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Abstract

Forest fragmentation associated with the expansion of human development is a phenomenon that occurs worldwide.
Studies reveal that there have been both a decline in species diversity and a decrease in Neotropical bat population
size because of habitat loss. The aim of this study was to investigate whether human action has been affecting the food
availability to wildlife species, which could impact the storage of body energy reserves. For this purpose, fruit-eating
bats (Artibeus lituratus) were collected in two areas in Minas Gerais state, Brazil. The concentrations of plasma glucose,
as well as glycogen, lipids and protein in liver in muscles were performed, in addition to adipose tissue weight and
carcass fatty acids. Our results indicate that fat reserves were significantly lower in most tested tissues (muscle of the
hindlimbs, breast muscles, adipose tissue and carcass) in animals collected in the region with a higher degree of human
disturbance. The other parameters showed no significant differences in the groups collected at different locations. In
conclusion, we suggest that human action on the environment may be affecting the storage of body fat energy reserves
of this species during the autumn, particularly in metropolitan region areas of Belo Horizonte, MG — Brazil, requiring
special attention to the species conservation.
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Avaliacio das reservas energéticas em Artibeus lituratus (Chiroptera: Phyllostomidae)
em areas com diferentes graus de conservacio em Minas Gerais

Resumo

A fragmentagdo florestal associada a expansdo do desenvolvimento humano é um fendmeno que ocorre em todo o
mundo. Estudos revelam que vém ocorrendo tanto uma diminuic@o da diversidade de espécies quanto uma diminui¢io
no tamanho das popula¢des de morcegos neotropicais em funcio da perda de habitat. Com o objetivo de comparar o
armazenamento das reservas energéticas em duas dreas com diferentes graus de conservagdo, morcegos frugivoros da
espécie Artibeus lituratus foram coletados durante o outono de 2009 em duas areas no Estado de Minas Gerais, Brasil.
Foram determinadas as concentracdes de glicose plasmética e de glicogénio, proteina e lipidio hepaticos e musculares,
além das concentracdes lipidicas do tecido adiposo e dcidos graxos totais da carcaga. As reservas lipidicas apresentaram
concentragdes significativamente menores na maior parte dos tecidos testados (musculo das patas posteriores, musculo
peitoral, tecido adiposo e carcaca) nos animais coletados na regido menos preservada. Os outros parametros nao
apresentaram diferencas significativas nos grupos coletados nos diferentes locais. Em conclusio, pode-se inferir que
a a¢do humana sobre os ambientes pode estar afetando o armazenamento de reservas energéticas corporais lipidicas de
machos dessa espécie, particularmente em dreas da regido metropolitana de Belo Horizonte-MG, Brasil, durante o outono.

Palavras-chave: morcegos, glicose, metabolismo, floresta fragmentada.
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1. Introduction

Forest fragmentation, associated with human development
expansion, is a phenomenon that can occurs worldwide
(Viana et al., 1997). The main threats to biodiversity are
fragmentation processes, habitat degradation, overexploitation
and introduction of exotic species (Primack and Rodrigues,
2001). Depending on the same effects, bats have also
presented a decrease in species diversity and population
size due to habitat loss (Brosset et al., 1996; Schulze et al.,
2000). Several authors show that in bat communities from
little changed or with no disturbance forest areas, species
diversity is greater than in altered areas (Fenton et al.,
1992; Cosson et al., 1999; Medellin et al., 2000; Gorresen
and Willig, 2004). In fact, while forests have given way
to city advancement, only a few species of bats have
shown the capacity to resist to the anthropogenic pressure,
whether staying in forest fragments located close to urban
environments or settling directly in these ones (Reis et al.,
1993; Sazima et al., 1994; Zortéa and Chiarello, 1994
Bredt and Uieda, 1996; Silva et al., 1996; Félix et al.,
2001; Esbérard, 2003; Reis et al., 2003). However, which
species are best adapted to anthropogenic environments
and the corresponding adaptive mechanisms have not been
fully elucidated yet.

The energy requirements for the individuals™ metabolic
functions maintenance comes from diet nutrients, which
can provide energy immediately to the body or be stored
as carbohydrate reserves (glycogen), lipids and proteins.
The storage and mobilisation of these reserves may
vary, according to food availability in the environment
(Powers et al., 2000; Douglas, 2002). It has been shown
that the storage of body energy reserves is essential for
the survival and maintenance of several species of bat
populations, as the mobilisation of these reserves provides
the necessary energy for events associated with reproduction
and adaptation to periods of food shortage (seasonality
and fasting) (Freitas et al., 2006; Pinheiro et al., 2006;
Wang et al., 2008; Freitas et al., 2010).

The relevant role of body energy reserves associated
with the maintenance of these populations sizes, associated
with the contribution of frugivorous bats to the forest
ecosystem conservations - as seed dispersers (Lobava
and Mori, 2004), emphasizes the investigation of possible
anthropogenic influence in their original habitat on their
energy reserve storage, to date little explored in the
literature. We hypothesised that bats collected in the urban
area would show decreased energy reserves.

To investigate these aspects, the aim of this study
was to evaluate plasma glucose levels and the main body
energy reserves (glycogen, proteins and fat in the liver and
muscle tissues and carcass fatty acids) in the neotropical
fruit-eating bat Artibeus lituratus (Olfers, 1818) captured
in two areas with different levels of conservation in the
state of Minas Gerais, Brazil.
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2. Methods

2.1. Study areas

There were two areas of samples, with different degrees
of conservation, both in the state of Minas Gerais, Brazil
(Figure 1).

2.1.1. Area 1 — anthropised area (PUC-MG)

The Catholic University of Minas Gerais (PUC-MG)
is located in the Coracao Eucaristico neighbourhood, in
Belo Horizonte city, Minas Gerais, Brazil (19°55” S and
43°59’ W). The forest area on the Campus covers an area
of approximately 7 ha and an average altitude of 8§75.0 m
(Ribeiro and Mdl, 1985). The annual average rainfall
and temperature are 1512 mm and 21.5 °C, respectively
(Werneck, 1998). The local climate reaches the highest
temperatures along with the highest rainfall indexes,
during October to March, featuring a hot-wet season. The
coolest and driest season occurs from April to September
(De Knegt et al., 2005).

2.1.2. Area 2 — preserved area — PERD

The Rio Doce State Park (PERD) is located among
Timéteo, Marliéria and Dionisio towns, at the confluence
of the Piracicaba River in the north and Doce River in the
south, in Minas Gerais state, Brazil (19°29’- 19°48’ S and
42°28’- 42°38” W). The Park is located in the Atlantic
Forest dominium, and its vegetation is characterised as
submontante semi- deciduous seasonal forest (Veloso et al.,
1991). With 35,974 ha, it is currently the largest area of
continuous forest in the state of Minas Gerais, with altitudes
ranging from 230-515 m (IGA-MG, 1997). The region of
Rio Doce is characterised as one of the three major lake
systems that occur in Brazil, together with the Pantanal
and the Amazon System (Milkhailova and Barbosa, 2004).
The rainy season extends from September to March and
the dry season from April to August. The annual average
rainfall, temperature and humidity are 1,300 mm, 23 °C
and 79%, respectively (CENIBRA, 2003).

2.2. Animals

Male and non-pregnant and non-lactating female bats
(Artibeus lituratus) were captured in two areas: 1) PUC-MG
(5 males and 8 females); and 2) Rio Doce State Park (6
males and 4 females). All animals were collected during
the fall of 2009 (March 21 to June 21), in order to avoid
seasonal fluctuations of energy reserves.

The animals were captured by using eight mist nets
that were opened at low altitude (0-4 m from the ground),
during six hours per night after sunset, and inspected at
intervals of 20 minutes. The captured specimens were
placed individually in cloth bags and transported to the
laboratory for methodological procedures. All captures,
transportation and experimental procedures were performed
according to instructions and authorisation from IBAMA
(Process n° 18532-1), IEF (UC 008/09) and the Ethics
Committee on Animal Use (Process n° 88831/2009). The
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Figure 1. Study areas: 1) PUC-MG (around the city of Belo Horizonte-MG) (19°55” S and 43°59’ W); and 2) PERD (State
Park of Rio Doce - PERD-MG) (19° 29°-19° 48” S and 42° 28°-42° 38’ W).

animals were classified using a taxonomy key for Brazilian
bats according to Vizzoto and Taddei (1973).

2.3. Sampling

After net closure, the animals were euthanised by
decapitation and their blood was quickly collected into
heparinised tubes. The tissues (liver, muscles of the hind
limbs and forelimbs, breast and adipose tissue) were
removed, weighed and divided into sub-samples, always
weighing more than 200 mg per sample, being the exact
weight recorded and the tissues then frozen at —20 °C.

2.4. Plasma glucose determination

For plasma glucose determination, the blood
was collected in heparinised tubes and immediately
centrifuged (2000 rpm/15 minutes) for plasma separation
and subsequently stored at —20 °C. Plasma glucose was
determined by the oxidase-glucose enzymatic method -
GLUCOX 500 (DOLES).

2.5. Muscle and liver glycogen

For liver and muscle glycogen determination, tissue
samples were placed in conical bottom tubes containing
potassium hydroxide (KOH) at 30% and hydrolysed
for 1 hour, being added 5 drops of saturated Na,SO,.
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The tubes containing this solution were centrifuged
(2000 rpm/10 minutes), and the supernatant discarded.
Glycogen concentration determination was performed by
the colorimetric method (Sjorgren et al., 1938).

2.6. Liver and muscle protein determination

To determine liver and muscle protein concentration,
samples from liver, breast, hindlimb and forelimb
muscles were homogenised with 0.9%-saline solution.
The colorimetric method was performed through Protein
Assay Reagent BCA Kit (PIERCE).

2.7. Total lipids determination

For total lipids determination of liver, fat and muscle
tissues (breast, hindlimb and forelimb), samples were
homogenised with a methanol-chloroform solution (2:1).
After filtration and phase separation by addition of saline
solution 0.9%, a sample of the chloroform phase (10 mL)
was used for total lipids determination according to
Folch et al. (1957).

2.8. Carcass fatty acids

After the aforementioned tissues removal, the digestive
tract was also removed from the terminal esophagus portion
until the anus, kidneys and reproductive organs. The carcass
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was then weighed and digested in 200 mL of 6 N KOH
for 4-6 days. After filtering, an equal volume of absolute
alcohol was added, resulting in a solution of KOH-ethanol
at 50% (v/v). A sample of this solution was washed for 3
times with 40 mL of petroleum ether, acidified with 5 mL
of sulfuric acid (H,SO,) and subjected to extraction with
chloroform with three times the final volume. 50 mL of
this phase was used for determination of total fatty acids
by the gravimetric method.

2.9. Statistical analysis

Data are presented as the Mean + Standard Error
of Mean (SEM). For comparisons between groups, the
students’ #-test was used. For non-parametric data, the
Mann-Whitney test was performed. The criterion of
significance was set at 5% (P < 0.05).

3. Results

Because gender showed no significant influence on
the results of any of the variables tested, data obtained
from male and female bats were pooled.

There was no statistical difference in plasma
glucose concentrations from bats collected at PUC-MG
(6.68 = 1.14 mmol.L™") and PERD (5.65 + 0.76 mmol.L™)
(Figure 2).

In the same way as for plasma glucose, there was
no significant difference in muscle or liver glycogen
concentrations in animals collected in both areas (Table 1).
Total protein concentrations also showed no statistical
variation between animals from both groups, except for
forelimb muscles, increased PUC-MG animals (Table 1).
Considering fat reserves, total lipids from hindlimb muscles,
breast muscles and adipose tissue, as well as carcass fatty
acids showed decreased values in animals collected at
PUC-MG, the urban area, compared to those from the
preserved forest in PERD. Forelimb and liver values
showed statistically similar values (Table 1).

4. Discussion

To our knowledge, this is the first study to evaluate
the energy reserves storage in neotropical fruit-eating
bats from areas of different conservation status. Food
availability in the environment, essential for energy
reserve accumulation in wild animals, has been reported
as threatened by human action, as decreased amount and
diversity of plant species in small forest fragments or in
disturbed areas are continually being reported (Fonseca
and Robinson, 1990; Galindo-Leal and Camara, 2003).
Energy reserves storage is thought to be an important
issue for wild species survival, especially in times of
seasonal food shortages and/or during reproductive events
(Moreno et al., 1993).

Our results have demonstrated that plasma glucose
concentrations of A. lituratus are similar from those
reported for this species (Pinheiro et al., 2006) and other
bat species (Freitas et al., 2003), and showed no significant
differences between animals captured in different areas.

Plasma glucose concentrations (mmol.L™")

PERD PUC-MG

Figure 2. Plasma glucose concentrations (mmol.L™) in
Artibeus lituratus colleted at PERD and PUC-MG. Values
are means + SEM.

Table 1. Concentrations of glycogen, protein and lipids in several tissues of fruit-eating bats (Artibeus lituratus) collected in

two areas in Minas Gerais State, Brazil.

Tissues PERD PUC-MG
Liver glycogen (p.mol™ glucosil-units/g) 22.01+£5.79 21.89 +4.47
Breast muscle glycogen (p.mol™ glucosil-units/g) 33.64 +£9.49 45.29 £ 19.30
Liver protein (g.100g™") 16.94 +0.55 18.40 = 1.57
Breast muscle protein (g.100g™") 9.47 +£0.75 9.65 = 0.65
Forelimb muscle protein (g.100g™") 11.36 £ 0.62 14.15 £ 0.73*
Hindlimb muscle protein (g.100g™") 9.60 +0.51 11.03 £ 0.69
Liver lipids (g.100g™") 7.33+0.50 6.56 = 0.37
Breast muscle lipids (g.100g™) 7.04 = 0.60 5.51£0.29%
Forelimb muscle lipids (g.100g™") 4.96 +0.31 4.39+0.13
Hindlimb muscle lipids (g.100g™") 5.80 £ 0.55 3.70 £ 0.29*
Carcass fatty acids (g.100g™") 4.05 +£0.46 227+0.11%
Adipose tissue lipids (g.100g™) 41.12 £ 6.48 18.05 £ 2.26*

PERD = Parque Estadual do Rio Doce; PUC-MG = Pontificia Universidade Catélica de Minas Gerais.
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Careful maintenance of constant blood glucose levels
involves several mechanisms responsible for the use of
nutrients from the diet or stored energy as a body fuel
reserve (Genuth, 1998; Weber, 2001). Frugivorous bats,
such as Artibeus lituratus, may ingest the equivalent of
its body weight every night, and are known to digest its
carbohydrate-rich meals rapidly and efficiently (Craik
and Markovich, 2000). This species feed on a variety
of fruits, with preference for those from the genus Ficus
(Morrison, 1978).

Liver and muscle glycogen concentrations have shown
no significant difference among sampling sites, suggesting
that these reserves are not being directly affected by the
conservation degree of the environment.

Similarly, protein reserves of the analysed tissues
showed no significant differences between the two areas,
except for protein concentration in the forelimbs, which
was significantly higher in animals collected at PUC-
MG. One possible explanation for this topic result is the
possibility of a supplementary insect feeding in this group,
induced possibly by the reduced availability of fruit items
at PUC-MG compared to the preserved area of the park.
Several authors have reported that, despite A. lituratus
presenting a predominantly frugivorous diet (Fleming,
1986; Galetti and Morellato, 1994; Zortéa and Chiarello,
1994; Passos et al., 2003), it may assume a more generalist
diet in regions where plant density is low (Galetti and
Morellato, 1994). This particular feature could be seen as
indicative of a wide feeding flexibility, allowing adaptations
to different situations of food supply, since observations
of food consumption during food abundance shows a clear
preference for fruit from the families Cecropiaceae and
Moraceae (Fleming, 1986; Passos et al., 2003). However,
when fruits are scarce, animals end up using a more
generalist feeding strategy, eating a variety of available
species, including protein sources like insects (Passos and
Graciolli, 2004).

Regarding lipid reserves, fat reserves were decreased
in four tissues from animals collected in the anthropised
area (PUC-MGQG), suggesting that lipid reserves were more
evidently influenced by human action. One possible reason
for decreased values found for fat reserves is a lower
carbohydrate ingestion (fruit items) by animals from the
anthropised area of PUC-MG compared to the preserved
area of PERD, which reduces lipogenesis (Kettelhut et al.,
1980; Botion et al., 1992). Nevertheless, further studies
on this species feeding ecology are necessary to verify the
diet composition at the two of study sites.

Lipids play an important role in the processes of energy
production and as a source of essential fatty acids (Pezzato,
1995). Bats exhibit a wide range of thermo-regulatory
patterns, which may vary depending on the type of diet
and nutritional status. Some of the species of this taxon
do not have mechanisms to control body temperature as
efficiently as other warm-blooded mammals (McNab,
1973; Speakman and Thomas, 2003). Therefore, it is
possible that the fat reserves in carcass play an important
role in maintaining this endothermic species. Concerning
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the role of fat reserves during reproduction events, such as
hormone and sperm production, pregnancy and lactation, it
is reported increases of adipose depots prior to these events,
mainly in retroperitoneal, parametrial and sub-scapular
areas (Moore et al., 1984). This fact is due to increased
metabolic demands for sustained fetal growth or mammary
gland development, for example (Moore et al., 1984).

Considering the role of lipid stores on reproduction,
decreased fat reserves observed in animals captured in
the anthropised area may cause complications for energy
supply and a proper development of the reproductive
activities, especially considering seasonal variations of
food availability and the long gestation of four months
estimated for this bat species (Reis, 1989). In a long-term
evaluation, decreased fat reserves could eventually affect
bat populations.

In conclusion, our results suggest that there are
differences in the body energy reserves storage between
areas with different degrees of conservation, with decreased
fat reserves in fruit-eating bats Artibeus lituratus living in
metropolitan areas of southeastern Brazil.
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