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“Conservation Biology publishes groundbreaking
papers and is instrumental in defining the key
Issues contributing to the study and preservation

of species and habitats.”




General Experimental Design

 Focused Surveys
* Broad-scaled Monitoring

e Synthesis and Modeling




Conservation Biology

FOCUSED SURVEY

BROAD-SCALE MONITORING
B SYNTHESIS/MODELING
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Global change
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Increasing Human Population

Figure 1. Percent Change in Resident Population for the 50 States,
the District of Columbia, and Puerto Rico: 1990 to 2000
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Computation resources and a growing cyberinfrastructure is
now an equal and indispensible partner for the advance of
scientific knowledge.

© Brian L. Sullivan




Presentation Goals

The computational framework for biodiversity research.

The cyberinfrastructure for data curation and access.

Define environmental observational data networks.

Describe the Data Intensive Science research paradigm.

Provide a domain example.
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The computational framework for biodiversity research.

Moore’s Law

The number of transistors that can be placed inexpensively on
an integrated circuit will increase exponentially, doubling
approximately every two years.

CPU Transistor Counts 1971-2008 & Moore's Law
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The computational framework for biodiversity research.

« Computational power
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The computational framework for biodiversity research.

The coupling of human and natural systems.
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The computational framework for biodiversity research.

SCIENCE () PIPES

http://sciencepipes.org
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Data Sets

Amazon Ecoregions Species
Provides species occumences for
ecoregions in the Amazon region

Output connects to:

MNew York Ecoregions Species
Provides species occumences for
ecoregions in the New ork region

Output connects to:

Amazon Ecoregions Areas
Provides the area (square
kilometers) of each ecoregion in the
Amazon

Output connects to:

Mew York Ecoregions Areas
Provides the area (square
kilometers) of each ecoregion in the
New York region

Output connects to:

Operations & Calculations

B
B

Taxon Filter

Fitters data set to include a single
group for analysis (birds, reptiles,
mammals, or amphibians)

Quiput connects to:

Data Joiner

Combines two datasets. Most
commonly used to create a scatter
plot

Output connects to:

Data Splitter
Makes copies of any type of data

Output connects to:
depends on fype of data

Species Richness Calculator
Calculates species richness for each
ecoregion

Ouiput connects to:

Endemism Index Calculator
Calculates endemism index for each
ecoregion

Output connects to:

Pie Chart
Creates a pie chart

Scatter Plot
Creates a labeled scatter plot

Bar Chart
Creates a bar chart

Data Viewer
Shows data as plain text




The computational framework for biodiversity research.
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Streaming Data
from observatory Modular components,
DataTurbine Server easily saved and shared

Publish to workflow repository with
accession number

Documents the linkage between
publication, analysis, and data

Graphs and derived
data can be
archived and displayed




The cyberinfrastructure for biodiversity research.

 Access
« Data organization

e Archive
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The cyberinfrastructure for biodiversity research.
Poor data practice

“data entropy” __. ..
}Tlme of publication
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The cyberinfrastructure for biodiversity research.

Data loss

Natural disaster

Facilities infrastructure failure
Storage failure

Server hardware/software failure
Application software failure

External dependencies (e.g. PKI
failure)

Format obsolescence
Legal encumbrance
Human error

Malicious attack by human or
automated agents

Loss of staffing competencies
Loss of institutional commitment
Loss of financial stability

Changes in user expectations
and requirements




The cyberinfrastructure for biodiversity research.
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The cyberinfrastructure for biodiversity research.

Data deluge
“the flood of increasingly heterogeneous data”

 Data are heterogeneous
— Syntax Study A

Study Az White Mountains

° (format) _u .ﬁreacul.units:-a::t =
Z - PIRL Fic a1
— Schema
* (model)
— Semantics
e (meaning)

Study B

< 7  Swdy B: Green Mountains
o, - frea sampled: 1 20 meter
plerub Pieea rubens

L betpap Ectila pepyifors

date gite picrub  betpap

Jones et al. 2007




The cyberinfrastructure for biodiversity research.

Data

@NE Supporting the data lifecycle
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6. Evaluation, analysis, and visualization




Building global communities of practice:
... creating long-lived CI enterprises,

 Broad, active community engagement

— Involvement of library and science educators engaging new
generations of students in best practices

— Existing outreach and education programs
 Transparent, participatory governance

 Adoption/creation of innovative and sustainable business
and organizational models




The Earth Observation Network

Metcalf’'s Law
The value of a network grows by the square of the size of the network.

e Sensors
e Sensor Networks

e Observational Data

Global Internet Network Image from the Lumeta Internet Mapping Project




The Earth Observation Network
Sensors, sensor networks, and remote sensing gather observations.

GPS
Satellite

Digital
Camera

GPS Base
a Station

ENVISAT meris

J00m composite Myl

Yoo ARl
(PR 2% N L S e
Photo courtesy of www.carboafrica.net




The Earth Observation Network
Sensors, remote sensing, sensor networks, and observational data
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The Earth Observation Network
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The Earth Observation Network




The Earth Observation Network
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Intensive science sites and
experiments
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Increasing Process Knowledge




Data Intensive Science

Exploratory Confirmatory
Sources Sensors Observations Synthesis Analysis Analysis
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AVian KﬂOWledge Network http://avianknowledge.net

Access to data in a standardized format
Tools to explore and visualize data

New analysis techniques to discover patterns of species occurrence

Jan | Feh | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Now | Dec




Avian Knowledge Network

PRGVIDER

Users
Distribute observations from
nodes (eg: GBIF, ORNIS)

Node Partners

Use node applications and
senvices (eg: Joint Venlure,
Fed. Agency, Land Manager)

Data Providers
Contribute observations to
nodes—surveys, counts, ate.
(eg: BBS, Bird Obsearvatary,
eBird, Researchers)
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Avian Knowledge Network

55 Projects

have contributed

~ 50 million Observations

and

~ 10 million Banding Records

from

750,000+ Locations across North America

with each location linked to

1300 Climate, Land Cover, Anthropogenic,
and Geographic Features




Avian Knowledge Network

Data Synthesis and Access

Observation @

Latitude / Longitude
Area effort
Data / time effort

Spacies presence

Frag. Stats Environment #4

Latitude/Longitude Latitude/Longitude
Edge density Bird Conservation Region
Patch density Elevation
Mean Edge Contrast Population / square mile
Landscape by Habitat Type H “ Housing units / sguare mile
Climate o
Latitude/Longitude
Total Precipitation
Snow Depth
Average Temperature

Maximum Temperatura

The eBird Reference Dataset
M. Arthur Munson Dan Sheldon Kevin Webb

May 20, 2009 http://www.avianknowledge.net




Avian Knowledge Network

Exploratory Analysis: Partial Dependency Plots using Bagged Decision Trees
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Avian Knowledge Network

Exploratory Analysis: Modeling Dynamic Patterns of Species Occurrence

Eastern Phoebe

Sullivan et al Biological Conservation 2009




Biodiversity Research and Conservation in a Digital World

Gaining insight into the complexities and processes of natural
systems is no longer an exclusive realm of theory and
experiment; computation is now an equal and indispensible
partner for advances in scientific knowledge, land
management, and informed decision making.
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