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Tour	
  de	
  table	
  



Introduction to the BioVeL infrastructure	
  



Aims of the Biodiversity Virtual e-
laboratory (BioVeL) 

Taxonomy 

Ecosystem functioning/
valuation 

Population modelling 

Ecological niche modelling 

Genomics 

Phylogenetics 

Biodiversity	
  research	
  

… 

BioVeL provides functions to: 
•  Access data from cross-disciplinary resources (Data mining) 
•  Access analytical methods a range if disciplines 

(Interoperability) 
•  Digest large data (Scalability) 
•  Repeat complex analytical processes (Reproducibility) 
•  Access to virtual communities (Sociability) 
 
Provide (web)services for the interdisciplinary analysis of 
biodiversity 
 
Provide analytical pipelines (workflows) based on these 
services 
 



Workflow for invasives	



Workflow for stomach 
contents analysis	





Access	
  web-­‐services	
  at	
  biodiversitycatalogue.org	
  
	
  



Build your own workflow on the Taverna 
workbench	
  

Ecological niche modelling workflow!



Running	
  workflows	
  from	
  the	
  portal	
  



The	
  objec=ve	
  of	
  this	
  course	
  

Data	
  prep	
   Build	
  and	
  
calibrate	
  

Test	
  and	
  
project	
  

Sta=s=cs	
  &	
  
visualiza=on	
  

Introduce	
  you	
  to	
  scalable	
  analy*cal	
  methods	
  that	
  integrate	
  data	
  
access	
  with	
  analysis	
  for	
  species	
  distribu=on	
  modeling	
  
	
  
Please	
  note,	
  these	
  are	
  not	
  new	
  bioinforma*cs	
  tools,	
  but	
  rather	
  
exis=ng	
  ones	
  that	
  are	
  seamless	
  connected	
  

Taxonomy	
   Species	
  distribu=on	
  modeling	
   Sta=s=cs	
  

OpenRefine	
  

BioSTIF	
  (GIS)	
  



Introduc=on	
  to	
  the	
  Data	
  Refinement	
  
Workflow	
  and	
  scien=fic	
  applica=ons	
  	
  

Data	
  prep	
   Build	
  and	
  
calibrate	
  

Test	
  and	
  
project	
  

Sta=s=cs	
  &	
  
visualiza=on	
  





Taxonomic	
  Data	
  Refinement	
  workflow	
  
(DRW)	
  

www.biovel.eu	
  

•  Synonym	
  expansion	
  	
  
•  Taxonomic	
  name	
  resolu2on	
  
•  Occurrence	
  retrieval	
  
•  Spell	
  checking	
  
•  Geographic	
  and	
  taxonomic	
  cleaning	
  
•  Temporal	
  refinement	
  
•  Data	
  processing	
  log	
  
	
  



Historical	
  analyses	
  of	
  biodiversity	
  

2009	
  1938	
  



Register	
  on	
  the	
  portal	
  
hOp://portal.biovel.eu/	
  



Demo	
  -­‐	
  Taxonomic	
  Name	
  Resolu=on	
  and	
  Occurrence	
  
Retrieval	
  

LESSON	
  B	
  (9.20-­‐9.30)	
  

1.	
  Load	
  input	
  file	
  with	
  6	
  species	
  
names	
  
2.	
  Expand	
  names	
  
3.	
  Retrieve	
  records	
  
4.	
  Taxonomic	
  refinement	
  
-­‐  data	
  quality	
  
-­‐  re-­‐name	
  
-­‐  Clustering	
  (NJ,	
  PPM,	
  5,	
  8)	
  
-­‐  delete	
  recs	
  
-­‐  data	
  process	
  log	
  
-­‐  Export	
  
5.	
  Geo-­‐temporal	
  refinement	
  
	
  

Input	
  file	
  



Prac=cal	
  –	
  taxonomic	
  data	
  refinement	
  
LESSON	
  A	
  (9.30-­‐11.00,	
  incl.	
  coffee?)	
  	
  

1.  Divide	
  in	
  groups	
  of	
  2	
  
-­‐  6	
  groups:	
  hOp://portal.biovel.eu/	
  
-­‐  6	
  groups:	
  hOps://workshop.at.biovel.eu	
  
3.	
  Start	
  DRW	
  
-­‐  Load	
  input	
  file	
  LessonA_Inpugile_105recs_v3.csv	
  
-­‐  Choose	
  ‘Data	
  Quality’	
  
-­‐  Run	
  tutorial	
  p.	
  16-­‐38	
  
-­‐  Answer	
  exercises	
  1-­‐7	
  
4.	
  Short	
  discussion	
  of	
  results	
  



Assignment	
  (11.00-­‐12.00)	
  
You	
  want	
  to	
  study	
  the	
  poten=al	
  distribu=on	
  of	
  the	
  invasive	
  oyster	
  (Crassostrea	
  
gigas)	
  using	
  species	
  distribu=on	
  modeling	
  approaches.	
  	
  
	
  

You	
  have	
  collected	
  occurrence	
  records	
  of	
  the	
  species	
  in	
  your	
  region	
  
(Scandinavia)	
  and	
  want	
  to	
  enrich	
  your	
  records	
  with	
  public	
  data	
  from	
  GBIF,	
  and	
  
thereamer	
  create,	
  test	
  ,	
  and	
  project	
  an	
  ecological	
  niche	
  model	
  for	
  the	
  species	
  
under	
  various	
  climate	
  scenarios.	
  
	
  

1.	
  Generate	
  an	
  input	
  file	
  to	
  download	
  GBIF	
  data	
  with	
  the	
  DRWorkflow	
  
2.	
  Retrieve,	
  clean,	
  and	
  refine	
  occurrence	
  data	
  for	
  this	
  species	
  from	
  GBIF	
  
3.	
  Integrate	
  your	
  data	
  with	
  the	
  GBIF	
  records	
  
	
  

Lunch	
  
	
  

4.	
  Create	
  model	
  
5.	
  Test	
  model	
  
6.	
  Project	
  model	
  
7.	
  Sta=s=cal	
  analysis	
  of	
  projec=ons	
  



ENM	
  input	
  files	
  with	
  4	
  columns	
  
-­‐  ID	
  
-­‐  Lat	
  
-­‐  Long	
  
-­‐  Species	
  name	
  



Introduction to Species Distribution Modeling	
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Model	
  types	
  
Model	
  type	
   Principle	
   Advantages	
   Disadvantages	
  

Correla=ve	
  
(sta=s=cal	
  
extrapola=on)	
  

Model	
  distribu=on	
  by	
  
Correla=ng	
  
environmental	
  
condi=ons	
  with	
  a	
  
species’	
  occurrence	
  
	
  

Only	
  two	
  data	
  types	
  
(species	
  occurrence,	
  
environmental)	
  
	
  
Computa=onal	
  modest	
  
	
  

Shows	
  only	
  correla=ons	
  
	
  
Can	
  not	
  predict	
  beyond	
  the	
  
observa=onal	
  boundaries	
  

Mechanis=c	
  
(process-­‐based	
  
models)	
  

Model	
  distribu=ons	
  
from	
  es=mates	
  of	
  
responses	
  to	
  
environmental	
  
condi=ons	
  

Incl.	
  physiological	
  
responses	
  to	
  environment	
  
	
  
Projec=on	
  beyond	
  
observed	
  condi=ons	
  

Resource	
  intense	
  

Require	
  detailed	
  knowledge	
  of	
  
physiological	
  responses	
  	
  
	
  
LiOle	
  data	
  available	
  

Cuddington	
  et	
  al.	
  (2013)	
  Ecosphere	
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Figure 1. Flow diagram detailing the main steps required for building and validating a correlative species distribution model. 

 

Principal	
  steps	
  required	
  for	
  building	
  and	
  valida=ng	
  a	
  
correla=ve	
  Species	
  distribu=on	
  model	
  

Data	
  prep	
   Build	
  and	
  
calibrate	
   Test	
  and	
  project	
  



The	
  basic	
  approach	
  of	
  ENM	
  
1.  a	
  study	
  area	
  is	
  modeled	
  as	
  a	
  raster	
  map	
  composed	
  of	
  grid	
  

cells	
  at	
  a	
  specified	
  resolu=on	
  

2.  the	
  dependent	
  variable	
  is	
  the	
  known	
  species’	
  distribu=on	
  	
  

3.  a	
  suite	
  of	
  environmental	
  variables	
  are	
  collated	
  to	
  
characterize	
  each	
  cell	
  

4.  a	
  func=on	
  of	
  the	
  environmental	
  variables	
  is	
  generated	
  so	
  
as	
  to	
  classify	
  the	
  degree	
  to	
  which	
  each	
  cell	
  is	
  suitable	
  for	
  
the	
  species	
  



Important	
  factors	
  influencing	
  the	
  quality	
  of	
  the	
  outputs	
  	
  	
  

Data	
  
	
  
A	
  model	
  is	
  only	
  as	
  good	
  as	
  the	
  data	
  it	
  contains.	
  The	
  data	
  prepara=on	
  and	
  choice	
  of	
  
layers	
  is	
  just	
  as	
  important	
  as	
  the	
  modeling.	
  
	
  

Model	
  extrapola=on	
  	
  
	
  
‘Extrapola=on’	
  is	
  when	
  you	
  make	
  predic=ons	
  outside	
  the	
  observa=onal	
  boundaries.	
  	
  
	
  
For	
  example,	
  if	
  a	
  distribu=on	
  model	
  was	
  calibrated	
  within	
  temp.	
  range	
  of	
  10–20	
  C,	
  
and	
  the	
  model	
  is	
  projected	
  into	
  a	
  temp.	
  range	
  of	
  10-­‐25	
  C,	
  then	
  the	
  model	
  is	
  
extrapola=ng	
  and	
  the	
  predic=on	
  may	
  be	
  very	
  uncertain.	
  
	
  



The	
  niche	
  concept	
  

Hutchinson	
  defined	
  the	
  fundamental	
  niche	
  of	
  a	
  species	
  as	
  the	
  set	
  of	
  
environmental	
  condi=ons	
  within	
  which	
  a	
  species	
  can	
  survive	
  and	
  persist.	
  	
  
	
  
The	
  fundamental	
  niche	
  may	
  be	
  thought	
  of	
  as	
  an	
  ‘n-­‐dimensional	
  hypervolume’,	
  
every	
  point	
  in	
  which	
  corresponds	
  to	
  a	
  state	
  of	
  the	
  environment	
  that	
  would	
  
permit	
  the	
  species	
  to	
  exist	
  indefinitely	
  (Hutchinson,	
  1957)	
  

Fundamental	
  niche	
  (environmental-­‐space)	
  =	
  
Poten=al	
  distribu=on	
  (geographical-­‐space)	
  	
  
	
  
Occupied	
  niche	
  (environmental-­‐space)	
  =	
  
Actual	
  distribu=on	
  (geographical-­‐space)	
  	
  
	
  
Constrains	
  that	
  influence	
  the	
  poten=al	
  from	
  
actual	
  distribu=on	
  	
  
-­‐  Ecological	
  interac=ons	
  (predators,	
  

compe==on,	
  parasites)	
  
-­‐  Dispersal	
  barriers	
  
-­‐  Historical	
  

Fundamental	
  niche	
  depicted	
  in	
  
environmental-­‐space	
  



 

about the species- actual distribution; the species is likely to occur in other areas 
in which it has not yet been detected (e.g., Fig. 2, area A). If the actual 
distribution is plotted in environmental space then we identify that part of 
environmental space that is occupied by the species, which we can define as the 
occupied niche. 
 

 
 
 
Figure 2. Illustration of the relationship between a hypothetical species- distribution in 
geographical space and environmental space. Geographical space refers to spatial location as 
commonly referenced using x and y coordinates. Environmental space refers to Hutchinson-s n-
dimensional niche, illustrated here for simplicity in only two dimensions (defined by two 
environmental factors, e1 and e2). Crosses represent observed species occurrence records. Grey 
shading in geographical space represents the species- actual distribution (i.e. those areas that 
are truly occupied by the species). Notice that some areas of actual distribution may be unknown 
(e.g. area A is occupied but the species has not been detected there). The grey area in 
environmental space represents that part of the niche that is occupied by the species: the 
occupied niche. Again, notice that the observed occurrence records may not identify the full 
extent of the occupied niche (e.g. the shaded area immediately around label D does not include 
any known localities). The solid line in environmental space depicts the species- fundamental 
niche, which represents the full range of abiotic conditions within which the species is viable. In 
geographical space, the solid lines depict areas with abiotic conditions that fall within the 
fundamental niche; this is the species- potential distribution. Some regions of the potential 
distribution may not be inhabited by the species due to biotic interactions or dispersal limitations. 
For example, area B is environmentally suitable for the species, but is not part of the actual 
distribution, perhaps because the species has been unable to disperse across unsuitable 
environments to reach this area. Similarly, the non-shaded area around label C is within the 
species- potential distribution, but is not inhabited, perhaps due to competition from another 
species. Thus, the non-shaded area around label E identifies those parts of the fundamental 
niche that are unoccupied, for example due to biotic interactions or geographical constraints on 
species dispersal. 
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Geographical	
  versus	
  environmental	
  space	
  



Species’	
  distribu=on	
  
models	
  may	
  iden=fy	
  	
  
	
  
1)  Protec2on	
  areas,	
  the	
  area	
  

around	
  the	
  observed	
  
occurrence	
  records	
  that	
  is	
  
expected	
  to	
  be	
  occupied	
  
(area	
  1)	
  

2)  Unobserved	
  popula2ons,	
  
currently	
  unknown	
  
distribu=ons	
  (area	
  2).	
  

3)  Invasive	
  or	
  re-­‐introduc2on	
  
areas,	
  poten=al	
  distribu=on	
  
that	
  is	
  not	
  occupied	
  (area	
  3)	
  

 

 
 
Figure 3. Diagram illustrating how a hypothetical species4 distribution model may be fitted to 
observed species occurrence records (using the same hypothetical case as in Fig. 2). A 
modelling technique (e.g. GARP, Maxent) is used to characterize the species4 niche in 
environmental space by relating observed occurrence localities to a suite of environmental 
variables. Notice that, in environmental space, the model may not identify either the species4 
occupied niche or fundamental niche; rather, the model identifies only that part of the niche 
defined by the observed records. When projected back into geographical space, the model will 
identify parts of the actual distribution and potential distribution. For example, the model 
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+	
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+	
  
+	
  



Species	
  data	
  

Data types 
•  Presence only 
•  Presence/absence  

- only for well studied species 
- False absence lead to serious bias 

 
 

Quality criteria 
•  Should be well distributed in g-space 

(for projecting the model, enclosed 
sea problem) and e-space (for 
building the model) 

•  Resolution: what resolutions makes 
sense for the organism and question 
you investigate 

•  Species data typically need thorough 
cleaning/refinement 

Pilumnus	
  hirtellus	
  

Enclosed	
  sea	
  problem	
  (Ready	
  et	
  al.,	
  2010)	
  

Species data sources 
•  Personal 
•  inventories and museums 
•  Colleagues and networks 
•  Online resources 
•  Literature 

Sources of errors 
•  Are the species records sustained 

obervations (sink vs source) 
•  Incorrect identification 
•  Innacurate spatial reference 
•  Sampling bias (along roads/rivers) 
 



Environmental	
  data	
  

Types	
  
-­‐  Categorical	
  (habitat	
  maps)	
  
-­‐  Con=nuous	
  (salinity,	
  temperature)	
  
	
  

Formats	
  	
  
-­‐  Point	
  vector	
  data	
  (typically	
  converted	
  to	
  Grid/raster	
  data)	
  
-­‐  Polygon	
  vector	
  data	
  (typically	
  converted	
  to	
  Grid/raster	
  data)	
  
-­‐  Grid/raster	
  data	
  	
  
	
  

Resolu2on	
  
-­‐  Should	
  be	
  conform	
  with	
  species	
  data	
  resolu=on	
  
	
  

Variables	
  
-­‐  Clima=c	
  (temperature)	
  
-­‐  Geographic	
  (al=tude)	
  
-­‐  Habitat	
  (soil	
  type)	
  
-­‐  Ecological	
  (habitat	
  builders)	
  

       



 
 




 


             



              

          


            
            




 
             
              
                


Number	
  of	
  layers	
  
-­‐  Empirical	
  evidence	
  shows	
  

that	
  4-­‐8	
  layers	
  are	
  sufficient	
  
to	
  generate	
  good	
  models	
  

-­‐  Quality	
  before	
  quan=ty	
  



The	
  algorithm	
  iden=fies	
  environmental	
  condi=ons	
  that	
  are	
  associated	
  with	
  
species	
  occurrence	
  
	
  
The	
  choice	
  of	
  algorithm	
  depends	
  on	
  your	
  ques=on	
  and	
  what	
  the	
  model	
  should	
  
produce,	
  e.g.	
  if	
  you	
  want	
  to	
  protect	
  a	
  species	
  you	
  should	
  iden=fy	
  actual	
  
distribu*ons,	
  but	
  if	
  you	
  want	
  to	
  re-­‐introduce	
  a	
  species	
  you	
  should	
  iden=fy	
  
poten*al	
  distribu*ons.	
  	
  
	
  
The	
  choice	
  of	
  algorithms	
  also	
  depends	
  on	
  	
  
-­‐  the	
  quality/quan=ty	
  of	
  your	
  species	
  data	
  
-­‐  use	
  presence-­‐only,	
  presence-­‐background,	
  presence-­‐absence	
  
-­‐  categorical	
  vs.	
  con=nuous	
  environmental	
  data	
  
-­‐  give	
  binary	
  vs.	
  con=nuous	
  predic=ons	
  
-­‐  causality	
  vs.	
  predictability	
  

Good	
  algorithms	
  are	
  those	
  that	
  minimize	
  predic=ons	
  of	
  areas	
  that	
  are	
  neither	
  
the	
  actual	
  nor	
  the	
  poten=al	
  distribu=on	
  

Algorithms	
  



MaxEnt	
  is	
  very	
  good	
  for	
  predic=ons	
  
inside	
  the	
  observa=onal	
  boundaries,	
  
but	
  can	
  generate	
  faulty	
  
extrapola=ons	
  	
  
	
  
Algorithms	
  that	
  can	
  incorporate	
  
interac=ons	
  among	
  variables	
  are	
  
preferable	
  (Elith	
  et	
  al.	
  2006),	
  e.g.	
  a	
  
more	
  accurate	
  descrip=on	
  of	
  a	
  plant’s	
  
requirements	
  may	
  be	
  that	
  it	
  can	
  
occur	
  at	
  locali=es	
  with	
  mean	
  monthly	
  
precipita=on	
  between	
  60mm	
  and	
  
70mm	
  if	
  soil	
  clay	
  content	
  is	
  above	
  
60%,	
  and	
  in	
  weOer	
  areas	
  (>70mm)	
  if	
  
clay	
  content	
  is	
  as	
  low	
  as	
  40%.	
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Bioclim 

Clusters 

About 15 
others... 

Algorithms	
  



Elith & al. 2006 



3	
  types	
  of	
  presence-­‐only	
  methods	
  
1.  Methods	
  that	
  rely	
  solely	
  based	
  on	
  presence	
  records	
  (e.g.	
  

BIOCLIM),	
  e.g.	
  the	
  predic=on	
  is	
  made	
  without	
  any	
  reference	
  to	
  
other	
  samples	
  from	
  the	
  study	
  area	
  

2.  Methods	
  that	
  use	
  ‘background’	
  environmental	
  data	
  for	
  the	
  en=re	
  
study	
  area	
  (e.g.	
  Maxent,	
  ENFA),	
  e.g.	
  focus	
  on	
  how	
  the	
  environment	
  
where	
  the	
  species	
  is	
  known	
  to	
  occur	
  relates	
  to	
  the	
  environment	
  
across	
  the	
  rest	
  of	
  the	
  study	
  area.	
  Occurrence	
  locali=es	
  are	
  also	
  
included	
  as	
  part	
  of	
  the	
  background.	
  

3.  Methods	
  that	
  sample	
  ‘pseudo-­‐absences’	
  from	
  the	
  study	
  area.	
  In	
  
The	
  aim	
  here	
  is	
  to	
  assess	
  differences	
  between	
  the	
  occurrence	
  
locali=es	
  and	
  a	
  set	
  of	
  locali=es	
  chosen	
  from	
  the	
  study	
  area	
  that	
  are	
  
used	
  in	
  place	
  of	
  real	
  absence	
  data.	
  Pseudo-­‐absence	
  models	
  do	
  not	
  
include	
  occurrence	
  locali=es	
  within	
  the	
  set	
  of	
  pseudo-­‐absences.	
  



Assessing	
  predic=ve	
  performance	
  
Strategies	
  for	
  obtaining	
  test	
  data	
  	
  

Typically	
  split	
  the	
  data	
  into:	
  30%	
  test	
  data	
  and	
  70%	
  
calibra=on	
  data	
  
	
  
Bootstrapping	
  	
  
-­‐  sample	
  the	
  original	
  set	
  of	
  data	
  randomly	
  with	
  

replacement	
  
-­‐  same	
  occurrence	
  record	
  could	
  be	
  included	
  in	
  the	
  test	
  

data	
  more	
  than	
  once	
  
-­‐  predic=ve	
  performance	
  is	
  assessed	
  from	
  mul=ple	
  re-­‐

samplings	
  
	
  
k-­‐fold	
  par22oning	
  
-­‐	
  data	
  are	
  split	
  into	
  k	
  parts	
  of	
  roughly	
  equal	
  size	
  and	
  each	
  
part	
  is	
  used	
  as	
  a	
  test	
  set	
  with	
  the	
  remaining	
  (k-­‐1)	
  sets	
  used	
  
for	
  model	
  calibra=on.	
  	
  

calibra=on	
   test	
  

10-­‐fold	
  parJJoning	
  



Assessing	
  predic=ve	
  performance	
  -­‐	
  
valida=on	
  sta=s=cs	
  

 

 
The AUC test is derived from the Receiver Operating Characteristic (ROC) 
Curve. The ROC curve is defined by plotting sensitivity against ?1 A specificityB 
across the range of possible thresholds (Figure 6A). Sensitivity and specificity 
are used because these two measures take into account all four elements of the 
confusion matrix (true and false presences and absences). It is conventional to 
subtract specificity from 1 (i.e. 1 A specificity) so that both sensitivity and 
specificity vary in the same direction when the decision threshold is adjusted 
(Pearce and Ferrier, 2000). The ROC curve thus describes the relationship 
between the proportion of observed presences correctly predicted (sensitivity) 
and the proportion of observed absences incorrectly predicted (1 A specificity). 
Therefore, a model that predicts perfectly will generate an ROC curve that 
follows the left axis and top of the plot, whilst a model with predictions that are no 
better than random (i.e. is unable to classify accurately sites at which the species 
is present and absent) will generate a ROC curve that follows the 1:1 line (Figure 
6A). 
 

 
 
Figure 6. Example Receiver Operating Characteristic (ROC) Curves and illustrative frequency 
distributions. A. ROC curves formed by plotting sensitivity against ?1 A specificityB. Two ROC 
curves are shown, the upper curve (red) signifying superior predictive ability. The dashed 1:1 line 
signifies random predictive ability, whereby there is no ability to distinguish occupied and 
unoccupied sites. B and C show example frequency distributions of probabilities predicted by a 
model for observed ?presencesB and ?absencesB. The results shown in B reveal good ability to 
distinguish presence from absence, whilst results in C show more overlap between the frequency 
distributions thus revealing poorer classification ability. The case shown in B would produce an 
ROC curve similar to the upper (red) curve in A. The case shown in C would give an ROC curve 
more like the lower (blue) curve in A. 
 
 
In order to summarize predictive performance across the full range of thresholds 
we can measure the area under the ROC curve (the AUC), expressed as a 
proportion of the total area of the square defined by the axes (Swets, 1988). The 
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AUC	
  (area	
  under	
  the	
  ROC	
  curve)	
  	
  
-­‐  summarizes	
  the	
  predic=ve	
  performance	
  across	
  the	
  full	
  range	
  of	
  thresholds	
  
-­‐  ranges	
  from	
  0.5	
  for	
  models	
  that	
  are	
  no	
  beOer	
  than	
  random	
  to	
  1.0	
  for	
  models	
  with	
  

perfect	
  predic=ve	
  ability	
  

Receiver	
  Opera=ng	
  Characteris=c	
  (ROC)	
  Curves	
  



Examples	
  of	
  species’	
  distribu=on	
  models	
  in	
  
conserva=on	
  biology	
  

 

Table 1. Some published uses of species0 distribution models in conservation biology 
 
Type of use Example reference(s) 
Guiding field surveys to find populations of 

known species 
Bourg et al. 2005, Guisan et al. 2006 

Guiding field surveys to accelerate the 
discovery of unknown species 

Raxworthy et al. 2003 

Projecting potential impacts of climate 
change 

Iverson and Prasad 1998, Berry et al. 
2002, Hannah et al. 2005; for review 
see Pearson and Dawson 2003 

Predicting species0 invasion Higgins et al. 1999, Thuiller et al. 2005; for 
review see Peterson 2003 

Exploring speciation mechanisms Kozak and Wiens 2006, Graham et al. 
2004b 

Supporting conservation prioritization and 
reserve selection 

Araújo and Williams 2000, Ferrier et al. 
2002, Leathwick et al. 2005 

Species delimitation Raxworthy et al. 2007 
Assessing the impacts of land cover 

change on species0 distributions 
Pearson et al. 2004 

Testing ecological theory Graham et al. 2006, Anderson et al. 2002b 
 Comparing paleodistributions and 

phylogeography 
Hugall et al. 2002 

Guiding reintroduction of endangered 
species 

Pearce and Lindenmayer 1998 

Assessing disease risk Peterson et al. 2006, 2007 
 
Based in part on Guisan and Thuiller 2005. 
 
 
Correlative species0 distribution models rely on observed occurrence records for 
providing information on the niche and distribution of a species. Two key factors 
are important when considering the degree to which observed species 
occurrence records can be used to estimate the niche and distribution of a 
species: 
 

1) The degree to which the species is at ‘equilibrium’ with current 
environmental conditions. A species is said to be at equilibrium with the 
physical environment if it occurs in all suitable areas, while being absent 
from all unsuitable areas. The degree of equilibrium depends both on 
biotic interactions (for example, competitive exclusion from an area) and 
dispersal ability (organisms with higher dispersal ability are expected to be 
closer to equilibrium than organisms with lower dispersal ability; Araújo 
and Pearson, 2005). When using the concept of ^equilibrium0 we should 
remember that species distributions change over time, so the term should 
not be used to imply stasis. However, the concept is useful for us here to 
help understand that some species are more likely than others to occupy 
areas that are abiotically suitable. 

2) The extent to which observed occurrence records provide a sample of the 
environmental space occupied by the species. In cases where very few 

 12

Guisan	
  and	
  Thuiller	
  (2005)	
  Ecology	
  LeOers	
  



The	
  complex	
  network	
  of	
  global	
  cargo	
  ship	
  movements	
  	
  	
  

journeys 

Geographic	
  invasion	
  risk	
  assessment	
  based	
  on	
  dot-­‐distribuJon	
  of	
  
known	
  invasive	
  species	
  in	
  the	
  Batlic	
  region.	
  David	
  et	
  al	
  (2013)	
  Marine	
  

PolluJon	
  BulleJn	
  

David	
  et	
  al	
  (2013)	
  

Nevertheless, ports in the same bioregion may have very different
environmental conditions as known from, e.g., the Baltic Sea.

2.3.1. Definition of the studied biogeographic area
In line with the IMO G7 Guidelines on RA (IMO, 2007), the Large

Marine Ecosystems (LME) approach was used for the definition of
biogeographic areas (bioregions). For the Baltic Sea we use the lim-
its as defined by HELCOM, this includes the Kattegat for political,
not geographical or ecological reasons. The Baltic Sea covers
415,266 km2 and extends northwards to the Bothnian Bay and to
its most easterly region the Gulf of Finland (Schiewer, 2008)
(Fig. 2).

In principle, for the RA, this means that ports within each LME
(bioregion) have a high biological similarity and environmental
compatibility. In principle, should a ballast water donor port be
in a different bioregion from a recipient port, the species within
this donor bioregion are by default considered to be non-indige-
nous to the recipient environment. However, there are exceptions
to this rule. This approach has a disadvantage in regions where
there are strong physical gradients as occur in the Baltic Sea. The
Baltic Sea is one bioregion (LME nr. 23), but has both horizontal

and vertical physical gradients, and in particular a high variability
of salinity with gradients from SW to NE and N. The salinity varies
from <0.5 PSU in the Bothnian Bay up to >20 PSU in the Kattegat
(Fig. 3). We considered that this variable was appropriate to be
used in environmental matching RA within the Baltic Sea.

2.3.2. Environmental matching method
The environmental matching RA method uses environmental

parameters as surrogates for species. There have been different
environmental matching approaches developed around the world
(e.g., Carlton, 1985; Hilliard and Raaymakers, 1997; Gollasch and
Leppäkoski, 1999; Behrens et al., 2002; Hewitt and Hayes, 2002;
GloBallast, 2003; David, 2007; Barry et al., 2008; Bailey et al.,
2011; Keller et al., 2011; Chan et al., 2013) but these varied accord-
ing to the different environmental parameters that were used. Of
the two most frequently used parameters, water temperature
and salinity, the salinity variability is the only parameter common
to all RAs conducted in the past. This reflects also the difficulties
and uncertainty if too many environmental parameters are used
for RAs. Given the poor general knowledge already mentioned,
the weighting of even a single parameter is difficult or may not

Fig. 2. Non-indigenous and cryptogenic species records from the Baltic Sea (Source: HELSINKI COMMISSION, HELCOM HABITAT 12/2010, Nature Protection and Biodiversity
Group, Twelfth Meeting, Tallinn, Estonia, 17–19 February 2010).
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Species, Authors Eco-
group 

Origin Invasion 
Path 

Introduction/ 
First observation 

Total # 
of 

records 

References  
of  

Occurrence data North Sea Baltic Sea 
Austrominius modestus 
(Darwin, 1854) 
 

ZB S Pacific S 1953 - 709 GBIF (709) 

Crassostrea gigas 
(Thunberg, 1793) 
 

ZB NW 
Pacific 

A, ST 1991 1980s 967 GBIF (967) 

Ensis directus 
(Conrad, 1843) 
 

ZB NW 
Atlantic 

S 1978/79 1981/1993 817 GBIF (807), Thomsen et al. 2009 
(5), www.frammandearter.se (1), 
own observations (4) 

Eriocheir sinensis 
H. Milne Edwards, 1853 

ZB NW 
Pacific 

S 1915 1926/1932 740 GBIF (613), Drotz et al. 2010 
(46), Normant et al. 2000 (8), 
Ojaveer et al. 2011 (1), Ojaveer et 
al. 2007 (68), Otto and Brandis 
2011 (4) 

Gammarus tigrinus 
Sexton, 1939 

ZB NW 
Atlantic 

ST 1965 1975/1985 1648 GBIF (1566), Berezina 2007 (2), 
Guszka 1999 (44), Jazdzwski et 
al. 2004 (6), Kotta et al. 2013 
(26), Strode et al. 2013 (4) 

Marenzellaria viridis 
(Verrill, 1873) 

ZB NW 
Atlantic 

S 1983 2004 789 GBIF (718), Andrulewicz 1997 
(4), Bastrop and Blank 2006 (3), 
Gruszka 1999 (43), Thomsen et 
al. 2009 (18), Zettler 1996 (3) 

Mytilopsis leucophaeata 
(Conrad, 1831) 

ZB NW 
Atlantic 

S 1835/ 
<1994 

1930s/ 
<1994/2000 

268 GBIF (258), Dziubinska 2011 (1), 
Laine et al. 2006 (5), Verween et 
al. 2005 (1), Darr and Zettler 2000 
(2), www.frammandearter.se (1) 

Pilmnus hirtellus 
(Linnaeus, 1761) 
 

ZB NW 
Atlantic 

S - 2004 1270 GBIF (1258), Berggren 2012 (10), 
www.frammandearter.se (2) 

Potamopyrgus 
antipodarum 

ZB S Pacific S 1927 1887/1908 990 GBIF (990) 



Distribution of the invasive Atlantic jackknife 
clam (Ensis directus) in Europe. Data 
aggregated from GBIF and scientific networks. 



Create	
  Model:	
  	
  
-­‐  model	
  algorithm	
  
-­‐  parameter	
  values	
  
-­‐  environmental	
  layer	
  

selec=on	
  
-­‐  geospa=al	
  mask	
  	
  
-­‐  Model	
  created	
  	
  
-­‐  background	
  or	
  pseudo-­‐

absence	
  points	
  are	
  
sampled	
  from	
  the	
  
masked	
  region	
  

	
  
Test	
  model:	
  
-­‐  sta=s=cal	
  evalua=on	
  of	
  

the	
  model	
  predic=on	
  	
  
	
  
Project	
  Model:	
  
-­‐  select	
  the	
  layers	
  and	
  

masks	
  for	
  model	
  
projec=on	
  

-­‐  projec=ons	
  and	
  
associated	
  occurrence	
  
points	
  are	
  visualized	
  

Diagram	
  of	
  the	
  ecological	
  niche	
  modelling	
  workflow	
  



Ecological	
  Niche	
  Modeling	
  Workflow	
  (ENM)	
  	
  

66 
 

geographical extent and origin. The resulting value in the difference file ranges from 
the negative to positive maximum values of the input files to represent the maximum 
possible change in both directions. The ESW-DIFF result values are classified into 
six positive and negative classes. The predicted differences are presented for each 
species as a heat map. Cells with colours from green to red indicate an increase of 
predicted potential for a species. Cells from green to blue indicate a decrease of 
predicted potential for a species. The workflow also works if you want to retrieve a 
heat map and the basic statistics for a single ENM raster file. In this case just upload 
the same input file twice and discard the difference computation. 

4.3.2 Input*files*for*ESW5DIFF*workflow*
Input files are typically the output data generated by the ENM workflow. However, 
you can also use other raster images files. For more information on the alternative 
file formats, you can read the documentation for the workflow, here: 
https://wiki.biovel.eu/x/N4Gk. 
 
For this lesson you have two choices. You can either use two example data files that 
we provide or you can use the output files from the ENM workflow you ran in lesson 
A. You may wish to try both. 
 
Regardless of which you choose, the ESW-DIFF workflow takes 2 URLs as input. 
These point to the locations of the files you wish to compute the difference between. 
 
If you want to use our example image files, they are here: 
https://wiki.biovel.eu/x/e4Sz.  
 
The files are listed under lesson B of the ENM workflow tutorial and are named: 
“inputfile_ENM_lessonB_RLJTTl_present.img” and 
“inputfile_ENM_lessonB_ZKx9xL_2050.img”. 
Windows users: Right click on the filename and ‘copy link address’ to get the URL. 
Mac users: Control and left-click on the filename to get the URL. 
 
This is how they look if you display them in a GIS tool like QGIS: 
 

 
If you want to use your result files from your ENM workflow run, go to the “Runs” 
menu in the Portal.  
 

Present'day 2050 
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The sum layer is computed from all input files, e.g., from distributions of a number of 
species as a mean from each corresponding raster cell value, regardless of the input 
files’ geographical extent and origin. The predicted cumulative habitat suitability is 
presented for all species as a heat map. 
 
The workflow is illustrated below. 
 

 
 

4.3.6 Running*the*ESW1STACK*workflow*
In the BioVeL Portal, go to the ‘Workflows’ menu and find the workflow with the title 
‘BioVeL ESW STACK - ENM Statistical Workflow with raster difference computation’.  
You should do this a new browser tab so you can more easily copy the input file 
URLs from the screen in one tab to the input screen of the ESW-STACK workflow in 
another tab. 
 
Click ‘Create Run’. The screen as illustrated below will appear. You will need to scroll 
down to see the whole screen and its input fields. 
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The output files also contain a summary statistics for all three raster images (i.e., 
currentLayer, predictionLayer, and diffLayer. 
 

XX 

Number 
of raster 
cells 

Mean of all 
raster cell 
values 

Median 
of all 
raster 
cell 
values 

Coefficient 
of Variation 

Standard 
deviation of 
all raster 
cell values 

Minimum 
of all 
raster 
cell 
values  

Maximum 
of all 
raster cell 
values  countNA 

currentLayer 643104 2.889023 0 472.7624667 13.6582167 0 98 229054 

predictionLayer 643104 2.8119792 0 462.6982272 13.010978 0 97 229054 

diffLayer 643104 -0.077043835 0 -11966.1249 9.2191616 -76 70 229054 
 
The output files also contain a table with values of coverage, intensity, and the 
changes between the two projections. ‘Overall coverage’ is computed as the 
percentage of raster cells with values >0. ‘Overall intensity’ of the of the habitat 
suitability is computed as the sum of all valued cells divided by the number of raster 
cells. 
 

XX 

Overall 
coverage in 
the raster 
mask in % 

Overall 
coverage in 
the raster 
mask in % 

Difference 
between the 
overall 
coverages in 
the raster 
mask in % 

Overall 
intensity  in 
the raster 
mask in % 

Overall 
intensity  in 
the raster 
mask in % 

Difference 
between the 
overall 
intensities in 
the raster 
mask in % 

Species 2012 2050 2050-2012 2012 2050 2050-2012 

my_spezies_name 7.05228837 7.55947349 0.50718512 2.88902306 2.81197922 -0.07704383 
 

4.3.5 ESW(STACK-workflow-
The ENM statistic stack workflow (ESW-STACK) allows you to compute the extent, 
intensity, and a cumulated potential species distribution by computing the average 
sum layer from multiple input raster layers. It uses the R statistical environment to do 
this.  
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�The predicted differences are presented for each species as a heat map, where cells with colors 
from green to red indicate an increase and from green to blue a decrease of predicted potential 
for a species.� 
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Assignment	
  (14.00-­‐16.20)	
  
You	
  want	
  to	
  study	
  the	
  poten=al	
  distribu=on	
  of	
  the	
  invasive	
  oyster	
  (Crassostrea	
  gigas)	
  
using	
  species	
  distribu=on	
  modeling	
  approaches.	
  	
  
	
  
You	
  have	
  collected	
  occurrence	
  records	
  of	
  the	
  species	
  in	
  your	
  region	
  (Scandinavia)	
  and	
  
want	
  to	
  enrich	
  your	
  records	
  with	
  public	
  data	
  from	
  GBIF,	
  and	
  thereamer	
  create,	
  test	
  ,	
  and	
  
project	
  an	
  ecological	
  niche	
  model	
  for	
  the	
  species	
  under	
  various	
  climate	
  scenarios.	
  
	
  
1.	
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  to	
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  data	
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Homework	
  assignment	
  
Use	
  your	
  own	
  and	
  GBIF	
  data	
  to	
  project	
  habitat	
  suitability	
  
for	
  the	
  invasive	
  oyster	
  C.	
  gigas	
  into	
  Swedish	
  and	
  
Norwegian	
  Exclusive	
  Economic	
  zone.	
  How	
  many	
  percent	
  
increase	
  of	
  suitable	
  habitat	
  can	
  we	
  expect	
  un=l	
  2050?	
  
	
  
1.  Mobilize	
  and	
  integrate	
  occurrence	
  data	
  (DRW)	
  
2.  Filter	
  environmentally	
  unique	
  points	
  (BioClim)	
  
3.  Build	
  and	
  test	
  global	
  model;	
  make	
  local	
  projec=ons	
  

into	
  Swedish/Norwegian	
  Exclusive	
  Economic	
  Zones	
  
for	
  2013	
  and	
  2050	
  (ENM)	
  

4.  Analyze	
  difference	
  in	
  rather	
  projec=ons	
  between	
  
2050	
  and	
  2013	
  in	
  Norway	
  and	
  Sweden	
  	
  


