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A behavioral syndrome is a suite of correlated behaviors expressed either within a given 
behavioral context (e.g., correlations among foraging behaviors in different habitats) or across different 
contexts (e.g., correlations among feeding, antipredator, mating, aggressive, and dispersal behaviors).
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In humans: behavioral syndromes allow for the identification of personality types 
(e.g.  assertive, bold, friendly, deceptive) 

In animals: movement syndromes will allow for the identification of both personality and 
movement types

As with behavioral syndromes, movement syndromes can be integrative in linking the 
nature (genetics) and nuture (environment) aspects of individual (physiology, behavior) and 
communal (ecology, evolution) processes.  
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Movement syndrome
• raw data: whole or part of a lifetime movement pathway (plus 

possible internal state or external environment data)
• input data: CAMS (duration, mix, sequencing, auxilliary env. data)
• Syndrome output: categorization of a point located in a region of 

processed input data space (region demarcated using: state 
identification methods—hidden Markov models or HMM; machine 
learning methods)  



FME/short CAM
Machine learning

Orr 
Spiegel

Scott  
Fortman-Roe

Accuracy



Pattern (Machine) Learning Algorithms
Linear discriminant analysis (LDA) 
• reduces dimensionality while minizing variance

• parametric assumption of Gaussian distribution of classes

• typically avoids overfitting (i.e. produces fewer more general 

categories

Two categories

one separator equation

There categories

three separator equations



Support vector machines (SVM) 
• essentially binary: group of interest versus the rest 

• maximize distance of group from separating hyperplane

• repeat several times: for different groups to get multiple groups

• computationally intensive



Classification and Regression Trees (CART) 
• can handle continuous or categorical data 

• based on a set of hierachical decision rules

• can lead to overfitting (too many types)

• use pruning to reduce overfitting

CART for vulture study   
Decision rules evaluated downwards to 
arrive at predicted category. At branch 
node, move right if ʻtrueʼ left if ʻfalseʼ



Random Forests (RF)

• ensemble of decision classifiers

• each classifer similar to CART

• output classification is the mode

• computationally intensive, but 

more reliable than CART



Artificial neural networks (ANNs)

• Simplest is three layer perceptron: input, hidden, output.

• More complicated have several hidden layers

• Deep learning uses outputs from several different hidden 

layers rather than just the final hidden layer
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3-layered perceptron with 2 inputs, 

k hidden units, and 1 output

sum all the 
inputs

pass the sum 
through a ramp 

(or logistic) 
function



Deep learning using multilayer perception networks

This is in feedforward 
mode after training has 
occured has occurred: 

computations are purely 
algebraic

Training requires back 
propogation algorithm 
which turns the network 

into an adaptive 
dynamical system that 

changes over time

First hidden layer: partitions 
space using infinite surfaces

Second hidden layer: convex sets

Output layer: arbitrary
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Hidden Markov Models (HMMs) for identifying 
behavioral states (needed to extract CAMs)

Transition 
probabilitiies A

Observation 
likelihoods  
(emission 

probablities) B



 Two states: resident or migratory 



Species number of 
individuals

African buffalo 5
African elephant 8
African wild dog 13
Black-backed jackal 15
California sea lion 15
Cheetah 5
Galapagos 
albatross

8
Galapagos tortoise 8
Lion 9
N. elephant seal 15
Plains zebra 9
Springbok 10
White-backed 
vulture

10

Metrics 
1. Mean turning angle correlation (TAC)

2. Residence time (RT): within fixed radius

3. Mean time to return (T2R): to within fixed 

radius after leaving for more than 12 & 24 
hours


4. Mean volume of intersection (VI): between 
monthly 95% kernel density home ranges


5. Maximum net-squared-displacement 
(MNSD): scaled by smallest MNSD for 
species.

Data 
1. All one-hour frequency resolution, except 

1.5 hours for the albatross (repeated at 3 
hour resolution)


2. Metrics calculated over a range of time 
scales: hour, day, month, and lifetime of 
trajectory

Briana
Abrahms

Simple metrics reveal common 
movement syndromes across diverse 

vertebrate taxa and environments 



Simulated archetypes
Central place forager Territorial

Nomad Migrant



Cluster analysis (Ward’s method)



Cluster 
Dendrogram 



Wavelet analysis

examples of wavelets

 frequency 
doubling of 
wavelets

 pass 
wavelets of 
different 

frequencies 
over raw 
signal and 

record 
amount of 

overlap

Raw signal: Averaged modulus values of 
wavelet scalograms of 3-hourly net 

displacement time series
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George 
Wittemyer

Leo Polansky

Elephants of Samburu



Elephant movement patterns: wavelet analysis

Dominant individuals made regular forays to water on a 24 hour 
cycle, subordinate individuals visited water on 2-4 day cycles, 
depending on the season

July 15 Sept 15 Nov 15 July 15 Sept 15 Nov 15 July 15 Sept 15 Nov 15
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brown
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brown
clone
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green
clone
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Individual level

Full ecological 
and evolutionary

embedding

movementsyndromes

Group level

Moving
beyond
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