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From the symposium ‘‘Environment, Energetics, and Fitness: A Symposium Honoring Donald W. Thomas’’ presented at

the annual meeting of the Society for Integrative and Comparative Biology, January 3–7, 2011, at Salt Lake City, Utah.

1E-mail: ckorine@bgu.ac.il

Synopsis Since mammalian frugivores generally choose to eat ripe fruit in which ethanol concentration ([EtOH])

increases as the fruit ripens, we asked whether ethanol acts as an appetitive stimulant in the Egyptian fruit bat,

Rousettus aegyptiacus, and also studied the effects of ethanol on their skin temperature (Ts). We hypothesized that the

responses of fruit bats to dietary ethanol are concentration dependent and tested the predictions that the bats’ response is

positive, i.e., they eat more when [EtOH] in the food is in the range found in naturally ripe fruit, while it negatively

affects them at higher concentrations. We also tested the prediction that in winter, even when availability of fruit is low

and thermoregulatory costs are high, ingestion of ethanol by fruit bats is low because assimilated ethanol reduces

shivering thermogenesis and peripheral vasodilation; these, alone or together, are detrimental to the maintenance of

body temperature (Tb). In summer, captive bats offered food containing 0.1% ethanol significantly increased consump-

tion over food with no ethanol; they did not change consumption when food contained 0.01, 0.3, or 0.5% ethanol; but

significantly decreased consumption at higher levels of ethanol [EtOH], i.e., 1 and 2%. In winter, captive bats ate

significantly less when their food contained 0.1% ethanol than when it contained 0, 0.3, or 0.5%. During summer,

freshly caught bats ate significantly more ethanol-containing food than freshly caught bats in winter. Skin temperature

(Ts) in Egyptian fruit bats decreased significantly at an ambient temperature (Ta) of 128C (winter conditions) after gavage

with liquid food containing 1% ethanol. The effect was clearly temperature-dependent, since ethanol did not have the

same effect on bats gavaged with food containing 1% or no ethanol at a Ta of 258C (summer conditions). In conclusion,

ethanol may act as an appetitive stimulant for Egyptian fruit bats at low concentrations, but only in summer. Bats are

deterred by food containing [EtOH] corresponding to that in overripe, unpalatable fruit (1 and 2%). Furthermore,

during winter, Egyptian fruit bats are deterred by ethanol-rich fruit, possibly due to the potential thermoregulatory

consequences of ethanol consumption.

Introduction

Excessive intake of ethanol can have detrimental ef-

fects on the central nervous, cardiovascular, excretory

and digestive systems in different species of animals

(Taylor 1989). However, moderate consumption of

ethanol may have beneficial effects. For example,

humans and rats that consume modest amounts of

ethanol seem to be at lower risk of cardiovascular

disease than are abstainers or heavy drinkers

(Klatsky et al. 1977; Guiraud et al. 2004). Ethanol

itself may also act as a food-finding cue (Dudley

2000, 2002) because fruit-eating mammals are

known to be sensitive to the odor of aliphatic alco-

hols (Laska 1990; Laska and Seibt 2002). Both harm-

ful, and potentially beneficial, effects of ethanol

consumption are dependent on several internal and

external factors such as gender (Frezza et al. 1990),

age (Hawkins et al. 1997), genetic history of the

study subjects (Crabbe et al. 1982), and ambient

temperature (Ta) (Myers 1981). An example of a

Integrative and Comparative Biology, volume 51, number 3, pp. 432–440

doi:10.1093/icb/icr012

Advanced Access publication June 25, 2011

� The Author 2011. Published by Oxford University Press on behalf of the Society for Integrative and Comparative Biology. All rights reserved.

For permissions please email: journals.permissions@oup.com.

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article-abstract/51/3/432/639244 by U

niversidad de C
iencias Aplicadas y Am

bientales - U
D

C
A user on 14 April 2020



beneficial effect of moderate [EtOH], at least for the

plant, if not for the consumer, is that it may act as

an appetitive stimulant, and it has been suggested

that the presence of a moderate amount of alcohol

in fruits may increase their palatability and, thus,

increase the probability of seed dispersal for the

plant (Whiting 1975, cited by Borowicz 1988).

Westerterp-Plantenga and Verwegen (1999) reported

that 24-h energy intake in humans was significantly

enhanced by a 1 MJ alcohol apéritif (�50 ml of 80

proof whisky), but not by a 1 MJ liquid macronutri-

ent apéritif. It is also known that ingestion of alcohol

by humans is intimately associated with eating, in-

cluding extended duration and larger-sized meals

(Poppitt et al. 1996). However, high ethanol intake

brings about reduced food consumption and leads to

inebriation (Taylor 1989). A combination of high

ethanol intake and exposure to low Ta leads to a

dose-dependent fall in Tb in mice and rats (Lomax

et al. 1981; Myers 1981; Rezvani and Levin 2004). In

humans these effects can even be fatal (Teresiński

et al. 2005).

The aforementioned studies all used laboratory

model-animals, such as rats and mice. In the wild,

animals that feed on fleshy fruit often inadvertently

consume ethanol since it is a byproduct of the alco-

holic fermentation of sugars by yeasts, and a metab-

olite of the fruit itself (van Waarde 1991).

Furthermore, the concentration of ethanol is corre-

lated with the amount of sugar in fruit (Dominy

2004; Dudley 2004), the latter being an important

cue for selection of ripe fruit by frugivorous animals

(Baker et al. 1988).

Mazeh et al. (2008) found that daily intake of food

by wild bulbuls (Pycnonotus xanthopygos) decreased

by an average of 36% when their artificial food con-

tained the highest tested concentration of ethanol,

namely 3.0%. They also suggested that decreasing

food intake when [EtOH] is high may be a means

of avoiding intoxication and could be related to the

ethanol-metabolizing ability of the species. Sánchez

et al. (2004) reported that high [EtOH] in food has a

negative influence on food selection by wild Egyptian

fruit bats Rousettus aegyptiacus (Chiroptera,

Pteropodidae); the bats reduced food intake and

were deterred by food containing [EtOH] corre-

sponding to that in overripe, unpalatable fruit, i.e.,

�1%. Furthermore, the marginal value of food for

Egyptian fruit bats decreased when its [EtOH] ex-

ceeded 1% (Sánchez et al. 2008a, 2008b). Sánchez

et al. (2010) also found that artificially augmented

ingestion of ethanol is detrimental both to the ability

to fly and to the acuity of echolocation calls.

The information presented above suggests that

consumption of ethanol at high concentrations has

negative effects on food intake and behavior of

Egyptian fruit bats. However, we suspected that in

animals, for which fleshy fruit is an important part

of their diet, ethanol may act as an appetitive stim-

ulant. Since ethanol content increases as fleshy fruit

ripens (Dominy 2004; Dudley 2004), we hypothe-

sized that this would influence the quantity of fruit

eaten by Egyptian fruit bats. We predicted that at

both low food [EtOH], such as in unripe fruit, and

at high food [EtOH], as is found in over-ripe or

rotten fruit, Egyptian fruit bats have relatively low

intake of food (Sánchez et al. 2004, 2008a, 2008b).

However, at intermediate [EtOH], as is found in

palatable, ripe fruit, ethanol acts as an appetitive

stimulant, and fruit consumption is higher than

that of ethanol-free food.

We found that that during winter the bats de-

creased food intake when it contained low concen-

trations of ethanol (C. Korine, unpublished data).

These results indicated that consumption of

ethanol-containing food may differ between

summer and winter. Since a combination of high

ethanol intake and exposure to low Ta may lead to

a reduction in Tb, we hypothesized that the reduc-

tion of intake of ethanol-containing food by bats in

winter is related to Tb regulation. We predicted that

a combination of high food [EtOH] and exposure to

low Ta, that is, below the bats’ lower critical temper-

ature (Tlc), would result in lower Ts than would a

combination of high food [EtOH] and exposure to a

Ta close to the Tlc.

Materials and methods

Study animals

We used five male and four female captive, adult,

but non-reproductive, Egyptian fruit bats (body

mass 130–170 g) from a colony maintained on the

Sede Boqer Campus of Ben-Gurion University of the

Negev, Israel. The bats were kept in a large outdoor

flight cage (7� 2.5� 2.5 m) that had sides covered

with plastic mesh shading material. Between experi-

ments, the bats were offered fresh fruit, purchased at

local grocery stores, ad libitum. This research was

done under permit 18150 from the Israel Nature

and National Parks Protection Authority and under

permit IL-71-12-2010 from the Ben-Gurion

University committee for the ethical care and use

of animals in experiments.
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Effect of ethanol on food intake in captive bats in

summer and in winter

These experiments were done in summer 2005,

between June and August. During experiments,

the animals were held in individual cages

(0.8� 0.6� 0.8 m), covered with black cloth hoods,

in a controlled environment room kept on a 12 h

light:12 h dark cycle at a Ta of 22� 18C). The bats

could not fly under these conditions. Each trial com-

prised of a 2-day habituation period, during which

the bats were fed the same diet of mixed fruit that

they received in the outdoor flight cage, and 4 days

of experiment when liquid food (see below) intake

was measured. On Day 6, we returned the bats to the

flight cage for 5 days of rest and began another trial.

Altogether, we ran three trials in which we offered

six concentrations of ethanol, 0 (control), 0.01, 0.1,

0.3, 0.5, 1, and 2% (v/v) to the bats. We selected

these concentrations because [EtOH] in fruits con-

sumed by these bats increases during ripening,

having values generally lower than 0.1% in unripe

fruit and 0.1–0.7% in ripe fruit (Sánchez et al.

2004). We mixed the ethanol into an artificial

liquid food which contained 769 mmol sucrose/kg

H2O, 7.23 g soy protein/kg H2O, 840 mg/L KCl,

659 mg/kg H2O NaCl and a drop of vitamin supple-

ment (A-D-VIT3000, Koffolk) following Korine et al.

(2006). The sugar and protein concentrations of the

liquid diet are within the range found in fruits eaten

by Egyptian fruit bats in the wild (Korine et al. 1998,

1999).

Over consecutive 48-h intervals, the bats were pre-

sented with pair-wise combinations of the test con-

centrations, and the order of presentation was

randomized. In the first 24 h, two feeders containing

180 ml of food were presented for the bats (with and

without ethanol at a particular concentration) and

on the next 24 h the sides of the feeders were

switched (with the same [EtOH]s) to control for

possible side-bias (Johnson et al. 1999). At 18:00 h

on each trial-night, weighed (�0.01 g) amounts food

were placed in two plastic feeders inside each cage

and removed at 06:00 h the following morning when

they were reweighed. The difference between the

masses was assumed to be the quantity of food

eaten after correcting for evaporation. To correct

for evaporation, we placed two feeders with the

same amount of food offered the bats in the con-

trolled environment room in a cage without bats and

weighed them along with the bat feeders. In addition,

in winter, we measured the effect of [EtOH] (0, 0.1,

0.3, and 0.5%) on food intake as described above in

the same nine captive bats that were tested during

summer.

Effect of ethanol on food intake in freshly captured

bats in summer and in winter

In summer (June 2005), we captured non-

reproductive adult bats (four of each gender, ranging

in mb from 130 to 160 g) with mist nets in an un-

derground parking garage in Beer Sheva, Israel. A

further eight nonreproductive adult bats were cap-

tured in winter (December 2005). The Ta of the con-

trolled environment room during summer and

winter experiments was 228C and 128C, respectively.

The bats were habituated to individual cages (see

above) in the controlled environment room for

1 day and were randomly assigned to low [EtOH]

of 0, 0.1, and 0.3%. We measured food intake as

described above. In freshly caught bats, we did not

measure food intake at any other concentration of

ethanol because we did not wish to keep the animals

in captivity for longer than absolutely necessary.

Food intake was measured as described above for

summer and winter experiments.

Effect of ethanol on skin temperature

In separate experiments, we tested whether ingestion

of ethanol affects skin temperatures (Ts) of the bats.

These experiments were done in June 2006 with eight

adult males from our captive colony (ranging in mb

from 140 to 160 g), kept in individual cages in the

controlled-environment room. Bats were habituated

to either a Ta of 258C that is just below their Tlc

(�29–308C), or to Ta of 128C, well below their Tlc

(Noll 1979; Korine and Arad 1993). At 258C, we

assumed that the bats experienced lower thermoreg-

ulatory energy demands than at 128C and were not

stressed by cold or by heat, while at 128C, we as-

sumed that the bats had higher thermoregulatory

energy demands. Bats were habituated for 4 days

for each Ta and the measurements were taken for

another 2 days.

Five to 10 min before a trial, each bat was fed by

gavage �19 ml of liquid food that contained either 0

or 1% ethanol. The mixture on the first night was

randomly chosen, and the order was reversed on the

second night. To calculate the exact volume of

ethanol-containing food to administer to each bat,

we assumed that, as in humans, the likelihood of

intoxication from ethanol can be estimated based

on blood volume (Garriot 2003); the animals were

then gavaged following Sánchez et al. (2008b). In

brief, we gavaged ethanol in proportion to total

blood volume and calculated that a 0.14 kg fruit
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bat would require 18.5 ml to elicit ethanol intoxica-

tion. Sánchez et al. (2010) found that this amount

and concentration of ethanol reduced flight speed

and disrupted echolocation calls in the same individ-

uals that were tested in the present study

We used iButton data loggers (DS1990A, Dallas

Semiconductor, Maxim Integrated Circuits, Dallas,

USA) to measure Ts of the bats. iButtons were suc-

cessfully used to measure skin temperature in

humans (van Marken Lichtenbelt et al. 2006) and

in mountain hares, Lepus timidus (Nieminen and

Mustonen 2008). The iButtons were calibrated in

the laboratory to �0.58C in a controlled-temperature

water bath (Thermo Haake V26, Karlsruhe,

Germany) against a mercury-in-glass thermometer

(Taylor 21002, Oakbrook, IL, USA) with calibration

accuracy traceable to the U.S. National Institute of

Standards and Technology.

Prior to habituation to experimental conditions,

we glued an iButton to a shaved area of 2� 2 cm

between the bat’s scapulae with Skin-bond

Cement� (Smith and Nephew United Inc., Largo,

Florida, USA). Temperature readings were logged

every 10 min. Measurements of the effect of ethanol

began 20 min after ingestion and continued for

240 min. During the measurements we did not

offer any food to the bats; afterwards the bats were

fed fresh fruit.

Statistical analysis

We used analysis of variance (ANOVA) and the

Bonferroni post hoc test to examine the effect of

ethanol on food intake by captive animals during

summer and winter. In this analysis, food consump-

tion was the dependent variable, whereas bat ID was

entered as a random effect, and ethanol concentra-

tion in food as a fixed effect (Neter et al. 1996). We

also used ANOVA to examine the effect of ethanol

and season on food intake by freshly caught bats. We

analyzed the effect of ethanol and Ta on Ts using two

methods. First, we averaged the data for all bats and

for each period of measurement and tested the dif-

ferences in regression coefficients between treat-

ments, i.e., with and without ethanol at each Ta, by

ANCOVA. Second, we analyzed the effect of ethanol

and Ta on Ts for each individual bat using ANOVA.

In this analysis, Ts was the dependent variable,

whereas bat ID was entered as a random effect, eth-

anol concentration in food, Ta and time were entered

as fixed effects. We used Sidak’s a posteriori test for

multiple comparisons. All analyses were done using

the GLM option of SPSS 11.5; residuals were exam-

ined and no violations of the assumptions of

normality or homogeneity of variance were found.

�50.05 was chosen as the lowest acceptable level

of significance.

Results

Food intake of captive bats fed different

concentrations of ethanol in summer

Food intake was affected by [EtOH] [MS (residual

mean square)¼ 1684.3, F11,95¼ 7.93, P50.001] and

by bat ID (MS¼ 484.2, F8, 84¼ 2.16, P¼ 0.04). When

food contained [EtOH] of 0.01, 0.3, and 0.5%, food

intake did not differ from the control diet; but, food

intake increased significantly when the food con-

tained 0.1% ethanol, and, at this concentration,

food intake also differed significantly from when

food contained 0.01% ethanol. Intake decreased sig-

nificantly when food contained 1 and 2% ethanol

(Fig. 1).

Food intake of captive bats fed different

concentrations of ethanol in winter

Food intake was affected by [EtOH] (MS¼ 1429.5,

F5, 44¼ 3.01, P50.04). In all cases, food intake was

lower when food contained ethanol than when it did

not, and this difference was significant at [EtOH] of

0.1% (P50.047; Fig. 2A).

Food intake of freshly caught bats fed different

concentrations of ethanol in winter and summer

Food intake was affected by season (MS¼ 112595.8,

F1, 32¼ 8.13, P50.02), by the interactions of

season� [EtOH] and season� bat ID (MS¼ 452.3,

F1, 30¼ 4.26, P50.02; MS¼ 1389.1, F1, 30¼ 1307,

P50.001, respectively). Post hoc examination

showed that bats ingested more ethanol-free food

Fig. 1 Effect of ethanol on consumption of liquid by captive

Egyptian fruit bats during summer. Asterisks denote significant

differences (P50.05).
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in winter than in summer (Fig. 2B). Bats also ate

more ethanol-containing food in summer than in

winter when [EtOH] was 0.1%, but food intake did

not change between seasons when [EtOH] was 0.3%

(Fig. 2B). While the absolute amount of ethanol

free-food, or food containing 0.1% ethanol, increased

during winter, the bats showed a tendency to in-

crease the ratio between ethanol-containing food

and ethanol free-food in summer; this increase was

significant when [EtOH] was 0.3% (P50.014,

Fig. 2C).

Skin temperature

Average skin temperature (8C) decreased signifi-

cantly in time (t in min) both when the bats were

gavaged with food containing 1% ethanol, or no

ethanol at Ta¼ 258C (Ts¼�0.0038 tþ 34.5,

r2
¼ 0.44, F1.23 ¼20.9, P50.001, Ts¼�0.0032 tþ

34.3, r2
¼ 0.31, F1.23 ¼9.8, P50.005). However,

neither the intercepts nor the slopes differed signifi-

cantly between the two treatments (Fig. 3A). Average

Ts decreased significantly both when the bats

were gavaged with food containing 1% ethanol,

or no ethanol at a Ta of 128C (Ts¼�0.014 tþ

31.72, r2
¼ 0.80, F1.23¼ 93.88, P50.001 and

Ts¼�0.007 tþ 32.5, r2
¼ 0.42, F1.23¼ 16.77,

P50.005). At 128C, the slope of the regression of

Ts versus time for the bats gavaged with food con-

taining 1% ethanol was significantly higher than that

of the bats gavaged with ethanol free-food

(P50.001) (Fig. 3B).

Fig. 2 Effect of ethanol on consumption of liquid by (A) captive

Egyptian fruit bats during winter and (B) freshly caught bats

during winter and summer; and (C) the ratio of ethanol-

containing food/ethanol free-food in freshly caught bats during

winter and summer. Letters denote significant differences

(P50.05).

Fig. 3 The relationship between average skin temperature (Ts)

and time in Egyptian fruit bats after ingestion of liquid food

containing either 1% ethanol or none (control) at ambient

temperatures of 258C (A) and 128C (B).
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Skin temperature was affected by Ta and time and

several other interactions. At 128C, during most of

the measurements, Ts was significantly lower after

ingestion of ethanol-rich food than after ethanol-free

food, and there was also a trend towards an increase

in Ts in time after ethanol consumption. In contrast,

at 258C there were no significant differences in Ts

between ethanol treatments or in time. At 128C, Ts

decreased significantly in three bats, likely as a re-

sponse to ethanol ingestion (Fig. 4A), whereas at

258C, Ts decreased in three bats after ethanol inges-

tion, but increased in two bats (Fig. 4B)

Discussion

The adverse effects of excessive ethanol intake on the

behavior and physiology of animals are widely doc-

umented (Taylor 1989). However, the reported

quantitative beneficial effects of ethanol are few.

For example, the longevity of Drosophila spp. that

naturally encounter fermenting nutritional substrates

is enhanced at very low concentrations of ethanol,

but decreases at higher concentrations (Parsons

1989). In addition, lifetime fecundity of Drosophila

mojavensis increases in the presence of low-

concentration ethanol vapor (Etges and Klassen

1989). Also, epidemiological studies in humans indi-

cate moderate increases in longevity following chron-

ic low-level exposure to ethanol (Klatsky et al. 1977).

The results of the present study demonstrate that

ethanol may have either positive or negative effects,

in terms of increased consumption of food, by

Egyptian fruit bats, and partially support our predic-

tions. Namely, food intake did not change at very

low [EtOH], i.e., 0.01%, but significantly decreased

at high [EtOH] (1 and 2%). These extremes may

represent unripe fruit stages and an over-ripe or oth-

erwise unpalatable condition, respectively. Our re-

sults are similar to those of Sánchez et al. (2006),

who found that the Egyptian fruit bats do not use

ethanol as an odor cue at low [EtOH] (0.01–0.7%),

but the odor of ethanol in food at concentrations

�1% deterred them.

Sánchez et al. (2006) suggested that ethanol at

high concentrations may serve as an odor cue for

bats to avoid overripe, unpalatable fruit. In the pre-

sent study, we found that the bats significantly in-

creased the amount they ate when food contained

0.1% ethanol, but they did not change their intake

when food contained 0.3 or 0.5% [EtOH], all

[EtOH] being in the range of concentrations found

in natural ripe fruit (Sánchez et al. 2004).

Under the experimental conditions of the present

study, where the bats could not fly, we found ethanol

may act as an appetitive stimulant. By contrast, in

a flight cage (74 m3), where bats could fly freely,

Sánchez et al. (2008a) found that the marginal

value of food did not change for Egyptian fruit

bats in patches containing [EtOH] below 1% (0,

0.01, 0.1 and 0.5%), indicating that when flight

was an option, ethanol did not act as an appetitive

stimulant. Under other circumstances the results may

be different. For example, Werme et al. (2002) found

that in Lewis rats running for exercise may positively

affect the animals’ preference for ethanol and its

intake. Furthermore, as stated above, the bats ate

less when food contained 41% ethanol, results that

are consistent with those of Sánchez et al. (2008a)

that showed that high [EtOH] reduces the marginal

value for Egyptian fruit bats. Thus Sánchez and col-

leagues concluded that the effects of ethanol in food

vary with concentration.

In contrast to our findings, the pentailed tree

shrew (Ptilocercus lowii) feeds daily on nectar that

contains up to 3.8% ethanol without suffering any

Fig. 4 Effect of ethanol ingestion (0 and 1%) and ambient

temperature (12 and 258C) on skin temperature of Egyptian

fruit bats. At 128C, ethanol decreased skin temperature of three

bats (A), whereas at 258C three animals also showed the same

pattern but two had a significant increase in skin temperature

(B). Asterisks denote significant differences (P50.05) between

food with different ethanol concentration for the same bat.
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discernable deleterious consequences, most probably

by means of metabolic tolerance to ethanol (Wiens

et al. 2008). Flight performance and echolocation

were also not significantly affected by ethanol in six

species of fruit-eating bats (Phyllostomidae) from the

New World (Orbach et al. 2010).

One may argue that the findings of the present

study are influenced by the bats having been kept

in captivity for several months. However, since the

results from the freshly caught bats were no different

than those of the captive bats, both during summer

and winter, we assume that wild bats and captive

bats behave similarly when feeding on fruit with dif-

ferent [EtOH].

Effect of ingestion of ethanol on skin temperature

The effect of ingesting ethanol on Ts is known to be

dose-dependent as well as temperature-dependent.

Several studies reported that combinations of high

doses of ethanol and exposure to cold decrease

core body temperature and impair its regulation

(Andersen et al. 1963; Lomax et al 1981). In the

present study, the ethanol dose of �19 ml of a 1%

mixture of ethanol in food caused a significant fall in

Ts of the bats that were exposed to a Ta of 128C. The

effect was clearly temperature-dependent, as ethanol

did not have the same effect on bats that were ex-

posed to a Ta of 258C. It was reported that the most

common effect ethanol ingestion at low Ta is inhibi-

tion of shivering with a consequent reduction in

thermogenesis, and increased heat loss through cuta-

neous vasodilation (Kalant and Le 1984). However,

studies on humans and other laboratory animals

(rats and mice) have shown that factors such as

the magnitude of cold stress, nutritional state, body

composition, and alcohol tolerance can all affect

these thermoregulatory processes (Freund et al.

1994).

Some researchers argue that the primary mecha-

nism whereby ingestion of alcohol affects Tb during

exposure to cold is through impairment of shivering

thermogenesis rather than by increasing heat loss

through vasodilation (Murphy and Lipton 1983;

Freund et al. 1994). Ingestion of alcohol in humans

can induce hypoglycemia, which, in turn, may result

in a reduction or complete cessation of shivering,

bringing about a significant reduction in metabolic

heat production and a rapid fall of Tb during expo-

sure to cold (Krebs et al. 1969; Wilson et al. 1981;

Freund et al. 1994). In addition to reduced shivering

thermogenesis and peripheral vasodilation at high-

ethanol intake and low Ta, behavioral thermoregula-

tion is also an important mechanism for controlling

Tb when animals are exposed to cold (Johnston et al.

1996). Following oral administration of ethanol,

mice (O’Connor et al. 1989) and rats (Gordon

et al. 1988) both selected a Ta significantly cooler

than that selected by animals administered similar

volumes of saline. This was despite the fact that Tb

was significantly lower following alcohol administra-

tion; the results were interpreted to indicate that

ethanol had altered the ‘‘set-point’’ for thermoregu-

lation (O’Connor et al. 1989).

Egyptian fruit bats, in the present study, reduced

their food consumption when it contained 1% etha-

nol and Ts also dropped when the bats were gavaged

with food containing 1% at a Ta of 128C. These

findings imply that ethanol at this concentration is

a deterrent, and is in accord with the findings on the

effects of 1% of ethanol on flight and echolocation in

Egyptian fruit bats (Sánchez et al. 2010). However,

Sánchez et al. (2008a) also found that the same bats,

when food-restricted, ate food containing 1% ethanol

and suggested that the bats might trade-off the costs

of intoxication against the value of nutrients ac-

quired when their body condition is poor. Such a

circumstance occurs in winter when high-quality

ripe fruit is scarce, and bats may have to increase

their consumption of low-quality, ethanol-rich fruit

(Sánchez et al. 2008a).
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