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Animal Sentinels: near real-time
environmental monitoring via automated
bird tracking analysis

Presenter: Eldar Rakhimberdiev (Theoretical and Computational
Ecology, University of Amsterdam)

Coauthors: Judy Shamoun-Baranes (Theoretical and Computational
Ecology, University of Amsterdam) & Wouter \/ansteelant (BirdEyes,
University of Groningen)
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Animal sentinels in
the XIX and early
XX century




Animal sentinels in
the late XX century

Rapid and
reliable detection of toxins in the water supply

source: https://www.bbe-moldaenke.de/




XXI century — borderless design:
let animal sentinels go explore the environment!
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Poisoning Floods  Wildfires Droughts
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Main approaches to animal sentinels

Specific signals of interest Generic signature of anomalies




Main approaches to animal sentinels

Specific signals of interest Generic signature of anomalies
* lllegal/unreported/unregulated
fishing
 Spread of diseases
* lllegal garbage dumping
 Wildfires




* = Specific signals of interest —
approaching the task

Steps to take example
* Define the problem * [UU fishing

|shed to capacity \ ‘5

Source: https://op.europa.eu/, FAO



https://op.europa.eu/

\\\\\\\\\

= Specific signals of interest —
approaching the task

Steps to take example
* Define the problem » |UU fishing

* Select the sentinel species
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= Specific signals of interest —
approaching the task

Steps to take
* Define the problem

* Select the sentinel species

* Find the signature
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= Specific signals of interest —
approaching the task s

evice: 7062 , time: 2022-06-05 00:01:54

Steps to take
* Define the problem

* Select the sentinel species

* Find the signature
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* = Specific signals of interest —
approaching the task

Steps to take example

* Define the problem * [UU fishing

* Select the sentinel species * Lesser Black-backed Guill
* Find the signature * Boat following trajectory

 Develop detection pipeline




“ = Specific signals of interest —

Route
device: 7062 , time: 2022-06-05 00:01:54

Detection of fishing boat activity
with tracked gulls

- track segmentation with HMMs;
- event classification by speed

/ "= and trajectory shape.
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“ = Specific signals of interest -

approaching the task

Steps to take
* Define the problem

* Select the sentinel species
* Find the signature
 Develop detection pipeline

» Evaluate performance

example
* [UU fishing

e Lesser Black-backed Guill
* Boat following trajectory

« HMM over the movement track




* = Specific signals of interest —

approaching the task

Steps to take
* Define the problem

* Select the sentinel species
* Find the signature
* Develop detection pipeline

* Evaluate performance

example
* [UU fishing

e Lesser Black-backed Guill
* Boat following trajectory
« HMM over the movement track

* Compare with AlS data




Specific signals of interest —
approaching the task

PR e L
- one day fishing track of Kw45 Anna Hendrika “
x \rdi -~ Compare bird detected fishing
Ve e activity with AIS data

/ " ~70% of detected events are

7/ unreported!




Main approaches to animal sentinels

Specific signals of interest Generic signature of anomalies
* lllegal/unreported/unregulated
fishing
 Spread of diseases
* lllegal garbage dumping
 Wildfires
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Main approaches to animal sentinels

Specific signals of interest Generic signature of anomalies

* lllegal/unreported/unregulated - Establish baselines
fishing

 Spread of diseases

* lllegal garbage dumping

 Wildfires

e Detect anomalies




Bird ID: 8395

Generic signature of disturbances —

approaching the task
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Bird ID: 6392

ablish baselines

st

.+ Detect anomalies

Activity Type

Aeq jo awn]

Bird ID: 6399

Bird ID: 6397

Bird ID: 6396

Feeding events:
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Where do we get the data?



BEeS

L] .
Heraklion
30 June - 3 July 2025

LG

®°

Where do we get the data?

| UvA
Bird Tracking System

1x107

1x10°€

 1x10°5
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Where do we get the data?’

i e - “VEBANK
Bird Tracking System it o E

for animal tracking data

Locations, billions
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monitoring of
local environment
with animal sentinels




monitoring of
local environment
with animal sentinels

automated monitoring of
local environment
with animal sentinels




Animal Sentinels: near real-time environmental
monitoring via automated bird tracking analysis

monitoring of
local environment
with animal sentinels

automated monitoring of
local environment
with animal sentinels

automated monitoring of
global environment
with animal sentinels




Animal Sentinels: near real-time environmental
monitoring via automated bird tracking analysis
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Questions?

Eldar.Rakhimberdiev@uva.nl Thank vou |
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