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Students and Natural History

Not all students can experience natural history collections and
research physically.

Digital and on-line resources offer a virtual way to experience
and explore the natural world.




Big Data and Digitization Initiatives

OBAMA ADMINISTRATION UNVEILS “BIG DATA” INITIATIVE:
ANNOUNCES $200 MILLION IN NEW R&D INVESTMENTS

A|m|ng tO make the mOSt Of the faSt-gl'OWIng volume Of dlgltal data the Obama E FUNDING AWARDS DISCOVERIES NEWS PUBLICATIONS STATISTICS ABOUT NSF FASTLANE
Administration today announced a “Big Data Research and Development Initiativ

. : - o : ~ National Science Foundation S
improving our ability to extract knowledge and insights from large and complex M@ Directorate for Computer & Information Science & Engineering (CISE) N
collections of digital data, the initiative promises to help solve some the Nation’s | _""

pressing challenges. CISEHOME  CISE FUNDING CISE AWARDS  CISE DISCOVERIES  CISENEWS  ABOUT CISE

Computer &

GRUE Ul Big Data Research Initiative

At a White House event on March 29, NSF Director, Dr. Subra Suresh, joined other
federal science agency leaders to discuss cross-agency plans and announce new
research efforts to extract knowledge and insights from large and complex collections of
digital data. NSF will direct its current efforts to develop new methods to derive
Education knowledge from da_ta: construct new mfra_structure_tc manage, curate anc! serve data_‘to

communities; and forge new approaches for associated education and training. Specific
announcements relevant to the CISE community include:
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On-line Data

Data available on-line are unreliable and often unverifiable.

Natural history collections provide one of the few verifiable
sources of biological data on the internet.




Types of digital data available:

1.Abiotic — Google Earth-based, climate layers
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Types of digital data available:

1.Abiotic — Google Earth-based, climate layers
2.Specimen databases & portals — VertNet, GBIF, Arctos
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Types of digital data available:

1.Abiotic — Google Earth-based, climate layers
2.Specimen databases & portals — VertNet, GBIF, Arctos
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Types of digital data available:

1.Abiotic — Google Earth-based, climate layers
2.Specimen databases — VertNet, GBIF, Arctos
3.Specimens + more — Map of Life, Animal Diversity Web

Ammal Diversity Web | MUSEUM OF ZOOLOGY

® Take our survey!

Home BrOWSE Animalia Help us improve the site.!

About Us

About Animal Names
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Explore Data @ Quaardvark
ial Collection

SRR R Search Guide
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Glossary

Browse Animalia The Animal Diversity Web is an
online database and encyclopedia of
animal natural history, built through
contributions from students,

photographers, and many others.
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designed both as an encyclopedia

animaldiversity.ummz.umich.edu



Types of digital data available:

1.Abiotic — Google Earth-based, climate layers
2.Specimen databases — VertNet, GBIF, Arctos
3.Specimens + more — Map of Life, Animal Diversity Web

4.0ther biological data — GenBank, Encyclopedia of Life, [UCN
Red List

Become part of the EOL community—sign up for the EOL Newsletter today

DISCOVER HELP WHAT IS EOL? EOL NEWS DONATE

Become part of the EOL community!
Join EOL now

. . ‘ - 2 Ci =
Encyclopedia of Life Already a member? Sign in

_ Global access to knowledge about life on Earth |




Types of digital data available:

1.Abiotic — Google Earth-based, climate layers
2.Specimen databases — VertNet, GBIF, Arctos
3.Specimens + more — Map of Life, Animal Diversity Web

4.0ther biological data — GenBank, Encyclopedia of Life, [UCN
Red List
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Types of digital data available:

1.Abiotic — Google Earth-based, climate layers
2.Specimen databases — VertNet, GBIF, Arctos
3.Specimens + more — Map of Life, Animal Diversity Web

4.0ther biological data — GenBank, Encyclopedia of Life, [UCN
Red List
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Databases & Portals

« Simple searches by taxonomy

\le r+Ne# #

Search Publishers Join ~ Resources ~ About ~ Feedback ~ =]
Search vertNet
« . . More

Ctenomys boliviensis search

................................................... Bt options

Table Map

1-100 of 597

Pro tip! Click on a table row to see the full occurrence details.
Identification Taxonomy Location Year
MSB Mammals 55358 Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 3.5 KM W ESTACION EL PAILON, 300 M; 17D39'S, 62D4... 1984
MSB Mammals 55360 Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 9 km N, 10 km W Roboré, 300 M; 18D15'S, 59D51'W 1984
MSB Mammals 55362 Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 4 KM S, 24 KM E SAN JOSE DE CHIQUITOS, 400 M; 17D... 1984

VertNet © version 2014-05-29T15:48 | @:

National Science Foundation
WHERE DISCOVERIES BEGIN

Map Media
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Q



Databases & Portals

« Simple searches by taxonomy

\ﬂa r+Ne+ #

Search vertNet

Ctenomys boliviensis|

Table Map

Pro tip! Click on a table row to see the full occurrence details.

Identification

MSB Mammals 55358

MSB Mammals 55360

MSB Mammals 55362

Search Publishers Join ~ Resources ~ About ~ Feedback ~ =
More
search
options
1-100 of 597
Taxonomy Location Year
Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 3.5 KM W ESTACION EL PAILON, 300 M; 17D39'S, 62D4... 1084
Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 9 km N, 10 km W Roboré, 300 M; 18D15'S, 59D51'W 1984
Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 4 KM S, 24 KM E SAN JOSE DE CHIQUITQOS, 400 M; 17D... 1984

VertNet © version 2014-05-29T15:48 | @:

National Science Foundation
WHERE DISCOVERIES BEGIN

Map Media
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Databases & Portals

« Simple searches by taxonomy

\le r+Ne# #

Search vertnet

Ctenomys boliviensis|

Tabge

Pro tip! Click on a table row to see the full occurrence details.

Identification

MSB Mammals 55358

MSB Mammals 55360

MSB Mammals 55362

Search Publishers Join ~ Resources ~ About ~ Feedback ~ 17}
More
search
options
1-100 of 597
Taxonomy Location Year
Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 3.5 KM W ESTACION EL PAILON, 300 M; 17D39'S, 62D4... 1084
Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 9 km N, 10 km W Roboré, 300 M; 18D15'S, 59D51'W 1984
Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 4 KM S, 24 KM E SAN JOSE DE CHIQUITQOS, 400 M; 17D... 1984

VertNet © version 2014-05-29T15:48 | @:

National Science Foundation
WHERE DISCOVERIES BEGIN

Map Media
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Q



Databases & Portals
« Simple searches by taxonomy

\ /e r*%’N e‘%’ a® Search Publishers Join ~ Resources ~ About ~ Feedback ~ (2] 2 login

1-100 of 597
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Databases & Portals
« Simple searches by taxonomy

\ /.e r'.r%ﬂN e'.%’ 13 Search Publishers Join ~ Resources ~ About ~ Feedback ~ 17} L Login

Search vertnet

Ctenomys boliviensis|

Table Map

Pro tip! Click on a table row to see the full occurrence details.

Identification Taxonomy Location Year Map Media
MSB Mammals 55358 Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 3.5 KM W ESTACION EL PAILON, 300 M; 17D39'S, 62D4... 1084 Q
MSB Mammals 55360 Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 9 km N, 10 km W Roboré, 300 M; 18D15'S, 59D51'W 1984 Q
MSB Mammals 55362 Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 4 KM S, 24 KM E SAN JOSE DE CHIQUITOS, 400 M; 17D_.. 1084 Q

VertNet © version 2014-05-29T15:48 | @: National Science Foundation

WHERE DISCOVERIES BEGIN



Databases & Portals

« Simple searches by taxonomy
 More complex searches by geography, collector, or date

\/e[ e Ne A = Search Publishers Jo Resources -+  Abou t - Feadback =} A Logn

Search

Search options -

Find occurrences with

These filters # Has tissues Has media Has type status Is mappable In circle on map
All these words
Exact phrase

Any of these words



Databases & Portals

« Simple searches by taxonomy
 More complex searches by geography, collector, or date

g .

Tab

e A Logia

10
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1-100 of 509

Pro tip! Click on a table row to see the full occurrence details.

Identification Taxonomy Location Year Map Media

ASE Mammals 55358  Mammalia: Ctenomys bolivie Bolivia, Santa Cruz: 3.5 KM W ESTACION EL PAILON, 200 M; 17D35'S, 62D4 1984 Q —
MSB Mammals 55380 Mammalia: Ctenomys Bolivia, Santa Cruz: 9 km N, 10 km W Roboré, 300 M; 18D15'S, 58D51'W 1924

MSB Mammals 55362 Mammalia: Ctenomys Bolivia, Santa Cruz: 4 KM S, 24 KM E SAN JOSE DE CHIQUITOS, 400 M; 17D... 1584

Mammalia: Cter < boliv livia, Cruz: A 1w 1984

Q

Q

e

MSB Mammals 58087 Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 1 Q
MSB Mammals 58852 Mammalia: Ctenomys boliviensis Bolivia, Sants Cruz: 15 1257 @
MSB Mammals 58653 Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 15 1987 Q
MSB Mammals 58654 Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 15 2T Q
MSB Mammals 58855 Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 15 1287 @
MSB Mammals 58856 Mammalia: Ctenomys boliv Bolivia, Santa Cruz: 15 KM S SANTA CRUZ (17 DEG 53' S, 62 DEG T W) 1287 Q
MSB Mammals 58664 Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 15 KM S SANTA CRUZ (17 DEG 53' S, 83 DEG T W) 1957 Q
MSB Mammals 58888 Mammalia 15 KM S SANTACRUZ (17 DEG 53° S, 83 DEG T W) 1987 @
MSB Mammals 58867 Mammalia: Bolivia, Santa Cruz: 15 KM S SANTA CRUZ (17 DEG 53° S, 63 DEG 0T W) 1287 @
MSB Mammals 58888 Mammalia: Bolivia, Santa Cruz: 15 KM S. SANTA CRUZ; 17 DEG 53'S., 83 DEG OT' W. %87 Q
Mammalia: Bolivia, Santa Cruz: 15 KM S SANTACRUZ (17T DEG 53°'S,63DEGT W, ) 1257 Q

Mammalia Bolivia, Santa Cruz: 15 KM S SANTA CRUZ (17 DEG 53' S, 63 DEG 0T) 2T Q

Mammalia: Ctenomys boliviensis Bolivia, Santa Cruz: 15 KM S SANTA CRUZ (1 1287 @

Mammalia: Ctenomys boliviensis Bolivia, Sants Cruz: 15 KM S SANTA CRUZ (1 T W, BT Q

MSB Mammals 58879 Mammalia: Ctenomys bolivien Bolivia, Santa Cruz: 15 KM S SANTA CRUZ (17 DEG 53' S, 63 DEG T W) 1257 Q

VertNet @

29T15:48 | 4 + National Science Foundation
NV WHERE DISCOVIRIES BEGIN




Databases & Portals

« Simple searches by taxonomy
 More complex searches by geography, collector, or date
« Additional links and media

Arctos
Multi-lnstitution, Multi-Collection Museum Database

Search Portals My Stuff About/Help

Access to 2,089,619 records

| Search | | Clear Form | | Use LastValues | See results as: v
Type:| any v | Require Tissues?
Identifiers Customize Show
Alaska Lepidoptera
Collection COr‘?.Birds Catalog Number
COAEgas GUID
COAHerps v
Identification and Taxonomy sh
|dentification | Include previous IDs? Match Type
CurrentiD only ¥ contains v
Locality Shom
Any Geographic Element Select on G¢
Date/Collector Shom
Help | Collector or Preparator v
Biological Individual Sh
Part Name Define Add = for exact match
Usage Shom
Basis of Citation ¥ | Define
Media Shom
Media Type v | Define
Relationships Shom
Relationship v

| Search | | Clear Form | | Use Last Values | See results as:| specimen Records v




Databases & Portals

« Simple searches by taxonomy
 More complex searches by geography, collector, or date
» Additional links and media

Some features of this site may not work in your browser. Learn more Usemame I J
Log In Create Account

DENVER MUSEUM OF

—4 NATURE&SCIENCE
Search Portals My Stuff AboutiHelp
DMNS Mammals 10995 Spanish Peaks, Cordova Pass, FS415, campground at pass liver (frozen); baculum; skeleton; heart, kidney (frozen) ) — [Report Bad Data ]
X A g North America, United States, Colorado, Huerfano County e Mammal Database @]
Tamias minimus operarius 30 August 2006 e . first prevnextlast
<< Return to results \‘ ! M 4 » M
Unigd States Record |1 ¥ | of 10
Mexico
Identifiers -
Tamias minimus operarius DZTM: Denver Zoology Tissue Mammal: 006
Animalia Chordata Mammalia Rodentia Sciuridae Sciurinae Tamias minimus operarius GenBank: JN042608 @
Identified by John R. Demboski on 2006-08-30 GenBank: JNO42841 =
Nature of ID: expert GenBank: JN042491 &
Tamias minimus GenBank: JN042842 @
sensu Reid etal. 2012 GenBank: JN042607 @
Identified by John R. Demboski, Jack M. Sullivan, Noah Reid GenBank: JN0O43073 @
Nature of ID: molecular data GenBank: JN043074 =@
Remarks: ID from citation in Reid et al. 2011. GenBank: JN042210 &
GenBank: JNO42211 & S
Citations
voucher of Tamias minimus Reid et al. 2012 Details
Part Name Condition |Qty||Remarks
Determination Type:accepted place of collection baculum unchecked|t
assigned by John R. Demboski on 2008-08-20 heart, kidney (frozen)unchecked|t  [M1-11
Higher Geography:North America, United States, Colorado, Huerfano County liver (frozen) unchecked|[1 M1-12
Specific Locality: Spanish Peaks, Cordova Pass, FS415, campground at pass [skeleton unchecked|
Habitat:coniferous forest at treeline
Collecting Method: Sherman Trap sex: male
Collecting Source:wild caught John R. Damboski, 200
Event Date:2006-08-30 Std. Meas.
Verbatim Date: 30 August 2006 lkatal 1annth lkail 1annth i fant lafn Farainht I




Databases & Portals

« Simple searches by taxonomy
 More complex searches by geography, collector, or date
» Additional links and media

Some features of this site may not work in your browser. Learn more Usemame I J
Log In Create Account

DENVER MUSEUM OF

—4 NATURE&SCIENCE
Search Portals My Stuff AboutiHelp
DMNS Mammals 10995 Spanish Peaks, Cordova Pass, FS415, campground at pass liver (frozen); baculum; skeleton; heart, kidney (frozen) ) — [Report Bad Data ]
. L. . North America, United States, Colorado, Huerfano County . Mammal Database[a]
Tamias minimus operarius 30 August 2006 e . first prevnextlast
<< Return to results \‘ ! M 4 » M
Unigd States Record |1 ¥ | of 10
Mexico
Identifi =
Tamias minimus operarius - Denver Zoology Tgsue Mammal: 006
Animalia Chordata Mammalia Rodentia Sciuridae Sciurinae Tamias minimus operarius enBank: JN0O42608 @
Identified by John R. Demboski on 2006-08-30 GenBank: JNO42841 =
Nature of ID: expert GenBank: JN042491 &
Tamias minimus GenBank: JN042842 @
sensu Reid etal. 2012 GenBank: JN042607 @
Identified by John R. Demboski, Jack M. Sullivan, Noah Reid GenBank: JN0O43073 @
Nature of ID: molecular data enBank: JN043074 =
Remarks: ID from citation in Reid et al. 2011. - JN042210 =
- JN042211 v
Citations
voucher of Tamias minimus Reid et al. 2012 Details
Part Name Condition |Qty||Remarks
Determination Type:accepted place of collection baculum unchecked|t
assigned by John R. Demboski on 2008-08-20 heart, kldney (frozen) unchecked|1 M1-11
Higher Geography:North America, United States, Colorado, Huerfano County liver (frozen) unchecked|[1 M1-12
Specific Locality: Spanish Peaks, Cordova Pass, FS415, campground at pass [skeleton unchecked|
Habitat:coniferous forest at treeline
Collecting Method: Sherman Trap sex: male
Collecting Source:wild caught John R. Damboski, 2003-03
Event Date:2006-08-30 Std. Meas.
Verbatim Date: 30 August 2008 lkrtat 1annth lkait 1annth llhinA fant llafn lfarainht I




Databases & Portals

« Simple searches by taxonomy
 More complex searches by geography, collector, or date

 Additional links and media

Some features of this site may not work in your browser. Learn more Username .
of| Create Account

DENVER MUSEUM OF
P NATURERSCIENCE

Search Portals Iy Stuff

DMNS Mammals 10995

Tamias minimus operarius
<< Return to results

[Report Bad Data ]

Mammal Database[#]

first prevnextlast
M 4 »r N

Record |1 ¥ | of 10

Tamias minimus operarius
Animalia Chordata Mammalia Rodentia
Identified by John R. Demboski on J
Nature of ID: expert
Tamias minimus

sensu Reid etal. 2012
ntified by John R. Den
ular dat:
m citation in Reid et al. 2

ID fro

Citations
voucher of Tamias minimus Reid et al

Determination Type accepted plac

Higher Geography North Amenca
Specific Locality: Spanish Peaky
Habitat:coniferous forg

Collecting Method: Sherman Trap
Collecting Source:wild caught
Event Date:2006-08-30

‘erbatim Date: 20 Ay

Rarainkt It




Databases & Portals

« Simple searches by taxonomy
 More complex searches by geography, collector, or date
» Additional links and media

Some features of this site may not work in your browser. Learn more [Username I J
Log In Create Account

DENVER MUSEUM OF

—4 NATURE&SCIENCE
Search Portals My Stuff AboutHelp
DMNS Mammals 10995 Spanish Peaks, Cordova Pass, FS415, campground at pass  liver (frozen); baculum; skeleton; heart, kidney (frozen) ) — [Report Bad Data ]
) . 3 North America, United States, Colorado, Huerfano County e Mammal Database[@
Tamias minimus operarius 30 August 2006 e . first prevnextlast
<< Return to results \‘ ! MK 4 » M
Ui states yi b Record |1 ¥ |of 10,
Mexico
Identifiers -
Tamias minimus operarius DZTM: Denver Zoology Tissue Mammal: 006
Animalia Chordata Mammalia Rodentia Sciuridae Sciurinae Tamias minimus operarius GenBank: JN042608 @
Identified by John R. Demboski on 2006-08-30 GenBank: JNO42841 =
Nature of ID: expert GenBank: JN042491 &
Tamias minimus GenBank: JN042842 [
sensu Reid etal. 2012 GenBank: JN042607 @
Identified by John R. Demboski, Jack M. Sullivan, Noah Reid GenBank: JN0O43073 @
Nature of ID: molecular data GenBank: JN043074 =
Remarkg, Jo& o reereehahll] GenBank: JN042210 &
> . GenBank: JN042211 = v
Citations
( voucher of Tamias minimus Reid et al. 2012 ) Details
\\ / Part Name Condition |Qty||Remarks
Determination Type:accepted place of collection baculum unchecked|t
assigned by John R. Demboski on 2008-08-30 heart, kldney (frozen) unchecked|1 M1-11
Higher Geography:North America, United States, Colorado, Huerfano County liver (frozen) unchecked|t [M1-12
Specific Locality: Spanish Peaks, Cordova Pass, FS415, campground at pass [skeleton unchecked|1
Habitat:coniferous forest at treeline
Collecting Method: Sherman Trap sex: male
Collecting Source:wild caught John R. Damboski, 2008-05-23
Event Date:2006-08-30 Std. Meas.
Verbatim Date: 30 August 2008 lkrtat 1annth lkait 1annth llhinA fant llafn lfarainht I




Other Specimen Resources

Some tools incorporate specimen and other types of data.
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Other Specimen Resources

Some tools incorporate specimen and other types of data.
AP\
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Other Specimen Resources

Some tools incorporate specimen and other types of data.

v MAP OF LIFE @ species Info [ BN IRYE N  About MOL  News  Help
s

< 2
v

Basec Map: Basic Political Roadmap Terrain Satellite

Map data 201 oogle, INEGI, Inav/Geosistemas SRL, Mapcity TermsofUse




Types of Investigations

Species distributions through time
Biogeographic/ecologic rules
Invasive species

Phenology, phenological shifts

BIG body size

small body size

(body size increases towards the poles)



INaturalist

Citizen Science Initiatives

Zooniverse — Notes from Nature

Project BudBurst
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Learn More »
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Challenges

Databases and collections not originally developed for
education

- databases developed for collection management
- collections developed and used for research

Specimen & data availability
- data not available to address many types of questions




Challenges

Educators & students are not aware of existence and value of
collections.

Accessing and using databases can be tricky.
- sometimes need certain browsers
- databases go down
- learning curve for how to do searches
- using downloaded data usually requires clean-up and
verification



Challenges

Map of Life — Ursus maritimus

v MAP OF LIFE o Species Info ¢ é OGN SR AR ADout MOL  News Help
_
A Layers v
< 2 - . .

Base Map: Basic Political Roadmap Terrain Satellite



GBIF — Tamias minimus

Challenges

Leaflet | Mapbox, OpenStreetMap contributors

Georeferenced data

VIEW RECORDS
All 8,895 | In viewable area

DISTRIBUTIONS

Text based distributions present in
some sources.



Benefits

Most classrooms have internet access.

Using on-line (specimen) data allows
- student access to real data
- inquiry-driven education
- addressing questions of local significance




Benefits

Natural history collection data is real, can be verified, and
interesting.

Students learn the limits of data, the importance of data quality,
and critical thinking about what the data mean.




Funding and Participation

National Science Foundation
Grant 0956129

University of New Mexico; University of Alaska, Fairbanks; Harvard University; University of California,
Berkeley; Texas A&M University; City University of New York; Occidental University; University of Nevada,
Reno; Arizona State University; University of Ohio; Florida Natural History Museum; University of lllinois,
Champaign-Urbana; College of Southern Nevada; Northern Michigan University; University of Michigan;
Massachusetts College of Liberal Arts; University of Colorado, Boulder; Denver Museum of Nature & Science;
United States Geological Survey; United States Department of Agriculture



