—

\ } A\ Y \
BAR)\A AOF VM FESEER
4 no=-=
BRI\ AOF>THATESE,R No. 210 Y ot
F1TH 2024428 28H HR{TFA BARNAAOFUITHES (B EERX)

N
TN SENEEIER REAS T 1 —)L RESERERT L 5 — . \ \
T606-8502 FEBHARXALEI &5 E ll\ &

TEL & FAX: 075-753-6227 E-mail:BioLoggingScience@gmail.com - |
[EWAS : HPERT HERE SEOE 2464557 BA/ A ADEIHRS Dlo-lagpng Seienco

.
. EBELU

- HLLRR

© bk 300 mCHIFBRETE ~TDEUDEE GPS /A ATF> I~

: FERR 20A (RIEAHA) 2
. HEEN

. OYEUORTE AL TFATS BH AT (ABEAS) 3
© BETOOEUGKES S 3 MEEONE B Bk (ARAEAS) 5
: EEEEEHTENS [ AFT] HE A REPIL=BHERT) 7
. AR IR=REZI>EIY— (EVS) (CLZIDEVENR 12
. BIR (VDI —THREMTI /03 —T S5y kI A — A TIC SeintAzEs)

. Fig B (ETHRERE SBEHRERME JAMSTEC))

: Beyond movement - what more can we learn by tagging animals with various sensors? 16
E Yossi Yovel (Tel-Aviv University)
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Beyond movement - what more can we learn by

tagging animals with various sensors?

Yossi Yovel (Department of Zoology, Faculty of Life Sciences, Tel-Aviv University)
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Miniature tracking devices and foremost,
miniature GPS devices allow position-tracking of
various animals, including relatively small ones in
the wild. But registering the location of the animal,
especially when done at low temporal resolution,
reveals little about its actual activity (e.g., foraging
or escaping a predator), about its physiological
state and about the environment in which it is
behaving. Many additional sensors that provide
different types of information now allow to
complete the picture in order to study animal
behavior under natural conditions. Some of these
sensors include: (1) fine movement sensors such
as accelero- and magnetometers (2) Physiological
sensors that measure heart rate, body
temperature and more, (3) Microphones (4)
Environmental sensors that measure various
parameters such as illumination or ambient
temperature.

Accelerometers and magnetometers can be
used to classify the animal’s behaviour, that is, to
determine whether it is flying, walking, or resting
(Nathan et al., 2012). Accelerometers and
gyroscopes can be used to analyze fine maneuvers,
for instance when attacking prey (Stidsholt et al.,
2023) and they can be used to assess an animal’s
energy expenditure (Elliott et al.,, 2013). When
placed on multiple individuals moving together,
accelerometers can be used to assess the
synchrony between them. We have used a similar
approach to prove that bat pups are carried by
their mothers, rather than flying behind them
(Goldshtein et al., 2022). By tagging both mothers
and pups, we could show that their Z-acceleration,
which reflects the wingbeat, is perfectly
synchronized, strongly suggesting that the pups
are carried by their mothers who take them out of
the cave and bring them to specific trees where
they wait for them the mothers until they return
from foraging (Figure 1). Advanced models for

-
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inertial navigation can be used to integrate
acceleration and gyroscopic data in order to

reconstruct the actual position of the animal with
much higher time resolution than typically allowed
by GPS (Bidder et al., 2015). Such reconstruction
might be challenging because the small sensors
typically used in animal tracking devices tend to be
noisy and to drift over time.
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Figure 1. Using acceleration to study mother-pup
interaction. Adopted from Goldshtein et al. 2022. (A)
Average flight speed per stage, n = 2 pairs. Pups flew
significantly slower when flying independently (i.e., in
the independent navigation and exploration stages)
than when flying with their mother (in the drop-off
stage). (B) GPS tracks of a mother (blue) that flew with
her pup attached (dashed orange line). The last 500 m
before the return to the cave were extrapolated (dotted
blue and orange lines). The pup, which was at the
beginning of the drop-off stage, was dropped off, and
the mother visited it occasionally throughout the night.
(C) Full-night z axis acceleration recording of the mother
(blue) and pup (orange). Dark-gray-shaded parts
represent periods when mother flew with the pup
attached. Light-gray-shaded periods depict the mother’s
visits at the drop-off site. (D) The pup’s acceleration
pattern is synchronized with the mother’s wing beating



on the way to the drop-off site, with mirrored
acceleration indicating that the pup was positioned belly
up while the mother is flying (belly down) as expected
if mothers carry the pups. (E) Wingbeat synchronization
disappeared once the mother departed from the drop-
off site.

Physiological sensors can be used to monitor
heart rates, brain or muscle activity (EEG or EMG),
or body temperature. These sensors can thus
provide information about the physiological and
stress state of the individual, including valuable
insight into its energy expenditure. We have used
temperature sensors in order to assess the body
temperature of bats challenged with a bacteria-like
LPS challenge (Moreno et al., 2021). We also used
these sensors to reveal how bats’ body
temperature rises by several degrees within
minutes when they take-off in flight (Luo et al.,
2021) (Figure 2). EEG (and EMG) probes can be
used non-invasively to assess when the animal is
sleeping (Rattenborg et al., 2016).
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Recording time

Figure 2. Measuring body temperature in flying bats.
Adopted from Luo et al. 2021. (A) Z-acceleration can be
used to identify the fight bouts of bats. When a bat
starts to fly, the z-acceleration is characterized by a
sudden increase in amplitude. When the bat stops flying,
the z-acceleration amplitude returns to the baseline
level. (B) The synchronized measurement of the Tsk
surrounding the fight bouts as shown in A. (C, D) The
zoom-in view and the spectrogram of the acceleration
data for the section highlighted in red in A. The energy
distribution of the spectrogram for the z-acceleration
reflects the wingbeat frequency of the flying bat (which
is centered around 6.8 Hz).
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Time (secs)

Microphones enable audio recordings, offering a
method for monitoring interactions between
conspecifics (Cvikel et al., 2015) where the
intensity of the recording can reveal information
about the distance of the animal. Audio can also
reveal insight into the environment in which the
animal is active (e.g., urban vs. country) including
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the presence of conspecifics (Greif & Yovel, 2019).
In the case of echolocating bats, audio recordings
can also provide information about the momentary
sensorimotor decisions of the individual (Greif &
Yovel, 2019) in addition to monitoring foraging
success based on chewing sounds (Stidsholt et al.,
2023).

Ambient sensors can be used to monitor the
environment in which the animal is operating,
measuring, for instance, illumination or
temperature (Chudnovsky et al., 2023), which can
also affect decisions. Below, we will also discuss
the importance of completing the story by
monitoring the environment with external sensors
to provide additional information about the
population and the environment and because,
unfortunately, not everything can be measured
from the animal’s point of view.

Obtaining long-term data for small animals
remains difficult even today due to power
constraints imposed when using light-weight
devices with small batteries. To overcome this
difficulty, about a decade ago, we have established
an in-house colony of wild Egyptian fruit bats in
Tel-Aviv  University. Egyptian fruit bats are
common in the urban environment and naturally
roost in man-made structures like the one we
offered them. The colony is open to the outside
and enables the bats to roost and fly out for
foraging. We took advantage of the bats'
philopatric nature, which indeed motivated many
of the bats to adopt the open colony as their roost
and have been living in it for years. This daily
access to the same individual bats allowed us to
use small logging tags and replace them every few
days to continuously monitor the same individuals
over long time periods (Harten et al,
2020) (Figure 3).

We used this setup to continuously monitor
young bats over many months from birth to
adulthood. With full knowledge of their movement
history, we were able to demonstrate that the bats
use shortcuts when navigating, suggesting that
they possess a cognitive map-like representation
of their environment. We also demonstrated
immense inter-individuality, which translated into
inter-individual differences in exploration and,
accordingly, in mapping and navigation capacities.
The setup also allowed us to examine bats'
behavior under controlled laboratory conditions



and compare it to foraging strategies and decision-
making within the same individuals. Future work
should focus on several key aspects of decision
making including: (1) Bat’s ability to track
temporal patterns in its environment - by tracking
bats' choice of various fruit trees, we will be able
to examine whether they track tree phenology. (2)
Manipulating bats’” experience and observing the
effect on their decision strategies. There are many
ways to affect individual experience, some of
which include (3) Monitoring changes in decision
strategies over life. Some of the bats have been
roosting in the open colony for more than five
years now, so by examining their foraging yearly
we can document age-related changes in decision-
making.

Altogether, the immense advances in miniature
technology now allow us to “place the lab on the
animal”, instead of bringing the animal into the lab.
This approach is changing our understanding of
animal behavior in their natural environment.

A 190 ® Female

80 |} o Male
60

Nature
.

Home range
on day 60 (km?)

Figure 3. Using an open colony to continuously track
bats. Adopted from Harten et al. 2020. (A) Different
individuals (x-axis) tended to be more or less
exploratory. The y-axis depicts the bat’s home range on
day 60. (B) Three examples of the complete movement
of three bats during their first 60 days in life. “Koral,”
“Suki,” and “Nature” are bat names.
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