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The Hook? 



Southeast USA:  A biodiverse region 
with extensive natural areas preserved  



Why: Rich tradition of historical biogeographic study & 
collecting ∴ potential to forecast future distributions 
 





Why are the Southern Appalachian 
Mountains Important? 

1.  Oldest landmass in eastern 
North America 

2.  Unaffected by marine waters 
or continental glaciation 

3.  Source of inoculum for the 
glaciated north and refugia 
for more southern species 

4.  High elevation north-facing 
terrain provides habitat for 
several northern disjunct taxa 

 

Source: SAMAB (sunsite.utk.edu/ samab/Region/region.html)  
 



What are our challenges? 

•  Climate change 
•  Species extinction 
•  Population growth 
•  A need for a renewed Green Revolution 

to address issues of food, health and 
the environment 



National Research Council Committee on 
a “New Biology” for the 21st Century 

New approach that “depends on greater integration within 
biology, and closer collaboration with physical, computational, 
and earth scientists, mathematicians and engineers ---  

be used to find solutions to four key societal needs:  

  1.  sustainable food production 

  2.  ecosystem restoration 

  3.  optimized biofuel production 

  4.  improvement in human health 

Coordinated effort to leverage resources across the federal, 
private and academic sectors to meet these challenges. 





How can we address this challenge? 
 

We need to work at a scale and scope that can 
address global issues. 

Regions with effective number of collections. 

Regions with appropriate expertise. 

 
 University Advancement 



History 



2020	Vision:	Implemen$ng	a	community	
approach	to	ge@ng	herbarium	collec$ons	

databased	and	online.	

•  In	2004,	an	NSF-supported	
workshop	to	gather	25	
curators	from	the	U.S.	at	
Michigan	State	to	discuss	the	
future	of	herbarium	
collec$ons	

•  A	decision	was	made	to	write	
a	proposal	for	an	NSF	RCN.	



•  2005	NSF	Research	
Coordina$on	Network	(RCN)	
awarded	to	build	the	‘human	
infrastructure’	to	begin	the	
‘2020	Vision	effort’	

•  5-year	project	
•  150	herbaria	par$cipated	
•  Used	exis$ng	infrastructure	

of	the	Associa$on	of	
Southeastern	Biologists	

SERNEC 



The	Key	to	the	Cabinets:	Building	and	
Sustaining	a	Research	Database	for	a	

Global	Biodiversity	Hotspot	

A	new	NSF-Advancing	Digi$za$on	in	Biological	
Collec$ons	(ADBC)	collabora$ve	project	in	the	

southeast	
	

NSF	ADBC	#1410069	(plus	collabora$ve	awards	
(1410077	1410081	1410086	1410087	1410092	

1410094	1410098	1410143	1410200	1410288	1410439	
1410445)	



NBII	(Na$onal	Biological	Informa$on	
Infrastructure	–	USGS	–	interface	to	

GBIF)	



Modified from: www.theodora.com/maps 
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Developing Herbarium Networks  



United	States	Virtual	Herbarium	(USVH)	

n Will	use	regional	networks	for	
organiza$onal	structure	

n  Support	from	Na$onal	Biological	
Informa$on	Infrastructure	(NBII)	
	



Foundation 



Networks	and	collabora$ons	on	this	scale	
do	not	develop	overnight	

The potential success of this network is rooted in the 
significant contributions made by biologists in the region 
over the past century that provide a solid foundation for 
this effort. Meeting annually for the past 60 years.  

 
The Association of Southeastern Biologists (ASB)  
The Southern Appalachian Botanical Society (SABS)  
 
How can we identify “natural” groups? 
Associations and journals, annual gatherings, taxon based 

societies. 
 



Using	the	Society	of	Herbarium	Curators	for	governance	
structure	

State	consor$a	

Regional	Chapter		

Decision-making	
Consensus	building	
Conflict	resolu$on	
	
U$lize	exis$ng	organiza$on’s	
cons$tu$on	structure	

http://www.societyofherbariumcurators.org/
	



SERNEC	Business	plan	

n Use	state	or	sub-region	level	groups	to	
seek	funding	for	digi$za$on.	

n Expedite	informa$on	exchange	among	
state	consor$a	for	ideas	on	educa$on	
and	outreach.	

n Develop	distributed	network	of	IT	
support	that	could	be	shared	by	the	total	
network.	



Structure 



Electronic communication and storage 
now allows us to move information at 
breathtaking speeds across space and 
time, opening up new opportunities to 
aggregate and parse large parcels of 
information 



http://www.pratt.edu/academics/information_and_library_sciences/program_concentrations/world_info_society/ 

Information science 
an interdisciplinary field primarily concerned with 
analysis, collection, classification, manipulation, 
storage, retrieval and dissemination of information 



Cyberinfrastructure 

A combination of databases, network 
protocols and computational services 
that brings people, information and 
computational tools together to 
perform science in this information-
driven world. 

        
    Lincoln D. Stein 
    www.nature.com/reviews/genetics 



Cyberinfrastructure 

Data infrastructure and storage 

Computational infrastructure 

Communication infrastructure 

   Low-level (connectivity and bandwidth) 

   Syntactic (common formats to organize data) 

   Semantic (common terminology/ontology) 

Human infrastructure 

   Sharing and curation 

          
Lincoln D. Stein  www.nature.com/reviews/genetics 

         



Current biology cyberinfrastructure 

•  Strong data infrastructure (data are out there, 
but hard to find) 

•  Weak computational grid (lack of integration, 
need programming skills to access information) 

•  Patchy syntactic and semantic connectivity 
(standards to describe data) 

•  Strengthening human infrastructure 
Stein 2008  www.nature.com 



Building a regional 
cyberinfrastructure: 

To bring people, information and 
computational tools together to 
provide opportunities for 
cooperation, collaboration and 
communication. 

        
     



Merging	content	cura$on	and	
content	crea$on	communi$es:	

	
A	model	system	using	the	herbarium	

community	

P.I.	Andrew	Sallans,	University	of	Virginia	
Co.	P.I.	Michael	Denslow,	NEON	

	&	Zack	Murrell,	Appalachian	State	University	



Cyberinfrastructure	

•  Data	infrastructure	and	storage	
•  Computa$onal	infrastructure	
•  Communica$on	infrastructure	
	 	 	Low-level	(connec$vity	and	bandwidth)	
	 	 	Syntac$c	(common	formats	to	organize	data)	
	 	 	Seman$c	(common	terminology/ontology)	

•  Human	infrastructure	
	 	 	Sharing	and	cura$on	
	 	 	 	 	 	 	 	 	 	 	Lincoln	D.	Stein	
	 	 	 	 	 	 	 	 	 	 	www.nature.com/reviews/gene$cs	



Data	infrastructure	and	Storage	

•  Network	of	databases		
•  New	informa$on	from	automa$c	acquisi$on	
and	direct	submission	

•  Researchers	access	through	web-based	front	
end	

•  Examples:		PubMed,	Ensembl,	Kyoto	
Encyclopedia	of	Genes	and	Genomes	(KEGG)	

Stein	2008		www.nature.com	



Current	projects	

•  Centralized	online	databases	(GenBank,	
IniProt,	Protein	Data	Bank)	

•  Community	Annota$on	Hubs	(open	database	
to	direct	contribu$on	from	the	community,	
e.g.	Flickr,	Morphbank,	many	WIKI	based,	such	
as	EcoliWiki)	

•  Bioinforma$cs	toolkits	(serve	discrete	
communi$es,	e.g.	Generic	Model	Organism	
Database)		



Cyberinfrastructure	

•  Data	infrastructure	and	storage	
•  Computa$onal	infrastructure	
•  Communica$on	infrastructure	
	 	 	Low-level	(connec$vity	and	bandwidth)	
	 	 	Syntac$c	(common	formats	to	organize	data)	
	 	 	Seman$c	(common	terminology/ontology)	

•  Human	infrastructure	
	 	 	Sharing	and	cura$on	
	 	 	 	 	 	 	 	 	 	 	Lincoln	D.	Stein	
	 	 	 	 	 	 	 	 	 	 	www.nature.com/reviews/gene$cs	



Hardware	and	solware	needed	to	perform	
computa$onal	–intensive	tasks	

•  Shared	supercomputer	centers	



Cyberinfrastructure	

•  Data	infrastructure	and	storage	
•  Computa$onal	infrastructure	
•  Communica$on	infrastructure	
	 	 	Low-level	(connec$vity	and	bandwidth)	
	 	 	Syntac$c	(common	formats	to	organize	data)	
	 	 	Seman$c	(common	terminology/ontology)	

•  Human	infrastructure	
	 	 	Sharing	and	cura$on	
	 	 	 	 	 	 	 	 	 	 	Lincoln	D.	Stein	
	 	 	 	 	 	 	 	 	 	 	www.nature.com/reviews/gene$cs	







612	Biodiversity	Informa$cs	Projects	
53	Biodiversity	Informa$cs	Network	Databases	



TDWG	Architecture	Standards	











LSID:	a	way	to	name	and	locate	informa$on	on	
the	Web	







SEINet	–	Regional	Networks	of	North	American	
Herbaria	
	
The	Arizona	–	New	Mexico	chapter	of	SEINet		
Consor$um	of	Midwest	Herbaria	
Intermountain	Regional	Herbarium	Network	
Madrean	Archipelago	Biodiversity	Assessment	Project	
Northern	Great	Plains	Regional	Herbarium	Network	
Red	de	Herbarios	del	Noroeste	de	México	
SERNEC	
North	American	Network	for	Small	Herbaria	
vPlants:	a	Virtual	Herbarium	of	the	Chicago	Region	
	



Cyberinfrastructure	

•  Data	infrastructure	and	storage	
•  Computa$onal	infrastructure	
•  Communica$on	infrastructure	
	 	 	Low-level	(connec$vity	and	bandwidth)	
	 	 	Syntac$c	(common	formats	to	organize	data)	
	 	 	Seman$c	(common	terminology/ontology)	

•  Human	infrastructure	
	 	 	Sharing	and	cura$on	
	 	 	 	 	 	 	 	 	 	 	Lincoln	D.	Stein	
	 	 	 	 	 	 	 	 	 	 	www.nature.com/reviews/gene$cs	



SERNEC: SouthEast Regional Network of Expertise 
and Collections	

233+ herbaria in 
the region 
 
Colleges  
 
Universities 
 
State and federal 
parks 
 
Private collections 

SERNEC 



State of Herbaria in the Southeast USA 

Data derived from Index Herbariorum (http://www.nybg.org/
bsci/ih/ih.html) . 

•  233 collections vary in size from 3,000 to 750,000 specimens.  

•  Curators are taxonomists, ecologists, paleobotanists, population biologists. 

•  Some institutions with significant budgets, IT support and curatorial staff. 

•  Some institutions are single person operations without budgets or IT support. 

•  ESTIMATED 15 MILLION SPECIMENS FROM THE SOUTHEAST.   



MOBILIZATION	AND	COMMUNICATION	

WORKING	GROUPS:	
1.  IT	and	infrastructure		
2.  Libraries	and	literature		
3.  Images	(specimen	and	live)		
4.  Educa$on	and	outreach		
5.  Taxonomic	concept	mapping	
6.  State	working	groups		
	

“IT	TAKES	A	VILLAGE”	
	

	



Principles	
		of	the	Conserva$on	Commons	

1.		Promote	Free	and	Open	Access	
	
2.		Mutual	Benefit	(Reciprocity)	
	
3.		Rights	and	Responsibili$es		

v  Aqribu$on		
v  Integrity	of	Original	Work	

hqp://www.conserva$oncommons.net/	



Organization 



Who	is	involved	in	the	ADBC	
project?	

•  93	herbaria	(plus	12)	
•  IT	(Symbiota,	GEOLocate,		
SPECIFY,	iPLANT-TACC,	Adler)	

•  Ci$zen	scien$sts	
– Notes	From	Nature		
– GEOLocate	

•  Educa$on	experts	
•  Herbarium	Affiliates	
•  State	Natural	Heritage	Programs	
•  iDigBio	



Data	Management	Workflow	

Specimen	Image	Capture	
“Herbarium	Digitarium”	

Texas	Advanced	Compu$ng	
Center	

Archival	Storage	

Web	Deriva$ves	

Ci$zen	
Scien$sts	

Metadata	to	Portal	

Batch	Georeferenced	Data	to	Portal	

Repatria$on	of	
Metadata	to	Local	

Ins$tu$on	
Symbiota	and	

Specify	

4,700,000	SPECIMENS	
100+	INSTITUTIONS	

12	STATES	



Shaw	
	

Mast	
	

Sasek	

	

Evans	
McDowell	
Krosnick	
Kreuger	
Jabaily	

Morris	
Estes	

Williams	
	

74
8,
00
0	 301,000	





Cyberinfrastructure	

•  Data	infrastructure	and	storage	
•  Computa$onal	infrastructure	
•  Communica$on	infrastructure	
	 	 	Low-level	(connec$vity	and	bandwidth)	
	 	 	Syntac$c	(common	formats	to	organize	data)	
	 	 	Seman$c	(common	terminology/ontology)	

•  Human	infrastructure	
	 	 	Sharing	and	cura$on	
	 	 	 	 	 	 	 	 	 	 		 Extend	to	“affiliates”		

and	ciDzen	scienDsts	



What	are	the	ADBC	project	goals?	

Use our robust human infrastructure 
  
1)  improve protocols at every stage of specimen digitization.  

2) interface with citizen scientists to develop a strong 
 collaborative community that will sustain high 
 transcription and georeferencing rates through a multi-
 year effort.  



Notes	from	Nature:	a	scalable	
ci$zen	science	plavorm	for	

transcribing	records	from	natural	
history	collec$ons.		





Efforts	to	date:	

1.  106	herbaria	involved	(Goal	=	93)	
2.  Data	pipeline	completely	func$onal	
3.  1,7M	specimens	imaged	(Goal	=	4,5M)	
4.  200+	students	trained	
5.  0,5M	specimens	transcribed	
6.  50+	abstracts	and	publica$ons	
7.  Mul$ple	symposia	and	workshops	

	



How do we sustain this  
effort? 

University Advancement 



Selfish	and	contenDous	people	will	not	cohere,	
and	without	coherence	nothing	can	be	

effected.	
	

		Charles	Darwin				Descent	of	Man.		1871	



"As	access	to	informa$on	drama$cally	expands,	so	
that	people	increasingly	have	access	to	almost	all	

the	informa$on	they	might	need		at	any	$me	and	in	
any	place	(and,	surprisingly,	at	low	or	no	cost),		

the	value	of	the	cogni/ve	skills	s/ll	unreplicable	by	
silicon	becomes	greater."	

	

L. Prusak, Where did knowledge management come from?, IBM Systems Journal Volume 40, Number 4, 2001      
[ “Knowledge Management”], http://www.research.ibm.com/journal/sj/404/prusak.html  



What	works?	

1.  Use	exis$ng	infrastructures	(Associa$on	of	
Southeastern	Biologists).	

2.  Provide	a	reward	system	of	making	the	
group’s	aggregated	data	available	for	their	
own	manipula$on.	

3.  Transforma$onal	leadership.	
4.  Engaging	students	in	the	classroom	and	in	

research.	
5.  Effec$ve	communica$on.	

	



Ethics	of	Ci$zen	Science	

• Collaborators		-	not	users	
• Contribute	to	real	research	
• Don’t	waste	people’s	$me	
	 	 	 	 	 	 	 	 	Arfon	Smith	(2013)	



Governance	structure	based	on	the	Society	of	Herbarium	
Curators	cons$tu$on	

Regional chapter 
of SHC  

Decision-making 
Consensus building 
Conflict resolution 
Knowledge transfer 
Longevity 
Sustainability 
 
 

http://www.societyofherbariumcurators.org/
 



What are the long term 
challenges to 
sustainability? 



Long	term	challenges	

•  15M	specimens	available	
• Data	storage:	local	or	regional	
• Data	aqribu$on:	credit	for	work	
•  Expansion	into	new	projects	
• Maintain	system	as	“best	prac$ce”	
for	the	community	
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