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ABOUT AULA 15

• 6 November 2019

• Own work on HMMs project + extra material on gamma and beta GLMs



Your mission for last week, extended to this week 
(24 th November 2019)!

1. Go to Movebank and explore the Movebank Data Repository

2. Find an open access data

3. Use it to fit an HMM to the movement data

4. Write a report about the analysis you made

• Briefly describe the data

• Do a simple EDA

• Fit movement model

• Present your conclusions

5. Send me a report by the end of the week (week ends Sunday)

Mission: Impossible

Taking down Movebank
(with a random Modelação Ecológica student)

7

https://www.movebank.org/
https://www.movebank.org/node/15294


ABOUT MODELLING 

MOVEMENT

Some final words to wrap up!



Animal Movement Modelling





Animal Movement Modelling

Hooten, M. B.; King, R. & Langrock, R. 2017 Guest Editor's Introduction to the Special Issue on ``Animal Movement 

Modeling‘’  Journal of Agricultural, Biological and Environmental Statistics



Movement is a continuous process in time and space

Data we observe is typically a series of positions collected at 

regular (or irregular) time points

But we can model it in:

1. Discrete time and discrete space – too rough

2. Discrete time and continuous space – more often

3. Continous time and discrete space – less used

4. Continous time and discrete space – harder to implement

Conceptualizing Movement



A path is just a starting point plus a succession of turning 

angles and step lengths!

Polansky, L. & Wittemyer, G. 2010 A framework for understanding the architecture of collective movements using pairwise analyses of animal 

movement data  Journal of The Royal Society Interface 8: 322-333



1. Series of hidden (unobserved states) states, with Markovian dependence

2. Conditional on which there is a process we observe

3. Conditional on state, process is independent

4. We make inferences on hidden states (e.g. travelling vs. feeding) based on observations 

(positions)

HIDDEN MARKOV MODELS



HIDDEN MARKOV MODELS

Langrock, R.; King, R.; Matthiopoulos, J.; Thomas, L.; Fortin, D. & Morales, J. M. 2012 Flexible and practical modeling of animal telemetry data: 

hidden Markov models and extensions Ecology 93: 2336-2342



Patterson, T. A.; Parton, A.; Langrock, R.; Blackwell, P. G.; Thomas, L. & King, R. 2017 Statistical modelling of individual animal movement: an 

overview of key methods and a discussion of practical challenges  AStA Adv Stat Anal 101:399–438







STATE SPACE MODELS

Jonsen, I.; Basson, M.; Bestley, S.; Bravington, M.; Patterson, T.; Pedersen, M.; Thomson, R.; Thygesen, U. & Wotherspoon, S. 2012 State-space 

models for bio-loggers: A methodological road map  Deep Sea Research Part II: Topical Studies in Oceanography, 88-89: 34-46



Patterson, T. A.; Thomas, L.; Wilcox, C.; Ovaskainen, O. & Matthiopoulos, J. 2008 State-space 

models of individual animal movement Trends in Ecology and Evolution 23:87-94



https://www.movebank.org/

There’s lots of great movement data out there for grabs!



EXTRA STUFF 
- on GLMs



• https://rpubs.com/kaz_yos/glm-Gamma (Gamma Regression)

• Gamma regression (improved) : see pdf gammareg.pdf

• Beta regression (see pdf betareg.pdf) and paper

https://rpubs.com/kaz_yos/glm-Gamma


https://stats.idre.ucla.edu/r/dae/negative-binomial-regression/

http://sherrytowers.com/2018/04/10/negative-binomial-likelihood-fits-for-overdispersed-count-data/

EXTRA STUFF 
- on Negative Binomial GLM

https://stats.idre.ucla.edu/r/dae/negative-binomial-regression/
http://sherrytowers.com/2018/04/10/negative-binomial-likelihood-fits-for-overdispersed-count-data/


WORDS OF CAUTION



Model selection techniques and dignostic plots are very important –

never understimate the importance of understanding your data

Model selection

Tomassone et al. (1992)



One should not only evaluate the sensitivity of fitted models to 

changes in data, one should also try to validate the models 

considered for further inference. 

The validation of a model might be done by a variety of techniques:

- diagnostic plots

- generating data from the fitted models

- re-using data used to fit the model (cross-validation)

- contrasting predictions against observations not used in 

the model fitting (e.g. leave one out cross validation, etc.)

Sensitivity and validation 



LIMITATIONS OF GLMs



Limitações dos GLM

Modelo stock-recrutamentoModelo de crescimento de Gompertz



Limitações dos GLM

Séries temporais climáticas

Beaugrand & Reid (2003)



Limitações dos GLM

Modelos espaciais

Pavine (2006)



Limitations and extensions

Non-linear relations, not convertible

into linear relations
GAMs

Non-negligible lack of lndependence, 

due to e.g.:

• clusters of observations (e.g. 

repeated measures in individuals), 

• Measures over space

• Measures over time
GLMMs

GAMMs

Other “time series” models (e.g. autoregressive models, like simple AR autoregressive,  

ARMA autoregressive moving average ou ARIMA autoregressive integrated moving, CAR

conditional auto regressive)



GAMs 
* 

Generalized Additive Models



Generalized Additive Models

When the relation between the response variable and the covariates is non-linear, 

we might need more than a GLM. This leads us to

Wood, S. N. 2006 Generalized Additive Models: an introduction with R. CRC/Chapman & Hall

A non-smooth component

A smooth component

Função de ligação (link function)

As in

GLMs



Without entering the computational details, which are extremely complex,

what a GAM does is to find a smooth function that fits the data, while

penalizing for model complexity.

The most common smooth functions used in practice for GAMSs are splines

(used e.g. in the mgcv package, function gam, which we will use to

implement GAMs). These correspond to a set of simple basis functions (see

below) which are multiplied by constants (parameters) and summed to

approximate a smooth function.

The objective is to find the

constants (i.e., the parameters)

which result in the best

approximation to the data,

while penalizing for the number

of parameters

(model complexity)!

This is done within the software,

so you don’t have

to worry about it!
Wood, S. N. 2006 Generalized Additive Models: an introduction with R. CRC/Chapman & Hall



Reminder: on the first tutorial about R there was a (very simple) comparison between a LM, a GLM and a GAM!

LMs, GLMs and GAMs



The key differences between the simple regression models (LM)
and the generalized linear models (GLM) or generalized additive
models (GAM) are that the last 2:

1. allow to consider non-Gaussian responses;

2. The relation between the response variable and the
independent variables does not need to be linear (in a GLM
it is still linear, but only on the scale of the link function)

Therefore, in general GLMs are useful to a much wider variety
of data sets, in particular in Ecology (e.g. counts, proportions,
presence/absence, positive continuous values, etc.) and in the
case of GAMs, the relations can even be highly non-linear.

LMs, GLMs and GAMs



Clearly non-linear relation, no 

LM or GLM will fit the data



library(mgcv)
#fit the model
gam1=gam(ys~s(xs),family=gaussian)
#get a reasonable range of xs for predictions
xpred=seq(0,10,by=0.1)
#predict, on the response scale
preds=predict(gam1,newdata=data.frame(xs=xpred),type="response")
par(mfrow=c(1,1))
#plot the data
plot(xs,ys,cex=0.5,ylim=c(0,7.5))
#add the predictions
lines(xpred,preds,col=4,lty=2,lwd=3)
#add the tue model
lines(xpred,3.5+cos(xpred),col=3,lty=1,lwd=3)
#add a legend
legend("topright",legend=c("Truth","GAM"),lwd=3,lty=2,col=3:4,inset=0.05)



Familia de distribuições usada

e respectiva função de ligação

Modelo usado

Estimadores da parte não suave 

(non smooth) (intercept=3.5)

Estimadores da parte suave

Estimativa do desvio

padrão dos residuos

(σ=0.7)

Tamanho da amostra

GOF: R2, Percentagem da desviância explicada e Generalized 

Cross Validation





http://environmentalcomputing.net/intro-to-gams/

http://environmentalcomputing.net/intro-to-gams/


https://noamross.github.io/gams-in-r-course/

https://noamross.github.io/gams-in-r-course/


https://highstat.com/index.php/beginner-s-guide-to-generalized-additive-models-with-r

https://highstat.com/index.php/beginner-s-guide-to-generalized-additive-models-with-r


Let’s play with real data!

https://highstat.com/Books/BGS/GAM/Data/Parasites3.txt

https://highstat.com/Books/BGS/GAM/Data/Gannets2.txt

https://highstat.com/Books/BGS/GAM/Data/BaileyDensity.txt

https://highstat.com/Books/BGS/GAM/Data/Parasites3.txt
https://highstat.com/Books/BGS/GAM/Data/Gannets2.txt
https://highstat.com/Books/BGS/GAM/Data/BaileyDensity.txt

