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m Adapted from Purgar et al. (2822)

Published? f Wedl-planned? Y ell-reporbed?
| E E : :
45% unpublishad £7% poorly planned 41% underreported

Poor planning and under reporting do not happen in the same studies
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The cost of a single GPS unit canreach several thousand dollars,
and each additionaltracked individual adds logistical overheads (e.g., field time, personnel, travel).

3% 9%

Moreover, animal welfare guidelines require
using lighter, less invasive tags, and tracking
only as many individuals as necessary.

Frequency

B Thanisha Kumar

0.00 0.02 0.04 0.06 0.08

Relative device mass
B Adapted from Portugal & White (2818)
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Trade-off between battery life and resolution:

GPS

biologgers
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Battery Fix rate
life (1/interval)
: . @
(e.g.,samplingrate or fix 1 e e o o o o000 °
frequency) consumes more power
. y) — P ’ 1 min 15 mins 1 hr 6 hrs 1 day

5 mins 30 mins 2 hrs 12 hrs
Log of sampling interval (time between fixes)

Silva et al. (2023)
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Behavioral type Individual plasticity

Behavior X
Behavior X

The intrinsic behavioral variability within

populations increase the risk of producing
biased orunreliable estimates.

a5

2 4 6 2 4 6
Environmental gradient Environmental gradient

Behavioral predictability Behavioral syndrome
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Behavior X

2 4 6 3 5
Environmental gradient Behavior Y

Hertel et al. (20628)
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Adapted from Nathan et al. (2608)

Fine-scale processes

e.g., Movementspeed
Distance traveled

escaping a
predator

Large-scale processes

e.g., Homerange area
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research questions

spatiotemporal scales
sampling parameters
animal tracking data
data, mitigate biases
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conclusions

%

Ideally, researchers would

e

should each individual be monitored?
recorded?

should locations be

individuals should be tracked?

track
, and




Create a systematic approach, akin to statistical power
analysis, to determine optimal sampling parameters in
animal tracking projects.

B Silva et al. (2823)
Silva et al. (2825)
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‘ Define research questions
Qldentf,fy spatiotemporal s

. Determine sampling parameters
|[E'
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Animal movement pathsarerealizations
of continuous stochastic processes,

Behavior canbe summarized using
characteristictimescales,

Position autocorrelation Velocity autocorrelation
timescale timescale

These timescales impose constraints
on sampling design that must be met
for sufficiently large sample sizes.
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%Home range

Position autocorrelation
timescale

T, = 1 day T, = o days

4

BHMNPLIMEG DURATION

How long is an animal tracked for?

T, = 18 days

FMOVERMERT BEHAVIOE
) Speed & distance
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T, = 1 minute

ey
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BPHCE -LUSE
(] Home range

Velocity autocorrelation
timescale

T, = 1 hour T, = 12 hours T, = 1 day

BHMPLIMEG IMTERVAL

How frequently are locations collected?

MO EMERT BEHRAVIOE
%Speed & distance




A

It is physically impossible for animal movement to be uncorrelated.

M, This raises Dhres ey gueshions.

£ . Can we detect a signature of these correlations in the data?
&« Is the sampling schedule sufficient to produce reliable estimates of key metrics?

%« Is the population sample size sufficient to capture individual variation?




STEP

GOAL

‘a’ Species <

L .
— . find or test
. Model fitting & selection parameters

_ directly
Upload, or extracting measures :
Select data

7
A > Spatlal variance, o, e e A
: » Timescale parameters, T: «— 9
choose the same — Position autocorrelation, 1, @ @ / 4
(or a similarly — Velocity autocorrelation, T, Simulate

behaved) species » Velocity, o, data




STEP

GOAL

Q Device <
S Device smuaon I oy

inputting device parameters ) SIRLLLEEE check manufacturer,
model specifications

» Sampling duration, ( ) > Battery life
» Sampling interval, @ » Fix rate
choose

ey e
trade-off or bq Data simulation & model refitting —‘

directly

estimating sample sizes

» Effective sample size (for area), area @ @
» Effective sample size (for speed Speed




STEP

GOAL

B Analyses <

@ o Estimation & comparison s
@ 0 estimate bias, confidence intervals

relative to » Home range estimation
: with Autocorrelated Kernel Density Estimator, AKDE

limit > Speed & distance estimation

B Report <

l with Continuous-Time Speed and Distance, CTSD




Extemded WOrkELIoN

Planning to track
a specific number of animals?

%;gzég ....................................... §4g3

Add sources of bias (if applicable): H ”
* Location error HH . H

» Data loss (e.g., fix success rate)

» Device loss or mortality event Simulate a set number Iteratively simulate
» Storage limits of tags from the more tags until
model fit threshold
v
Furn saimudations Goeroereeeeesees e S :

Test sampling designs, Get population-level inferences:

Assess estimation accuracy and precision. — mean of sampled population,
— compare means of sampled groups.
(e.g., males/females)
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Cross et al. (2013)

o

Species
African buffalo
(Syncerus caffer)

[ )
Position autocorrelation (t,) Velocity autocorrelation (t,)
16.3 days 32.2 minutes
(8.2-12.8) (22.6-45.7)
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Population-levelinferences — meanhomerange areas

Species

African buffalo Sampling duration
(Syncerus caffer) 2 months 4 months 1 year 3 years 9 years
100%
Error threshold
/
5595 Position autocorrelation
. : 16.3 days
o0% ° , (8.2-12.8)
. ¢
*
o &,

0%

Relative error (%)

50% e

-100%

0 10 20 30 40 500 10 20 30 40 500 10 20 30 40 500 10 20 30 40 500 10 20 30 40 50
Population sample size, m
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What if we want to obtain areliable estimate (withina 5% error threshold)

Species of bothmean home range area and mean movement speed?
African buffalo

(Syncerus caffer)

Home range estimation Speed & distance estimation

m=8 Option 1 : : : :

1 year, every 15 minutes ® : : : :
m=3 Option 2 : :

6 years, every two hours : ® ; L ® :
m = 28 Option 3 : PA : PS

4 years, every day : f
-20% -10% 0% 10% -50% -40% -30% -20% -10% 0%

Relative error (%)

Within error threshold (+5%)? ® TRUE ® FALSE
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Praciical JUses

The latest release (VO 5.7) of the movedesign R Shiny application
is available on CRAN or GitHub,
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