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So many filters…

• Self reported values
• No reported variance

Variance propagation in multi-stage analysis

People tend to overinterpret numbers



Most of my work revolves around…

• Estimation of animal abundance

•Distance sampling

•Passive acoustic density estimation

•Using statistics for improved ecological inferences

Statistics & Ecology



Context: Who am I ?

• 1998: Biology degree at DBA (then DZA), FCUL

• 2002: MSc in Probability and Statistics @ DEIO, FCUL

• 2007: PhD in Statistics @ University of St Andrews(UStA)

• Research Fellow/Senior Research Fellow @ School of Maths and Stats @ 
UStA

• Member of Centro de Estatística e Aplicações, UL

• 2017/2019: Professor Auxiliar convidado @ DEstatísticaIO

• 2018/2019: Professor Auxiliar convidado @ DBiologiaA

(Responsible for Modelação Ecológica and Ecologia Numérica)

Around 2001 - Monitor @ Departamento de Matémática, FCUL



SAMBAH 
Static Acoustic Monitoring of 
the Baltic Sea Harbour
Porpoise – ultimate goal to 
secure conservation of the 
Baltic Sea harbour porpoise.

+- 300 C-PODS

450 years of acoustic data!

Carlén et al. 2018 Basin-scale distribution of harbour porpoises in the Baltic Sea provides basis  for effective conservation actions  Biological Conservation 226: 42-53



Machine learning
random forest classifier

“The smallest colony had a manual count of 7,717 nests and 
the largest colony had 96,989 nests, and with an estimated 
population of over 200,000 birds…”



In Edinburgh sometime last year (i.e. a different 
time a different world)

“How can we as a community of ecological 
statisticians help to spread the word about our 
research to the group of people that should be 
using the methods we develop: ecologists?” 



Acoustics, drones, camera traps, environmental 
DNA, biologging, citizen science, etc.

• All are based on new technological advances

• All generate massive amounts of data

• Require bespoke ways for
• Data processing

• Data analysis





International Statistical Ecology Conference

http://www.isec2020.org/

http://www.isec2020.org/




Species distribution modelling

García-Barón, I., Cortés-Avizanda, A., Verburg, P. H., Marques, T. A., Moreno-Opo, R., Pereira, H. M. & J. A. Donázar 2018 How to fit the distribution of apex
scavengers into land-abandonment scenarios? The Cinereous vulture in the Mediterranean biome. Diversity and Distributions 24: 1018-1031



Measuring biodiversity

Marques, J. T. , Pereira, M. R., Marques, T. A., Santos, C. D., Santana, J., Beja, P. & Palmeirim, J. M. 2013 Optimizing sampling design to deal with mist-net 
avoidance in amazonian birds and bats. PLoS One, 8:e74505. 



Investigating population dynamics

Aars, J.; Marques, T.; Lone, K.; Andersen, M.; Wiig, Ø.; Fløystad, I. M. B.; Hagen, S. B. & 
Buckland, S. T. 2017 The number and distribution of polar bears in the western  
Barents Sea area. Polar Biology. 36: 1374125

Ongoing CARMMHA work (dolphins in GOM)

Years after the oil spill
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Understanding animal movements

Laplanche, C., Marques, T. A. & Thomas, L. 2015 Tracking marine mammals in 3D using electronic tag data. Methods in Ecology 
and Evolution. 6: 987–996



Interpreting citizen science data

Tiago, P., Ceia-Hasse, A. Marques, T. A., Capinha, C. & Pereira, H. M. (2017) Spatial distribution of citizen science casuistic
observations for different taxonomic groups. Scientific Reports. 7: 12832



Methods

• Ecological statistics is moving away from modelling spatio-temporal 
patterns per se and towards modelling the ecological processes that 
generate those patterns.

• Hidden Process Models – Underlying latent states with observations
• Hidden Markov Models  

• State Space Models

• Hierarchical models 





Jonsen et al. 2012 State-space models for bio-loggers: A methodological road map  
Deep Sea Research Part II: Topical Studies in Oceanography 88—89: 34-46



Hierarchical Models Process-driven view Observation-driven view

Hierarchical 
model

Process 
model

Observation 
model



REALITY, NATURE & FILTERS

Sampling

Inference



We want to make inferences about reality 

• But what is reality?

source

https://www.theguardian.com/books/2018/aug/23/truth-isnt-truth-so-should-we-expect-lies-from-donald-trump


• Analytic approaches varied 
widely across teams

• 20 teams (69%) found a 
statistically significant + effect, 
and 9 teams (31%) did not 
observe a significant 
relationship.

Silberzahn et al. (2018). Many Analysts, One Data Set: Making Transparent How Variations in Analytic Choices Affect Results. Advances in Methods and Practices in Psychological Science. DOI: 
https://doi.org/10.1177/2515245917747646
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29 teams, 61 analysts, same data 
same research question: are 
soccer referees are more likely to 
give red cards to dark-skin-toned 
than light-skin-toned players?

https://doi.org/10.1177/2515245917747646


• A response (acorn count), three designed effects (species, site, and 
year) and 7 environmental variables

• ‘‘explain variation in response variable (acorn count) using the 
predictors available’’ 

• responses from a skilled average self-reported statistical expertise of 
6.7 on scale of 1 [low] to 10 [high]) diverse group of 24 ecologists

• no two final models included exactly the same set of predictors

• not a single predictor  was included in every final model

What is (ecological) reality…?

Stanton-Geddes et al. 2014. In defense of P values: comment on the statistical methods actually used by ecologists. Ecology 95: 637--642

So whatever reality is… filters are hard to undo!



statistical significance 
does not imply 

biological significance



“We conclude, based on our review of the articles in this 
special issue and the broader literature, that 
it is time to stop using the term “statistically significant”
entirely. Nor should variants such as “significantly different,” 
“p < 0.05,” and “nonsignificant” survive, whether expressed in 
words, by asterisks in a table, or in some other way.”

Special issue: 43 papers on significance



• It does not matter if you agree with progress, the only thing you can 
do about it is to adapt!

• Statistical significance is dead…



• An ecologist should know enough statistics to avoid major pitfalls, 
implement a set of standard methods and know when to ask for help

• But the key is to turn your brain on before turning your computer…





Thank you! 
Any questions?

tiago@fc.ul.pt

@TiagoALOMarques

https://twitter.com/TiagoALOMarques

