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• iDigBio

• Senckenberg (‘World 

of Biodiversity’)

• Atlas of Living 

Australia

• Ecoengine

• GBIF

• Encyclopedia of Life

• Map of Life

• Morphbank

• GEO-BON

• GLOBIS-B

• Natureserve

• IUCN

• IPBES

• Neotoma

• iNaturalist

• eBird

• DataONE

• Open tree of life

• Biodiversity heritage library

• Pensoft (Zookeys, Phytokeys)

• Genbank

• Genomic 

Observatories 

Network

• Barcode of Life

• GeoPhyloBuilder

• iPhylo

Aggregators & Applications



Ke Bi, Tyler Linderoth, Dan Vanderpool, Rasmus Nielsen, Jeffrey M. Good, Craig Moritz

“Skinomics”: applying genomic tools to museum specimens to 

understand genomic response to climate change
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Genomics, isotopes and pollen: California bees

Analysis of historical collections to document how honey bees, native bees, plants, and 

pollination activities have changed over the last ~100 years in response to urbanization, 

agricultural land conversion, etc.
Neil Tsutsui
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Interoperability and Documentation

Ecoengine

• Set out to develop an API serving heterogeneous data. 

Focused on interoperability

• Required many decisions, e.g. 

• how to transcribe field names, 

• what fields to include, 

• how to deal with obviously erroneous or incomplete 

records, exclude rarely used fields, 

• normalization or de-normalization of fields, etc.



The Ecoengine is an implementation of a REST*ful API§. 

• Machine-readable web-based representation of data 

resources using the functionality of HTTP protocol.

• Simplicity, interoperability are main advantages.

• API provides well documented, tested, persistent inter-

face for applications to use data resources allowing for 

data search, aggregation, and extraction.

Ecoengine

• * REST - Representational State Transfer 

• § API - Application Programming Interface 



Engine vs. Archive

• Ecoengine is a directory and gateway to widely 

distributed data. 

• Stores its own copy of data in order to allow for quicker 

access, processing, searching, and aggregating. 

• First and foremost a tool for scientific data analysis; not 

an authoritative data archive. 

Time and Geographical Place as Unifying Concepts

• Organizing concept of data in the Ecoengine is that 

events can be identified by occurrence in space & time. 

Ecoengine



Data Types

Ecoengine is organized around two major data types: 

1. Events - uses a shortened version of GBIF’s DarwinCore fields.

2. Multidimensional rasters.

Ecoengine

http://www.gbif.org/
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The Museum of Vertebrate Zoology 

at Berkeley

UC & Jepson Herbaria



Biological

Collections



Field station records

100+ years of data collection 

o Field notes

o Species lists

o Photos



Field station records

100+ years of data collection 

o Field notes

o Species lists

o Photos

Climate Sensor Arrays

o 4 million+ measurements

o 48 variables @ 10min increments

Sensor Arrays and 

Networked Weather stations

-streamed soon from 

39 reserves



Pollen Cores

(history of vegetation)



Soils in Jars

Soil phytoliths used 

to reconstruct 

vegetation/habitat

3,000 georeferenced sites (15,000 samples)



Photographs:  CalPhotos

• Largely Californian field 
areas and taxa 
(> 300,000 images)

• Richly annotated

• Interoperable with other 
databases (e.g., 
Encyclopedia of Life)

• Historic images integrated 
with museum databases 
(see right)



Photographs:  CalPhotos



Photos - Historical & Recent

1940

2013

Photo Albert Weislander

Photo Joyce Gross
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Publicly available data layers

Temperature (max, min, mean)
Past, Present, Projected Future

Precipitation
Past, Present, Projected Future

Species Distributions
Past, Present, Projected Future

Land Cover Topography

Land Use
Private, Public, and Protected

Soils Hydrology



Last Glacial Max. 

(21,000 yr BP)

Mid-Holocene 

(6,000 yr BP)
Now-ish

Summer

Winter

Downscaled Paleoclimate Models

Paleo Climate Models



Wieslander Vegetation Survey 1928-1942



Wieslander Vegetation Survey 1928-1942

o All datasets fully digital and 

unified to make new science 

possible 



Thorne (2009) Madroño

Historic Modern
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Example of Mapped Data



Example of Mapped Data



Explore tool





Explore tool Time filter



Explore tool



Mapped Data x Time







Compare tool



Compare tool



Compare tool -
download



Compare tool
Easy to add a 
fourth species



Compare tool



Batrachoseps attenuatus

May 2031

NASA NEX-DCP30 datasets

Can Dial-Up Projected Climates (here from NASA)



May 2034

Batrachoseps attenuatus

NASA NEX-DCP30 datasets

Can Dial-Up Projected Climates (here from NASA)



• Simplicity, interoperability – basis for extension to 

other systems.

Ecoengine



Arthropods on Islands



Arthropods on Islands Spiders - Tetragnatha



Arthropods on Islands Spiders - Tetragnatha



Arthropods on Islands Spiders - Tetragnatha



Arthropods on Islands Spiders - Tetragnatha



Arthropods on Islands Spiders - Tetragnatha



Arthropods on Islands Spiders - Tetragnatha South Pacific



Arthropods on Islands Spiders - Tetragnatha South Pacific



Arthropods on Islands Spiders - Tetragnatha South Pacific



Arthropods on Islands Spiders - Tetragnatha South Pacific



Arthropods on Islands Rhyncogonus South Pacific

Photo: Teamo Walter



Arthropods on Islands Tetragnatha - Rhyncogonus South Pacific



Arthropods on Islands Rhyncogonus South Pacific
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Applications
The API is not just a powerful tool for developers 

building web applications, 

also provides data access in a wide range of 

contexts. 
- within any application that can communicate 

over the https protocol. 



Ecoengine package



Ecoengine package



Ecoengine

package



Bioinformatics Collaboratory

o Building and leveraging technological advances

o Developing and implementing universal data standards

o Forging technical, social and cultural bridges



API makes it straightforward to 



Ecoengine
• Allows for unprecedented integration of data and expertise necessary 

to address the challenge of identifying the interactions and 
feedbacks between different species and their environment. 

• Key features include 

– easy and rapid access to vast amounts of disparate data, 

– ability to perform rapid exploratory analyses and tests for correlations

– ability to visualize & communicate results to a broad community of 
users. 

• Promotes the type of multi-disciplinary building that will lead to 
breakthroughs in our understanding of the biotic input and response 
to global change. 

• Serves to unite previously disconnected perspectives from paleo-
ecologists, population biologists, and ecologists 

• Makes possible the testing of predictive models of global change, a 
critical advance in making the science more rigorous




