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-‐	  40,000	  specimens	  
-‐  2.6	  Billion	  Years	  
-‐  2,600	  Locali2es	  
-‐  1,100	  Genera,	  ~400	  Families,	  ~150	  Orders	  



Challenges 	  	  
•  Paleo-‐	  Related	  
– Fossils	  are	  extremely	  variable	  
– Adap2ve	  Workflows	  and	  Mul2ple	  Methods	  

•  Small	  Collec2ons-‐	  Related	  
– Limited	  Personnel	  
– Limited	  Funds	  



Fossils	  are	  extremely	  Data-‐Rich	  
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Fossils	  are	  not	  3D	  or	  4D	  but	  50+D	  
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Fossiliza2on	  Process	  
(Varia2on	  in	  Color	  and	  Composi2on)	  

•  Varies	  across	  bone,	  	  skeleton,	  
assemblage,	  forma2on,	  etc…	  

•  Recording	  or	  knowledge	  of	  what	  
they	  are	  

•  Different	  Backgrounds	  
•  Scanning	  Ar2facts	  
•  Consider	  important	  features	  to	  

capture	  (iridescence,	  sutures,	  
diagnos2c	  markings?)	  



Size	  Varia2on	  	  

•  Extremely	  Variable	  
•  Dinosaurs	  to	  Diatoms	  
•  Matching	  technology	  to	  

specimen	  
•  Requires	  mul2ple	  scans/photos	  
•  All	  the	  specimen?	  Part	  of	  the	  

specimen?	  



Shape	  Varia2on	  	  

•  Varies	  across	  bone,	  	  skeleton,	  
assemblage,	  forma2on,	  etc…	  

•  Extreme	  Shape	  varia2on	  
•  Flat	  specimens	  
•  How	  Capture	  all	  of	  it?	  Do	  we	  

try?	  
•  3D	  scans..s2tching	  



Iden2fica2on	  	  
•  Ojen	  Difficult	  
•  Not	  Possible/Diagnos2c	  
•  Outdated	  Nomenclature	  
•  Mul2ple	  Specimens	  

–  Slab	  
–  Jacket	  
–  Changes	  during	  Prep/research	  

•  Not	  Linnaean	  (Morphotypes)	  



Specimens/Bones/Lots 	  	  
•  How	  to	  Best	  Digi2ze?	  

–  Whole	  Specimen	  
–  Individual	  Bones	  
–  Assemblage?	  
–  By	  individual	  

•  Ojen	  Changes	  
–  3	  Femurs	  iden2fied	  from	  one	  

specimen??	  



Prepara2ons 	  	  

•  Varied	  Prepara2on	  
methods	  and	  storage	  
methods	  

•  	  requires	  
considera2on	  when	  
digi2zing	  



Special	  Features 	  	  
•  Post	  Death	  Modifica2ons	  

–  Cultural:	  Cutmarks	  
–  Scavenging:	  Bitemarks	  
–  Taphonomic:	  Weathering	  
–  Epibionts	  

•  Pathologies	  
•  Other	  important	  characteris2cs	  



Research 	  	  
•  Holotypes	  
•  Paratypes	  
•  Lithotypes	  
•  Morphotypes	  

•  Analyses	  noted	  and	  Digi2zed	  

•  Researchers	  have	  very	  different	  
needs	  and	  requirements	  for	  the	  
specimens…no	  standardized	  
way	  

Fiorenza,	  2011	  



Metadata	  	  
•  Field	  Data	  

–  Notes	  
–  Maps	  
–  Photos	  

•  Prepara2on	  Data	  
–  Notes	  
–  Maps	  
–  Photos	  

•  Cura2on	  Data	  
–  Photos	  
–  Card	  Catalogs	  
–  Iden2fica2on	  Notes	  

•  Research	  Data	  
–  Analyses	  
–  Datasheets	  



•  Color	  
•  Composi2on	  
•  Size	  	  
•  Shape	  
•  Iden2fica2ons	  
•  Specimen/Lot	  Bones	  
•  Special	  Features	  
•  Prepara2ons	  
•  Metadata	  



Complicated	  Workflow	  
•  Color	  
•  Composi2on	  
•  Size	  	  
•  Shape	  
•  Iden2fica2ons	  
•  Specimen/Lot	  Bones	  
•  Special	  Features	  
•  Prepara2ons	  
•  Metadata	  

Specimen	  by	  Specimen:	  Adap2ve	  Workflow	  
with	  several	  techniques/methods	  



Challenges 	  	  
	  

•  Paleo-‐	  Related	  
–  Fossils	  are	  extremely	  variable	  
–  Adap2ve	  Workflows	  and	  Mul2ple	  Methods	  

•  Small	  Collec2ons-‐	  Related	  
–  Limited	  Funds	  
–  Limited	  Personnel	  



Digi2za2on	  Requires	  Mul2ple	  Methods:	  
EXPENSIVE	  

Micro-‐CT	   SEM	   Next-‐Engine	  (Laser)	   Photogrammetry	  

Smaller	   Larger	  



Obstacle:	  Cheaply	  Digi2zing	  (3D	  Scanning)	  
across	  mul2ple	  scales	  
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Obstacle:	  Cheaply	  Digi2zing	  (3D	  Scanning)	  
across	  mul2ple	  scales	  



My	  Proposed	  Plan	  for	  Digi2za2on	  Methods…	  
	   	   	   	   	   	   	   	  Untested	  at	  a	  large	  Scale	  
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–  Small	  specimens	  .25mm	  –	  5cm	   Keyence	  VHX-‐5000	  
(60-‐80K	  Dollars)	  



My	  Proposed	  Plan	  for	  Digi2za2on	  Methods…	  
•  Digi2ze	  by	  3	  Size	  Groups	  

–  Small	  specimens	  .25mm	  –	  5cm	  
–  Medium	  Group:	  5cm-‐1meter	  

David	  Scanner	  
(3-‐5k	  Dollars)	  

High-‐Resolu2on	  
Digital	  Camera	  



My	  Proposed	  Plan	  for	  Digi2za2on	  Methods…	  
•  Digi2ze	  by	  3	  Size	  Groups	  

–  Small	  specimens	  .25mm	  –	  5cm	  
–  Medium	  Group:	  5cm-‐1meter	  
–  Large	  Size	  Class:	  Larger	  than	  1	  

meter	  

Structure	  Sensor	  for	  
Ipads	  
(350	  Dollars)	  

High-‐Resolu2on	  
Digital	  Camera	  



Obstacle:	  Specialized	  Personnel	  
•  Adap2ve	  workflows	  

–  Imaging	  Backgrounds	  
–  Matching	  imaging/scanning	  

technique	  with	  specimen	  
–  Adjus2ng	  to	  limit	  spectral	  

ar2facts	  
–  Knowledge	  of	  important	  

features	  to	  Digi2ze	  
–  Work	  with	  a	  variety	  of	  

scanning	  methods	  and	  
techniques	  

•  Knowledge/Experience	  
–  Iden2fica2on	  of	  Specimens	  
–  Sojware	  Experience	  
–  Use	  of	  specialized	  

equipment/sojware	  



Obstacle:	  Limited	  Funds	  
•  LIMITED	  Specialized	  Personnel	  

–  Can	  work	  with	  Adap2ve	  workflows	  
–  Work	  with	  mul2ple	  techniques/

digi2za2on	  methods	  
–  Expensive…few	  of	  them	  
–  Volunteers…requires	  a	  lot	  of	  

training!	  	  
•  Volunteer	  Reten2on	  

•  LIMITED	  Specialized	  Equipment	  
–  More	  than	  1	  type	  of	  imaging/

scanning	  devise	  
–  Expensive!	  Constraints	  on	  

Purchasing	  Power	  
–  Technical	  Sojware…or	  lots	  of	  it	  
–  Data	  Storage	  Issues	  



Goal	  of	  Digi2za2on	  in	  Small	  
Collec2ons?	  

•  Remote	  Research?	  
•  Search	  tool	  for	  visits?	  
•  Internal	  Purposes	  only?>	  
•  Outreach?	  
•  Digi2ze	  all	  or	  limited	  #	  specimens?	  

•  Make	  it	  Worth	  the	  Effort	  

•  Consider	  Future	  Use?	  
–  What	  will	  be	  important/

obsolete	  5,	  10,	  20	  years	  into	  
future	  
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•  Remote	  Research?	  
•  Search	  tool	  for	  visits?	  
•  Internal	  Purposes	  only?>	  
•  Outreach?	  
•  Digi2ze	  all	  or	  limited	  #	  specimens?	  

•  Make	  it	  Worth	  the	  Effort	  

•  Consider	  Future	  Use?	  
–  What	  will	  be	  important/

obsolete	  5,	  10,	  20	  years	  into	  
future	  

Goal	  Effects:	  Level	  of	  Effort,	  Time,	  Money,	  Detail	  	  



Balance	  of	  Resources	  

Digi2za2on	  Goals	  
• Research?	  Query	  
• Level	  of	  Detail?	  

Personnel	  
• Adap2ve	  Workflows	  
• Specialized	  Training	  

Fund	  
• Imaging/Scanning	  Units	  
• Specialized	  Training	  

• Data	  Storage	  



Worth	  it!	  

Archaeotherium	  mortoni	  
‘Terminator	  Pig’	  



Thank	  you!	  


