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We technically assessed ICARUS tags based on novel space tracking technology, with global potential
to serve society to conserve small endangered animals that are hard to study. Also, we gathered
ecological data on the Ryukyu flying fox (Pteropus dasymallus), a threatened Japanese fruit bat.

This _project consisted in a practical assessment of ICARUS, which relies on
low-energy, broadband communication with the low-orbiting International Space Station (ISS). ICARUS
allowed for the development of very light (5 g), solar-powered biologging systems that can be
equipped on small animals. We evaluated more particularly ICARUS-compatible prototype tags in this
project.

As ICARUS was at that time still under development, the timespan of this project overlapped with the
in-house testing of this technology and the absence of space link. Moreover, as ICARUS roll out was
delayed on several occasions due to technical issues (e.g. EVA postponement due to ISS activities,

coordination problems between the space agencies), our project"s timeframe was postponed. The

foregoing issues, however, led us to work in parallel to ICARUS on the design of new low-energy
telecommunication technologies, which we are now turning into usable tracking systems jointly with
our German partners.

ISS wildlife tracking movement ecology bat flying fox Pteropus



R A C-19. F-19-1.Z-19 (M)

1. Background of the research (FF3EBE14 4 8 D ER)
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The ICARUS initiative

To address these challenges, the International Cooperation for Animal Research using Space
(ICARUS) was founded in 2002 by researchers at the Max Planck Institute in collaboration with
the European Space Agency (ESA) and Roscosmos, and now includes many other agencies and
partners. It aims at creating a lightweight tracking solution that can be equipped on small animals.
The gain in weight is made possible by energy saving through short-distance communication with
the International Space Station (ISS), which is located in low orbit over the Earth. This technology
was recently equipped on the ISS (with some large delay, see section 4A) and is planned to be
fully operational from 2021.

2. Purpose of research (5%t HHY)

In 2017, we secured a collaboration agreement with Max Planck Institute for Ornithology, namely
with Prof. Martin Wikelski, the head of the ICARUS initiative, and Dr Walter Naumann, the CEO
of -GOS GmbH, the company implementing the ICARUS system, to perform early testing and
experiments using this new technology. Our initial goal was mainly twofold. First, assess the
operational capacity and performance of the tracking tags as well as the telecommunication
system. Second, collect some first batch of comparative test dataset from challenging target
species, in the present case solitary island fruit bats of the genus Pteropus, which represent a
typical case of endangered and highly challenging species to track.
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3. Method of study (Bf5E » 5 )

ICARUS trackers (see figure on the right) were to be developed
and provide positioning data, as well as measurements from an
array of sensors (e.g. accelerometers, magnetometers,
barometric pressure) to allow for the study of animal behavior and
flight dynamics. We initially aimed to put prototype tags under
technical test (in lab settings and in realistic outdoor conditions),
evaluate tag attachment methods to ensure animal safety requirements, and assess the overall
operational value of the system in realistic contexts.

4. Implementation, Challenges and Research achievements (Bf3E5£)
A. Delay in ICARUS deployment in space and impact on the Kaken Hi project

ICARUS
Antenna Assembly

This Kaken Hi project was initially planned to start shortly (i.e. 6 months) before the finalization of
ICARUS tracking tag prototypes and less than one year before deployment of the entire system
in space. Nevertheless, the schedule of the ICARUS initiative itself was significantly delayed, as
final space deployment was shifted by over two years. Several consecutive problems with the
ICARUS initiative were responsible for this very large delay, among others rescheduling of ISS
activities leading to significant delay in the EVA focused on antenna installation (see pictures),
immediate failure of the onboard computer of the receiving module, which had to be brought back
to Earth, repaired and launched back into space in December 2019, etc. Unforeseeable issues
are common in high-technology projects typical of the space industry. We had therefore planned
some safety buffers (>1 year time between the announced ICARUS operation start and the end
of the Kaken Hi grant) in our schedule of this project. Yet, the extent and extreme duration of the
difficulties encountered by space deployments and operation start were unusual and unexpected
even by ICARUS project leaders. In total, the cumulative delay amounted to almost two years. As
a consequence, the related Kaken Hi project was significantly impacted in terms of schedule,
duration and exhaustiveness of the tasks envisaged, esp. as regards the testing of the data
transmission technology.
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B. Preliminary assessment of ICARUS, a pioneer space tracking technology

The ICARUS tracking technology relies on an original spatial telecommunication system (incl.
totally new RF transmission protocol) and interaction with the International Space Station, on
which interferences with other equipment cannot easily be ruled out without trials. Due to the
challenges and novelty of this approach, a strong need to evaluate its effective characteristics
(i.e. reliability, transmission rate, accuracy) would have to be addressed. Moreover, the effect of
particular constraints due to the deployment on bats (e,g, attachment method, nocturnal behavior
leading to uncertainty about solar-charging efficiency) would have to be revealed during this
project and serve as reference for future studies. With the assistance of the I-GOS team, we
evaluated the characteristics of the system and provided feedback useful for tag design
improvements.

C. Collection of ecological data on endangered species

The final purpose of the ICARUS system is to enable high-resolution long-term data collection on
movements and locomotion of endangered species in order to allow for their conservation. To
support a preliminary evaluation study of the system, we decided to integrate it into a biological
conservation project focusing on flying foxes (i.e. bats of the Pteropus genus) that aims to
understand where/when/why some cryptic species (i.e. the Japanese P. dasymallus and
French/Neo-Caledonian P. vetulus) move. During these tests, we could infer precious information
about foraging and roosting habits, seasonal and inter-annual variations in activity (currently
under publication). In the frame of this Kaken Hi grant, we undertook data collection for a
technological comparative study in which we deployed GPS tracking units on a dozen Ryukyu
flying foxes (P. dasymallus) on Ishigaki Island, Japan (see photographs). This work woukd provide
valuable comparative information to assess the performance of ICARUS (see tracking data
beside). Making the most of the captured individuals, we also used this opportunity to collect
genetic material from them (in the form of wing biopsies and hair samples). This side-project led
to the writing of two manuscripts, one of which already published (see Taki et al. 2020a, Taki et
al., 2020b). We also collected information on bat-farmer conflicts, which contributed to other of
our studies (see Florens and Vincenot, 2019; Chaerntantanakul, Shibata and Vincenot, 2019).
The larger deployment to further test this technology on P. vetulus in New Caledonia, which was
scheduled for March 2020, had to be canceled due to travel restrictions resulting from the COVID-
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19 pandemics. Yet, Prof. Fabrice Brescia (IAC, France) and our team already planned to resume
this work as soon as travel bans are lifted (unfortunately still impossible at the time of this report

writing).

D. Contribution to project dissemination and new tag development

This Kaken Hi project was also successful at disseminating the ICARUS project technology and
goals. We have become a focal point for the ICARUS initiative in Asia-Pacific and have overseen
and coordinated the interests of various research groups throughout the region. Furthermore,
collaboration has become tighter with some members with time. Based on constraints identified
in the ICARUS tag development, joint work has evolved into a new full-fledged collaboration to
design and test tags based on technologies even more finely tailored to the tracking requirements

that we have to meet in the case of studies on human-
wildlife conflicts in the case of small, cryptic species. Joint
development on this research front is also currently being
undertaken.
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