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What is Bio-Oracle?

Bio-ORACLE is a set of GIS rasters providing
geophysical, biotic and environmental data for
surface and benthic marine realms.
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'There are 18
environmental
predictors

Temperature
Salinity

Sea Ice Cover

Sea Ice Thickness
Sea Water Velocity
Mixed Layer Depth
Diffuse Attenuation
Coefficient
Photosynthetically Active
Radiation

PAR at Bottom
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Bio-ORACLE is designed for
Species Distribution Modelling

E.g. predicted distribution of
the lion fish Pterois volitans
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A bit of history
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doi: 10.1111/3.1466-8238.2011.00656.x%

]
Ve rS I O n Global Ecology and Biogeography, (Global Ecol. Biogeogr) (2012) 21, 272-281
Bio-ORACLE: a global environmental
iaiull dataset for marine species
] distribution modelling
&f Lennert Tyberghein'*, Heroen Verbruggen', Klaas Pauly', Charles Troupin®,

Frederic Mineur’ and Olivier De Clerck'

« 13 predictors

« Surface-Only

"Phycology Research Group, Biology ABSTRACT
Department, Ghent University, Krijgslaan 281

8, 9000 Ghenr, Belgium, *GeoHydrodynamics Aim The oceans harbour a great diversity of organisms whose distribution and

A Journal of Macroecology

and Environment Research (B5a), Université ecological preferences are often poorly understood. Species distribution modelling
® P reS e n t- O n Iy de Lisge, Allée du 6 Aoir ,;; eq;d‘m Lidge, (SDM) could improve our knowledge and inform marine ecosystem management
Belgium, *School of Biological Sciences, and conservation. Although marine environmental data are available from various
Queen’s University Belfast, 97 Lisburn Road, sources, there are currently no user-friendly, high-resolution global datasets

4 4 I | d I " Belfast BT9 7BL, UK designed for SDM applications. This study aims to fill this gap by assembling a
C a C u ate Va u e S . comprehensive, uniform, high-resolution and readily usable package of global envi-

ronmental rasters.

— m i n , m ean , m aX Location Global, marine.

Methods We compiled global coverage data, e.g. satellite-based and in sity mea-
sured data, representing various aspects of the marine environment relevant for
species distributions. Rasters were assembled at a resolution of 5 arcmin (c. 9.2 km)
- ra,n g e and a uniform landmask was applied. The utility of the dataset was evaluated by
maximum entropy SDM of the invasive seaweed Codium fragile ssp. fragile.
Results We present Bio-ORACLE (ocean rasters for analysis of climate and envi-
ronment), a global dataset consisting of 23 geophysical, biotic and climate rasters.
This user-friendly data package for marine species distribution modelling is avail-
able for download at http://www.bio-oracle.ugent.be. The high predictive power of
the distribution model of C. fragile ssp. fragile clearly illustrates the potential of the
data package for SDM of shallow-water marine organisms.

e« 744 citations

Main conclusions The availability of this global environmental data package has
the potential to stimulate marine SDM. The high predictive success of the presence-
only model of a notorious invasive seaweed shows that the information contained
in Bio-ORACLE can be informative about marine distributions and permits build-
ing highly accurate species distribution models.

“Correspondence: Lennert Tyberghein,
Phycology Research Group, Biology

logy and Biogeography

GOBIERNO  MINISTERIO. Keywords
DE ESPARIA DE CIENCIA Department, Ghent University, Krijgslaan 281 N . . . R . .
E INNOVACION (S8), 9000 Ghent, Belgium. Bio-ORACLE, Codium fragile, ecological niche modelling, environmental data,
E-mail: lennert.tyberghein@ugent.be global, macroecology, marine, oceanography, species distribution modelling.



ersion

18 predictors

Surface and Benthic realms
Present and future predictions
7 calculated values:

— min, mean, max

— long-term min, mean, max
— Range

459 citations
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Bio-ORACLE v2.0: Extending marine data layers for bioclimatic

modelling
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Abstract

Motivation: The availability of user-friendly, high-resolution global environmental datasets is cru-
dial for bioclimatic modeling. For terrestrial environments, WorldClim has served this purpose
since 2005, but equivalent marine data only became available in 2012, with ploneer iritiatives like
Bio-ORACLE providing data layers for several ecologically relevant variables. Currently, the avail-
able marine data packages have not yet been updated to the most recent Intergovernmental Panel
on Climate Change (IPCC) predictions nor to present times, and are mostly restricted to the top
surface layer of the oceans, precluding the modelling of a large fraction of the benthic diversity
that inhabits deeper habitats. To address this gap. we presenta significant update of Bio-ORACLE
for new future climate scenarios, present-day conditions and benthic layers (near sea bottom). The
reliability of data layers was asessed using a cross-validation framework against in situ quality-
controlled data This test showed a generally good agreement between our data layers and the
global climatic patterns. We also provide a package of functions in the R software environment
(sdmpredictors) to faciitate listing, extraction and management of data byers and allow easy
inte gration with the available pipelines for bioclimatic modeling

Main types of variable contained: Surface and benthic layers for water temperature, salinity,
nutrients, chlorophyll, sea ice, current velocity, phytoplankton, primary productivity, iron and light
at bottom

Spatial location and grain: Global at 5 arcmin (c. 0.08° or 9.2 km at the equator).

Time period and grain: Present (2000-2014) and future (2040-2050 and 2090-2100) environ-
mental conditions based on monthly averages.

Major taxa and level of measurement: Marine biodiversity associated with sea surface and
epibenthic habitats.

Software format: ASCIl and TIFF grid formats for geographical information systems and a package
of functions developed for R software.
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What's new in Bio-Oracle?
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« 18 predictors

» Surface and Benthic realms

* Present and future predictions
» 7 calculated values:

— min, mean, max
— long-term min, mean, max
— range

But
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Some things stay the same
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Bio-Oracle Version 2 (2017) Bio-Oracle Version 3 (2023)
4972 x 2108 10950 x 5554
5 arcmin 3 arcmin
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Temporal resolution: 10 decades

Bio-Oracle Version 2 (2017) Bio-Oracle Version 3 (2023)
« 2000 - 2013 « 2000 - 2009
« 2014 - 2050 « 2010 - 2019
« 2050 - 2100 « 2020 - 2029
« 2030 - 2039
« 2040 - 2049
« 2050 - 2059
« 2060 - 2069
« 2070 - 2079
« 2080 - 2089

e 2090 - 2100
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Accessing Bio-Oracle v3

Coding in progress
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Download

il Layers to download
* bio-oracle.org Layer Unit Max Mean Min Lt MaxLt Min Range
° User_Friend|y Temperature °C O O O O O O
. . Salinity PSS O 0O O o 0 0O
* GIS-Ready .geotif and .asc files Ero o e O O 0o o o o
° Q GIS Ice thickness m O O O O O O
Seaice ,
° ArCG I S concentration Fraction = o O O = H
. etc Nitrate molm-3 O O O O O 0O
' Phosphate molm-3 O O O O O a4
Silicate molm-3 O O 04 O 0O O
Disso"ved RPN V- | — — — — — —
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ERDDAP ERODAP > gicdap > Data Access Forme
Dataset Title: Bio-Oracle OceanTemperature [depthSurf]. B BE8
Institution:  Bio-Oracle consortium: https:fwww.bio-oracle.org (Dataset|D: biooracle_or_ds3)
Information: Summary @ | License @ | FGDC |1S0 19115 | Metadata | Background € | Files | Make a graph
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Dimensions @ start @ stride @  stop @ size @ Spacing @
Mtime (UTC) @ |2015-01-01T00:00:002 |1 |2013-01-01T00:00:002 | 20 365 days 6h 18m 57s (uneven)
latitude (degrees_north) @ [-50.0 1 |30.0 | 720 02503477 (even)

A data Server that downloads [% longitude (degrees_east) @ [180.0 |1 |180.0 | 1440 0.2501737 (even)

subsets of the Bio-Oracle dataset -
|n many Common f||e formats_ rlrt:lh::tl;l';a_br;e:x(gﬂ:;;?:a;i:ﬁi:r:ggzzﬂzlth;fgt?:eflcl;r;gsmnvarlableS)I_MJl_Unrhe&All_I

thetao_mean (Average OceanTemperature, degree_C)Q
[¥ thetao_min (Minimum OceanTemperature, degree_C) @

File type: (more information)

) Native format: NetCDF (.nC) l[j:::g:rt:l:ra—t:i:v:ug—lal.hhnlwebpagewimmedatzwnatzble.'ﬁmesareISOSGOlsh'ings. V]
e Qutput formats: .nc, .csv, .tif,

(Documentation / Bypass this form) @

« Extra web services:
« REST API
« Web Map Service

= £ ® GOBIERNO  MINISTERIO
5 7 DEESPARA  DE CIENCIA
0 x E INNOVACION

|_Submit | (Please be patient It may take a while to get the data.)
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Python and R clients

* pyo-oracle » Dbioracler
* Install with pip/conda * Install with CRAN
« Based on erddapy « Based on rerrdap

« Cohabits sdmpredictors

Main purpose: download bio-oracle dataset with subsetting capacities
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github.com/bio-oracle
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Digital Twins
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Digital Twins
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Twin
Ocean

ALEAP IN OCEAN
KNOWLEDGE AND
SUSTAINABLE ACTION
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B® Microsoft | Planetary Computer =

A Planetary

Computer fo:yj
Sustainable Futlre
Ocean 2

ALEAP IN OCEAN
KNOWLEDGE AND
SUSTAINABLE ACTION

Supporting sustainability
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B® Microsoft | Planetary Computer =

A planetary-scale
platform for Earth
A Planetary . science data &

Computer fo‘ry - analysis
Sustainable Futlre b,

Twin
Ocean

ALEAP IN OCEAN
KNOWLEDGE AND
SUSTAINABLE ACTION

Powered by Google's cloud
infrastructure

» Watch Video

Supporting sustainability

Meet Earth
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