
Resolving behavior with auxiliary sensors



How can we resolve behaviour remotely?

Penguin recording by Rory WilsonVulture recording by Hannah Williams



• Mechanistic understanding 
• internal state
• reveal intraspecific interactions
• reconstruct fine-scale movements

• Challenge of sensor possibilities and combinations
• Complex analyses
• Proximate cause of movement to ecological 

consequences



Accelerometry

Magnetometry

Gyroscope

Pressure

Temperature

Light

GPS

IMU

Auxiliary sensors



• Annotate position data with behavior data

• Matching sensor combinations to specific biological questions

• Analyses of high-frequency multivariate bio-logging data

h;ps://github.com/trichl/
WildFiOpenSource

https://github.com/Richard619
5/Dead-reckoning-animal-
movements-in-R

Auxiliary sensors



Heave

Surge

Sway

Pitch

Yaw

Roll

Inertial Measurement Unit



Gravity

posture

activity

Tri-axial ACCELEROMETER
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Walking
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Walking Drinking
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Walking Drinking Feeding



Behaviour is manifest by movement so we should ‘measure’ movement

Activity and energy expenditure

the accelerometry technique has the potential to provide information about 
how animals partition their use of both time and energy

Energy expenditure is the key link between behaviour and overall fitness



Extract the static and dynamic acceleration components
• Nyquist or sampling theorem - sampling frequency (temporal or spa7al) should 

be at least twice the fastest frequency of interest

• sensor bit resolu7on- e.g., 8-bit resolu7on, meaning the sensor can obtain an 
absolute resolu7on given by the maximum resolu7on range divided by 256. 

• Measurement range of the sensor. – e.g., accelerometer which records up to 8 
g will miss any data of animals moving more dynamically (e.g., head impacts) 
default should be at least 16 g for ini7al studies for terrestrial systems (a lower 
range may be sufficient for aqua7c systems as, due to fric7on, movement speed 
may change less fast)

• But highly prescribed, low-frequency sampling may miss serendipitous 
observa7ons of importance.

• High-frequency recording of raw data (>20 Hz) may be necessary to compute 
animal posture and DBA 

• Data smoothing by a running mean ; a Fast-Fourier transforma7on; a high-pass 
filter ; a Kalman-filter

• ‘validated’ in level terrain will produce markedly different accelera7on offsets if 
it normally lives in mountains because body pitch

Nyquist theorem 

Sensor bit resolution

Measurement range

Recording frequency

Data smoothing

Validation



WildFi IMU/GPS Units



WildFi IMU/GPS Units



…     

E-obs IMU/GPS Units



Gleiss et al (2011) MEE

The rate at which this mechanical work is conducted (and therefore energy used) 
is the mechanical power (P). The ability of DBA to act as a proxy for energy 
expenditure depends, in part, on the link between acceleration produced by 
muscular contraction and mechanical power.

DBA à ODBA/VeDBA

Gunner et al (2021)



DBA à ODBA/VeDBA

Gundog.peaks

The ACCwave function uses a FFT (Fast Fourier 
Transformation) to extract the wave of the 
acceleration data, with a PCA (principal 
components analysis) on the 3 axis to calculate 
wingbeat frequency on the dominant frequency 
of the burst

MoveACC

locates peaks based on local signal maxima, 
using a given rolling window, with each 
candidate peak filtered according to whether it 
surpassed a threshold height

Gunner et al (2021)



We use a centre-aligned index (compared to the rolling window of observa:ons), with “extend” to indicate repe::on of the le?most or rightmost non-NA value 

Extract the static and dynamic acceleration components



Wilson et al (2020) JAE

DBA à ODBA/VeDBA



• Vectorial and additive DBA metrics are proportional to each other. 

• Either can be used as a proxy for energy and summed to estimate total 
energy expended over a given period, or divided by time to give a proxy 
for movement-related metabolic power.

• ODBA is statistically marginally better at predicting oxygen consumption

• VeDBA may prove more appropriate when behaviours other than 
locomotion occur over less predictable orientation planes, & account 
forerrors associated with device orientation in relation to the plane of 
muscular contraction

• Researchers should use the term DBA generally, but be specific about its 
derivation at the outset. 

Those requiring the absolute best fit between DBA and VFO2 may 
prefer to use ODBA while those seeking to describe animal moIon 
without the energeIc component may prefer VeDBA. 

DBA à ODBA/VeDBA

Wilson et al (2020) JAE



DBA à ODBA/VeDBA



Factors affecting DBA metrics

Tag position 

Tag stability 

Environmental DBA

VO2 ~ ODBA

Pulling-g 

Negligible DBA

Relative measures

- Tag position – impossible to orthogonally orientate it in line with main 
axis of movement to remove angular inadequacies of the ODBA metric

- Tag stability

- Environmental DBA
- Nature of the general relationship between ODBA and VO2

- Pulling g – where the animal experience increased inertial acceleration in 
additional to the force of gravity, and the vectorial sum of the smoothed 
channels may not equal 1

- negligible DBA signal in slowly moving animals such as many 
invertebrates and some ectotherms – use rates of change of body pitch, 
roll or yaw which, although not accelerations, may code for metabolic 
rate since the animal is still exerting forces to move the body

- All of the above are specifc to a tag and individual attachment thus we 
can only compare acc/DBA values if they are relative e.g. rate of change 
of pitch or centred VEDBA


