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Abstract

The State Park Mata dos Godoy has 42 identified bat species, among which 21 are frugivorous and belong to the
Phyllostomidae family. Current study investigated the concentrations of carbohydrate, lipid and protein in fruits
consumed by Artibeus lituratus, Carollia perspicillata and Sturnira lilium to understand their potential differentiated food
preferences. The Sampling effort it was from April/2013 to March/2014. Animals captured in mist nets were identified
in the field and maintained in cotton bags for 30 minutes to defecate. The diet was inferred from fecal samples analyzed
in the laboratory, the fruits whose seeds were found in the feces had the determinations of the nutrients accomplished
by centesimal composition method. Kruskal-Wallis test and Dunn’s multiple comparison method verified the most
abundant nutrients for each species of bat. Whereas Carollia perspicillata and Sturnira lilium feeds mainly in food with
carbohydrates that provide them with more energy, the diet of Artibeus lituratus is richer in carbohydrates and lipids.
Only fruits considered scarcely represent a complete nutrition for the three bat species, however, the complementarity
with other food items such as leaves, pollen, and insects, can provide a complete nutrient diet for these animals.

Keywords: Chiroptera, frugivore diet, nutrition value.

Conteudo nutricional de frutos consumidos por morcegos em um
fragmento florestal do sul do Brasil

Resumo

O Parque Estadual Mata dos Godoy possui 42 espécies descritas de morcegos, dentre as quais 21 sdo frugivoras e
representadas pela familia Phyllostomidae. O objetivo foi verificar qual a concentragdo de carboidratos, lipideos e
proteinas nos frutos consumidos por Artibeus lituratus, Carollia perspicillata, e Sturnira lilium para entender suas
preferéncias alimentares diferenciadas. A amostragem se deu de abril/2013 a margo/2014. Os animais capturados
em redes de neblina foram identificados em campo ¢ alocados em sacos de algodao por 30 minutos para defecarem.
A dieta foi inferida a partir de amostras fecais analisadas em laboratorio, os frutos cujas sementes foram encontradas
nas fezes tiveram as determinacdes dos nutrientes realizadas por composi¢ao centesimal. Para verificar qual nutriente
mais abundante na dieta foi realizado, para cada espécie de morcego, o teste de Kruskal Wallis seguido do método de
comparagdes multiplas de Dunn. Enquanto que Carollia perspicillata e Sturnira lilium alimentam-se de frutos que
provém energia a partir de mais carboidratos, a dieta de Artibeus lituratus é rica ndo apenas em carboidratos como
também lipideos. Apenas os frutos analisados ndo representam uma nutri¢ao completa para as trés espécies de morcegos,
no entanto, a complementariedade com outros itens alimentares como folhas, pélen e insetos, pode fornecer uma dieta
completa em nutrientes para estes animais.

Palavras-chave: Chiroptera, dieta frugivora, valor nutritivo.

1. Introduction

Animals are strictly dependent on nutrients, such  obtained from these nutrients and can be used as soon
as proteins, carbohydrates and lipids, for growth and  as they are acquired or stored in body tissues as energy
reproduction. The energy required for metabolism is  reserve to be used when needed (White, 1993; Bentley,
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1998; Genuth, 1998; Ricklefs, 2010). The Energy comes
from plant species whose energy value depends on the
quality and quantity of its energy, or rather, the amount of
energy that is assimilated of the ingested food (Neuweiler,
2000; Schmidt-Nielsen, 2011).

Proteins, carbohydrates and lipids are the main organic
compounds in the diet of animals. When oxidized, they
produce almost all the chemical energy for metabolism
or energy-releasing reactions (Schmidt-Nielsen, 2011).
Although the three nutrients release energy when oxidized,
the amount per gram of calorie varies. Fat oxidation releases
37 Kj/g when compared to 16 Kj/g from carbohydrates
and 18 Kj/g from proteins (Gleeson, 2005). However,
since carbohydrates are metabolized faster (Smith et al.,
1988), this nutrient is the main source of energy for animals
(Dierenfeld and Seyjaget, 2000). The Basal Metabolism Rate
(BMR), which represents, the minimum amount of energy
required for the organism’s activities (Odum, 2004), varies
individually and depend on of different food strategies to
meet distinct nutritional requirements (Bozinovic et al.,
2007). Consequently, nutrition analyses focusing on the
amounts of carbohydrates, lipids and proteins in zoochoric
foods are relevant to assess diet contents and for cognize
the amount of these nutrients to which animals have access
when they consume certain fruits.

Studies on the selection of fruits by bats report
that these mammals can differ on their preferences for
specific plant genera. Carollia perspicillata (Linnaeus,
1758), Artibeus lituratus (Olfers, 1818) and Sturnira
lilium (E. Geoffroy, 1810) (Reis et al., 2012) are the most
common phyllostomids in the State Park Mata dos Godoy.
Artibeus lituratus has a preference for fruits of the genera
Ficus and Cecropia (Fleming, 1986, Vleut et al., 2015),
although it also widely consumes Syagrus and Terminalia
(Muller and Reis, 1992; Passos and Passamani, 2003;
Mello etal., 2011); C. perspicillata feeds mainly on Piper
and sometimes Solanum (Passos et al., 2003; Aguiar and
Marinho Filho, 2007); and S. lilium prefers Solanum (Muller
and Reis, 1992; Mello et al., 2008; Muylaert et al., 2014).
Although these preferences are well known, few studies
have investigated the nutrition amounts that frequently
consumed fruits afford to the animals.

Wendeln et al. (2000) evaluated the nutrient composition
of 14 species of Ficus in Panama, often selected by many
frugivorous, including bats, and concluded that the genus
could provide carbohydrates, lipids, proteins and minerals
in the necessary amounts for sustain frugivorous only when
combined different species within this genus. Lima and Reis
(2004) calculated the nutrition composition of five Piper
species consumed by C. perspicillata and reported higher
carbohydrate when compared to lipid and protein values.
Similar quantities were reported by Oliveira et al. (2012),
who determined the nutrient composition, including water,
sugars and proteins, of seven genera and nine species of
fruits consumed by bats of the Brazilian Pantanal.

Since we assume that food preferences may exist due
to distinct amounts of energy in fruits (Schaefer et al.,
2003), we assessed the concentration of carbohydrates,
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lipids and proteins in fruits consumed by C. perspicillata,
A. lituratus and S. lilium in the State Park Mata dos Godoy.
We aimed to evaluate the nutrients provided by fruits
frequently consumed by each species and to understand
their potential differentiated food preferences.

2. Materials and Methods
2.1. Study area

Our research was conducted in the State Park
Mata dos Godoy (SPMG) (23°26°53”S; 51°15°21”W),
in the municipality of Londrina PR, southern Brazil,
which comprises a 680-ha fragment of primary Atlantic
Rainforest, surrounded by agricultural areas and linked
to other fragments, forming approximately a 2,800-ha
mosaic area (Vicente, 2006). The SPMG vegetation may
be classified as sub-mountain semi-deciduous seasonal
forest with great richness in the Lauraceae, Leguminosae,
Myrtaceae, Euphorbiaceae, Flacourtiaceae and Meliaceae
families (Silveira, 20006). A great abundance of Piperaceae,
Moraceae, Urticaceae and Solanaceac may be found in
the understorey, coupled to Arecaceae on the canopy,
frequently used by frugivorous animals, including bats
(Rossetto and Vieira, 2013).

Following Koppen’s classification (Koppen, 1948),
the climate is mesothermal humid subtropical (Cfa).
Mean yearly temperature is around 21°C; annual rainfall
is 1,450 mm; relative air moisture lies at approximately
75% (Vicente, 2006).

2.2. Capture of the bats

Mist nets (9 x 3 m, 32 mm mesh) were distributed
randomly along two pathways in the State Park Mata dos
Godoy, between April 2013 and March 2014, four times a
month. They were set at sunset and closed after 12 hours,
with a sampling effort of 62.208 m*.h (Straube and Bianconi,
2002). The captured animals were identified in the field,
following Vizotto and Taddei (1973), Gardner (2008)
and Reis et al. (1993, 2013). Individuals of 4. lituratus,
C. perspicillata and S. lilium were placed in cotton bags
for 30 minutes to defecate and then released.

2.3. Fecal analyses and fruit collection

The diet of the three phyllostomid bats was analyzed
from the feces samples, which were conditioned in plastic
envelopes, tagged and analyzed in the laboratory, by
stereoscopic microscope. The seeds in the faeces were
washed and identified up to species level by comparing
them to a previously prepared data bank with fruits collected
from SPMG, and to the data bank of the Herbarium of the
State University of Londrina. We collected also forty grams
of mature fruits from at least three specimens from each
plant species in the diet recorded in our field samples. In the
case of A. lituratus, nutritional analyses were extended to
species which, although not found in the fecal samples,
are available in the SPMG and are known to be frequently
consumed by the bat, namely, Syagrus romanzoffiana
Cham., Terminalia catappa L., Cecropia glaziovii Snethl.
and Cecropia pachystachya Trécul (Muller and Reis, 1992;
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Passos and Passamani, 2003; Mello et al., 2011). Such a
choice was taken since A. lituratus was captured during the
last two months of sampling (February and March 2014)
when the mist-nets were set near a forest clearing close to
the fig trees. This fact may have affected results. Further,
although the bats were kept in cotton sacks for 30 min,
most did not defecate. In spite of the fact that throughout
the year the fruits of Ficus, Cecropia, Terminalia and
Syagrus were available within the study area, we do not
know why A. lituratus was not captured during the entire
sampling period, however Santos (2014) also reported
low capture of this species in the same area.

2.4. Analyses of lipid, carbohydrate and protein
amounts

Carbohydrates, lipids and proteins was determined
on two samples from each vegetal species to obtain
the average of these samples, each weighing 20 g, by
Centesimal Composition method, following analytic norms
of the Adolfo Lutz Institute (IAL, 2005). Analyses were
performed at the Department of Biochemistry and at the
Department of Food Biotechnology and Technology of
the State University of Londrina (UEL).

2.5. Data analyses

Frequency of occurrence of the seeds in the faeces
was calculated to identify the most ingested food item
(plant species) for the three bat species. Total fecal samples
of each bat specie represented 100% and the number of
fecal samples with each vegetal species was employed to
calculate the frequency of occurrence (%) of the vegetal
species in the diet.

Differences on fruit carbohydrates, lipids and protein
amount were tested by the Kruskal-Wallis test, since they
were not normally distributed, and by Dunn’s a posteriori
test, so that plant species consumed by each animal
represented each one of the three nutrients. Analyses
were undertaken with Bioestat 5.0 (Ayres et al., 2007) at
0.016 significance level, after Bonferroni correction, due
to multiple analyses.

3. Results

270 specimens were captured: 151 were identified as
C. perspicillata (55.9%); 64 as A. lituratus (23.7%) and
55 as S. lilium (20.4%), respectively with 71, 6 and 21 fecal
samples. Ten plant species were detected on faeces, namely,
Piper aduncum, Piper crassinervium, Piper glabratum,
Piper gaudichaudianum, Piper umbellatum, Ficus insipida,
Ficus sp, Solanum caavurana, Solanum granulosoleprosum
and Solanum sisymbrifollium. Artibeus lituratus consumed
only the genus Ficus, with Ficus insipida in 67% of the
fecal samples for this species. C. perspicillata consumed
Piper and Solanum fruits, with Piper aduncum as the most
consumed fruit (59%). S. lilium ingested Piper, Solanum
and Ficus, with Solanum granulosoleprosum as the most
consumed (38%) (Figure 1).

Analysis of the chemical composition showed high
carbohydrate amounts for fruits of the genera Piper (except
Piper glabratum), Terminalia, Solanum (except Solanum
sisymbrifollium) and Syagrus. Fruits of the genera Cecropia,
Ficus, and the species Piper glabratum and Solanum
sisymbrifollium have higher lipid amounts. Proteins were
detected in small amounts in all species (Table 1).

Frequency of food items
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Figure 1. Frequency of occurrence of fruit consumed by Artibeus lituratus, Carollia perspicillata and Sturnira lilium in the
State Park Mata dos Godoy, northern region of the state of Parand, Brazil. Data from the literature on 4. lituratus were not

included in the figure.
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The Kruskal-Wallis test and Dunn’s Method demonstrated
that 4. lituratus significantly consumed fruits with more
carbohydrates and lipids, taking into consideration not only
the amount of nutrients of the fruit (¥ insipida) found in the
faeces but also frequently consumed fruits reported in the
literature, whereas fruits consumed by C. perspicillata and
S. lilium provided mainly carbohydrates (Table 2, Figure 2).

4. Discussion

When analyzed as a set of fruits consumed by
C. perspicillata, S. lilium e A. lituratus, median values
reveal greater amounts of carbohydrates and fewer protein
amounts. This fact corroborates results in other studies
that determined the nutrient amounts of fruits in the diet
of frugivorous bats (Dumont et al., 2004; Lima and Reis,
2004; Oliveira et al., 2012). In the case of 4. lituratus,
analyses of fruits whose seeds were not found in the faeces

were included, although they were commonly ingested by
the species, according to the literature (Muller and Reis,
1992; Passos and Passamani, 2003; Mello et al., 2011),
and which occur in the SPMG. Only the fruits consumed
by this species have the same amount of lipids as that of
carbohydrates.

Since food for the bat species in the SPMG is abundant,
individuals may be highly selective and they may be
limiting their diet to the most convenient food (Delorme
and Thomas, 1999), which would be the item with the
greatest number of calories or that provide more energy,
either as carbohydrates or lipids, and protein (Pianka, 1982).

The bat-consumed plants can be divided into two
distinct groups (Wendeln et al., 2000; Saldafia-Vazquez
and Schondube, 2013): those that are poor in nutrients,
providing 36 to 50% carbohydrates, but small amounts
of lipids and proteins (1-5%); and those that are rich in
nutrients, with higher amounts of carbohydrates, lipids

Table 1. Mean quantity (n=2) in percentage of carbohydrates, lipids and proteins in fruits of vegetal species consumed by
Artibeus lituratus, Carollia perspicillata and Sturnira lilium, in the State Park Mata dos Godoy, northern region of the state
of Parana, Brazil. Each line does not sum to 100% because the amounts of water and ashs were removed.

Vegetal species Proteins (%) Lipids (%) Carbohydrates (%)

Piper aduncum L. 7.83 11.27 58.42
Piper crassinervium Kunth 3.82 1.43 63.69
Piper glabratum Kunth 5.71 38.41 27.53
Piper gaudichaudianum Kunth 3.6 1.45 47

Piper umbellatum L. 4.47 1.68 57.06
*Cecropia glaziovii Snethl. 4.85 43.97 19.36
*Cecropia pachystachya Trécul 8.41 34.525 24.96
*Terminalia catappa L. 1.51 30.33 53.21
Ficus insipida Willd. 1.4 45.78 29.44
Solanum caavurana Vell. 4.25 1.55 56.69
Solanum granulosoleprosum Dunal 3.55 1.64 56.57
Solanum sisymbrifollium Lam. 5.06 37.24 26.43
*Syagrus romanzoffiana Cham. 1.49 7.95 65.86

*Analyses of fruits frequently consumed by A. lituratus, according to the literature.

Table 2. Number of consumed vegetal species used as replica for the Kruskal-Wallis analysis of variance, medians, H values
and p-values from test and results of comparative test by Dunn’s method.

Number of Medla.n for Kruskal- Comparison by
vegetal species Nutriens I::;Z::: Wallis’H and  Dunn’s method
consumed p-value and p-value
(%)

Proteins 1.51 B Cand L—ns

Artibeus lituratus N= 5 Carbohydrates 29.44 I({O_ég 165 C and P —p<0.05

Lipids 34.52 L and P — p<0.05

Proteins 4.36 _ Cand L —p<0.05

Carollia perspicillata N= 8 Carbohydrates 56.63 }(185)16 )8 C and P —p<0.05
Lipids 1.65 Land P—ns

Proteins 4.47 _ C and L — p<0.05

Sturnira lilium N= 5 Carbohydrates 56.69 g;g 12 C and P —p<0.05
Lipids 1.67 Land P—ns

C — Carbohydrates; L — Lipids; P — Proteins; ns — not significant. Significance level at 0.016 for Kruskal-Wallis test, with Bonferroni

correction.
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and proteins (5-7%) (Fleming, 1986; Wendeln et al., 2000;
Saldafia-Vazquez and Schondube, 2013). The above studies
fail to provide percentages of lipids which would show
low or high nutrient amounts.

Carbohydrates — Fruits ingested by 4. lituratus, S. lilium
and C. perspicillata provide energy mainly as
carbohydrates which are the greatest source of energy
and the substrate for many synthesis pathways. They
are ready for energy demands or may be stored in the
liver and muscles as glycogen for the maintenance
of glucose when the animals are submitted to short
periods of fasting (12-48 hours; Pinheiro et al., 2006).
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Figure 2. Axis x represents carbohydrate, lipid and protein
percentages of each fruit analyzed for Artibeus lituratus,
Carollia perspicillata and Sturnira lilium in the State Park
Mata dos Godoy, northern region of the state of Parana,
Brazil. Each dot represents a type of fruit. In the case of 4.
lituratus, there are five dots for each nutrient, representing
five fruits analyzed for the species; in the case of S. lilium
and C. perspicillata, there are eight dots since eight fruits
were analyzed for each bat. Star indicates median for
carbohydrates, lipids and proteins in the fruits.
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Bats supply their high energy demands through their
ability in executing a fast combustion of recently
ingested carbohydrates. In fact, they must burn diet
nutrients instantly to sustain immediate energy and
high requirements for flight (Voigt et al., 2010).

Lipids — The amounts of lipids in the fruits analyzed
were high only for 4. lituratus, whereas lipids were
the smallest part of the nutrient composition for
C. perspicillata and S. lilium. However, the first
and second most consumed item, respectively Piper
aduncum (Vleut et al., 2015, also found P. aduncum
as the item most sought by C. perspicillata) and Piper
glabratum, provided greater amounts of lipids when
compared to those of other fruits also consumed by the
species. The same occurred with S. /ilium with regard
to P. glabratum as the second most required item.

Lipids rather than carbohydrates are more efficient
in the storage of energy, due to the fact that adipose cells
contain smaller amounts of water when compared to the
great quantity of water required to store carbohydrates
(Gleeson, 2005). Lipid reserves have an important role in
the energy demands of flight and in case of food scarcity,
or during daytime when bats do not forage. Fat is the only
fuel which, when stored, warrants great energy reserves
to meet the body needs during long fasting periods
(Gleeson, 2005).

Proteins — All fruits consumed by the three bat species
have low amounts of proteins when compared to other
nutrients. However, A. lituratus includes fruits of
Cecropia pachystachya in its diet and C. perspicillata
and S. lilium feed on P. aduncum and P. glabratum,
among other items. The fruits of these three vegetal
species have high amounts of protein in nutrient-rich
plants.

These nutrients are not the most efficient to acquire energy
since there is no protein reserve that may be discriminated
without the loss of functional capacity (Gleeson, 2005). In
fact, all protein exists for the execution of vital functions
in animal organism, such as the transport of other objects,
metabolic reactions, muscular contractions, structuring
and repair of tissues (Emery, 2012).

While taking into consideration the nutrient amounts
of the fruits under analysis, no single fruit provides
carbohydrates, lipids and proteins in similar quantities.
However, the diversity of fruit ingested by the three bat
species may represent a rich energy diet. It is common
knowledge that A. lituratus, C. perspicillata and S.
lilium supplement their diet with other items, such as
leaves, pollen and insects, which have not been analyzed
in current paper (Sazima, 1976; Bernard, 1997; Mikich,
2002; Reis et al., 2013). Coupled to fruits, they may
provide calories and structure quality required for the
maintenance of the organism. Thus, a diet based only on
analyzed fruits does not provide all the nutrients needed
for growth, reproduction and metabolism of three species
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of bats. For surely know if these animals ingest enough
nutrients to maintain the body, should be considered an
analysis of the all foods included in the diet, such as seeds,
leaves, pollen and insects.
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