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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, ...)

e time series analysis

e 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

e linking provided data to results

» testing and validation of methods and results

« teaching and disseminating methods

e 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

e 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

Science Code Manifesto

Code All source code written specifically to process
data for a published paper must be available
to the reviewers and readers of the paper.

Copyright The copyright ownership and license of any
released source code must be clearly stated.

Citation Researchers who use or adapt science source code
in their research must credit the code’s creators
in resulting publications.

Credit Software contributions must be included in systems
of scientific assessment, credit, and recognition.

Curation Source code must remain available, linked to related

materials, for the useful lifetime of the publication.
Marco Sigovini, 23/10/2014



REPRODUCIBLE RESEARCH

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 efficient and distributed computing,
4) Creative Commons for the legal infrastructure.

(Kauppinen & de Espindola, 2011)

Marco Sigovini, 23/10/2014



REPRODUCIBLE RESEARCH

Reproducibility Spectrum
Publication +

Publication : Full
only Code Hnked aig replication
Code executable

and data code and data

Not reproducible Gold standard

R — —

(Peng, 2011)
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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:

= {(0 x % GI) + (1.5 x % GII)
+ (3 x % GIII) + (4.5 x % GIV)
+ (6 x % GV)}/100.

Marco Sigovini, 23/10/2014



Water Framework Directive 2000/60/CE

WFD
> ZZIM-AMBI
P-BAT

Marco Sigovini, 23/10/2014
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<) AMEI - version 5.0
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Work Path

Species List
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Data Input
Input File Erovvze
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<) AMBI

Summarized Results

=13l x|

Impt file: example xl= (Hoja1)

e

Btation 3T #IT %ITIT IV W (n._a. AMET EBEI Disturbance Classification -J
1 lz.5 75.0 z.5 0. 0 -0 o.o z Slightly disturbed
z 41.0 11.5 30.8 15.4 1.3 2.5 1.301 z Slightly disturbed
3 1.2 o.o0 37.8 o.o 1.2 o.o  Z.387 z Slightly disturbed
4 a.a o.0 loo.o a.a a.no 5.9 4_333 4 Moderately disturbed
5 3.3 1.7 47.2 E3.4 3.3 o.o0 3.1z20 z Slightly disturbed
& a.a o.ao =253 1.1 a.no o.o 3.010 z Slightly disturbed
7 0.4 o.o0 =238 0.3 5. & o.o 3.115 z Slightly disturbed
g o.o 1z.0 3.0 8.0 45.0 o.o0 4.085 3 Moderately disturbed
9 0.1 1.1 1.2 1.4 252 o.o L_g87 & Heawily disturbed
10 o.a L& 2.5 0.6 244 o.0 L_4E58 5 Heawily disturbed
11 oo 2.7 4.8 2.9 2327 o.o L_lze = Heawily disturbed

hd

Select: - a station, for details .
Selected station results
- an enzemble of stations for araphical representation, Histogratm |
zelecting them in order with Control or Shift key
Space S Time distribution
a Z t I f -2 WEI for WFD Help E-mail Export | Home:

recholia -
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<) AMBI

MBI

tecnalia

Summarized Results

)

=13l x|

Impt file: example xl= (Hoja1)

<) M-AMBI

=10l x|

Stations AMEI Diversity Richness
BaAD G 0 0
HIZH 147 354 23

=
1 1.475 1._20 =
z 1.5901 2.54 ZE
3 Z.987 l.8%8 =
4 4333 1.82 7
L 2F.120 23.54 23
= 2.010 1.67 =
7 3.11%5 .23 1z
a8 4 _ 085 Z. &0 =
3 L8587 1.1% 15
10 L. 458 1.584 1z
11 L. 186 l.&68 10

Btation 3T #IT %ITIT IV W (n._a. LAMET EIT
1 .5 JE_ 0 z.5 0.0 0 0. O 1. Z
Z 41.0 11.5 320.8 1E_4 1.3 2.5 1.%01 Z
3 1.2 o.a 97.& a_a 1.2 ag.a  z_937 Z
d o.o o.0 loo0.0 o.o o.o 5.3 4 333 d
3 3.3 16,7 d47.F ES_4 3.3 o.o 3.1z0 z
& o.o oo 5&8.9 1.1 o.o o.o 3.010 z
7 0.4 oo 23.8 o.3 E. K o.o0 3.11%9 z
g o.0 1z.0 3.0 8.0 48.0 o.o 4. 083 3
] 0.1 1.1 1. & 1.4 26_E o.o L5 387 &
10 o.o 5B 9.5 0.6 84 4 o.o L. 458 5
11 o.o 8.7 4.3 £.9 23.7 o.o 5. 128 E
Zelect. - a station, for details
- an enzemkble of stations for graphical representation,
zelecting them in order with Control or Shift key
i J - AWEI for WWED
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MBIy

tecnalia

=13l x|

Impt file: example xl= (Hoja1)

— Summarized Results

I x

Station $T $TT &TTT AT o T Stations AMEBI Diversity Richness
<) M-AMBI Results =100 x|
1 F_E FE_ 10
z 41.0 11.k
j 3- E E E Stations AMBI  Diversity Richness X ¥ z M-AMBI Status
= 3.3 1.7
£ a.0 0.0 EAD 5] 0 1] 337 270 1.40 0.00 Badl
7 0.4 0.0
E 2o Lzl HicH 147 554 23 284 233 07 1.00 High
=] o.1 1.1
10 o.0 5.6
11 0.0 2.7 ﬂ
1 1.475 1.50 [ o.6% -1.05 0O.04 0.56 Good
z 1.301 5.54 ZZ -Z.65 -Z.04 -l.0zZ 0.9 High
3 2.987 1.58% & O.55 -0.23  0.1l0 .51 Moderate
4 4. 333 1.5z 7 0.3l 0.64 0.6 0.4l Moderate
[ S.130 5,54 23 -z.62 -1.33 -0.93 0. 90 High
[ S.010 1.67 [ 1.11 -0O.04 0.8 0. 44 Moderate
7 3.11% .23 1z -0.Z6 -0.45 -0.1% 0. &0 Good
& 4. 089 Z_.E0 4 o.13 0.11 -0.1z 0.53 Moderate
Select: - a station, for details a £.837 1.15 15 0.5z 1.70 o.ta 0.2k Paoor
10 E.4E55 1.54 1z o.3% 1.1 0.27 0.4l Moderate
- &n ensemble of stations for gra 11 E_l826 1.&8 10 0.7z 1.14 0.36 0.38 Poor
zelecting them in arder with Con
a rec ’Elii- -: _I
-
. .. Expart I--- raphs —— = Boundaries
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<) AMBI

— Summarized Results

=13l x|

Impt file: example xl= (Hoja1)
=10 x|

Diversity Richness

-} M-AMBI
Starion $T $TI s T = AMRT  RT Stations
<} M-AMBI Results
: ol
4
[
£ 1 -
7
g
5 mLE High
10
11 0.8 I
0.7 4
Good
0.6
E - - .
= 05-
_ = Moderate
Select: - & station, fo
0.4 4 || A __
- an enzemble
selecting the 0.3 4 Faor
0.2 - - —
0.1 4 Bid
ozZLi Y 0 . .
Bl 3 5 7 g g o 11
Stations Save |
Export I——— graphs - j
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=101 x|
Fs M-AMEI Status
140 .00 Bad
-1.07 1.00 Higgh
-l
o.04 0.5 Good
-1.0z 0.32&g High
o.10 o.51 Moderate
0.ze 0.4l Moderate
-0.59z2 a_.=20 High
O.z5 0.44 Moderate
-0.1k& 0.&0 Good
-0.1z o.53 Moderate
o.55 0.35 Poor
.27 0.4l Moderate
0.36 o.38 Poor
hd
Boundaries
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The R Project for Statistical Computing
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R is a language and environment for statistical computing and graphics. It 15 a GNU project which 1s similar to the § language and environment which was
developed at Bell Laboratories (formerly AT&T. now Lucent Technologies) by John Chambers and colleagues. R can be considered as a different implementation
of S. There are some important differences, but much code written for 5 runs unaltered under R.

R provides a wide vartety of statistical (linear and nonlinear modelling. classical statistical tests, time-series analysis. classification, clustering, ...) and graphical
techniques. and 1s highly extensible. The § language 1s often the vehicle of chotce for research in statistical methodology. and R provides an Open Source route to
participation in that activity.

R is available as Free Software under the terms of the Free Software Foundation's GNU General Public License in source code form. It compiles and runs on a wide
vartety of UNIX platforms and similar systems (including FreeBSD and Linux). Windows and MacOS.

The term "environment” 15 tntended to characterize it as a fully planned and coherent system, rather than an meremental accretion of very specific and mflexible
tools, as 1s frequently the case with other data analysis software.

Marco Sigovini, 23/10/2014



ORIGINAL ALGORITHM

Instructions for the use of the AMBI index software
(Version 5.0)

Angel Borja, Julien Mader, Iiigo Muxika'

. 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).

Marco Sigovini, 23/10/2014



ORIGINAL ALGORITHM

Instructions for the use of the AMBI index software
(Version 5.0)

Angel Borja, Julien Mader, liigo Muxika'

: When running the software, it uses richness, diversity and AMBI as variables. Then, the
e~standardized, by subtracting the mean and dividing by the standard deviation. The
is Nses prmc:pal components analysis as extraction method, using the

and extrg he-Software uses the Varimax rotation, the
regress:on as method fo calculatmg the factor scores,and missing values are excluded using
listwise. The factor scores (X, : u-soordinates 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).

Main function in R for factor analysis

Marco Sigovini, 23/10/2014



mambisimpl <- fum:non(x ag, m valuss, meteics = e("s", "H1", "BC™), trasf = "F", high = "daf", bad = "“def",
= rownames (3] {

## 1) METRICS

if (missi ng(m values)) {
- as.matrix(X) [order(rownames(x}), order{colnames(x))]

AMBI <- function(x ## function to calculate AMBT

&g < sg[uhzﬁ(rounams(eg) XinX colnames(x)), , drop = Fl
1f('|=ngth(u=1ach(l:.o'|rla“=s(x) XTnX ruunamastsg)()g < lengthccoh%meg)(n]t))) i

g < colnamas () [-which(colnames(x) XinX rownames(eg
Townane 1(“(3% rep(N; hngﬁh o ;)a))l) row(en)] «<

n n n n n

' rodnames s?"mr?:)fg"m:h% 'i:games(;) X1 nX r:anames(sg))]

2y <- eglorder(rownames(eq)), , drop = F]

oy matr <- as.data.Frame(mateix(Q m:o'l(xz m:.o1 )

r.olnames &g .matr) <- c("EG1", "F_Gi" "F_Gs" G5", "NA™)
rownames(eg  Matr) <- rownames (eq)
options(warn = -1
eg.matr[which{eg[, 1] = 1), 1] =- 1
ag.matrwhich(agl, 1] = 23, 2] =- 1
g .matr[which(eal, 1] = 33, w1
eg.matriwhich(eg[, 1] = 43, 4] «- 1
#g.matrfwhich(agl, 1] = 53, 5] <- 1
ag.matrfwhich(eg[, 1] = 0), B] <~ 1
eg.matrwhich(is naegl, 11) = 1), 6] <- 1
options(warn = 0)
ambi <- as.data. frame(x ¥ as matrix(en . matr))
ambi <- chind("N" = apply(x, 1, sum), ambi, "BC" = rap(NA, nrow(x)))
for (i in 1: nrou(x )
for (j in 2:B

' ambi[1, 1 <- ambi[i, 31 / Cambi[i, "N"] - ambi[i, "NA"D) * 100
;or (i in 1:nrou(x
amln'lh', Sil 5hambsi [1 "EG2"] + 3*ambi[i, "EG3"] + 4.5vambi[i, "Eca"] +
1[1. "EGS ) /104,

}
1 bi)[2:6. "EG1 "EBG2 ", "EG3(X)", "EG4(X)", "EG5(X)"
SIS l)-[rouﬁdcamﬁ[ 1 P o oo 0%

' return(ambi)

ambi <- AMBI(x, #g)

2 samplas wit
1f(any(1s nan(amhsmn {ambi$8CLwhich(is. nanCambi$BC))] <= 73

#2 caleulation of AMBI-BC on sach replicate (othar meteics are caloulated on pooled replicates)
st < st[order(mnames(x))]

st ¢ as.factor 5

ambi.mu <- round(aggregate(anbiS$Bc ~ st, FUN = mean)[21, 33[, 11

x.5t <- aggry ate(x ~ 5t, FUN = sum)
rnunames( s - x.5t[, 1]

st <= X.
col names(x st) <- colnames ()

## caleulation of richness/diversity metrics

requira(vegan)
m.valuss <- data Frame(
spe:number ## richness
nd i = mundssspcnumbgr(x st) - )/('Ing(app'ly;x st 1, sum)); N, ## Margalef index
"Hl" = roun d1v=rs1ty(x st, Tndex = annen”, base =

# shannon Tndax
= ambi.mu) T-BL

sample. names <- rownames(x.st)
METRICS <= NULL
for (i in 1:length(metrics)) METRICS <- chind (METRICS, m.values[, metrics[i1D
colnames METI\ICS; <= metrics

rownames (METRICS) <- sample.names

}

alse { R
ambi <- NULL
sample. names <- rownames(m.values)
METRICS <- as.matrix(m.valuss)
colnames METlIcsg <- MELrics

} rownames (METRICS) <- samp'le names

## 2) "HIGH" AND "BAD"™ REFERENGES VALUES ADDED AS FICTITIGUS SAMPLES

ogtwns(warn = - .
if (is numu-m(m h) = T) METRICS.high <- high
i; E;‘s numu'ls(lgg ) = T) METRILS.bad <- bad
i ki

fah METRICS. I"i <~ rap(NA, length(metrms))

for (i in 'Iength(metn:.s
es[i] = ) METRICS.high[i] <- min(METRICS[, 11D
als; METIIICS high[1] <- max(METRILSL, 11D

¥f (bad = "def"?né .
METRILS <~ rep(NA, Tength(metrics))
for (i in 1:lengtl (metn:.s ) R
)GMETKICS.ba.d[I] <= B

if (metrics[i
Marco Sigovini, 23/10/2014 p

#l1s& METRICS. bad[i] <
options{warm = 0)
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METRICS.tot <- rbi ndmnnms METRICS. bad, METRICS.high)
rownamies (METRTCS . 1 1: nrow{METRTCS)] <- samp1 & names
rownames (METRICS . tot) [nrow nsmcs +1

rownames (METRICS . tot) [nrow nETlucs + 2 "u"

## 3) STANDARDISATION GR NORMALTSATION
if (trasf = "s") METRICS.tr <- scale(METRICS.tot) ## -» M-AMBI*, 5-AMBI

NGRM <- fun:twn(data) i
2::‘“(: in 1 m:o'l(d ata)) {
norm <- chind(norm, (datal, 71 - data["s", i1) / (data["W", i1 - data["8", 712}

rownames nom; <= mnamessdaag
colnamss(norm) <- colnames(dal
' return{nomm)

1f (trasf = "n™) METRICS.tr <- NGRMCMETRICS.tot) ## -> M-AMBI*(n), S-AMBI(n)

## 4) FACTOR ANALYSIS
if (trasf = ") {
## calculation with packags 'psych’

reqm re(g ch)

2 <- principal(scale(METRICS. tot), nfactors = 3, rotate = "varimax", sco ™
METIIICS scores <- factor.scoras(METRICS. & f = METRIES.Fa, method = c(":.umponents"))is:.nres
METRICS. Scores <- scale(METRICS. & K*K METlucs Fasloadings
colnames {(METRICS. scores) <- c{™x" "M

# diract calculation, which produ:.es the factor scoras with the same signs of the scorss produced by
44 the AZTT-Tecnalia AMBT software

options(warn = -13

us'rucs(fa <~ princomp(METRICS.tot, cor = T, covmat = cow(METRTCS . tot))

optwns warn

METRTCS. fa. load <- loadings(METRICS . fa) X¥X d1ag(us'rn1cs Falsdav)

METlucs fa.load <- e1gen(mr(METRICS tot))Svactors x*x 1a§(sqrt(=1g=n(mr(m-:rnlcs Ltot)) Svalues))

METRICS. fa. load. varimax <- 1oadings (varimax(METRICS. fa

METRICS. seoras <- scala(METRICS. t«vt.}I !l*x METRTCS . Fa . Toad . varimax

colnames (METRICS . seoras) <- o(™x! '2™)

} METRICS.Lr <- METRILS.SCOrss ## -> M-AMBI
## 5) EQR CALOULATION

EGR <- function(data) {
Sagn <- data[nrm(data} 1- data[(nrou(data) 1)

vett <- matrix nrow = nrow{da col = nco E ;3
for (k in 1: m:.ulf data)) {vettl, ki < data[tnron data)-1), kIt

vatt <- data - wvatt
ris < round((vett X¥X segm / sqri(sum(ssgmésegm))) / sqri(sun(segm*sagm)), 3)
' raturn(ris)
#qr <- EQR(METRILS.tr)
if (trasf = "n") s4qr < round(apply(NORM(METRICS.tot), 1, mean), 3) ## direct caleulation
1f{nce] (METRICS. t = 3} name < "M-AMBI*"
if(neel METRICS. T = 2) name <- "S-AMBI"
if(trast = "n") name <- gaste(name. (", sep ="M
if{trasf = "f") name <-

if(neol (METRICS. tot) = 2)
indices <- data.frame(chind METRICS. tot, rep(NA, length(eqrd), eqrd)
i.ulnamsh ndices) <- c{metrics, "NA, name)

TF{ncol (METRICS . tot) = 1)
indices <- data.frame(chi ndEMETEICS tot, eqrd)
;,ul namas(indices) <- c(metrics, nams)

if(trasf = "f") {
! indices <- data.frame(chind(METRICS.kot, aqr, round(METRICS.tr, B)))
colnames(indicas) <- c(metrics, name, colnamas(METRICS.tr))

return(1istlambi, indices))

#4 EXAMPLE

## data set Egnmded with the origi na'l AZTI- T::na'ha. AMBI software)
taxa. ex £- €

r;m:.o'lL:'Iaparadm " alba®, Abr pr1smt1|:a, "Abra_sp", "A'Ikma,na_rum;lm "astarte_sp"
"Bath¥pur=1Le'lggans "cﬂhanassthrrhana Capitella_cap 1ta.ta" “carcinus_masnas”, u1l=r1=llLalata".
"caullerielia_zatlandica®, “gorbul 2 gibba phium_s curophwm_vulutator cossura_sp '

rCumopsis_fagsi®, cyathura_:armata "Dasdunona_urnata "moganas_pugﬂa.tor N Aniptera”

"Dispio_ unginata®, Etauna_spetsbargansw "Eumida_sp”, Gly:.era_tnda:.tyla , Glycera_um:.orms '
"Hadigts divarsicolor™, "Heteromastus_fi1iformis™, "Hydrobia ulvas® "+ "Lekanesphasra_hookeri
"Lekanespha;rLrugn.auaa “Lepidochitona cinerea”, "Lunatia alderi”™, "Malacecergs fuhgmosus '
"malacoceros_sp”, "Mediomastus fraaﬂn , MehtLpalmata , "Mysidacea”™, "Nassarius masus ™
"Nassarius_raticulatus” n Nematoda®, “Nemertsa®, "oligochasta”, "wataﬂwosotu A Paradonms _armata”
"Paragnatthomma WP rv1:,ard1un_s:,abrum Pectmana_lmrem "Polydora_ligni In Prwnospw FalTac®
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"seolaricia sp®, sr_rnln tul laria_plan Solen_marginatus™, "Spig martinensis" spm:ﬁaetopterus costarum
"strablospio_: shrubsoln “Tapas_dacussatus™, "Tellina compressa”, ~Tellina sp*, “Tubulanus_polymorphus™,
"urothos_brevicernis™)
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¢,1,0,0,0, 0,0, 0,0 0,00 0,0,0 0 0,0, 00,0 0,0,0,0,40 0 0,40, 0 0 0,0 0 0,
s L0Lh2, 00000000000 2,0 25 4,0, 0 3523, 15,0, 0,0,
sl oh 0L eLeLG00 000,000,068 0061,
0,0,0,0,0,0 0, 0,0 0,00 000,003 0,0 000,000 400, 0,0 0 1,0, 0,0,
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ata(dataset.sx ~ 5t.&x, FUN
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(Muxika et al,, 2007; Borja et al., 2012

1. species /
i 2bundance matrix

2. three metrics
(S, H', BC)

(plot 3D -2 2D for displaying purposes)

3. High/Bad
reference values
added

. standardisation

. factor analysis:

eigendecomposition
(= PCA)

factor selection-
iii. eigenvectors rescaling
by V(eigenvalues)

iv. Varimax rotation

6. scores (new
coordinates)
projected on the
line identified by
ref. values and
normalised 0-1
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PROPOSED ALGORITHMS

S, +H, + AMBI BC,

M-AMBI*,, =
(n) 3

S, + AMBI BC,

S-AMBI*,, =
(n) 2

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

Marco Sigovini, 23/10/2014 0 20 40 B0 80



DATASETS

vy

1. Ekofisk 4 "“°":%;

Survey of the Ekofisk oil field (Norway), 1987 h o 83

Gray et al.,1990; in PRIMER software for community '%ﬁ e

analysis (Clarke & Gorley, 2006)

39 samples (0.1 m2, 3 rep., 1 mm mesh), 13,883 individuals, 173 taxa. North Sea
.@Carbonifemus

Area (CMS)

2. Venice
Palude della Rosa, Lagoon of Venice (ltaly), 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 y and o randomly
generated (from a normal distribution) for each sample. EG randomly
assigned. 50 samples, 120 fictitious species.

-> independence among AMBI and S, H’ f:?.o;ce‘l-lc

Marco Sigovini, 23/10/2014



RESULTS: I\/I-AI\/IBI*(n)

M-AMBI*,

o | E I
A < acceptable range
(a) . I | (Borjaetal, 2008)
L] L]
T o
I Lo
© _| £ o
o @ o
S L
= O
E -
® o 49 =
(<o) = =+
o ] S __E % i
S
N
o
N
o
+ Ekofisk
p X Venice
o | .7 O simulated
o -
] | | | | |
0.0 0.2 0.4 0.6 0.8 1.0
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RESULTS: S-AI\/IBI(n)

S-AMBI,

(@) :&<' o |
(b) £
S ]
o | S .
%‘3 o
© ° +Ekofisk
= 5 > smuisted
| | S &normalisz.ad) | |
q— ] ] L] - -
= Sensitivity + Diversity
components
N
o
+ Ekofisk
p X Venice
o | .7 © simulated
o L’
| | | | | |
0.0 0.2 0.4 0.6 0.8 1.0

Marco Sigovini, 23/10/2014 M-AMBI



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/
www.r-project.org

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/
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