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Resumen

Los murciélagos son animales predominantemente nocturnos, pero algunos estudios,
principalmente de regiones templadas e islas, reportan murciélagos volando durante el
dia. Reportamos el forrajeo diurno de tres especies de murciélagos en México, una especie
de la familia Vespertilionidae, y dos Phyllostomidae (Anoura y Artibeus). Ademas,
documentamos el primer registro in situ del consumo de frutos en el suelo para Artibeus.
El vuelo diurno en murciélagos es una conducta poco documentada en los tropicos.
Ademas, sugerimos que el calor extremo y sequias pueden influenciar esta conducta, pues
dos reportes ocurrieron durante periodos de sequias.

Palabras clave: Forrajeo diurno, Phyllostomidae, sequia, Vespertilionidae.

Abstract

Bats are predominantly nocturnal animals, but some studies, mainly from temperate re-
gions and islands, report bats flying during the day. We report the diurnal foraging of three
species of bats in Mexico, one species of the family Vespertilionidae, and two Phyllostomi-
dae (Anoura and Artibeus). In addition, we document the first in situ record of fruit consump-
tion on the ground for Artibeus. Diurnal flight in bats is a poorly documented behavior in
the tropics. Furthermore, we suggest that extreme heat and drought may influence this
behavior, as two reports occurred during periods of drought.

Key words: Diurnal foraging, drought, Phyllostomidae, Vespertilionidae.
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Bats (Order Chiroptera) are mainly nocturnal mammals (Erkert 1982, Rydell & Speakman
1995), with most of the daily time spent at their roost sleeping (up to 80% of the day; see
Harding et al,, 2022). Several reasons for this nocturnality have been proposed, including,
1) avoiding diurnal predators such as birds (Speakman et al, 1991a; 1991b; 1994b; 1995;
Rydell et al,, 1996; Mikula et al,,2016; Chua & Aziz 2018); 2) reducing competition with diurnal
birds (Miller 1962); 3) and minimize hyperthermia (Speakman & Racey 1991; et al, 1994a),
but several conditions determine bats” activity rhythms (see Erkert 1982). However, diurnal
flying has been reported in arthopodivorous species from temperate regions, from the
mainland (Speakman et al,, 2000; Russo et al,,2011a; Frafjord 2021) and islands (Moore 1975;
Speakman et al, 1990; Russo et al. 2011b; Chua & Aziz 2019; Mc Arthur et al, 2024). While
diurnal flights are more likely to occur at higher latitudes (Speakman et al,, 1994a; Frafjord
2021) or during migration (see LuCan & Bartonicka 2024), Paleotropical tree-roosting
Pteropodidae are active diurnally (Welbergen 2008; Eitan et al., 2022). Few reports of diurnal
flying activity of bats come from the Neotropics (Vivas-Toro & Murillo-Garcia 2020; Bolla et
al, 2017; Bolla et al. 2017, Sanchez et al, 2023). Here, we report bat individuals of three
species from Mexico engaging diurnal flight while foraging, contributing to our knowledge
of this underexplored topic.

The first report comes from “Texolo” rainfalls (19°29'04"N, 96°59'40"W, 1080 m, Veracruz,
Mexico), where, on November 26" 2016, the first author captured a male Anoura peruana
(sensu Molinari et al.,2023) in a mist net (Figure 1A) around 07h30 (sunrise at 05h50), in the
secondary forest understory with elements of montane cloud forest (Liquidambar and
Platanus). The bat carried pollen of a Tillandsioideae plant (Bromeliaceae). The ambient
temperature was ca. 18° C and with a cloudy sky, relative humidity in the air was high
(>70%). By studying bat visitation to different bat-pollinated plants in the area, we conclude
that nectarivorous bats cease their visitation (and probably most of their activities) about
30 min before sunrise at the site.

The second report was documented in Chetumal (18°32'38.4"N, 88°15'50.4"W, 11 m, Quintana
Roo, Mexico) by the second author, on June 6th, 2023. Two individuals of Artibeus aff.
lituratus (by their external characteristics such as fur color, marked facial stripes, and
relative size; Reid 2009) were found eating a fruit of Brosimum alicastrum (Moraceae) on
the ground, about 14:23 h, at 33°C of ambient temperature. The main vegetation type was
subcaducifolius rainforest, with an extreme drought during the previous weeks. One of the
individuals flew away as we approached, but the other kept eating the fruit (Figure 1B,
Video S1). Scarce fruits were observed on the trees. Some individuals were observed
nearby, perching on the trees, but only that pair were eating on the ground. The third
observation, by the third and fourth authors, was on January 29th, 2024 (20°09'39.69"N,
98°52'24.25"W, 2357 m, Hidalgo, Mexico). A Vespertilionidae bat was recorded flying over a
natural pond at the bottom of the ravine (Figure 1C and D), at 12h38, with a clear sky and
ca. 21 °C. The main vegetation type is xeric, predominantly Schinus molle, Myrtillocactus
geometrizans, Agave spp. The area was experiencing a lengthy drought for several months.
The individual was drinking water.
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FIGURE 1. A) An Anoura (geoffroyi) peruana caught with pollen in Veracruz, Mexico. B) An Artibeus
aff. lituratus eating a fruit of Brosimum alicastrum on the ground, in Quintana Roo, Mexico. C) and
D) A Vespertilionidae bat flying (circle) over a natural pond in Hidalgo, Mexico. Photos by the
authors.

Our report of Anoura peruana is the second species of a nectarivorous bat flying during
the day (Bolla et al,2017), and the first caught after its foraging bout, probably returning to
its roosting site. Some bromeliads with nocturnal anthesis, unvisited during the night, can
harbor nectar available to diurnal floral visitors (i.e., an unvisited individual of P. grandis
produces ca. 4 mL of nectar per night; PAAR unpublished data). Nectarivorous bats have a
high demand for nectar to supply their high metabolism (Voigt & Speakman 2007), and,
when available, is possible that an individual could visit a flower with nectar on the way to
its roosting site (see Glossophaga soricina visiting Musa paradisiaca before dawn; Pedrozo
et al, 2018). The species Anoura peruana in Mexico also eats Lepidoptera insects
(Caballero-Martinez et al. 2009; referred to as Anoura geoffroyi), so we cannot rule out that
this individual was foraging on flying insects during the morning, as proposed for diurnal
flights in insect-eating bat species (LuCan & Bartonicka 2024; Mc Arthur et al., 2024).

One of the most cited reasons for diurnal flight in bats is to cope with hyperthermia
(Speakman et al, 1994a; Voigt & Lewanzik 2011). Ravines and canyons, especially ponds,
might be a suitable habitat for a bat during droughts (cooler environments with water
availability, i.e., BOlla et al, 2017), a possible explanation for the sighting of the
vespertilionid bat. Another possible explanation is the presence of a high abundance of
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insects in water ponds. For example, Myotis horsfieldii are active during diurnal hours flying
over streams and rivers and foraging on insects (Mc Arthur et al,, 2024). The flight pattern
(with continuous and rapid turns and change of direction), suggests that the vesper bat
observed in this report might be foraging insects and drinking water.

This is the second report of Artibeus aff. lituratus feeding on the ground (Gastal & Bizerril
1999), and the first time with direct observation of this behavior. In Brazil, A. lituratus fed
on the fruits of Sacoglottis guianensis, mostly feeding on their tree-roosts, but 11
individuals, in addition to an individual of Platyrrhinus lineatus, were captured on ground
traps baited with S. guianensis fruits nearby their tree-roosts, which suggested that both
species can forage on the ground and the importance of this fruit on the diet of both bat
species. However, the study of Gastal and Bizerril (1999) suggested that it was a nocturnal
activity, unlike this report, probably reflecting a more common but poorly documented
behavior. This species also has a high visual acuity (Antonio et al, 2010) for detecting food
items in high-light conditions.

Why both Artibeus individuals were feeding on the ground? A possible explanation is that
diurnal foraging might be promoted by insufficient food intake during the previous night
(Speakman 1990), or dehydration. Body temperature in Artibeus lituratus is about 36.8-35.8
°C (Morrison & McNab 1967), so, an upper ambient temperature might impose thermogenic
stress (even if being considered a good thermoregulator in Morrison & McNab 1967) and
encourage seeking sugary and watery food sources, such as B. alicastrum fruit, the only
fruiting tree in the vicinity of the observed roost. Moreso, hyperthermia will constrain
diurnal activities in larger bat species than in smaller ones (Speakman et al,, 1994a), being
A. lituratus one of the biggest bat species in the region (>70 g; Reid 2009). At over 35°C,
tree-roosting species (as A. lituratus), might reduce sleeping time and engage in cooling
behaviors (see Downs et al.,, 2015 for an example in Epomophorus wahlbergi, which weights
87-123 g [Rollinson et al,, 2013]), one of which could seek fallen fruits (see Sanchez et al.,
2023) and lay while eating them (bats lose water when flying; Carpenter 1969), even at the
risk of predators. How extended ground-foraging is in Phyllostomid bats needs further
research, since members of Stenodermatinae subfamily are not known to be well-adapted
to quadrupedal locomotion, and hence, the common idea is that they would be less likely
to forage on ground (Schutt & Simmons 2006).

The reports of diurnal flights in bats offer an interesting insight into the ecology and
behavior of different species and allow us to suggest if it represents a mechanism to cope
with various environmental conditions, such as light, insect availability, predators, or even
high environmental temperatures (the latter an important consideration in the light of
anthropogenic climate change). Diurnal behavior in bats seems very common and
extended among sites and species, but still poorly studied, and in need of a systematic
revision.
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