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plans will lead to persistence of data or their reuse. In the absence of these elements, 
principle investigators are left to make their own policies, use their own systems, and to 
finance the processes. As long as the response is piecemeal, there can be no assurances 
of interoperability, efficiency or persistence. At this time, research scientists need to be 
supported by data managers and data archivists. Institutional libraries and museums 
are well placed to shift their agendas to include data management and the preserva-
tion of digital artifacts and so may fill this gap, providing institutional, regional or 
discipline-based services. It is hoped that the ongoing NSF Data Net projects can 
contribute significantly to the infrastructure.

A new technical challenge is the lack of bandwidth to distribute data from mod-
ern data-intense technologies. The problem is illustrated by high throughput molecular 
biology with tera and petabyte scale data sets (Cochrane et al. 2009). Proposed solu-
tions include Bio-Mirror (http://www.bio-mirror.net/) which consists of several serv-
ers holding the same data, or the Tranche Project (https://trancheproject.org/), which 
shares repository functions across servers. The latter has a high administrative overhead. 
Peer-to-peer sharing systems such as BitTorrent (Langille and Eisen 2010) overcome 
potential bandwidth problems by sharing data sets without a central repository. Users of 
BioTorrents benefit from lower bandwidth use, faster transfer times and data publica-
tion. Although terabit per second line rates are on the horizon (Hillerkuss et al. 2011), 
bandwidth problems are likely to persist as part of the interplay between the evolution 
of new data-generating instruments and the limitations of the infrastructure to make 
data freely available to all. We may expect to see a growth of specialist centers that will 
offer analysis, visualization, and data transformation services on behalf of the users.

Figure 3. Technical infrastructure needed for Big New Biology to fully emerge (based on Sinha et al. 
2010).

http://www.bio-mirror.net
https://trancheproject.org
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Conclusion

There is growing pressure from scientists, funding agencies and governments to use 
new information technologies to effectively manage the increasingly vast amounts of 
data emerging from new technologies, to integrate these with smaller data sets, and to 
enhance the communal nature of science. If successful, biology will be enriched with 
data-intensive dimensions better suited to address large scale and trans-discipline prob-
lems. The transition requires many technical advances and cultural changes. Progress 
on the technical front to date clearly demonstrates that technical issues can be resolved. 
The process of sociological adaptation is less convincing. Some sub-disciplines (mo-
lecular domains) have embraced data-intensive dimensions, some (environmental ecol-
ogy) are in transition, and others (such as taxonomy) are just beginning. A much better 
understanding of the existing cultures is needed before we can promote solutions that 
will realign the traditions of each community with the common goal of shared data 
use. Training environments such as Universities need to create a new cadre of scientists 
trained in computer sciences and biology. Other pressing challenges to data integration 
relate to the development of comprehensive and agreed metadata and ontologies, and 
to the semanticization of data so that the discipline can take advantage of the Linked 
Open Data cloud. The long tail of small data sets presents a special challenge - that of 
bringing heterogeneous data sets together. At this time, the common denominators 
that are likely to be effective are georeferencing, citations, and names. All require fur-
ther investment. None of the elements of the transition will come quickly or cheaply, 
but these transformations are needed if we are to make the Life Sciences less parochial 
and more capable of responding to major research challenges.

Acknowledgments

The authors would like to thank Dmitry Mozzherin, David Shorthouse, Nathan Wil-
son, Jane Maeinschein, Peter DeVries, Holly Miller, Vince Smith, Daniel Mietchen 
and members of the Data Conservancy Life Sciences Advisory Group (Mark Schild-
hauer, Bryan Heidorn, Steve Kelling, Dawn Field, Norman Morrison and Paula Ma-
bee) for valuable comments. This work is supported by NSF award 0830976 The Data 
Conservancy (A digital research and curation virtual organization).

The topics raised here were explored during a workshop held in Woods Hole, 
Massachusetts attended by computer, information and biological scientists, and rep-
resentatives of academia, the private sector and government. A longer “white paper” 
produced for the National Science Foundation Data Conservancy project is available 
(Thessen and Patterson 2011).



Anne E. Thessen & David J. Patterson  /  ZooKeys 150: 15–51 (2011)44

References

Ackoff R (1989) From data to wisdom. Journal of Applied Systems Analysis 16: 3–9. doi: 
10.1002/9781444303179.ch3

Arlinghaus R, Cooke SJ (2009) Recreational fisheries: socioeconomic importance, con-
servation issues and management changes. In: Adams B (Ed) Recreational Hunting, 
Conservation, and Rural Livelihoods: Science and Practice. Blackwell, Oxford. doi: 
10.1002/9781444303179.ch3

Ausubel JH (2009) A botanical macroscope. Proceedings of the National Academy of Science. 
106: 12569. doi: 10.1073/pnas.0906757106

Bard JBL, Rhee SY (2004) Ontologies in biology: design, applications and future challenges. 
Nature Reviews Genetics 5: 213–222. doi: 10.1038/nrg1295

Bechhofer S, Ainsworth J, Bhagat J, Buchan I, Couch P, Cruickshank D, De Roure D, Delder-
field M, Dunlop I, Gamble M, Goble C, Michaelides D, Missier P, Owen S, Newman D, 
Sufi S (2010) Why linked data is not enough for scientists. 6th IEEE e-Science conference.

Berman H, Henrick K, Nakamura H, Markley JL (2006) The worldwide protein data bank 
(wwPDB): ensuring a single uniform archive of PDB data. Nucleic Acids Research 35: 
D301–D303. doi: 10.1093/nar/gkl971

Berners-Lee T, Chen Y, Chilton L, Connolly D, Dhanaraj R, Hollenbach J, Lerer A, Sheets 
D (2006) Tabulator: exploring and analyzing linked data on the semantic web. Proceed-
ings of the 3rd International Semantic Web User Interaction Workshop (SWUI0), Athens, 
Georgia.

Bilofsky HS, Christian B (1988) The GenBank genetic sequence data bank. Nucleic Acids 
Research 16: 1861–1863. doi: 10.1093/nar/16.5.1861

Bizer C, Jentzsch A, Cyganiak R (2011) State of the LOD cloud. [http://www4.wiwiss.fu-
berlin.de/lodcloud/state/]

Booth D (2010) Resource identity and semantic extensions: making sense of ambiguity. Se-
mantic Technology Conference, San Francisco, USA http://dbooth.org/2010/ambiguity/.

Bunin VD, Ignatov OV, Gulii OI, Voloshin AG, Dykman LA, O’Neil D, Ivnitskii D (2005) 
Investigation of electrophysical properties of Listeria monocytogenes cells during the interac-
tion with monoclonal antibodies. Biofizika 50: 316–321.

Burton A, Treloar A (2009) Designing for discovery and re-use: the ANDS data-sharing verbs 
approach to service decomposition. The International Journal of Digital Curation 4: 44–
56.

Campbell LM, MacNeill S (2010) The semantic web, linked and open data: a briefing paper. 
JISC cetis. [http://wiki.cetis.ac.uk/images/1/1a/The_Semantic_Web.pdf ]

Chapman AD (2005a) Uses of primary species-occurrence data, version 1.0. Report for the 
Global Biodiversity Information Facility, Copenhagen. [http://www.niobioinformatics.in/
books/Uses%20of%20Primary%20Data.pdf ]

Chapman AD (2005b) Principles of data quality, version 1.0. Report for the Global Biodi-
versity Information Facility, Copenhagen. [http://niobioinformatics.in/pdf/workshop/
Data%20Quality.pdf ]

http://dx.doi.org/10.1002/9781444303179.ch3
http://dx.doi.org/10.1002/9781444303179.ch3
http://dx.doi.org/10.1002/9781444303179.ch3
http://dx.doi.org/10.1002/9781444303179.ch3
http://dx.doi.org/10.1073/pnas.0906757106
http://dx.doi.org/10.1038/nrg1295
http://dx.doi.org/10.1093/nar/gkl971
http://dx.doi.org/10.1093/nar/16.5.1861
http://www4.wiwiss.fu-berlin.de/lodcloud/state
http://www4.wiwiss.fu-berlin.de/lodcloud/state
http://dbooth.org/2010/ambiguity
http://wiki.cetis.ac.uk/images/1/1a/The_Semantic_Web.pdf
http://www.niobioinformatics.in/books/Uses%20of%20Primary%20Data.pdf
http://www.niobioinformatics.in/books/Uses%20of%20Primary%20Data.pdf
http://niobioinformatics.in/pdf/workshop/Data%20Quality.pdf
http://niobioinformatics.in/pdf/workshop/Data%20Quality.pdf


Data issues in the life sciences 45

Chapman AD (2009) Numbers of Living Species in Australia and the World, 2nd edition. Aus-
tralian Biological Resources Study, Australia.

Chavan V, Krishnan S (2001) Digitizing life: role of digital libraries in life conservation in 
developing world. Proceedings of the 4th International Conference on Asian Digital Librar-
ies, December 10–12, 2001, Bangalore India, 330–340.  [http://ncsi-net.ncsi.iisc.ernet.in/
gsdl/collect/icco/index/assoc/HASHe590.dir/doc.doc]

Cisneros-Montemayor AM, Sumaila UR (2010) A global estimate of benefits from ecosystem 
based marine recreation: Potential impacts and implications for management. Journal of 
Bioeconomics 12: 245–268. doi: 10.1007/s10818-010-9092-7

Coale KH, Johnson KS, Chavez FP, Buesseler KO, Barber RT, Brzezinski MA, Cochlan WP, 
Millero FJ, Falkowski PG, Bauer JE, Wanninkhof RH, Kudela RM, Altabet MA, Hales 
BE, Takahashi T, Landry MR, Bidigare RR, Wang X, Chase Z, Strutton PG, Friederich 
GE, Gorbunov MY, Lance VP, Hilting AK, Hiscock MR, Demarest M, Hiscock WT, Sul-
livan KF, Tanner SJ, Gordon RM, Hunter CN, Elrod VA, Fitzwater SE, Jones JL, Tozzi 
S, Koblizek M, Roberts AE, Herndon J, Brewster J, Ladizinsky N, Smith G, Cooper D, 
Timothy D, Brown SL, Selph KE, Sheridan CC, Twining BS, Johnson ZI (2004) Southern 
Ocean iron enrichment experiment: carbon cycling in high- and low-Si waters. Science 
304: 408–414. doi: 10.1126/science.1089778

Coburn TA (2011) The National Science Foundation: Under the microscope. A report by 
Tom A. Coburn, M.D. U.S. Senator, Oklahoma. [http://coburn.senate.gov/public/index.
cfm?a=Files.Serve&File_id=f6cd2052-b088-44c3-b146-5baa5c01552a]

Cochrane G, Akhtar R, Bonfield J, Bower L, Demiralp F, Faruque N, Gibson R, Hoad G, Hub-
bard T, Hunter C, Jang M, Juhos S, Leinonen R, Leonard S, Lin Q, Lopez R, Lorenc D, 
McWilliam H, Mukherjee G, Plaister S, Radhakrishan R, Robinson S, Sobhany S, Hoopen 
PT, Vaughan R, Zalunin V, Birney E (2009) Petabyte-scale innovations at the European 
Nucleotide Archive. Nucleic Acids Research 37: D19–D25. doi: 10.1093/nar/gkn765

Costanza R, D’arge R, de Groot R, Farber S, Grasso M, Hannon B, Limburg K, Naeem S, 
O’Neill RV, Paruelo J, Raskin RG, Sutton P, van den Belt M (1997) The value of the world’s 
ecosystem services and natural capital. Nature 387: 253–260. doi: 10.1038/387253a0

Costello M (2009) Motivating online publication of data. BioScience 59: 418–426. doi: 
10.3525/bio.2009.59.5.9

Cryer P, Hyam R, Miller C, Nicolson N, Ó Tuama É, Page R, Rees J, Riccardi G, Richards K, 
White R (2009) Adoption of persistent identifiers for biodiversity informatics: Recom-
mendations of the GBIF LSID GUID task group, 6 November 2009. [http://www2.gbif.
org/Persistent-Identifiers.pdf ]

Davis PM (2009) Author-choice open access publishing in the biological and medical litera-
ture: a citation analysis. Journal of the American Society for Information Science and Tech-
nology 60: 3–8. doi: 10.1002/asi.20965

De Rosnay J (1975) Le macroscope: vers une vision globale. Seuil, Paris.
Dittert N, Diepenbroek M, Grobe H (2001) Scientific data must be made available to all. Na-

ture 14: 393. doi: 10.1038/35106716

http://ncsi-net.ncsi.iisc.ernet.in/gsdl/collect/icco/index/assoc/HASHe590.dir/doc.doc
http://ncsi-net.ncsi.iisc.ernet.in/gsdl/collect/icco/index/assoc/HASHe590.dir/doc.doc
http://dx.doi.org/10.1007/s10818-010-9092-7
http://dx.doi.org/10.1126/science.1089778
http://coburn.senate.gov/public/index.cfm?a=Files.Serve&File_id=f6cd2052-b088-44c3-b146-5baa5c01552a
http://coburn.senate.gov/public/index.cfm?a=Files.Serve&File_id=f6cd2052-b088-44c3-b146-5baa5c01552a
http://dx.doi.org/10.1093/nar/gkn765
http://dx.doi.org/10.1038/387253a0
http://dx.doi.org/10.3525/bio.2009.59.5.9
http://dx.doi.org/10.3525/bio.2009.59.5.9
http://www2.gbif.org/Persistent-Identifiers.pdf
http://www2.gbif.org/Persistent-Identifiers.pdf
http://dx.doi.org/10.1002/asi.20965
http://dx.doi.org/10.1038/35106716


Anne E. Thessen & David J. Patterson  /  ZooKeys 150: 15–51 (2011)46

Doom T, Raymer M, Krane D, Garcia O (2002) A proposed undergraduate bioinformatics 
curriculum for computer scientists. ACM SIGCSE Technical Symposium on Computer 
Science Education (33rd, Covington, KY), 78–81. doi: 10.1145/563340.563368

ESF (European Science Foundation) (2006) Press Release: A cyberinfrastructure network 
for Europe. [http://www.esf.org/media-centre/press-releases/ext-single-news.html?tx_
ttnews[tt_news]=129&cHash=98c6548070c4afa002061d23560e8f96]

Evans JA, Foster JG (2011) Metaknowledge. Science 331: 721–725. doi:  10.1126/sci-
ence.1201765

Fauchart E, von Hippel E (2008) Norms-based intellectual property systems: The case of French 
chefs. Organization Science 19: 187–201. doi: 10.1287/orsc.1070.0314

Feijen M (2011) What researchers want. SURFfoundation. [http://www.surffoundation.nl/en/
publications]

Fergraus EH, Andelman S, Jones MB, Schildhauer M (2005) Maximizing the value of eco-
logical data with structured metadata: an introduction to Ecological Metadata Language 
(EML) and principles for metadata creation. Bulletin of the Ecological Society of America 
86: 158–168. doi: 10.1890/0012-9623(2005)86[158:MTVOED]2.0.CO;2

Fox P, Hendler J (2011) Changing the equation on scientific data visualization. Science 331: 
705–708. doi: 10.1126/science.1197654

Froese R, Lloris D, Opitz S (2003) Scientific data in the public domain. ACP-EU Fisheries 
Research Report 14: 267–271.

Gargouri Y, Hajjen C, Larivière V, Gingras Y, Carr L, Brody T, Harnad S (2010) Self-selected 
or mandated, open access increases citation impact for higher quality research. PLoS ONE 
5: e13636. doi: 10.1371/journal.pone.0013636

Groth P, Gibson A, Velterop J (2010) The anatomy of a nanopublication. Information Services 
& Use 30:51–56. doi: 10.3233/ISU-2010-0613

Guttmacher AE, Nabel EG, Collins FS (2009) Why data-sharing policies matter. Proceedings 
of the National Academy of Science 106: 16894. doi 10.1073/pnas.0910378106

Gwinn NE, Rinaldo C (2009) The Biodiversity Heritage Library: sharing biodiversity literature 
with the world. IFLA Journal 35: 25–34. doi: 10.1177/0340035208102032

Harnad S (2008) Waking OA’s “Slumbering Giant”: The University’s mandate to man-
date open access. New Review of Information Networking 14: 51–68. doi: 
10.1080/13614570903001322

Harnad S (2010) Open Access – Open Data: similarities and differences. [http://www.slide-
share.net/oaod2010/oa-oa-self-archiving-oa-publishing-and-data-archiving]

Heidorn PB (2008) Shedding light on the dark data in the long tail of science. Library Trends 
57: 280–299. doi: 10.1353/lib.0.0036

Hey T, Tansley S, Tolle K (2009) The Fourth Paradigm. Microsoft Research. Redmond, WA,  
252 pp.

Higgins D, Berkley C, Jones MB (2002) Managing heterogeneous ecological data using Mor-
pho. 14th International Conference on scientific and statistical database management (SS-
DBM’02), 69.

Hillerkuss D, Schmogrow R, Schellinger T, Jordan M, Winter M, Huber G, Vallaitis T, Bonk 
R, Kleinow P, Frey F, Roeger M, Koenig S, Ludwig A, Marculescu A, Li J, Hoh M, 

http://dx.doi.org/10.1145/563340.563368
http://www.esf.org/media-centre/press-releases/ext-single-news.html?tx_ttnews[tt_news]=129&cHash=98c6548070c4afa002061d23560e8f96
http://www.esf.org/media-centre/press-releases/ext-single-news.html?tx_ttnews[tt_news]=129&cHash=98c6548070c4afa002061d23560e8f96
http://dx.doi.org/10.1126/science.1201765
http://dx.doi.org/10.1126/science.1201765
http://dx.doi.org/10.1287/orsc.1070.0314
http://www.surffoundation.nl/en/publications
http://www.surffoundation.nl/en/publications
http://dx.doi.org/10.1890/0012-9623(2005)86[158:MTVOED]2.0.CO;2
http://dx.doi.org/10.1126/science.1197654
http://dx.doi.org/10.1371/journal.pone.0013636
http://dx.doi.org/10.3233/ISU-2010-0613
http://dx.doi.org/10.1073/pnas.0910378106
http://dx.doi.org/10.1080/13614570903001322
http://dx.doi.org/10.1080/13614570903001322
http://www.slideshare.net/oaod2010/oa-oa-self-archiving-oa-publishing-and-data-archiving
http://www.slideshare.net/oaod2010/oa-oa-self-archiving-oa-publishing-and-data-archiving
http://dx.doi.org/10.1353/lib.0.0036


Data issues in the life sciences 47

Dreschmann M, Meyer J, Ben Ezra S, Narkiss N, Nebendahl B, Parmigiani F, Petropoulos 
P, Resan B, Oehler A, Weingarten K, Ellermeyer T, Lutz J, Moeller M, Huebner M, Becker 
J, Koos C, Freude W, Leuthold J (2011) 26 Tbit s−1 line-rate super-channel transmission 
utilizing all-optical fast Fourier transform processing. Nature Photonics 5: 364–371. doi: 
10.1038/nphoton.2011.74

Hopkins GW, Freckleton RP (2002) Declines in the numbers of amateur and professional tax-
onomists: implications for conservation. Animal Conservation 5: 245–249. doi: 10.1017/
S1367943002002299

Huynh DF, Karger DR (2009) Parallax and companion: set-based browsing for the data web. 
In: Proceedings of WWW ’09.

Innocenti P, McHugh A, Ross S, Ruusalepp R (2007) Digital Curation Centre (DCC) and 
DigitalPreservationEurope (DPE) audit toolkit: DRAMBORA. International Conference 
on Digital Preservation (iPRES), Beijing.

ISO (2000) ISO 9000:2000: quality management systems – fundamentals and vocabulary. 
Standard, International Organization for Standardization (ISO), Geneva, Switzerland.

Jones MB, Berkley C, Bojilova J, Schilhauer M (2002) Managing scientific metadata. Internet 
Computing IEEE 5: 59–68. doi: 10.1109/4236.957896

Jones MB, Schildhauer MP, Reichman OJ, Bowers S (2006) The new bioinformatics: integrat-
ing ecological data from the gene to the biosphere. Annual Review of Ecology, Evolution 
and Systematics 37: 519–544. doi: 10.1146/annurev.ecolsys.37.091305.110031

Kaye J, Heeney C, Hawkins N, de Vries J, Boddington P (2009) Data sharing in genomics – re-
shaping scientific practice. Nature Reviews Genetics 10: 331–335. doi: 10.1038/nrg2573

Kelling S, Hochachka WM, Fink D, Riedewald M, Caruana R, Ballard G, Hooker G (2009) 
Data-intensive science: a new paradigm for biodiversity studies. BioScience 59: 613–619. 
doi: 10.1525/bio.2009.59.7.12

Kerlinger P (1993) Birding Economics and Birder Demographics Studies Conservation Tools. 
In: Finch D, Stangel P (Eds) Proceedings of the Status and Management of Neotropical 
Migratory Birds. Rocky Mountains Forest and Range Experimental Station, Fort Collins, 
CO. USDA Forestry Service General Technical Report RM-229, 32–38.

Key Perspectives Ltd (2010) Data Dimensions: disciplinary differences in research data-sharing, 
reuse and long term viability. DCC Scarp Synthesis Report. ISSN 1759–586X. [http://hdl.
handle.net/1842/3364]

Kidd DM, Liu X (2008) GEOPHYLOBUILDER 1.0: an ARCGIS extension for creat-
ing “geophylogenies”. Molecular Ecology Resources 8: 88–91. doi: 10.1111/j.1471-
8286.2007.01925.x

Klump J (2011) Criteria for the trustworthiness of data-centres. D-Lib Magazine vol. 17. doi: 
10.1045/january2011-klump

Kobilarov G, Dickinson I (2008) Humboldt: exploring linked data. In: Proceedings of the 
WWW ’08 Workshop on Linked Data on the Web.

Kohnke D, Costello MJ, Crease J, Folack J, Martinez Guingla R, Michida Y (2005) Review of 
the International Oceanographic Data and Information Exchange (IODE). Intergovern-
mental Oceanographic Commission (IOC) IOC/IODE-XVIII/18.

http://dx.doi.org/10.1038/nphoton.2011.74
http://dx.doi.org/10.1038/nphoton.2011.74
http://dx.doi.org/10.1017/S1367943002002299
http://dx.doi.org/10.1017/S1367943002002299
http://dx.doi.org/10.1109/4236.957896
http://dx.doi.org/10.1146/annurev.ecolsys.37.091305.110031
http://dx.doi.org/10.1038/nrg2573
http://dx.doi.org/10.1525/bio.2009.59.7.12
http://hdl.handle.net/1842/3364
http://hdl.handle.net/1842/3364
http://dx.doi.org/10.1111/j.1471-8286.2007.01925.x
http://dx.doi.org/10.1111/j.1471-8286.2007.01925.x
http://dx.doi.org/10.1045/january2011-klump
http://dx.doi.org/10.1045/january2011-klump


Anne E. Thessen & David J. Patterson  /  ZooKeys 150: 15–51 (2011)48

Lambrix P, Tan H (2008) Ontology alignment and merging. In: Burger A, Davidson D, Bal-
dock R (Eds) Anatomy Ontologies for Bioinformatics: Principles and Practice. Springer, 
134–149.

Langille MGI, Eisen JA (2010) BioTorrents: A file sharing service for scientific data. PLoS 
ONE 5(4): e10071. doi: 10.1371/journal.pone.0010071

Lee CP, Dourish P, Mark G (2006) The human infrastructure of cyberinfrastructure. Proceed-
ings of the 2006 20th anniversary conference on Computer supported cooperative work. 
doi: 10.1145/1180875.1180950

Lynch CA (2003) Institutional repositories: essential infrastructure for scholarship in the digital 
age. Libraries and the Academy 3: 327–336. doi: 10.1353/pla.2003.0039

MacLeod N, Benfield M, Culverhouse P (2010) Time to automate identification. Nature 467: 
154–155. doi: 10.1038/467154a

Madin J, Bowers S, Schildhauer M, Krivov S, Pennington D, Villa F (2007a) An ontology 
for describing and synthesizing obervation data. Ecological Informatics 2: 279–296. doi: 
10.1016/j.ecoinf.2007.05.004

Madin JS, Bowers S, Schildhauer SM, Jones MB (2007b) Advancing ecological research with 
ontologies. Trends in Ecology and Evolution 23: 159–168. doi: 10.1016/j.tree.2007.11.007

Mandavilli A (2011) Trial by twitter. Nature 469: 286–287. doi: 10.1038/469286a
Marris E (2010) Supercomputing for the birds. Nature 466: 807. doi: 10.1038/466807a
McCown F, Liu X, Nelson ML, Zubair M (2006) Search engine coverage of the OAI-PMH 

Corpus. IEEE Internet Computing, 10: 66–73 doi: 10.1109/MIC.2006.41
Michener WK (2006) Meta-information concepts for ecological data management. Ecological 

Informatics 1: 3–7. doi: 10.1016/j.ecoinf.2005.08.004
Mons B, Velterop J (2009) Nano-publication in the e-science era. In: Workshop on Semantic 

Web Applications in Scientific Discourse (SWASD 2009), Washington DC, USA. [http://
www.surffoundation.nl/SiteCollectionDocuments/Nano-Publication%20-%20Mons%20
-%20Velterop.pdf ]

Morris R (2010) GBIFKOS Draft White Paper v 2010_11-25-0400. [http://community.gbif.
org/pg/file/BMorris/read/10694/gbifkos-draft-white-paper-v-2010_11250400]

NAS (National Academy of Sciences) (2009) A New Biology for the 21st Century, 112 pp.
National Science Board (2010a) Science and Engineering Indicators 2010, Chapter 5, Aca-

demic Research and Development. [http://www.nsf.gov/statistics/seind10/c5/c5h.htm]
National Science Board (2010b) Globalization of Science and Engineering Research. [http://

www.nsf.gov/statistics/nsb1003/]
Norris M, Oppenheim C, Rowland F (2008) The citation advantage of open access articles. 

Journal of the American Society of Information Science and Technology 59: 1963–1972. 
doi: 10.1371/journal.pbio.0040157

NSF (National Science Foundation) (2003) Revolutionizing science and engineering through 
cyberinfrastructure: report of the national science foundation blue-ribbon advisory panel 
on cyberinfrastructure. 84 pp. [http://www.nsf.gov/od/oci/reports/atkins.pdf ]

NSF (National Science Foundation) (2006) NSF’s Cyberinfrastructure Vision for 21st Century 
Discovery ver 5.0. NSF Cyberinfrastructure Council, 32pp. [http://www.nsf.gov/od/oci/
ci_v5.pdf ]

http://dx.doi.org/10.1371/journal.pone.0010071
http://dx.doi.org/10.1145/1180875.1180950
http://dx.doi.org/10.1353/pla.2003.0039
http://dx.doi.org/10.1038/467154a
http://dx.doi.org/10.1016/j.ecoinf.2007.05.004
http://dx.doi.org/10.1016/j.ecoinf.2007.05.004
http://dx.doi.org/10.1016/j.tree.2007.11.007
http://dx.doi.org/10.1038/469286a
http://dx.doi.org/10.1038/466807a
http://dx.doi.org/10.1109/MIC.2006.41
http://dx.doi.org/10.1016/j.ecoinf.2005.08.004
http://www.surffoundation.nl/SiteCollectionDocuments/Nano-Publication%20-%20Mons%20-%20Velterop.pdf
http://www.surffoundation.nl/SiteCollectionDocuments/Nano-Publication%20-%20Mons%20-%20Velterop.pdf
http://www.surffoundation.nl/SiteCollectionDocuments/Nano-Publication%20-%20Mons%20-%20Velterop.pdf
http://community.gbif.org/pg/file/BMorris/read/10694/gbifkos-draft-white-paper-v-2010_11250400
http://community.gbif.org/pg/file/BMorris/read/10694/gbifkos-draft-white-paper-v-2010_11250400
http://www.nsf.gov/statistics/seind10/c5/c5h.htm
http://www.nsf.gov/statistics/nsb1003
http://www.nsf.gov/statistics/nsb1003
http://dx.doi.org/10.1371/journal.pbio.0040157
http://www.nsf.gov/od/oci/reports/atkins.pdf
http://www.nsf.gov/od/oci/ci_v5.pdf
http://www.nsf.gov/od/oci/ci_v5.pdf


Data issues in the life sciences 49

OECD (1999) Final Report of the megascience forum working group on biological informat-
ics. OECD, Paris.

PARSE (2009) PARSE.Insight: INSIGHT into issues of permanent access to the records of 
science in Europe. [http://www.parse-insight.eu/downloads/PARSE-Insight_D3-4_Sur-
veyReport_final_hq.pdf ]

Patterson DJ, Faulwetter S, Shipunov A (2008) Principles for a names-based cyberinfrastruc-
ture to serve all of biology. In: Minelli A, Bonato L, Fusco G (Eds) Updating the Linnaean 
Heritage: Names as Tools for Thinking About Plants and Animals, 153–163.

Patterson DJ, Cooper J, Kirk PM, Pyle RL, Remsen DP (2010) Names are key to the Big New 
Biology. Trends in Ecology and Evolution 25: 686–691. doi:  10.1016/j.tree.2010.09.004

Piwowar HA (2011) Who shares? Who doesn’t? Factors associated with openly archiving raw 
research data. PLoS ONE 6: e18657. doi: 10.1371/journal.pone.0018657

Piwowar HA, Day RS, Fridsma DB (2007) Sharing detailed research data is associated with 
increased citation rate. PLoS ONE 3: e308. doi: 10.1371/journal.pone.0000308

Piwowar HA, Vision TJ, Whitlock MC (2011) Data archiving is a good investment. Nature 
473: 285. doi: 10.1038/473285a

Porter JH, Callahan JT (1994) Circumventing a dilemma: historical approaches to data-sharing 
in ecological research. In: Michener WK, Brunt JW, Stafford SG (Eds) Environmental 
Information Management and Analysis: Ecosystem to Global Scales. Taylor & Francis Ltd, 
London, 193–202.

Pullin AS, Salafsky N (2010) Save the whales? Save the rainforest? Save the data! Conservation 
Biology 24: 915–917. doi: 10.1111/j.1523-1739.2010.01537.x

Raup D (1991) Extinction: Bad Genes or Bad Luck? Norton and Co., New York.
Reichman OJ, Jones MB, Schildauer MP (2011) Challenges and opportunities to open data in 

ecology. Science 331: 703–705. doi: 10.1126/science.1197962
Rhee SY, Beavis W, Berardini TZ, Chen G, Dixon D, Doyle A, Carcia-Hernandez M, Huala E, 

Lander G, Montoya M, Miller N, Mueller LA, Mundodi S, Reiser L, Tacklind J, Weems 
DC, Wu Y, Xu I, Yoo D, YoonJ, Zhang P (2003) The Arabidopsis information resource 
(TAIR): a model organism database providing a centralized, curated gateway to Arabi-
dopsis biology, research materials and community. Nucleic Acids Research 31: 224–228. 
doi: 10.1093/nar/gkg076

RIN (Research Information Network) (2008) To share or not to share: publication and quality 
assurance of research data outputs. A report commissioned by the Research Information 
Network. [http://www.rin.ac.uk/data-publication]

Rogers EM (1983) Diffusion of innovations. 3rd Edition. Free Press, New York.
Savage CJ, Vickers AJ (2009) Empirical study of data-sharing by authors publishing in PLoS 

journals. PLoS ONE 4: e7078. doi: 10.1371/journal.pone.0007078
Schofield PN, Eppig J, Huala E, Hrabe de Angelis M, Harvey M, Davidson D, Weaver T, 

Brown S, Smedley D, Rosenthal N, Schughart K, Aidinis V, Tocchini-Valentini G, Han-
cock JM (2010) Sustaining the data and bioresource commons. Science 330: 592–593. 
doi: 10.1126/science.1191506

Science staff editorial (2011) Challenges and opportunities. Science 331: 692–693.

http://www.parse-insight.eu/downloads/PARSE-Insight_D3-4_SurveyReport_final_hq.pdf
http://www.parse-insight.eu/downloads/PARSE-Insight_D3-4_SurveyReport_final_hq.pdf
http://dx.doi.org/10.1016/j.tree.2010.09.004
http://dx.doi.org/10.1371/journal.pone.0018657
http://dx.doi.org/10.1371/journal.pone.0000308
http://dx.doi.org/10.1038/473285a
http://dx.doi.org/10.1111/j.1523-1739.2010.01537.x
http://dx.doi.org/10.1126/science.1197962
http://dx.doi.org/10.1093/nar/gkg076
http://www.rin.ac.uk/data-publication
http://dx.doi.org/10.1371/journal.pone.0007078
http://dx.doi.org/10.1126/science.1191506


Anne E. Thessen & David J. Patterson  /  ZooKeys 150: 15–51 (2011)50

Shirky C (2005) Making digital durable. [http://video.google.com/videoplay?docid=4000153
761832846346&hl=en] 

Silvertown J (2009) A new dawn for citizen science. Trends in Ecology and Evolution, 24: 
467–471. doi: 10.1016/j.tree.2009.03.017

Sinha AK, Malik Z, Rezgui A, Barnes CG, Lin K, Heiken G, Thomas WA, Gundersen LC, 
Raskin R, Jackson I, Fox P, McGuinness D, Seber D, Zimmerman H (2010) Geoinformat-
ics: transforming data to knowledge for geosciences. GSA Today 20: 4–10. doi: 10.1130/
GSATG85A.1

Sirovich L, Stoeckle MY, Zhang Y (2010) Structural analysis of biodiversity. PLoS ONE 
5:e9266. doi: 10.1371/journal.pone.0009266

Smith VS (2009) Data publication: towards a database of everything. BMC Research Notes 2: 
113. doi: 10.1186/1756-0500-2-113

Smithsonian Institution (2011) Sharing Smithsonian digital scientific research data from biol-
ogy. Smithsonian Institution Office of Policy and Analysis, Washington DC. [http://www.
si.edu/opanda/docs/Rpts2011/DataSharingFinal110328.pdf ]

Stein LD (2008) Towards a cyberinfrastructure for the biological sciences: progress, visions and 
challenges. Nature Reviews Genetics 9: 678–688. doi: 10.1038/nrg2414

Taylor CF, Field D, Sansone SA, Aerts J, Apweiler R, Ashburner M, Ball CA, Binz PA, Bogue 
M, Booth T, Brazma A, Brinkman RR, Clark AM, Deutsch EW, Fiehn O, Fostel J, Ghazal 
P, Gibson F, Gray T, Frimes F, Hancock JM, Hardy NW, Hermjakob H, Julian Jr. RK, 
Kane M, Kettner C, Kinsinger C, Kolker E, Kuiper M, Le Novère N, Leebens-Mack J, 
Lewis SE, Lord P, Mallon AM, Marthandan N, Masuya H, McNally R, Mehrle A, Mor-
rison N, Orchard S, Quackenbush J, Reecy JM, Robertson DG, Rocca-Serra P, Rodriguez 
H, Rosenfelder H, Santoyo-Lopez J, Scheuermann RH, Schober D, Smith B, Snape J, 
Stoeckert Jr. CJ, Tipton K, Sterk P, Untergasser A, Vandesompele J, Wiemann S (2008) 
Promoting coherent minimum reporting guidelines for biological and biomedical investi-
gations: the MIBBI project. Nature Biotechnology 26: 889–896. doi: 10.1038/nbt.1411

TEEB (2010) The economics of ecosystems and biodiversity: Mainstreaming the economics of 
nature: A synthesis of the approach, conclusions and recommendations of TEEB. United 
Nations Environment Program.

Thessen AE, Patterson DJ (2011) Data Issues in the Life Sciences. [http://dataconservancy.
org/sites/default/files/Data%20Issues%20in%20the%20Life%20Sciences%20White%20
Paper.pdf ]

Tittensor DP, Mora C, Jetz W, Lotze HK, Ricard D, van den Berghe E, Worm B (2010) Global 
patterns and predictors of marine biodiversity across taxa. Nature 466: 1098–1101. doi: 
10.1038/nature09329

United States Department of Labor (0000) Occupational Outlook Handbook, 2010–11 Edi-
tion. [http://www.bls.gov/oco/ocos047.htm]

Vision TJ (2010) Open data and the social contract of scientific publishing. BioScience 60: 
330–330. doi: 10.1525/bio.2010.60.5.2

Vollmar A, Macklin J, Ford LS (2010) Natural history specimen digitization: challenges and 
concerns. Biodiversity Informatics 7: 93–112.

http://video.google.com/videoplay?docid=4000153761832846346&hl=en
http://video.google.com/videoplay?docid=4000153761832846346&hl=en
http://dx.doi.org/10.1016/j.tree.2009.03.017
http://dx.doi.org/10.1130/GSATG85A.1
http://dx.doi.org/10.1130/GSATG85A.1
http://dx.doi.org/10.1371/journal.pone.0009266
http://dx.doi.org/10.1186/1756-0500-2-113
http://www.si.edu/opanda/docs/Rpts2011/DataSharingFinal110328.pdf
http://www.si.edu/opanda/docs/Rpts2011/DataSharingFinal110328.pdf
http://dx.doi.org/10.1038/nrg2414
http://dx.doi.org/10.1038/nbt.1411
http://dataconservancy.org/sites/default/files/Data%20Issues%20in%20the%20Life%20Sciences%20White%20Paper.pdf
http://dataconservancy.org/sites/default/files/Data%20Issues%20in%20the%20Life%20Sciences%20White%20Paper.pdf
http://dataconservancy.org/sites/default/files/Data%20Issues%20in%20the%20Life%20Sciences%20White%20Paper.pdf
http://dx.doi.org/10.1038/nature09329
http://dx.doi.org/10.1038/nature09329
http://www.bls.gov/oco/ocos047.htm
http://dx.doi.org/10.1525/bio.2010.60.5.2


Data issues in the life sciences 51

Webb TJ, Vanden Berghe E, O’Dor R (2010) Biodiversity’s big wet secret: The global distri-
bution of marine biological records reveals chronic under-exploration of the deep pelagic 
ocean. PLoS ONE 5: e10223. doi: 10.1371/journal.pone.0010223

White HC, Carrier S, Thompson A, Greenberg J, Scherle R (2008) The dryad data repository: 
a Singapore framework metadata architecture in a DSpace environment. Proceedings of the 
International Conference on Dublic core and Metadata Applications 157–162.

Whitlock MC (2011) Data archiving in ecology and evolution: best practices. Trends in Ecol-
ogy and Evolution 26: 61–65. doi: 10.1016/j.tree.2010.11.006

Whitlock MC, McPeek MA, Rausher MD, Rieseberg L, Moore AJ (2010) Data archiving. The 
American Naturalist 175: 145–146. doi: 10.1086/650340

Wren J, Bateman A (2008) Databases, data tombs and dust in the wind. Bioinformatics 24: 
2127–2128. doi: 10.1093/bioinformatics/btn464

Zhang M, Kihara D, Prabhakar S (2007) Tracing lineage in multi-version scientific databases. 
Technical Report CSD TR 06–013, Purdue University. doi:  10.1109/BIBE.2007.4375599

Ziegler A, Mietchen D, Faber C, von Hausen W, Schöbel C, Sellerer M, Ziegler A (2011) 
Effectively incorporating selected multimedia content into medical publications. BMC 
Medicine 9: 17. doi: 10.1186/1741-7015-9-17

http://dx.doi.org/10.1371/journal.pone.0010223
http://dx.doi.org/10.1016/j.tree.2010.11.006
http://dx.doi.org/10.1086/650340
http://dx.doi.org/10.1093/bioinformatics/btn464
http://dx.doi.org/10.1109/BIBE.2007.4375599
http://dx.doi.org/10.1186/1741-7015-9-17



