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A B S T R A C T

In addition to breast milk, several mammals feed their offspring with primary food items. This provisioning can
offer both energetic and informational benefits: young might use parentally provided food as a source of nu-
trients, but also as a valuable option to socially learn about adults’ food. For bats, there are only very few and
partially anecdotal reports of adults feeding their pups with primary food, and there is also a lack of information
about social learning processes during ontogeny. In the present study, we provide experimental evidence that
lactating flower-visiting bats (Glossophaga soricina) provide regurgitated nectar via mouth-to-mouth feeding
behaviour to their pups. After licking at their mothers’ slightly opened mouth, pups defecated a marker sub-
stance that was exclusively available in the mothers’ nectar diet. We additionally investigated associated in-
formational benefits by testing for a social transmission of dietary preferences. We experimentally induced a
dietary preference for specifically flavoured nectars to mothers with non-volant pups. Subsequently, after pups
became volant, we tested their dietary preferences in a choice experiment. However, we found no experimental
evidence that pups adopted the preferences of their mothers.

1. Introduction

In addition to breastfeeding, several mammals exhibit behavioural
capabilities to additionally feed their young with primary food items
(e.g. Brown et al., 1983; Holekamp and Smale, 1990; Jaeggi et al.,
2008). While the provisioning using maternal nutrient reserves via
breast milk enables mothers to provision young even when food sup-
plies are unreliable, a provisioning with primary food items is argued to
be more energy efficient at delivering nutrients to the offspring (Dall
and Boyd, 2004).

Moreover, parental provisioning with primary food items might
carry additional benefits, such as facilitated development of food-
handling skills or even a transmission of foraging related information
from parents to offspring. Juveniles might socially learn about their
parents’ dietary preferences or the characteristics of adults’ food in
general, for example helping them to discriminate palatable from toxic
food when foraging alone (informational hypotheses, Brown et al.,
2004; Jaeggi et al., 2008; Thornton, 2008).

There is only very little knowledge about parental provisioning of
primary food in bats. Even though all bats exhibit a distinct parental
care (Kunz and Hood, 2000), sharing of primary food items has only
been observed in very few animal-eating and frugivorous species, and
most of these observations remained anecdotal (e.g. Brown et al., 1983;
Pierson and Rainey, 1992; Altringham, 1996; Wilkinson and
Boughman, 1999). Food items are provided mouth-to-mouth in these
species; predatory bats deliver solid prey items like small vertebrates or
insects to their pups (e.g. Raghuram and Marimuhtu 2007; Geipel et al.,
2013), while pups of vampire bats (Desmodus rotundus, Diphylla ecau-
data) lick regurgitated blood out of the adults’ mouth (Schmidt, 1978;
Delpietro and Russo, 2002). Potential informational benefits of mouth-
to-mouth feeding behaviour in bats were discussed, but have not been
tested yet (Geipel et al., 2013).

While adult individuals in many bat species use social information
when making foraging decisions (horizontal social learning; Hoppitt
and Laland, 2013; bats: e.g., Ratcliffe and ter Hofstede, 2005; Wright
et al., 2011; O’Mara et al., 2014; Rose et al., 2016), we know very little
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about social learning processes during juvenile development (vertical
social learning; Ganesh et al., 2016; Wright, 2016). Comparable to
other mammals, an early contact with food cues via mouth-licking (cf.
McFadyen-Ketchum and Porter, 1989) or even via direct provisioning
(cf. Thornton, 2008) should be a valuable option for bat pups to gain
information about adults’ food and enable them to adopt their parents’
dietary preferences.

Pallas’ long-tongued bat (Glossophaga soricina) is a medium sized
flower-visiting bat of ca. 10 g, inhabiting tropical habitats from Mexico
to Argentina (Alvarez et al., 1991). Its diet mainly consists of nectar and
pollen from flowers of a variety of different bat-pollinated plants, which
partially share distinct chiropterophilous characteristics, including an
unpleasant, garlic-like scent based on sulphur-containing compounds
(Heithaus et al., 1975; Knudsen and Tollsten, 1995; Tschapka and
Dressler, 2002), which are also flavouring the nectar of some species
(Raguso, 2004). While feeding, bats perform hovering flights in front of
these flowers and lick up nectar using their elongated tongue (e.g.
Harper et al., 2013). Females give birth to a single pup that is nursed
with breast milk for about two months (Alvarez et al., 1991; Pink, 1996;
Engler et al., 2017). Pups start becoming volant at an age of about 20 to
25 days, but like in other bat species, first flights are short and per-
formed clumsily for at least another week (Pink, 1996). Flower-visiting
bats (Phyllostomidae: Glossophaginae) have not been reported to in-
corporate sharing of primary food into parental care so far, but nursing
pups of G. soricinawere observed to perform a licking behaviour at their
mothers’ mouth. This behaviour, which was observed to start at a pup
age of 9 to 12 days and interpreted as feeding behaviour by Pink
(1996), appears comparable to the behaviour of vampire bat pups when
fed by adults with regurgitated blood (Wilkinson, 1990).

In the present study, we tested the hypothesis that the pups’ licking
behaviour at their mothers’ mouth represents a mouth-to-mouth
feeding behaviour and thus maternal provisioning of floral nectar. We
further investigated the possibility that this behaviour might not only
provide nutrients to G. soricina pups, but also information about food
sources and their mothers’ dietary preferences. We hypothesized that
pups would adopt the dietary preferences of their mothers. Such a
vertical social transmission of dietary preferences could help pups to
learn about the characteristics of palatable food, for example by getting
familiarized with the scent and taste of bat-pollinated flowers.

2. Materials and methods

2.1. Verification of nectar transfer via mouth-to-mouth feeding behaviour

The potential mouth-to-mouth feeding behaviour was experimen-
tally investigated in captive G. soricina at the University of Erlangen-
Nuremberg. Once pups’ licking behaviour at their mothers’ mouth was
observed for the first time during ontogeny (Fig. 1), we started a ver-
ification experiment by adding pollen grains as marker substance to the
mothers’ nectar diet. In the experiment, mothers had ad libitum access to
the marked nectar for up to five hours and were allowed to share the
marked nectar with their respective pup via mouth-to-mouth feeding
behaviour. Since pups were not proficient in flying at the time, ma-
ternal mouth-to-mouth feeding was the only available nectar source for
pups. Additionally, behaviour of bats was monitored throughout the
experiment. To verify the transfer of marked nectar from mothers to
pups, we screened faecal samples of pups and counted the number of
excreted pollen grain exines. The experiment was performed with 2
mother-pup-pairs and was repeated multiple times during the following
days (pair 1: three repetitions / pair 2: four repetitions). A detailed
description of the experimental procedures is provided in the online
supplementary material (Supporting Information S1).

2.2. Potential implications for vertical social learning

The potential importance of mouth-to-mouth feeding behaviour for

vertical social learning of dietary preferences was investigated in free
living G. soricina in the Santa Rosa National Park, Costa Rica (UTM:
16 P 651,137 1,198,498). Over two reproductive periods, we caught 16
mother-pup-pairs that were split into two experimental groups and kept
separated in flight cages.

For a period of 18.2 (± 6.4 SD) days during which pups were still
non-volant, we artificially induced different dietary preferences to
mothers of each group by allowing them to feed ad libitum on only one
of two different-flavoured artificial nectars from an artificial flower
(flavoured period; group 1: strawberry flavour; group 2: chocolate fla-
vour). Both flavoured nectar types were easily distinguishable by the
human nose and mouth. Pups were unable to fly during the whole
flavoured period and solely fed by their mothers with breast milk, and
with nectar during mouth-to-mouth feeding behaviour.

Once pups became volant (indicated by the onset of first, clumsy
flights) and thus had potentially access to nectar on their own, we
stopped flavouring the nectar to prevent them from becoming ac-
quainted with our experimentally flavoured nectar without being fed
with it by their mothers. During this unflavoured period of 12.3
(± 4.8) days, pups learned to perform hovering flights and to feed from
the artificial flower by themselves (Table 1). Even though this in-
evitable break of flavour presentation was rather long, it should have
not affected the experimental outcome, as bats are adapted to feed on
several seasonally available resources and show long memory-retention
of food stimuli (Ruczynski and Siemers, 2011; Clarin et al., 2014; Rose
et al., 2016). For additional information on capturing and husbandry
see Supporting Information S2. Procedures of additional behavioural
observations are provided in Supporting Information S3.

After pups were proficient in feeding by themselves, we conducted a
choice experiment on their flavour preferences (familiar vs. unfamiliar
flavour, i.e. strawberry vs. chocolate flavour) to test whether they
adopted the experimentally induced dietary preference of their mo-
thers. In the experiment, pups were allowed to feed on two artificial
flowers with different-flavoured nectar: strawberry flavour vs. choco-
late flavour. For pups of both groups, this design represented the option
to choose between familiar flavoured nectar, which was previously
maternally provided, and unfamiliar flavoured nectar. The two artificial
flowers were mounted side by side with 40 cm space on an array in a

Fig. 1. Mouth-to-mouth feeding behaviour. Pup (left) feeds on regurgitated
nectar out of the slightly opened mouth of its mother (right).
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height of 90 cm. Each pup was tested for an experimental time of three
hours, and we switched the flower positions halfway through to balance
potential side preferences. Flowers held enough nectar to not be de-
pleted during the experiment. Subsequently, we additionally tested
pups’ mothers for potentially individually learned preferences with the
same setup. However, in contrast to pups, we did not expect mothers to
learn the flavour preference to the same extent, as they were experi-
mentally forced to feed on the flavoured nectar during the flavoured
period and did not undergo the social demonstration via maternal
mouth-to-mouth feeding as their pups did. Additionally, mothers were
already experienced to feed on a variety of different food types in the
wild, making them possibly less susceptible for learning new food
preferences. As adult bats evaluate experimental situations faster and
start foraging more readily, we reduced experimental time to only one
hour. By applying this shorter duration, we also reduced the total time
mother-pup pairs were physically separated. For additional information
on experimental procedures see Supporting Information S4.

We scored the bats’ foraging behaviour from the video footage
which was recorded using an IR sensitive Camcorder (DCR-SR, Sony)
under infrared illumination (2 HV L-IRC, Sony). Dietary preferences
were approximated by measuring the total time bats fed in hovering
flight in front of the two different-flavoured artificial flowers. For one
pup that occasionally landed on the flowers for feeding, we additionally
counted the time it entered its snout to the flower opening. The ho-
vering time was measured frame by frame using the video analyser
Kinovea (v.0.8.15, Kinovea Association). We additionally counted the
number of flower visits from the video footage and calculated the
amount of nectar that was removed from each flower with a pocket
scale (in 2015 only for pups; LS2000H, G&G GmbH, Neuss, Germany).
However, nectar occasionally spilled out due to heavy wind gusts, re-
sulting in only limited reliability for the latter measurement. Foraging
behaviour was scored throughout the complete experimental time.
However, to exclude habituation effects on a potential initial preference
in the choice experiment, we performed an additional analysis of the
first 15min of foraging, starting from the first flower visit.

2.3. Statistical analyses

Statistical analysis of dietary preferences was conducted in R (v.
3.4.3, R Core Team, 2017) using the Rcmdr package by Fox and
Bouchet-Valat (2017). As pups of both groups were tested on the same

flavours in the choice experiment, we combined the results of both
groups and compared respective preferential differences between fa-
miliar flavour, which was previously maternally provided, and un-
familiar flavour. Data were analysed pairwise by either applying
parametric paired t-tests, if pair differences were normally distributed,
or non-parametric Wilcoxon signed-rank tests in case of not normally
distributed pair differences. All tests were two-sided. Testing for normal
distribution was performed with Shapiro-Wilk normality test. Data
preparation and calculation of basic statistical parameters (mean;
standard deviation; median) was performed in Microsoft Excel. Graphs
were generated using an Excel template from Weissgerber et al. (2015).

3. Results

3.1. Verification of nectar transfer from mothers to pups via mouth-to-
mouth feeding behaviour

Prior to our verification experiments, mouth-to-mouth feeding be-
haviour was first observed at an approximate pup age of 20 days (pair
2) and 29 days (pair 1), respectively. During seven experiments, we
observed a total number of 34 mouth-to-mouth feeding events
(mean ± SD per verification experiment: 4.9 ± 2.1; median: 5). Pup
faecal samples of each experiment contained a substantial number of
pollen grains that were used as marker substance (104,275 ± 107,635;
median: 87,800; per experiment), indicating that mothers transferred
previously consumed nectar to their respective pups. Mean pollen grain
concentration of the marked nectar that was previously provided to
mothers was 1854 ± 498 μl−1 (median: 2068; Table 2).

3.2. Potential implications for vertical social learning - choice experiment

Our choice experiment showed no significant differences in the
pups’ preference between the familiar flavoured nectar, which was
previously maternally provided, and the unfamiliar flavoured nectar.
Significant differences were neither detected in the total hovering time,
nor in the number of flower visits and amount of removed nectar. Per
choice experiment, pups hovered in front of the flowers while feeding
for a total of 41.2 ± 25.3 s and showed a non-significant trend to hover
longer in front of the familiar flavoured flower (paired t-test: t = 1.55,
df= 15, p=0.14) (Fig. 2a). Meanwhile, they performed 54.6 ± 31.8
flower visits (paired t-test: t =−0.48, df= 15, p=0.64) (Fig. 2b). The

Table 1
Husbandry of pups prior to the choice experiment. Description of the two consecutive periods with flavoured and unflavoured nectar, as well as corresponding flight
ability of pups (n= 16).

flavoured period unflavoured period choice experiment

duration 18.2 ± 6.4 days 12.3 ± 4.8 days
nectar flavoured unflavoured flavoured
flight ability non-volant volant volant
description pups solely fed by mothers (breastfeeding, mouth-to-

mouth feeding)
pups improving flight abilities and learning to feed from
the artificial flower

pups proficient in flying and feeding from the
artificial flower

Table 2
Verification experiment. After licking at their mothers slightly opened mouth (mouth-to-mouth feeding events), pups defecated a substantial number of pollen grains
that were previously added as a marker substance to the mothers nectar diet (marked nectar).

verification
experiment

pup age [d] experimental time
[h]

pollen grain concentration in
marked nectar [μl−1]

pup faecal
samples obtained

aggregate number of pollen grains
in pup faecal samples per
experiment

mouth-to-mouth
feeding events

1 pup_pair1 29 5.0 1262 1 10022 2
2 pup_pair1 30 2.2 1010 2 154800 7
3 pup_pair1 32 3.2 2357 2 100350 8
4 pup_pair2 ca. 20 2.5 2415 3 338100 6
5 pup_pair2 ca. 24 2.5 2091 2 87800 5
6 pup_pair2 ca. 27 1.5 1777 2 7150 3
7 pup_pair2 ca. 31 2.5 2068 3 31700 3
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amount of removed nectar was 5.1 ± 3.8 g (paired t-test: t= 1.51,
df= 15, p=0.15) (Fig. 2c), but nectar occasionally spilled out due to
heavy wind gusts, resulting in only limited reliability for this mea-
surement. Subsequently tested mothers did also show no preferences
(hovering time: paired t-test: t = 1.17, df= 15, p=0.26; number of
flower visits: paired t-test: t= 0.31, df= 15, p= 0.76) (Supplementary
Table S3).

Correspondingly, when analysing only the first 15 min of foraging,
pups and mothers did not show an only initially present preference in
the choice experiment, neither expressed in differences of the hovering
time (pups: Wilcoxon signed-rank test: V= 83, n=16, p= 0.46; mo-
thers: paired t-test: t= 0.92, df= 15, p= 0.37), nor in differences in
the number of flower visits (pups: paired t-test: t = 0.24, df= 15,

p=0.81; mothers: paired t-test: t= 0.29, df= 15, p-value= 0.78).
Data on pup development during husbandry are provided in

Supporting Information S5.

3.3. Additional behavioural observations on mouth-to-mouth feeding
behaviour

During a total recording time of 22 h over five consecutive nights in
2015, three observed mother-pup pairs showed three main social in-
teractions: breastfeeding, maternal grooming and mouth-to-mouth
feeding behaviour. We observed a total number of 29 mouth-to-mouth
feeding events with a considerably varying duration from 1 s up to 145 s
(median: 9 s). While breastfeeding and grooming was regularly

Fig. 2. Choice experiment. Pups (n=16) showed no significant differences in their behaviour towards the familiar and unfamiliar flavoured nectar, neither in the
total hovering time (a, paired t-test: t= 1.55, df= 15, p= 0.14), nor in the number of flower visits (b, paired t-test: t = -0.48, df= 15, p=0.64) or the amount of
removed nectar (c, paired t-test: t= 1.51, df= 15, p= 0.15). Pairwise differences between test situations are plotted on the right side of each plot. Respective
median differences are indicated by solid lines.
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performed in all three mother-pup pairs, mouth-to-mouth feeding be-
haviour was predominantly (27 of 29 records) observed in the pair with
the oldest pup, which became volant five days after terminating be-
havioural observations. While feeding, pups flipped their tongues ra-
pidly in and out of the slightly opened mouth of their mother, often
using forearms and thumbs to adhere to the mother and to manipulate
her position. Pups inserted their tongue mostly laterally into the mo-
thers’ mouth, sometimes resulting in the tip flipping out at the con-
tralateral side (Fig. 1; Supplementary Videos 1, 2). Mouth-to-mouth
feeding events were either observed immediately after mothers re-
turned from a foraging flight back to the roost (16 of 29 records)
(Supplementary Video 1), or subsequently after breastfeeding (13 of 29
records) (Supplementary Video 2). Behaviour after mouth-to-mouth
feeding was either breastfeeding (20 of 29 records) or another maternal
foraging flight (9 of 29 records). Mother-pup social interactions were
mainly conducted within the artificial roost, but mothers occasionally
took pups along on foraging flights (attached to their body) or placed
them somewhere else in the flight cage.

A behaviour closely resembling a mouth-to-mouth feeding event
was observed in 2017 during daytime at 16:36 pm, and therefore many
hours after the mother’s last foraging flight, which makes the regur-
gitation of nectar highly unlikely. The already volant pup stopped
breastfeeding and started licking at its mother’s mouth for approxi-
mately two minutes. Hereby, it behaved similar to the pups that were
observed feeding during the night. After terminating, it instantly con-
tinued breastfeeding at the other teat.

3.4. Data availability

The dataset collected and analysed during the current study is
available from the corresponding author on reasonable request.

4. Discussion

4.1. Mouth-to-mouth feeding behaviour

Our study demonstrates that lactating female Pallas’ long-tongued
bats (Glossophaga soricina) use mouth-to-mouth feeding behaviour to
provide floral nectar to their dependent, nursing pups. We therefore
add the first nectarivorous species to the small list of frugivorous (e.g.
Pierson and Rainey, 1992), sanguivorous (e.g. Delpietro and Russo,
2002) and predatory bats (e.g. Raghuram and Marimuhtu 2007) that
were documented to incorporate sharing of primary food items into
parental care. Despite the only anecdotal assessment of mouth-to-
mouth feeding in some bat species, there seem to be differences in the
temporal ontogenetic onset of this behaviour. Pups of the vampire bat
D. rotundus, for instance, already start feeding on regurgitated blood
when they are still breast-fed and not yet foraging (Schmidt, 1978),
while mouth-to-mouth feeding in the predatory bats Noctilio albiventris,
Megaderma lyra andMicronyteris microtis seems to be a behaviour whose
onset is associated with weaning (Brown et al., 1983; Raghuram and
Marimuthu, 2007; Geipel et al., 2013). Although our sample size of
continuously observed mother-pup pairs is rather limited, there is no
doubt that mouth-to-mouth feeding behaviour in G. soricina is already
performed long before weaning and can be observed in pups that are
not yet volant. While the two mother-pup pairs we observed prior to the
verification experiment started mouth-to-mouth feeding at an age of 20
and 29 days, respectively, anecdotal observations of only 9 day old pups
licking on their mothers’ mouths indicate a certain intraspecific varia-
bility (Pink, 1996). This relatively early ontogenetic onset of mouth-to-
mouth feeding behaviour in G. soricina might be facilitated due to the
uniform, fluid consistency of their nectar diet. Unlike, for example, the
morphologically extremely variable large insects (cf. Geipel et al.,
2013), nectar is a liquid diet like breast milk and does not require so-
phisticated handling abilities or fully developed adult teeth. It is
therefore more comparable to the fluid blood diet of vampire bats,

which seem to exhibit a relatively early ontogenetic onset of mouth-to-
mouth feeding as well, starting months before weaning (Schmidt,
1978). Our behavioural observations further suggest certain variability
in onset, frequency and duration of mouth-to-mouth feeding in G. sor-
icina. In contrast to the provision with breast milk, mouth-to-mouth
feeding of primary food might be facultative, and its performance is
potentially influenced by variable factors like the nutritional state of the
involved individuals or the amount of secreted breast milk. Even
though we cannot reveal whether mouth-to-mouth feeding events were
requested by pups due to an inconspicuous begging behaviour, for in-
stance by licking at their mothers’ lips (for soliciting behaviour in
vampire bats see Wilkinson, 1990), or proffered by mothers, we ob-
served at least a very active role of feeding pups which used their
thumbs to adhere to the mother and to manipulate the position of her
head while licking nectar out of her mouth. The tongue flipping tech-
nique was similar to the behaviour used by adult bats when extracting
nectar from a flower, but the licking behaviour of pups frequently lasted
much longer (Tschapka et al., 2015). Comparable, young vampire bats
were observed licking for up to 10min at the adult’s mouth (Schmidt,
1978).

Mothers seemed to use regurgitation when providing nectar to their
pups. During our behavioural observations, mouth-to-mouth feeding
was not exclusively performed right after maternal foraging flights, but
also subsequently after phases of breastfeeding during which mothers
used their tongues for grooming the pup and themselves. Comparable
observations were made by Pink (1996). Hence, it seems unlikely that
mothers had stored the respective nectar in the mouth all the time, and
we assume that mothers regurgitated previously swallowed nectar
when providing it for mouth-to-mouth feeding, a technique also per-
formed by vampire bats with their blood diet (e.g. Delpietro and Russo,
2002). The open mouth emission of echolocation calls in G. soricina
should also impede transportation and storage of nectar inside the
mouth cavity (Gessinger, 2016).

Mothers of G. soricina exhibit a behaviour that is conceivably ben-
eficial for providing floral nectar to their pups: In contrast to other
flower-visiting bat species such as lesser long-nosed bats (Leptonycteris
yerbabuenae), they do not leave their non-volant pups behind inside the
day-roost when foraging, but rather take them outside in order to place
them inconspicuously in the understory vegetation (Pink, 1996 and
personal observation AR, MT). Thus, by hiding pups in the vicinity of
their current foraging area, mothers should be able to visit and feed
them on a regular basis over night.

4.2. Benefits of mouth-to-mouth feeding behaviour and potential
implications for vertical social learning

In general, this pre-weaning addition of primary food items like
floral nectar can offer various advantages for rearing offspring. It pro-
vides energetic benefits for mothers by evading the circuitous route via
internal storages and secretion of milk. This benefit might be particu-
larly significant for flying animals like bats, where carrying of energy
storages goes along with higher energetic costs than compared to
ground-dwelling mammals (Dall and Boyd, 2004). For G. soricina, a
direct provisioning with regurgitated nectar should be especially ad-
vantageous once energy demands of pups rise due to increased physical
activities such as wing flapping exercises (Pink, 1996). We originally
postulated maternal-mouth-to-mouth feeding to be a valuable oppor-
tunity for young bats to socially learn about their parents’ dietary
preferences and with that about the characteristics of palatable food in
general (Galef and Giraldeau, 2001; Galef and Laland, 2005). However,
even though pups had ample opportunities to learn about the experi-
mentally induced dietary preference of their mothers and its special
characteristics, either directly via mouth-to-mouth feeding, by using
olfactory compounds from the fur or breath of mothers (cf. Ratcliffe and
ter Hofstede, 2005), or even from the breast milk (cf. Galef and Clark,
1972), they did not prefer the maternally provided nectar over the
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unfamiliar alternative when foraging alone in the choice experiment.
Even though this finding is restricted to a single experiment and should
be considered with caution, it might be explained by the bats’ ecology.
Certainly, most of the documented cases of socially transmitted dietary
preferences connected with parental food consumption or provisioning
were documented in mammals with mainly opportunistic feeding ha-
bits, like for example in rodents and rabbits (e.g. Galef and Clark, 1971;
Altbäcker et al., 1995; Post et al., 1998), meerkats (Thornton, 2008) or
primates (van de Waal et al., 2013). But whereas mammals with op-
portunistic feeding habits feed on a variety of different food items
among which they have to discriminate between palatable and toxic, or
easy vs. difficult prey, juvenile flower-visiting bats like G. soricina pups
might not be subjected to the same constraints. For example, the ab-
sence of toxic flowers and the comparatively simple diet of flower-
visiting bats that is based on nectar and pollen of chiropterophilous
plants with convergently evolved similar signals might have obviated
the evolution of specific social learning strategies (Knudsen and
Tollsten, 1995); maternal provisioning might probably help pups to
recognize nectar as a food source in general. There is further some
evidence that preferences for flowers and nectars with distinct chir-
opterophilous characteristics like sulphur-containing volatiles were
genetically added to the bats’ innate informational repertoire (von
Helversen et al., 2000). A continued provisioning of milk or regur-
gitated nectar to already foraging pups might further compensate an
initial lack of foraging success and enable pups to learn foraging on
their own (cf. nutritional hypotheses in Brown et al., 2004).

Besides potential informational and energetic benefits, mouth-to-
mouth feeding in G. soricina might potentially involve a variety of ad-
ditional advantages. It could for example represent a cautious way to
introduce pups to eating nectar and thus adapt the pups to digest and
metabolize their adult diet, as it is discussed for vampire bats (Schmidt,
1978; Müller et al., 1980). It might further be an opportunity for pups
to participate in the mother’s gastric microbiome (Funkhouser and
Bordenstein, 2013) or be a behavioural component to reinforce mother-
pup bonding (Mogi et al., 2011). A clue for such an additional, non-
nutritional meaning of mouth-to-mouth feeding behaviour in G. soricina
is probably our anecdotal observation of a pup extensively licking at its
mothers’ mouth at a time when there was presumably no transfer of
regurgitated nectar involved. Likewise, mouth-licking behaviours
without provision of food are reported from several other mammals
(e.g. McFadyen-Ketchum and Porter, 1989), and there is also anecdotal
evidence of non-nutritional mouth licking behaviours in pups of other
bat species (e.g. Myotis nattereri: Dietz et al., 2007; Saccopteryx bilineata:
personal observation MK).

In summary, our study demonstrates that lactating G. soricina pro-
vide regurgitated floral nectar via mouth-to-mouth feeding behaviour
to their nursing pups, but we are unable to support the hypothesis that
parental provisioning helps young bats to learn about foraging by
shaping their diet preferences. Nonetheless, there are several pending
questions, particularly with regard to potentially associated non-nutri-
tional effects and advantages, but also concerning the circumstances
and extent under natural conditions. We are convinced that G. soricina
and its conspicuous maternal mouth-to-mouth feeding behaviour could
be an interesting model for studying parental food provisioning in
mammals from different evolutionary, ecological and ethological per-
spectives.
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