The Beringian Coevolution Project:
Creating the Baselines and Archives




Significant questions are centered on
our ability to assess change

Climate change

Habitat conversion

Pollutants

Introduction of exotics -
Loss of biotic diversity / }
Emerging pathogens &
diseases

Sampling is crucial to establish the baselines needed to
document changing environments and emerging pathogens




Critical Arctic Infrastructure
for Assessing Change

Sampling Design and Availability
—Temporally Deep Sampling
—Geographically Broad, Site Intensive

—QGeo-referenced

—Multiple kinds of data tied to central voucher specimen
* Frozen Materials for Molecular Biology
* Parasites tied to Hosts




What 1s Critical Arctic Infrastructure?

—Sampling
* Temporally Deep Sampling
* Geographically Broad, Site Intensive
* Geo-referenced

* Multiple kinds of data tied to central voucher specimen
— Frozen Materials for Molecular Biology

— Parasites tied to Hosts

— Searchable Web-based Databases

* Research, Policy, Education
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Natural History Archives:
Infrastructure for Training, Research,
Surveillance, Management and
Communication




What are sources of Big Data for
responding to biodiversity crises?

* GBIF

 GenBank

* GIS—GoogleEarth, BerkeleyMapper, etc
* Museum specimens—the nexus

Specimens tie together big data into a powerful
tool for assessing emerging pathogens or
impacts of environmental change.
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Traditional Specimen

Skin, skeleton or fluid voucher
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Field notes,
ecological data




Holistic Specimen

Genomic data

Field notes,
ecological data Geo-reference




Natural History

SPECIMEN DATABASES
] (Www) !

TEACHING &
RESEARCH

Spatial and Temporal Perspectives

Y FROZEN SAMPLES OF |
: FAUNA & FLORA G

A Museum Approach to
Pathogen Observatories




Big Data
(e.g. BOLD, GenBank,
GoogleEarth, GBIF,)

Natural History

. SPECIMEN DATABASES (www) 4

TEACHING &
RESEARCH

Spatial and Temporal Perspectives

| FROZEN SAMPLES OF |
l  FAUNA &FLORA |

specimens & samples

A Museum Approach to
specimen data and - Pathogen Observatories

project metadata




Other WebTools & UNIVERSITIES
Databases (e.g. BOLD,

GenBank, GoogleEarth, & ARCHIVES
CAFF i
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Other WebTools & UNIVERSITIES
Databases (e.g. BOLD,
GenBank, GoogleEarth, & ARCHIVES
SNAP
Fauna & Flora

Natural History

SPECIMEN DATABASES (www)

Long-Term
Environmental
Research Stations

TEACHING &

Pathogen RESEARCH

Identification &
Monitoring
e.g., Hantavirus,
Dengue
Agricultra y
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FROZEN SAMPLES OF
FAUNA & FLORA

Management & Research

Fish & Wildlife Protection —

specimens & samples

Regional & Local Commissions
A Museum Approach to

mamadam  Pathogen Observatories




Other WebTools & UNIVERSITIES
Databases (e.g. BOLD,
GenBank, GoogleEarth, & ARCHIVES
SNAP GBIF, Encyglopedia of
Fauna & Flora

]
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Natural History

Conservation Biology
SPECIMEN DATABASES (www)

Long-Term
Environmental
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Pathogen
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e.g., Hantavirus,
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Agricultra y
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Emerging Pathogen

FROZEN SAMPLES OF Detection & Mitigation

FAUNA & FLORA

| Evolution

Management & Research
Areas Protegidas
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Fish & Wildlife Protection specimens & samples Metagenomics

Regional & Local Commissions
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. specimen data and .
project metadata - PA@thogen Observatories
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BCP Expeditions

Specimen Based
» Tissues (frozen)
« Ectoparasites
 Endoparasites
 Feces




Beringian Study Sites (1999-2014)
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Beringia Coevolution
Project

Field---Sampling Regime

— Spatially Extensive (>200 sites across the Arctic)
— Site Intensive

— Hosts
— mammals (80 spp, >30,000 specimens)

— Parasites- several thousand lots of
* helminths,
« arthropods,
e protozoans,
* viruses




BCP Integrated Archives

The Collections are

—Temporally Deep

—Geographically Broad, Site Intensive
—Geo-referenced

—Multiple Datasets (tied to central voucher specimen)
* Frozen Materials for Molecular Biology

e Parasites tied to Hosts

Available in Searchable Web-based Databases

—Research, Policy, Education




) YCLOS coliaborative Collection Management Solution

Search Portals My Stuff About/Help

Access to 2,269,629 records
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ﬁ Linking Big Data—Space, Time, Genetics
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Beringia Coevolution
Project

Field---Sampling Regime
Spatially Extensive
Site Intensive
Hosts- mammals (80 spp, >30,000 specimens)
Parasites- helminths, arthropods, protozoans, viruses

Lab---Species and Genes

Multiple Species
mtDNA
nucDNA




* Three levels of focus for host-pathogens:
* Phylogenetics

— Diversification, cospeciation, lateral transfer,

* Phylogeography
— Test explicit hypotheses
— Identify geographic breaks, refugia,

— Integrating geospatial data (e.g., vegetation, climate,
paleoclimate, geology)

— Comparative phylogeography
* Population genetics:

— Demographic signals (refugia, colonizations)

— Contact zones (hybridization, introgression, parasite loads,
parasite transfers)




Summary of Beringia Coevolution

Project Results

> 170 papers
New species described
New genera discovered

Implications summarized by Galbreath in
Wednesday ABA session “Biodiversity of
Beringia: Past, Present and Future”
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"At this point | wish to emphasize what | believe will
ultimately prove to be the greatest value of our museum.
This value will not, however, be realized until the lapse of

many years, possibly a century, assuming that our
material is safely preserved. And this is that the student
of the future will have access to the original record of
faunal conditions."

Joseph Grinnell, 1910
"The Uses and Methods of a Research Museum"
Popular Science Monthly




Priority Action Items

Build Arctic tissue archives
Expand specimen-based biodiversity informatics

Connect Big Data Initiatives
— Museums to GenBank (Genomics) to GIS

Stimulate emerging pathogen monitoring
through integrated inventories

Develop educational interfaces for Arctic data




