Iversity

tary D

1€

RERERRR

A Feast of D

Andrea Bernal-Rivera

Buffet for Bats




About me

Ecophysiology

Calima University of  Global Union of Bat
Foundation Washington Diversity Networks




Al T -, BN
gy " Y
o\ |

| oy SR -

- . " A N LA EE.
ol ; % )' Ay :"\:qh-

U e e —

1 B @ UL Ky L
> m

'y |




Agenda

1. Bat dietary diversity
2. Ecosystem services
3. Adaptations to diet
- Morphology

- Sensory system

- Behavior
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Dietary evolution of bats
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Bat dietary diversity

>1400 Bat species

~70% insectivores
50-100% of their body
weight in insects

Only 3 species feed on blood

Photos:
merlintuttle.org




Diet is a continuum

Broad categories




Diet is a continuum

Broad categories




Diet is a continuum

Broad categories




Seed dispersal

Ecosystem services



Bats in action

with Austin Bat Refuge with Nathan Muchhala




Ecosystem services measured

>500 plant species depend on bats for their pollination

Pest control estimated to be over 3.7 billion dollars per year in the US
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Enormous contribution of bats to the ecosystems and to our lives:

Phoenix dactylifera, commonly
palm | produces economically valuable fruits
originating from the Fertile Crescent region
between Egypt and Mesopotamia. Pteropodids
including Pteropus giganteus, m
T4, and Rousettus aegyptiacus, m

m, are valuable dispersal agents of

these deliciously sweet fruits.

Fun Faét| Countries of the Middle East and https://www.fightwns.org/bat-alphabet/

North Africa produce nearly 8.5 million metric

tons of dates annually.



https://www.fightwns.org/bat-alphabet/

Example of ecosystem services and bats used for
conservation purposes

d Inform restoration with
native plants

Conservation values
(CVs)

g Protected areas



Adaptations of bats to their diet

- Morphology

- Sensory system
- Behavior

- Physiology




Morphology

Diet



Tongue in nectarivorous bats

Muchhala et al. 2006




Tongue in nectarivorous bats
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Tongue in two lineages of nectarivorous bats

Tohgue of Glossophaga soricina
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More tongues
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Elizabeth Dumont

©Rodrigo A. Medellin

Skull morphology and diet
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Skull and dietary hardness

Dietary hardness
- Liquid
B soft
- Medium
- Hard
B o
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~ Molar morphology reflects bat diet

/A Insectivorous
B Omnivorous
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Noctilio albiventris
Micronycteris hirsuta
Trachops cirrhosus

Tonatia saurophila
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Mimon crenulatum

Phyllostomus elongatus B

Phyllostomus hastatus W

Carollia brevicauda
Sturnira lilium
Vampyressa thyone
Uroderma bilobatum
Ectophylla alba
Centurio senex

Artibeus jamaicensis



Teeth morphology reflects bat diet
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DIET P MORPHOGROUPS
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Jaw length
and teeth loss
are also
related to
diet

Sadier et al. 2023
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Noctilio leporinus

& &

Mormoops megalophyila

Carollia perspicillata Artibeus jamaicensis  Vampyrodes major

Glossophaga longirosiris

L onchophyila thomasi

Chrotopterus auritus

Pygoderma bilobatum

Centurto senex

Desmodus rotundus

Jaw shape
diversity and
diet

Sadier et al. 2021
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Fishing bat
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Pancreas islets
roduction of hormones that are crucial for nutrient metabolism

Cotini et al. 2024



-~ Pancreas morphology
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Sensory system

Find different food resources
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Different ways to locate sources and navigate
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component 2 (25.0%)
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Olfactory receptors (OR)

Unique OR pattern linked to the
frugivorous diet of New World
fruit-eating bats

Strong association between niche
specialization and OR diversity
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Dichromatic and UV-vision

A. Jamaicensis

Fruit

M. blainvillei Insect

.

M. redmani

Nectar/Pollen

P. quadridens Insect

Vision is a highly
evolvable trait that
repeatedly and
rapidly changes in
response to
diverse selective
demands

Sadier et al. 2018



Thermoperception

Detection of infrared radiation

Vampire bat ‘

Heat detection
In preys’ body

Nasal pits

Kirten & Schmidt, 1982



Behavior

Jumping (vampire bat) Food sharing (vampire bat)

C Feb92018 JUIﬂ[]iﬂg Jack Bats FD £ White-winged vampire bats.sharing foad
" b S - L= TN wd
Copy link
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Watch on £ YouTube ' ' Watch on [ YouTube



Behavior

To go food

Hovering (nectar bats . .
g ) frugivores, carnivores

with N. Muchhala

nﬂ: Vampire Bat vs. Wrinkle Bat | National Geographic

Watch on (3 Youlube



Physiology
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Nutrient digestion
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Nutrient digestion
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Nutrient digestion

Glucose

Fructose

Glucose

Small, wat‘er—soluble’substrates

Lateral intercellular
space

Fatty acids & \\
Lipophilic
xenobiotics

Price et al. 2015; Camacho & Bernal-Rivera et al. 2024
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Maltase - starch breakdown
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Enzyme activity changes are related to diet

Maltase - starch breakdown
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Molecular adaptations to specialized diets
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Hematophagy:
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Blumer et al. 2022



Molecular adaptations to specialized diets

CYP39AT _ Hematophagy:
TN Vampire bats
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JOURNAL ARTICLE

Dietary Diversification and Specialization in

Neotropical Bats Facilitated by Early Molecular
Evolution 3
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Nectar-feeding bats and birds show parallel
molecular adaptations in sugar metabolism enzymes
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My research

Sugar assimilation in bats with different diets

Interplay physiology-morphology




In vivo physiology

©

Blood glucose

O 10 30 60 min

5' Glucose &

Sucrose Irehalose: Sugar tolerance curves




In vivo physiology

Blood glucose

5' Glucose &

Sucrose Irehalose: Sugar tolerance curves




Bats better

assimilate the
sugars
predominantly <
found in their
natural diet
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Blood glucose (mg dl™)
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Nectarivorous and frugivorous bats are great at assimilating
the sugar found in nectar and fruits

Camacho & Bernal-Rivera et al. 2024




Insectivorous bats can assimilate the sugar
found in insects

Camacho & Bernal-Rivera et al. 2024




What is happening at the intestinal level?
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Blood glucose

Camacho & Bernal-Rivera et al. 2024



Longer duodenum in bats with rich-sugar diets

5 MM  Djet EInsects ©8 Blood ™ Vertebrates & Nectar & Fruit/insects & Fruit
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Camacho & Bernal-Rivera et al. 2024



Differences in epithelial cell arrangement




Higher absorptive area in the duodenum of bats
with rich-sugar diets
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Relative villi perimeter (mm)
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Camacho & Bernal-Rivera et al. 2024
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More villi and microvilli
In the duodenum of bats
with rich-sugar diets
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In vivo physiology matching intestine morphology

| | | |
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Questions?







