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a  b  s  t  r  a  c  t

Frugivorous  animals  may  face  an  osmoregulatory  challenge  due  to the watery  nature  of  their  food  and
low concentration  of  electrolytes  therein.  We  examined  the  effects  of  salt  content  (NaCl)  and  sugar type
(sucrose  vs.  glucose)  on the intake  rate  of  dilute  sugar  solutions  by  the  Egyptian  fruit  bat  (Rousettus
aegyptiacus).  Increased  salt content  did  not  bring  about  an  increase  in  energy  intake  by bats  fed  dilute
sucrose  diets  and  the  bats did  not  compensate  by hyperphagia  to achieve  the  energy  intake  of  bats  fed
concentrated  sucrose  solution  without  salt.  Moreover,  increasing  salt  content  had  a  negative  effect  on  the
total  energy  intake  of  Egyptian  fruit  bats  fed  equicaloric  sucrose  solutions.  There  were  no differences  in
hematocrit  in bats  fed  the  diets  of different  sucrose  concentration,  but  plasma  osmolality  was higher  in
those  bats  fed  more  concentrated  sugar  solutions,  and  urine  osmolality  was  higher  in  those  fed  on  high-
ood intake
ruit-eating bats

salt  diets.  Food  and  energy  intake  did  not  differ  between  bats  that  were  fed  dilute glucose  and  sucrose
solutions.  Our  findings  indicate  that  Egyptian  fruit  bats  do not  modulate  food  intake  when  salt  content
of  dilute  sugar  solutions  is  increased,  and  that increasing  salt  content  might  constrain  their  food  intake
rate.  Sugar  type  did  not  affect  food  intake  by Egyptian  fruit  bats,  indicating  that  sucrose  hydrolysis  alone
does  not  limit  the  intake  of dilute  sugar  nectar.

©  2015  Deutsche  Gesellschaft  für Säugetierkunde.  Published  by Elsevier  GmbH.  All  rights  reserved.
ntroduction

Many nectar- and fruit-feeding vertebrates adjust their food
ntake to maintain relatively constant energy intake, thereby com-
ensating for variations in nectar sugar content (López-Calleja et al.,
997; Levey and Martínez del Rio, 1999; McWhorter et al., 2003).
owever, when nectarivorous and frugivorous vertebrates are fed
xtremely dilute sugar solutions, food ingestion rate is limiting and
hey cannot compensate by hyperphagia (e.g. Nicolson and Fleming,
003; Ramírez et al., 2005; Ayala-Berdon et al., 2008; Herrera and
ancina, 2008; Herrera et al., 2011). Several physiological reasons

ave been invoked to explain limitations on compensatory feed-

ng, among them the rate of sugar hydrolysis and/or assimilation,
idney processing rates, and the cost of warming food to body
emperature (Nicolson and Fleming, 2003). Sucrose and glucose

∗ Corresponding author. Tel.: +972 8 6596773; fax: +972 8 6596772.
E-mail address: ckorine@bgu.ac.il (C. Korine).

ttp://dx.doi.org/10.1016/j.mambio.2015.05.007
616-5047/© 2015 Deutsche Gesellschaft für Säugetierkunde. Published by Elsevier Gmb
are the two  main sugars found in nectar and fruit eaten by verte-
brates (Baker et al., 1998). Sucrose must first be broken down into
its constituent monosaccharides glucose and fructose by intesti-
nal enzymes (sucrase, Schondube et al., 2001), whereas glucose is
directly absorbed from the small intestine into the bloodstream by
both active and passive mechanisms (Tracy et al., 2007; Caviedes-
Vidal et al., 2008). Thus, digestive processing of sucrose involves
one more step than that for glucose, which might result in bats
imbibing solutions containing sucrose at a slower rate than glucose
solutions. Sucrose hydrolysis might decrease at low sugar concen-
trations, resulting in lower intestinal absorption rates compared to
dilute glucose solutions (Schondube and Martínez del Rio, 2003).

Due to the watery nature of fruit pulp and floral nectar, exces-
sive ingestion of water when feeding on a dilute sugar solution
is an osmoregulatory challenge that adds a further constraint on

food ingestion rates for some nectarivorous and frugivorous ver-
tebrates, regulating the extent and magnitude of compensatory
feeding (Martínez del Rio et al., 2001). For example, water over-
ingestion in white-bellied sunbirds (Cinnyris talatala) fed very

H. All rights reserved.
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inside each cage and removed at 06:00 h the following morning
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ilute sucrose solutions (0.07–0.1 mol  l−1) led to the excretion of
ore electrolytes than when the birds were fed a higher sugar

oncentration (Fleming and Nicolson, 2003). Large losses of elec-
rolytes might thus limit the ingestion of dilute sugar solutions
hat contain only minute amounts of salts (Fleming and Nicolson,
003). It has also been found that the intake rate of a dilute sucrose
olution (0.1 mol  l−1) by white-bellied sunbirds and New Holland
oneyeaters (Phylidonyris novaehollandiae) was higher when salt
as added (20 mmol  l−1 NaCl) (Purchase et al., 2010). Furthermore,

oth species of birds had similar energy intakes when fed a dilute
ucrose solution (0.1 mol  l−1) with added NaCl (20 mmol  l−1 NaCl)
han on salt-free solutions with a higher sucrose concentration
0.25–1 mol  l−1), indicating the occurrence of compensatory feed-
ng when salt is added (Purchase et al., 2010). Although intake
ate of dilute sugar solutions by these birds increased as the
oncentration of salts increased (1:1 mol  NaCl:KCl mixtures), no
ifference was found between the highest salt concentrations
20 and 40 mmol  l−1 NaCl:KCl; Purchase et al. 2010), suggesting that
he effect of increased salt content on intake rate is not additive. In
ontrast, food intake rate was similar in the nectarivorous Pallas’s
ong-tongued bat, Glossophaga soricina, fed a dilute sucrose solu-
ion (0.292 mol  l−1) with (75 mmol  NaCl l−1) or without salt, but
ntake rate decreased with higher salt content (>150 mmol  NaCl l−1;
akken et al., 2008). Thus, ingestion rate of sugary diets by verte-
rate frugivores and nectarivores might be affected by salt content
ut the direction of this effect needs further examination.

The diet of the Egyptian fruit bat, Rousettus aegyptiacus Lin-
aeus 1758, includes fruits with very high water content (up to
0%; Korine et al., 1998) and low Na content (Arad and Korine,
993). Korine et al. (2006) reported that the energy intake of
gyptian fruit bats fed sucrose solutions with small amounts of
aCl (11 mmol  l−1) was lower when fed a liquid diet dilute in

ucrose (0.256 mol  l−1; energy intake = 268–307 kJ/day) than when
ed a diet with a high sucrose content (0.658 mol  l−1; energy
ntake = 304–364 kJ/day). Thus, apparently Egyptian fruit bats do
ot or cannot compensate in response to feeding on dilute sugar
olutions by increased food intake, even when salt is added
Korine et al., 2006). However, these results are equivocal because
he study was not designed to test the effects of salt on food intake
ate. Given these limitations, we examined the effect of salt con-
ent and sugar type on intake rate of dilute sugar concentrations by
gyptian fruit bats.

To examine the effect of salt content on food intake we  offered
gyptian fruit bats dilute and concentrated sucrose diets with low
r high amounts of NaCl added and tested the predictions that
he energy intake of bats fed a dilute sucrose diet increases with
ncreasing salt content, and that their energy intake is similar to
hat of bats fed a diet with a high sugar concentration. Since water
ntake is inversely proportional to sugar concentration, we did not
xpect that energy intake from diets high in sugar concentration
ould be affected by salt content.

Some consequence of ingesting large volumes of water when
eeding on dilute sugar diets are decreased plasma and urine elec-
rolyte concentrations and decreased hematocrit, Hct (Arad and
orine, 1993; Martínez del Rio et al., 2001; Fleming and Nicolson,
003; Purchase et al., 2010). Accordingly, we measured Hct, and
he osmolalities of plasma (Posm) and of urine (Uosm) of the bats in
ll the trials to gauge whether these were lower when bats were
ed a dilute sucrose diet with low salt content.

To examine the effect of sugar type on food intake, we also
easured intake rate of Egyptian fruit bats fed a dilute glucose

olution with low NaCl content. Downs et al. (2012) in their study
f Wahlberg’s epauletted fruit bat (Epomophorus wahlbergi),  an Old

orld fruit bat, showed that sucrose hydrolysis does not limit the

ntake of dilute sugar solutions. Accordingly, we predicted that
ntake rate of bats fed glucose and sucrose solutions would be the
 Biology 80 (2015) 409–413

same. Since these sucrose and glucose diets had the same low salt
concentration, we  predicted no differences in Hct, Posm and Uosm

between bats consuming the two diets.

Material and methods

Husbandry

Four adult male and three non-reproductive adult female Egyp-
tian fruit bats (body mass (mb): 110–150 g) were captured with
mist nets in an underground parking garage in Beer Sheva, Israel, in
June 2011 and were housed in an outdoor flight cage (7 × 3 × 2.5 m)
on the Sede Boqer Campus of Ben-Gurion University of the Negev
(30◦51′N, 34◦47′E; 476 m above sea level) where they were habit-
uated for 3 weeks before trials began. During this period, bats
were offered an assortment of fruits such as apples and bananas
ad libitum and trials began when the bats attained and maintained
constant mb. During the habitation period, a male escaped and a
male died and our sample size was 5. All individuals were color-
marked for identification and all were released at their site of
capture at the end of the experiments. All experiments were con-
ducted under permit BGU-R-06-2009 (to BP) of the Animal Care
and Ethics Committee of the Ben-Gurion University. The study was
carried out under permit number 17510 from the Israel Nature and
Parks Authority.

Trial protocol

Experimental trials were preceded by two  days of habituation
to the trial conditions, followed by a 2-day experiment. Bats were
habituated to an ambient temperature (Ta) of 30 ◦C, which is 1 ◦C
below their average lower critical temperature (Korine and Arad,
1993). The bats were offered a liquid diet (see below) that var-
ied in sugar content, ad libitum. At the start of the habituation
period we transferred the bats to individual cages, which were
covered with black cloth hoods, in a controlled-environment room
(Ta = 30 ± 1 ◦C) with a 12 h light:12 h dark cycle. On  the first day of
habituation, we  fed the bats the same mixed fruit diet that they
received in the outdoor flight cage. On the following day, bats were
fed the same liquid diet as they were in the experimental trial. Start-
ing from the second day of the trial, food intake was measured each
morning. Between trials, we returned the bats to the flight cage for
two weeks of recovery.

Diets

We  prepared five diets based on Korine et al. (2006; Table 1).
The sugar and protein concentrations were within the range found
in fruits eaten by Egyptian fruit bats in the wild (Korine et al.,
1998). Diets were low in sucrose and low or high in NaCl (LSLNa
or LSHNa, respectively), high in sucrose and low or high in NaCl
(HSLNa or HSHNa, respectively), and low in glucose and low in
NaCl (LGLNa). The LSLNa diet (82.4248 kJ 100 ml−1) and LGLNa diet
(78.2404 kJ 100 ml−1) were roughly equicaloric.

Trial design

Each bat received all diets on separate trails in a random order.
At 18:00 h on each night of a trial, weighed amounts of food
(±0.01 g; Scout Pro, Ohaus Corporation, Florham Park, NJ, USA)
were placed in two feeders (a transparent plastic bowl 16 × 7 cm)
when they were reweighed. For the rest of the day, (i.e. during
their rest phase) the bats did not have access to food. The differ-
ence between the masses was assumed to be the quantity of food
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Table  1
The responses of five Egyptian fruit bats (Rousettus aegyptiacus) fed sugar diets with different energy and salt contents. Data included are sugar and salt (NaCl) content in
experimental diets, and mean (±S.D.) body mass on the second day of a 2-day feeding trial (mb2), Hematocrit (Hct), plasma osmolality (Posm) and urine osmolality (Uosm).
Statistical difference is indicated by letters a, b and c for comparison among sucrose solutions (by repeated measures ANOVA), and with numbers 1 and 2 for comparison
between sucrose and glucose solutions (by Student’s t-tests for dependent samples). Numbers in parentheses are sample sizes for Uosm. Experimental diets were: (1) low in
sucrose  and low (LSLNa) or (2) high in NaCl (LSHNa), (3) high in sucrose and low (HSLNa) or (4) high in NaCl (HSHNa), or (5) low in glucose and NaCl (LGLNa).

# Diet Sugar* (mol l−1) NaCl (mmol  l−1) Soy protein (g l−1) mb2 (g) Hct (%) Posm (mmol l−1) Uosm (mmol  l−1)

1 LSLNa 0.204 11 7.23 142.1 ± 25.2 54.4 ± 0.9a1 281 ± 2.9ab1

2 LSHNa 0.204 40 7.23 140.2 ± 20.4 57.8 ± 1.2a 279.8 ± 4.3a 401 ± 82.1 (4)
3  HSLNa 0.584 11 7.23 142.6 ± 24.5 55.8 ± 1.5a 284 ± 1.4b 144 ± 20.5 (2)

140.2 ± 16.7 56.4 ± 3.5a 289.6 ± 3.8c 494.5 ± 0.5 (2)
139.2 ± 23.8 58.5 ± 2.91 291.6 ± 4.32 167 (1)
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Fig. 1. Mean (±S.D.) fractional change in body mass (mbFC) between the first
and second days of a trial in which five Egyptian fruit bats (Rousettus aegypti-
acus)  were fed sugar diets with different energy and salt contents. Statistically
significant difference is indicated by different letters a and b for comparison
among sucrose solutions (by repeated measures ANOVA), and with the num-
ber 1 for comparison between sucrose and glucose solutions (by Student’s
t-tests for dependent samples). Experimental diets were: LSLNa = 0.204 mol  l−1

−1 −1 −1
4  HSHNa 0.584 40 7.23 

5  LGLNa 0.388 11 7.23 

* Sucrose or glucose.

aten after correcting for evaporation and food drippings. To con-
rol for evaporation, we placed three feeders with the same amount
f food in the controlled environment room in cages without bats
nd weighed them along with the bat feeders. To control for food
rippings, we placed absorbent paper on the bottom of the cage
nd weighed the paper at the beginning and end of each trial and
onsidered the difference in mass as a proxy of food lost by dripping.

At 04:00 h on the last day of the experiment, we  placed plastic-
ined paper on the bottom of the cages. Every 15 minutes, for

 hours, we collected freshly voided urine by aspiration with glass
ipettes. The urine samples were placed in Eppendorf tubes that
ere immediately cooled in an ice bath and then refrigerated until

nalysis later that day. We  did not collect urine that was  con-
aminated with feces. Uosm was measured in duplicate, whenever
ossible, using a freezing point depression osmometer (Osmette II,
recision Systems, Natick, MA,  USA). Bats were weighed (±0.01 g)
t 18:00 on the first and second days of being fed the experimental
iets, and their fractional change in mb was calculated:

bFC = mb day 2 − mb day 1
mb day 1

.  (1)

lood analysis

Blood samples were drawn from a wing vein into standard Na-
eparinized 0.75 �l capillary tubes (Fisher Scientific, Pittsburgh,
A, USA) at the end of the experiment at 08:00 h. Blood sam-
les were centrifuged for 5 minutes with a refrigerated table-top
entrifuge (Hettich Mikro 22R, Tuttelingen, Germany), Hct was
etermined and Posm was analyzed in duplicate with the above-
escribed osmometer.

tatistical analyses

Volumetric food intake, energy intake, Hct, Posm, Uosm and
bFC were compared among sucrose-salt diets using single fac-

or (diet) repeated-measures analyses of variance (RM-ANOVA).
hen the result of RM-ANOVA was significant (P < 0.05), we  applied

ukey’s HSD tests for repeated measures (Purchase et al. 2010). The
ssumption of sphericity was met  for all comparisons done with
M-ANOVAs (Mauchly test). Except for Uosm, for which no data
ere obtained from bats feeding on the LSLNa diet, we  compared

he same above-listed variables between dilute solutions of sucrose
nd glucose using Student’s t-tests for dependent samples. Data
re reported as means ± S.D., and null hypotheses were rejected at

 = 0.05. Statistical analyses were done with STATISTICA 7 (StatSoft,
ulsa, Oklahoma).

In light of our small sample size, we also used a randomized
esampling test (computed with “R”) in addition to the parametric

tatistical tests. We  created 1000 data sets, assuming that each diet
roup followed a normal distribution, with a mean and S.D. from
he original data set. We  used a linear mixed effects model with bat
D as a random factor, and diet as a fixed factor and ran it several
sucrose, 11 mmol  l NaCl; LSHNa = 0.204 mol  l sucrose, 40 mmol l NaCl;
HSLNa = 0.584 mol  l−1 sucrose, 11 mmol  l−1 NaCl; HSHNa = 0.584 mol  l−1 sucrose,
40  mmol  l−1 NaCl; LGLNa = 0.388 mol  l−1 glucose, 11 mmol l−1 NaCl.

times, with a different dependent variable each time: mbFC, volu-
metric food intake and energy intake (Wood, 2006). We  repeated
this procedure 1000 times with the 1000 data sets that we cre-
ated, and for each dependent variable we calculated the percentage
of  ̨ values that were lower than 0.05. We  considered the data to
be significant if ≥70% of estimated  ̨ values were lower than 0.05
(Wetzels et al., 2011).

Results

Body mass changes

There were significant differences in mbFC among sucrose diets
(F3, 12 = 6.1, P = 0.01; Fig. 1); bats feeding on the HSLNa and HSHNa
diets had significantly higher fractional increases than bats feed-
ing on the LSHNa diet (P = 0.02 and P = 0.03, respectively), and we
observed a trend toward a higher proportional increase than in bats
eating the LSHNa diet (P = 0.06 and 0.09, respectively). On average,
bats feeding on the LSLNa and LSHNa diets lost mb, whereas bats
feeding on the HSLNa and HSHNa diets gained mb (Fig. 1). No dif-
ference in mbFC was found between bats fed the LGLNa and LSLNa
diets (t4 = 1.5, P = 0.2; Fig. 1). The randomized resampling test for
the mbFC showed that 76% of  ̨ values were lower than 0.05.

Food and energy intakes
We found significant differences in mean volumetric food intake
(F3, 12 = 4.6, P = 0.02; Fig. 2) only between the LSLNa and the HSHNa
diets (P = 0.01). The randomized resampling test for volumetric



412 L.G. Herrera M. et al. / Mammalian

0

50

100

150

200

250

300
Fo

od
 In

ta
ke

 (g
 d

ay
-1

)

LSLNa    LSHNa     HSLNa     HSHNa    LGLNa
Diet s

b

1

ab

a1
ab

Fig. 2. Mean (±S.D.) food intake by five Egyptian fruit bats (Rousettus aegyp-
tiacus)  fed sugar diets with different energy and salt contents. Statistically
significant difference is indicated by different letters a and b for comparison
among sucrose solutions (by repeated measures ANOVA), and with the num-
ber 1 for comparison between sucrose and glucose solutions (by Student’s
t-tests for dependent samples). Experimental diets were: LSLNa = 0.204 mol  l−1

sucrose, 11 mmol  l−1 NaCl; LSHNa = 0.204 mol  l−1 sucrose, 40 mmol  l−1 NaCl;
HSLNa = 0.584 mol l−1 sucrose, 11 mmol  l−1 NaCl; HSHNa = 0.584 mol l−1 sucrose,
40  mmol  l−1 NaCl; LGLNa = 0.388 mol  l−1 glucose, 11 mmol  l−1 NaCl.
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ucrose, 11 mmol  l NaCl; LSHNa = 0.204 mol  l sucrose, 40 mmol  l NaCl;
SLNa = 0.584 mol l−1 sucrose, 11 mmol  l−1 NaCl; HSHNa = 0.584 mol l−1 sucrose,
0  mmol  l−1 NaCl; LGLNa = 0.388 mol  l−1 glucose, 11 mmol  l−1 NaCl.

ood intake showed that only 60% of ˛-values were lower than
.05 indicating that the sample size was too small. There were
ignificant differences in energy intake among bats feeding on the
ucrose diets (F3, 12 = 29.7, P < 0.0001; Fig. 3). Energy intake was
ower in bats eating the LSLNa diet than bats feeding on the HSLNa
iet (P = 0.0002); it was lower in bats fed the LSHNa diet than those
ed the HSLNa (P = 0.0002) and the HSHNa diets (P = 0.003); and it
as lower in bats fed the HSHNa diet than those fed the HSLNa diet

P = 0.004). There were no significant differences in mean food and
nergy intakes between bats fed LSLNa and LGLNa diets (t4 = 1.7,

 = 0.1, and t4 = 1, P = 0.3, respectively; Figs. 2 and 3). The random-
zed resampling test for the energy intake also revealed that 99% of

 values were lower than 0.05.

ct, Posm and Uosm

There were no differences in Hct among bats fed sucrose diets

F3, 12 = 0.7, P = 0.5; Table 1), but there were significant differences
n Posm (F3, 12 = 16.8, P = 0.0001; Table 1). Bats fed the HSHNa diet
ad higher Posm than bats fed the other diets (P < 0.01), and bats on
he HSLNa diet had higher Posm than on the LSHNa diet (P = 0.03).
 Biology 80 (2015) 409–413

There were no differences in Hct between bats fed the LSLNa and
LGLNa diets (t4 = 1.5, P = 0.1; Table 1), but Posm was higher in bats fed
the LGLNa than the LSLNa diet (t4 = 3.5, P = 0.02; Table 1). We  were
unable to obtain urine samples from all bats, which reduced the
sample size and precluded statistical comparisons of Uosm. How-
ever, bats feeding on high salt diets produced more concentrated
urine than when fed a diet low in salt content (Table 1).

Discussion

We  found no support for our prediction that Egyptian fruit bats
increase their intake of dilute sucrose diets as [NaCl] is increased,
and thus balance their energy intake. In contrast, energy intake rate
was lower when [NaCl] was increased in both dilute and concen-
trate sucrose diets. We  also found no evidence that energy intake
rate of a glucose diet is higher than that of a roughly equicaloric
sucrose diet.

Salt content and food intake

Food intake by Egyptian fruit bats fed on the LSLNa diet provided
50% less energy than the HSLNa diet, indicating that, as in other
plant-eating bats fed dilute sugar solutions (Ramírez et al., 2005;
Ayala-Berdon et al., 2008; Herrera and Mancina, 2008; Herrera
et al., 2011), they do not compensate by increasing food intake.
Intake of the dilute sugar diet did not increase when dietary [NaCl]
was increased: energy intake of bats fed the LSHNa diet was  70%
lower than when they were fed the HSLNa diet. These differences
in energy intake between bats fed dilute and concentrated sugar
solutions were accompanied by differences in mbFC. Body mass in
bats fed the HSHNa and HSLNa diets increased, whereas the bats
lost mb when fed the LSLNa and LSHNa diets. Egyptian fruit bats
decreased their energy intake when feeding on both dilute and
concentrated sucrose solutions when [NaCl] was  increased; specif-
ically bats ingested 36% less energy on the LSHNa diet than the
LSLNa diet, and 36% less energy on the HSHNa diet than the HSLNa
diet. Our results indicate that increased [NaCl] was associated to
decreased intake of sugar solutions by Egyptian fruit bats. The high-
est [NaCl] used in our study (40 mmol  l−1) is lower than that used
in a study of the nectarivorous Pallas’s long-tongued bat, in which
no negative effect of salt on food intake of sucrose solution was
found (70 mmol  l−1 NaCl; Bakken et al., 2008). However, when food
[NaCl] was >150 mmol  l−1, Pallas’s long-tongued bat also decreased
its intake rate (Bakken et al., 2008). We  are not aware of other stud-
ies that have explored the effect of salt content of the intake of sugar
solutions by nectar and fruit eating bats.

The kidneys of fruit and nectar eating bats are well adapted
to processing large amounts of water but their ability to increase
Uosm is moderate compared to insectivorous bats (Studier et al.,
1983a; Studier et al., 1983b; Arad and Korine, 1993; Herrera
et al., 2001; Pilosof and Herrera, 2010). When salt content of their
diet was increased to 40 mmol  l−1, Uosm of Egyptian fruit bats
increased up to ∼500 mmol  l−1, a value that is close to the max-
imum value (555 mmol l−1) recorded in this bat when they feed on
fruit with very low water content (12%; Arad and Korine, 1993).
The upper limit on the intake of sugar solutions containing signif-
icant amounts of salt might be limited in the Egyptian fruit bat by
its kidney’s ability to concentrate urine. Salt processing by animals
might be energetically expensive (Gutiérrez et al., 2011) and salt
excretion might limit food intake and energy gain.

The Posm of Egyptian fruit bats feeding on all the diets were

within the range found in a wild population of Egyptian fruit
bats (275–297 mmol  l−1; Korine et al., 1999). Posm did not differ
between bats fed the two  dilute sugar diets and approached the
value measured in bats fed a normal fruit diet (280.9 mmol l−1;



alian

A
t
t
t
e
d
(
P
r
h

r
s
b
r
a

S

f
p
t
l
R
b
E
a
t
f
w
e
t
a
t
n

r
n
s
(
e
b
H
t
r
r
e
i
e

A

(
f
f
(
0
s
m

R

A

L.G. Herrera M. et al. / Mamm

rad and Korine, 1993). Bats in the LSHNa diet ingested almost
hree times (296.7 ± 136.8 mg  NaCl day−1) the salt ingested when
hey were fed the LSLNa diet (108.2 ± 43.9 mg  NaCl day−1), and
hey produced hyperosmotic urine, implying that excess salt was
liminated to maintain Posm. Posm was higher in the HSHNa
iet when Egyptian fruit bats ingested large amounts of salt
226.3 ± 65 mg  NaCl day−1); however, even then, bats maintained
osm below the highest value reported for the species when water-
estricted (297.9 mmol  l−1; Arad and Korine, 1993) by excreting
yperosmotic urine.

Mean Hct of Egyptian fruit bats was similar to that previously
eported for the species in the wild (Korine et al., 1999) and under
everal hydration regimes (Arad and Korine, 1993). Egyptian fruit
ats maintained Hct independent of dietary [NaCl], implying
obust plasma volume maintenance in the face of changing water
nd salt intakes.

ugar type and food intake

Sucrose must be broken down in the intestine into glucose and
ructose, and glucose is absorbed mostly via a passive, paracellular
athway in Egyptian fruit bats (Tracy et al., 2007). In addition
o the burden of processing excess water, food intake might be
imited by decreased sucrase activity (Schondube and Martínez del
io, 2003). However, as found in an other Old World frugivorous
at (Downs et al., 2012), the intake of dilute sugar solutions by
gyptian fruit bats in the present study was not limited by sucrase
ctivity as both sucrose and glucose solutions were processed at
he same rate. In addition, Amitai et al. (2010) found that Egyptian
ruit bats metabolize glucose and sucrose at about the same rate
hen fed concentrated sugar solutions (30% mass/mass). Although

nergy concentration of the sucrose diet was slightly higher than
hat of the glucose diet, we consider that this difference does not
ffect our main findings. In fact, energy intake was  ∼9% higher on
he glucose than the sucrose diet but this difference was  barely
ot significant (P = 0.1).

In summary, Egyptian fruit bats did not increase food intake
ate when salt was added to their diet of dilute solutions was
ot affected by sugar type. Our sample size was small but our
tudy, along with observations made on Pallas’s long-tongued bat
Bakken et al., 2008), indicate that, in contrast to birds (Purchase
t al., 2010; Purchase et al., 2013), intake of sugary solutions
y plant-eating bats is negatively affected when salt is added.
owever, we do not reject the possibility that lower [NaCl] than

he concentration used in our study might benefit their intake
ate of dilute sugar solutions, or that Egyptian fruit bats might
espond positively to the addition of other electrolytes. Further
xamination of the effect of salt on the intake rate of sugary diets
n other frugivorous and nectarivorous bats before arguing the
xistence of contrasting patterns with avian species.
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