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REPRODUCIBILITY

Reproducibility is a main tenet of the scientific method. 
It can be defined as “the extent to which consistent results are obtained 
when produced repeatedly” (Oxford English Dictionary). It is the ability of 
an experiment or study to be reproduced, either by the researcher or by a 
third party working independently.
Reproducibility should involve all steps in experimental studies, including 
the ability to recompute analysis on known data sets.

Ecology  is characterized  by high complexity and context-specific 
contingency, and it is often based on field observations and studies. 
Therefore, it is inherently harder to reproduce. Moreover, by aiming at 
maximizing reproducibility of ecological studies, relevance and 
generalisability of results is reduced. However, clearly, full reproducibility 
is expected for the analysis of raw data.

Reproducibility is here focused to the phase of data analysis.
Marco Sigovini, 23/10/2014



  

REPRODUCIBLE RESEARCH

Reproducible research  (computational science): The ability to repeat 
the calculations for analyzing the data and obtaining the computational 
results (Mesirov, 2010).

Big data sets and complex mathematical approaches (including 
inherently stochastic methods) reduce reproducibility even when data are 
provided and methods reported!
Gilbert et al. (2012) analyzed 23 papers with available data sets about 
genetic structure (software STRUCTURE): results were not reproduced 
in 30% of them.

In practice, RR is the paper along with the full computational environment 
used to perform analysis, including the code, data, etc. that can be used 
to reproduce the results. When a new algorithm or computational 
approach is proposed, the code should be fully available.
Both raw data and code need to be properly licensed (public copyright).
Marco Sigovini, 23/10/2014



  

REPRODUCIBLE RESEARCH

In Ecology:
● methods and algorithms for ecological indices in bioindication and 
biomonitoring
● multivariate data analysis in community studies (many similar methods 
with confused nomenclature, different existing version of the algorithms, 
a number of parameters, complex plots, …)
● time series analysis
● spatial analysis
● ...

Marco Sigovini, 23/10/2014



  

REPRODUCIBLE RESEARCH

Reproducible Research allows:
● traceability and full control of methods, approaches and results
● proper and independent interpretation of the results
● linking provided data to results
● testing and validation of methods and results
● teaching and disseminating methods
● updating  the analysis or an entire manuscript or manuscript when changes 
occur in software, source data, analysis
● coordinating different researchers
● reuse and improvement of the code in the same or other contexts
● promoting the debate

RR approaches include eg. the Science Code Manifesto (Barnes, 2013) 
and Linked Open Science (Kauppinen & de Espindola, 2011).

Marco Sigovini, 23/10/2014



  

REPRODUCIBLE RESEARCH

Marco Sigovini, 23/10/2014



  

Linked Open Science

An approach in the context of Reproducible Research to solve 
challenges of an “executable paper”:

1) publication of scientific data, metadata, results, and provenance 
information using Linked Data principles,
2) open source and web-based environments for executing, validating 
and exploring research,
3) Cloud Computing for e cient and distributed computing, ffi
4) Creative Commons for the legal infrastructure.

REPRODUCIBLE RESEARCH

(Kauppinen & de Espindola, 2011)

Marco Sigovini, 23/10/2014



  

REPRODUCIBLE RESEARCH

(Peng, 2011)

Marco Sigovini, 23/10/2014



  

CASE STUDY

Reproducibility in bioindication:
the M-AMBI quality index

Marco Sigovini, 23/10/2014



  

M-AMBI

● multivariate index of ecological quality (Muxika et al., 2007)
● integrates biotic index AMBI with richness (S) and Shannon diversity (H')
● macrozoobenthos (soft bottom) in marine and transitional waters
● WFD: officially enforced in 7 EU countries
(+ Portuguese index P-BAT, Teixeira et al., 2009)

biotic index AMBI (Borja et al., 2000): taxa attributed to 5 ecological groups (EG, based 
on sensitivity); biotic coefficient BC [0; 6] is calculated based on relative abundance of EG:

Marco Sigovini, 23/10/2014



  

Water Framework Directive 2000/60/CE
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www.r-project.org
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ORIGINAL ALGORITHM

Marco Sigovini, 23/10/2014

… When running the software, it uses richness, diversity and AMBI as variables. Then, the 
variables are standardized, by subtracting the mean and dividing by the standard deviation. The 
Factorial Analysis uses principal components analysis as extraction method, using the 
correlation matrix and extracting 3 factors. The software uses the Varimax rotation, the 
regression as method for calculating the factor scores, and missing values are excluded using 
listwise. The factor scores (X, Y, Z)  are the new coordinates of each sampling station in the new 
factor space. These coordinates are used in deriving the EQR or M-AMBI value.

If you are using other software to calculate the EQRs, you must be aware that each software may use 
different algorithms for the Factor Analysis, providing different results (see Borja et al.,2008a).
...



  

ORIGINAL ALGORITHM
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regression as method for calculating the factor scores, and missing values are excluded using 
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different algorithms for the Factor Analysis, providing different results (see Borja et al.,2008a).
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Main function in R for factor analysis
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PROPOSED ALGORITHMS

Marco Sigovini, 23/10/2014

The less mutually correlated the metrics are,
the more the multimetric index is interpretable.

H'

S



  

DATASETS

1. Ekofisk
Survey of the Ekofisk oil field (Norway), 1987
Gray et al.,1990; in PRIMER software for community 
analysis (Clarke & Gorley, 2006)
39 samples (0.1 m2, 3 rep., 1 mm mesh), 13,883 individuals, 173 taxa.

2. Venice
Palude della Rosa, Lagoon of Venice (Italy), 1991
Tagliapietra et al., 1998
42 stations (0.1 m2, 1 mm mesh), 34,732 individuals, 62 taxa.

3. Simulated 
Poisson lognormal distribution, with parameters μ and σ randomly 
generated (from a normal distribution) for each sample. EG randomly 
assigned. 50 samples, 120 fictitious species.

-> independence among AMBI and S, H’

Marco Sigovini, 23/10/2014



  

RESULTS: M-AMBI*
(n)

Marco Sigovini, 23/10/2014

acceptable range
(Borja et al., 2008)



  

RESULTS: S-AMBI
(n)

Marco Sigovini, 23/10/2014

Sensitivity + Diversity 
components



  

CONCLUSIONS

1) Factor Analysis is demonstrated not functional to M-AMBI
FA results are affected by the criteria used to choose the model, decide how many factors 
to retain, select the rotation method.; addition of new data gives different results (in fact, 
very small deviations).

2) M-AMBI is closely approximated by the simple mean of the 
normalised metrics  independent of the number of sample

3) Bivariate version of M-AMBI (S-AMBI: diversity + species 
sensitivity index) still highly correlated.

4)  → free the species (list)!

Marco Sigovini, 23/10/2014



  

CONCLUSIONS
lex parsimoniae (Ockham's Razor)
“The model with the fewest assumptions
should be preferred“

Desirable proprieties (proposed algorithms):
● Transparency, Reproducibility, Openness
● Testability, Falsifiability
● Simplicity
● Generalisability
● Robustness
● Ecological meaningfulness (and significance)

Reproducing the algorithm on open source software was instrumental to 
understand and test its features, identify flaws and propose improvements.
Ecologists should consider to provide source code (and data) when 
proposing mathematical tools or publishing results (eg. as suppl. material)

Marco Sigovini, 23/10/2014
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ONLINE SOURCES about Reproducible Research with R:
http://cran.r-project.org/web/views/ReproducibleResearch.html

http://www.r-bloggers.com/reproducible-research-is-still-a-challenge/

http://www.r-bloggers.com/making-reproducible-research-enjoyable/

http://www.r-bloggers.com/brief-introduction-on-sweave-and-knitr-for-reproducible-research/

https://osf.io/s9tya/ (Stodden et al., 2013, Implementing Reproducible Research, 448 pp.)

http://ropensci.org/blog/2014/06/09/reproducibility/

mailto:marco.sigovini@ve.ismar.cnr.it
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https://osf.io/s9tya/
http://ropensci.org/blog/2014/06/09/reproducibility/
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