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What is goal of “collection digitization” ?

• To make specimen records more discoverable

• To make specimen data more accessible

• Facilitate research/education utilizing those collections



…aims to fulfill these goals with high fidelity 3D 
digital avatars



What’s the big deal about 3D models?



Benefits of high fidelity 3D Digital Data

• Easier access to specimens in remote locations

• More rapid access to larger sample sizes

• More quantitative approaches 

• Access internal morphology

• Relax demand to handle fragile museum specimens

• Involve beginning students and public with unique and valuable 
specimens

www.morphosource.org



Organism Structure is integral to understanding 
evolution

• Observation of morphological variation is a foundation of 
evolutionary theory.

• Interactions between physical environment and an organism (via its 
anatomy) explain selective pressures and evolutionary histories.

• Genomic advances stem partly from relative ease of accessing raw 
sequence data. (i.e., Genbank)

• The information content and explanatory power of morphology 
remains virtually untapped due to difficulty of access.

• To put morphology on the same level as genomics, facilitating 
comprehensive access to raw data is key.

www.morphosource.org



Access is key

How to best promote access?

• Consolidate repository holdings

• Allow scan searches that will highlight availability across repositories 
(e.g., by taxon, element, data type, publication, geographic location, 
etc.)

• Allow efficient download of data records returned by searches. 

• Give EVERYONE the opportunity to be direct contributors

www.morphosource.org



Researcher-Generated, Repository-
Consolidating archive (RG-RCA) is needed

MorphoSource (www.morphosource.org) is being developed as a 
proof-of-concept/testing ground

• Based out of Duke University

• Development started in 2012

• Active since Spring, 2013

www.morphosource.org

http://www.morphosource.org/
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Why isn’t



www.morphosource.org

requires addressing challenges 
outside current scope of 



Development issues

• Specific and detailed digital media metadata 

• Routines for reliable upload/download of large datasets

• Routines for reliable 3D viewing of large datasets

Governance issues

• Address data curation/sustainability problems

• Needed to address researcher & museum concern about maintaining 
control of shared data and giving credit for its production
• Dictates that site is not 100% open access.

• Allow ingestion of federal and international collections when appropriate

challenges

www.morphosource.org



To provide 

1. researchers a way to access, distribute, and archive 3D data as 
efficiently and effectively as possible

2. researchers & museums tools to manage & track 3rd party data 
usage

3. A framework for public education through unprecedented access to 
research quality natural science objects

specific goals

www.morphosource.org



Mandates for Data Sharing in USA

NSF requirements for data sharing tightened - need is critical

• Memorandum (Feb 22, 2013): “Increasing Access to the Results of 
Federally Funded Research”

• Executive Order (May 9, 2013): “Making Open and Machine Readable 
the New Default for Government Information”

• Memorandum (May 9, 2013): “Open Data Policy – Managing 
Information as an Asset”

• Scientists requests for grant support are turned down when data 
sharing plans are perceived to be inadequate.



Stats

• 6,200 media files
- Tiff/DICOM stacks
- 3D Mesh files

• 1,998 specimens

• 446 taxonomic names

• 64 institutions

• 24 scanning facilities

• 392 user accounts

• 3,800 downloads

current holdings

www.morphosource.org



development

www.morphosource.org

Outline

• Examples of contributed datasets

• How to use the site
• Improving data access, distribution, & citability/transparency

• Governance
• Sustainability/growth/security

• Features for promoting ethical conduct

• Summary and Conclusions



Published Datasets for 
download

• 431 specimens of extant 
primate skulls & skeletons

- Harvard Museum of 
Comparative Zoology 
(MCZ)

- Media includes tiff/dicom
stacks

- Data author is Prof. Lynn 
Copes of Quinnipiac School 
of Medicine

www.morphosource.org

Datasets on MorphoSource



Datasets on MorphoSource

Published Datasets for open access 
download

• 124 specimens of lower second 
molars used to compute dental 
topographic metrics in Boyer 
(2008)

- AMNH, USNM, MCZ collections

- Media includes tiff/dicom stacks

- Surface meshes

www.morphosource.org



Datasets on MorphoSource

Published Datasets for open access 
download

• 251 specimens of calcaneal scans 
used in Boyer et al. (2013) to 
generate basic anatomical 
measurements

- AMNH, USNM, MCZ, NMB, UCM, 
UCMP collections and more

- Media includes tiff/dicom stacks

- Initial & smoothed surface 
renderings

- Some fossils include Photographs
www.morphosource.org



Datasets on MorphoSource

Published Datasets for download

• 4 type specimens of Miocene 
Primates from La Venta, Columbia

- UCMP collection

- Media includes tiff stacks

- Mesh files

- 296 media files

UCMP 38762
Holotype for 

Cebupithecia sarmientoi
(largely complete skeleton)

www.morphosource.org



Datasets on MorphoSource

Published Datasets for download

• New centipedes from Croatia

www.morphosource.org



Datasets on MorphoSource

Published Datasets for download

• beetles

www.morphosource.org



Datasets on MorphoSource

How to get datasets

• Enter DOI’s into 
browser or search by 
specimen, taxon, 
institution, publication, 
project

• Login/Create an 
account (anyone)

• Click “download”

www.morphosource.org
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Specifically for educators
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Specifically for educators
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Being used for PaleoTeach modules



Being used for PaleoTeach modules



Being used for PaleoTeach modules



Are there other sites?



Yes



www.morphosource.org

Many sites now provide collections with 
associated resources

• Smithsonian (http://3d.si.edu/)

• TBI (http://africanfossils.org/)

• Digimorph (http://www.digimorph.org/)

• Check them out regularly they are 
excellent resources!

Yes

http://3d.si.edu/
http://africanfossils.org/
http://www.digimorph.org/


Why use MorphoSource?
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Why use MorphoSource?

www.morphosource.org

Only site that

• Hosts raw, research quality data comprehensively for immediate 
download (e.g., USNM’s scans will be accessible here).

• Designed to allow new academic and educational contributors 
on a moments notice.

• Can be used to reorganize materials contributed by others into 
new lesson plans.

• Provides research-quality specimens for broad scale 
consumption at the click of a ‘download’ button

• No taxonomic or temporal limits to scope



Supported by Duke University 
Information Technology and Library

• Currently planned for 10-20 
Terabytes of growth/year

• Data mirrored on multiple servers in 
different physical locations on RAID 
encoded drives

• Planning to shift to 
Fedora/Hydra/Duraspace with Duke 
Library for even higher security

• Partners needed!

MorphoSource Sustainability

www.morphosource.org

Hydra



Future development

• Partners store one copy of 
data relating to their own 
specimens

• Duke provides/maintains 
application,  hosts a copy 
and manages cloud.

• Eases difficulty of 
digitization for partners & 
increases discoverability of 
collections (good for 
everyone)

MorphoSource Sustainability

www.morphosource.org



Facilitating ethical conduct

Contributors set “publication status” for each media file

• When first uploaded, datasets are unpublished/private by default
- Only contributor and chosen collaborators can view

www.morphosource.org



Facilitating ethical conduct

Contributors set “publication status” for each media file

• Published – downloadable with data author permission
- Specimen/media file returned in public search

- Mesh files can be previewed in 3D in webGL enabled browsers

- Users can send a form email request to data author for 1 time download

www.morphosource.org



Facilitating ethical conduct

www.morphosource.org

Dear Sir/Madame:
I would like to use this file in a 
lession plan.



Facilitating ethical conduct

Contributors set “publication status” for each media file

• Published – unlimited download
- Specimen/media file returned in public search

- Downloadable by any registered user

www.morphosource.org



Facilitating ethical conduct

www.morphosource.org



All downloads recorded for contributors

• Information available for contributors (coming soon)
- Name/Institution of users downloading media file

- Number of views, downloads, and download requests of each media file

• Promotes accountability and responsible use of data (including proper 
citation and acknowledgment in publication)

Facilitating ethical conduct

www.morphosource.org

Doe, Jane 

Doe, Jane 

Doe, Jane 



Data authors provide citation 
instructions

• Metadata fields include 
- Instructions on grant numbers to be 

cited in third party use

- Instructions on preferred 
acknowledgment format

Facilitating ethical conduct

www.morphosource.org



Data authors set copyright status

• Metadata fields include 
- Name of copyright holder

- Creative Commons license implemented

• If museum policies specify copyright 
retention and third party distribution 
control, researchers can

- Set the institution as the copyright holder of 
their data

- Publish data so that permission to download 
must be requested

- Set museum curator as target of data requests

Facilitating ethical conduct

www.morphosource.org



Putting Museums in Control

• Data authors may transfer control of media files to 
accounts of museum curators (or any other account holder)

• Curator accounts can effectively become researcher 
generated (crowd sourced) digital archives for museums

• Leverages help from the entire community instead of 
placing the burden on individual institutions

• Curators can vet contributed data

Facilitating ethical conduct

www.morphosource.org



Demonstrating Data Impact 

• Download & viewing stats
- Number of downloads/requests

- Number of views

- Number of downloaders

- Number of downloader institutions, countries

• Download & viewing stats can be queried for 
any metadata field

- Institutions, taxa, publication, media file types, 
scanner facilities, specimens, media files

Demonstrating value of collections

www.morphosource.org



Summary & Conclusions

3D digital avatars of natural history collections can be rapidly accumulated 
and accessed by anyone

This is a potentially transformative tool for researchers and educators

www.morphosource.org



We need your help!

• MorphoSource is a work-in-progress we want to make it better

• We need feedback from
• Researchers

• Curators

• Teachers

• Students

• We want partners

• Thanks for your help!

www.morphosource.org
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