mass frequency (Hahn et al., 1997) . We
sorted each item into categories within the groups of plants and animals.
The only plant item identified was palm oil. Plant items included the
following categories: plant fragments (bark, pulp and fiber), fragments
of palm oil (bark, pulp, fiber and almond) and whole seeds. Items of
animals were identified by order or by family.
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4. Data analyses

We calculated the Frequency of Occurrence (FOi%) for each item.
We also calculated the mass frequency of each food item on the total
weight of all items of diet (Hynes 1950, Hyslop 1980). To evaluate the
relative importance of each food item in the diet, we calculated the
Food Index (IAi%) (Kawakami & Vazzoler 1980, Oliveira et al. 2004)
using the formula: IA % = (FO % * P.%/Y FO % * P %) * 100; Where
the [Ai% means food importance of item i, FOi% means frequency of
occurrence of item 7, and Pi% means the weight of item i. We calculated
the IAi for each food item recorded in each habitat separately, which
allowed us to analyze the food items consumed in each of the oil palm
and forest habitats.

We evaluated the effect of the environment (oil palm and forest)
on the niche width of the H. megacephalus species, using the Niche
Amplitude calculation (Hurlbert 1978), which includes the value of the
Levins index (Hurlbert 1978) ranging from O to 1. This index is equal
to 0 when each animal consumes a single type of food category and
equals 1 when the population consumes all available food categories
similarly (Hulbert 1978, Fugi et al. 2008). Important to mention that the
Levins’s measure does not allow for the possibility that the resource vary
in abundance (Krebs, 1999), but it’s still very usefully to standardize
the niche breath. To evaluate the variation in the diversity of items
consumed by the population of H. megacephalus, the Shannon Diversity
Index (H’) (Zar 1984) was performed. The higher the H’ value the
greater the diversity of food items in the diet. We performed a t-test to
analyze differences between each sampled environment. The t-test was
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performed in R (R Development Core Team 2016), using the diversity
function of the Vegan package (Oksanen et al. 2013).

We calculated the individual dietary variation through the
Proportional Similarity Index (PSI), which measures the overlap
between the diet of individual 7 and the menu of the population as a
whole (Bolnick et al. 2002, 2003). This index allowed us to compare
the degree of individual specialization among the sexes and the habitats
through the t-test. The measure of the degree of proportional similarity
among individuals of a population (IS) is calculated by averaging
the individual PSi values (Bolnick et al. 2002). The SI ranges from 0
(individual maximum specialization) to 1 (no individual specialization),
and we consider values below 0.6, suggested by Bolnick et al. (2002),
to represent high levels of individual specialization of the population.
These values were calculated using the RInSp (R Development Core
Team 2016) package.

Results

We collected 36 individuals (six in the dry season and 30 in the
rainy season), of which 11 were collected in the forest and 25 specimens
captured in palm oil planting. The H. megacephalus diet is composed of
18 food item of which 10 are of animal origin (Orthoptera, Coleoptera,
Dermaptera, Heteroptera, Lepdoptera, Blattaria, Formicidae,
Curculionidae, Cerambycidae and Araneae) and eight are of vegetal
origin, as plants fragments (peel, pulp, vegetable fiber and whole seeds)
and oil palm fragments (peel, pulp, fiber and almond) (Table 1).

In the whole study, we recorded 17 food items consumed in the oil
palm plantation areas and 13 in the forest areas (Table 1). Of the total
number of items consumed in the oil palm habitat, nine were of animal
origin, Coleoptera being the most frequent and also the most important
(Table 1). Among the eight ingested vegetable components, the palm
pulp had the highest importance in the diet of the species in the oil palm
habitat (Table 1). In the Forest environment, the most consumed animal
item was also Coleoptera, among the six registered animal components.
But unlike the oil palm plantation, the fibers and bark of native plant
species were more important in the diet of H. megacephalus in the forest
habitat. Whole seeds also had great importance in the diet, especially
in the forest environment (Table 1).

The niche amplitude calculated for H. megacephalus in the forest
habitat (Ba, = 0,013) was narrower than the oil palm plantation habitat
(Bamlm =0,478). These results show that forest individuals tend to limit
their niche and overlap their diet. The opposite occurs in the areas of
oil palm plantation.

The diversity of dietary items of the forest individuals (H, =
1.039) did not differ significantly from the diet of the oil palm plantation
(H’]Dalm =0.907) (t=0.686, df = 34, p = 0.497). However, the analysis
of ANOSIN showed differences between the diet composition and
abundance of oil palm and forest samples (p = 0.038, r = 0.206).

When we evaluated the individuals separately, we observed that in
the oil palm plantation the values of PSI are lower than in the forest
habitat, which means less overlapping of diet in relation to the diet of
the whole population, than the individuals in the oil palm plantation. The
t-test (t=-1.964; df =32; p=0,048) present an effect of the environment
on individual diet specialization of the population (Figure 2). The
average values of the degree of proportional similarity between the diet
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Table 1. Diet composition of the individuals of the species Hylaeamys
megacephalus. Legend: frequency of occurrence (FOi%) and food importance
index (IAi%) of each item in the two different habitats (oil palm plantation
and forest).

Food category Qil palm (n=25) Forest (n=11)

Items FOi% T1Ai% FOi% T1Ai%
Class
Insecta
Order
Orthoptera 0 0 18,2 2,666
Coleoptera 36 1,3 36,4 8
Dermaptera 4 0,022 0 0
Suborder
Heteroptera 16 0,244 9,1 1
Lepidoptera 4 0,005 0 0
Blattaria 12 0,05 9,1 0,666
Families
Formicidae 12 0,083 18,2 1,333
Curculionidae 0,005 0 0
Cerambycidae 0,005 0 0
Class
Arachnida
Order
Araneae 28 0,389 18,2 2
Plants (fragments)
Peel 36 0,85 63,6 16,333
Pulp 20 3,446 18,2 4
Vegetable fiber 44 1,773 72,7 37,333
Whole seeds 40 2,835 45,5 16,666
Oil palm (fragments)
Peel 36 0,65 9,1 0,333
Pulp 20 85,413 0 0
Fibra 52 2,529 9.1 1,666
Almond 20 0,333 36,4 8

of the individuals, considering the entire population (IS), were lower in
the oil palm (IS]Dalm =0,164) than in the forest (IS, = 0,357), indicating
greater individual specialization of the diet in oil palm plantation.

Discussion

We concluded that the changes in the environment has an effect
on the H. megacephalus diet, wherein the oil palm plantation has
an increase in the individual variation of the diet. This would be a
mechanism for reducing intrapopulation competition in response to
scarce resources (Roughgarden 1972, Svanback & Persson 2004). The
increase in individual variability reflected the increase in the niche
amplitude of the population as a whole, in the area of 0il palm plantation.
In the Forest, theoretically, individuals tend to overlap their diet and
decrease their niche breadth. The broader food niche observed in the
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Figure 2. Analysis of T-test comparing the variability in the diet of between
different habitats (oil palm plantation and forest).

plantation environment can also be determined by strong intraspecific
competition as a result of a higher population density, leading to a
behavioral change as a result of depletion of the preferred resources.
The description of these patterns for mammals, especially for rodents,
may be useful for a better understanding of the mechanisms that
promote evolutionary diversification through individual specialization
(Svanbédck & Bolnick 2007). The studied population is seen as a
generalist population composed of individual specialists. Thus, this
work reinforces the need to evaluate diet individually in studies that
consider evaluating the impacts on the use of these resources (Bolnick
etal., 2003). It is noteworthy that the increase in the amplitude of niche
population was disproportionally greater than the increase in individual
niche amplitudes, indicating that individual niches remain relatively
limited when the niche of the population expands on the oil palm habitat.

The reduction in the complexity of the oil palm plantation habitat
compared to the forest reflects on the increase of the individual
variability of H. megacephalus. This individual specialization is
considered an endogenous mechanism of the population, in response to
several factors, such as environmental variations (Bolnick et al. 2003,
Skulason & Smith 1995). Differences in habitat and resource availability
can influence individual variations (Lomnicki 1980, Bourke et al. 1997).
In this case, the individual specialization could reduce intraspecific
competition (Roughgarden 1972, Svanbick & Persson 2004). However,
in the medium and long-term, the high individual-level niche variations
can have as consequence the diversification of the species, as they
affect the stability of the population (Dieckmann & Doebeli 1999).

In this study, we suggest the change of the frugivorous/gramnivorous
diet defined to H. megacephalus by Paglia et al (2006) to frugivorous/
insectivorous. We observe that these animals feed on large quantities
of plant items such as bark, pulp, plant fiber and seeds, but also ingest
a wide variety of animal food items including insects and arachnids.
Other studies using close phylogenetically species, found arthropods
in 100% of samples and some seeds and other parts of plants (Palma
1996). Our results suggest that when these items were not available,
H. megacephalus increased the consumption of other items. This was
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evidenced by the frequency of occurrence of the palm kernel consumed
in the forest area. Due to the difficult investigation of the small rodent
diet, as these animals fragment food into very small parts (Hansson
1970), information about their eating habits is still limited. Few studies,
often superficial, elucidate little about food ecology and impacts on
communities. For the vast majority of rodent species, it is not known
what the true importance of food resources is and how these items
vary in their diet.

Although we have not done feasibility tests of the seeds ingested,
we suggest a dispersion potential of this species, as the IAi% values
for the whole seed item was the third highest among all food items
consumed. The high consumption of seeds by terrestrial rodents in the
neotropics makes this group of fauna essential in the maintenance and
recovery of forest habitats (Forget 1992), not only as dispersers, but
controlling some dominant plant species, allowing greater biodiversity.
Several small mammals are being considered as potential dispersers
in the neotropics (Pimentel & Tabarelli 2004). Consumption of fruits
and seeds, albeit in variable proportions, indicates a strong dispersal
potential for small mammals, although information on the dietary
memories of some genera may be scarce and, in some cases, associated
with phylogenetically close species (Lessa & Geise 2010, Casella &
Céceres 2006, Lessa & Costa 2009).

In general, we demonstrated that the niche used by the H.
megacephalus species is narrower in the forest since the individual
dietary variation is smaller. While in the oil palm plantation, where the
PSI values are lower, indicating a smaller individual niche overlap, the
whole niche of the population expanded. However, the richness and
composition of the items consumed by the individuals of both habitats
are not different. It means that populations of H. megacephalus in oil
palm plantation as well as in forest habitats are feeding on almost the
same food items. Individuals residing in the oil palm plantation further
diversify the use of these food items among themselves. In this way,
we can say that there is an impact of the oil palm plantation on the
individual variability of the H. megacephalus species diet. We reinforce
the importance of considering individual variability in the diet and niche
amplitude studies, since if we considered all specimens as ecologically
equivalents (DeAngelis & Gross 1992) in the H. megacephalus
population, we could erroneously conclude on the comparison of
intake between habitats. The description of these patterns for mammals,
especially for rodents, may be useful for a better understanding of
the mechanisms that promote evolutionary diversification through
individual specialization (Svanbéck & Bolnick 2007).
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