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Opinion
Many ecology and evolution journals have recently
adopted policies requiring that data from their papers
be publicly archived. I present suggestions on how data
generators, data re-users, and journals can maximize the
fairness and scientific value of data archiving. Data
should be archived with enough clarity and supporting
information that they can be accurately interpreted by
others. Re-users should respect their intellectual debt to
the originators of data through citation both of the paper
and of the data package. In addition, journals should
consider requiring that all data for published papers be
archived, just as DNA sequences must be deposited in
GenBank. Data are another valuable part of the legacy of
a scientific career and archiving them can lead to new
scientific insights. Archiving also increases opportu-
nities for credit to be given to the scientists who origi-
nally collected the data.

Data archiving
The foundation of science is data; that is, the collection of
information about the natural world obtained through
experiment and observation. Without data, there can be
no science. Yet most of the data collected, particularly in
ecology and evolutionary biology, is quickly lost to science.
Other than through summaries posted in subsequent pub-
lications, most data are never accessible to anyone other
than their original collectors, and many data are eventu-
ally lost, even to their collector, over the course of time.
Recently, scientists have collectively becomemore aware of
the value of data and of the importance of data preserva-
tion [1,2]. In particular, ecology and evolutionary biology
journals [3–8] and funding agencies (Box 1) have recently
adopted policies that either encourage or require data
archiving as part of the publication process, such as the
Joint Data Archiving Policy being adopted by several
journals [3]. Powerful new data repositories, such as Dryad
(http://datadryad.org) and KNB (http://knb.ecoinformatics.
org), have enabled all kinds of data in ecology and evolution
to be archived. These are in addition to repositories for
more specialized data, such as DNA sequences (GenBank;
http://www.ncbi.nlm.nih.gov/genbank/), phylogenetic trees
(TreeBASE; http://www.treebase.org/), microarrays (GEO;
http://www.ncbi.nlm.nih.gov/geo/), vegetation plots (Veg-
Bank; http://www.vegbank.org/), and hydrology data
(CUAHSI-HIS; http://his.cuahsi.org/), among others,
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including projects that emphasize the interoperability of
archives (e.g. DataONE; https://www.dataone.org/).

Data archives serve science in a variety of ways (Box 2).
Publicly archived data enable more transparent science,
with better error checking and verification of results.
Archiving also enables data to be re-used for broader
meta-analyses and to address new questions. Available
data can serve a powerful educational role, both in teach-
ing the statistical and technical aspects of research and to
engage students in the process of science. Public data
archiving is also a powerful mechanism for data security,
providing a mechanism by which data can be saved and re-
accessed by the original authors and others even after hard
disk failure or other catastrophes.

The broad spectrum of possible use and re-use of ar-
chived data speaks to an array of potential users of the
archive, including the original collectors of the data, their
collaborators, interested scientists, reviewers, meta-ana-
lysts, students, government agencies, funding councils, or
the general public, who fundmost of the research. For such
a spectrum of users to get the most value from an archived
data set, it is important that data be archived in a useable
format that has a high probability of being interpretable by
others both now and in the future. Some simple guidelines
can increase the usability of data. Because archiving is
relatively new to many ecologists and evolutionary biolo-
gists, I briefly consider features that make an archived
data set most valuable.

For data to be archived, it also needs to be clear that the
original collectors of the data will get appropriate credit for
their work [2]. As a field, ecologists and evolutionary
biologists are at an early stage in a cultural shift about
data re-use. It is necessary to start thinking about the
various ways in which researchers, both collectively and
individually, should credit the originators of valuable data.

Finally, as a new era begins in the relation of the ecology
and evolutionary biology fields to data, one needs to con-
sider what journals and editors might do to make this
transition to data archiving most valuable and in the best
interests of science. Journals can have a powerful role in
facilitating data archiving and in giving credit for uses of
data.

In this review, I describe some of the issues, both
technical and cultural, that need to be addressed with
the move to archiving more data. I make some practical
suggestions, based more on pragmatism than idealism, for
the ways that sciencemight be best served by the actions of
original authors, data re-users, and journals. I label these
suggestions as ‘best practices’ to emphasize that they are
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Box 1. Examples of funding agencies with recently adopted

data archiving policies

� National Science Foundation (2004): NSF Grant Proposal Guide

(GPG) (NSF 04–23) (http://www.nsf.gov/pubs/gpg/nsf04_23/6.jsp).

� National Institutes for Health (2003): Final NIH Statement

on Sharing Research Data (http://grants.nih.gov/grants/guide/

notice-files/NOT-OD-03-032.html).

� Biotechnology and Biological Sciences Research Council (2010):

BBSRC Data Sharing Policy (http://www.bbsrc.ac.uk/web/FILES/

Policies/data-sharing-policy.pdf).

� Natural Environment Research Council (2010): NERC Data Policy

(http://www.nerc.ac.uk/research/sites/data/policy.asp).
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not all hard-and-fast rules. I emphasize that, by using the
word ‘best’, I do not mean to imply perfection: the cultural,
technical and publishing practices that are used will evolve
over time as more experience is gained in these areas.
These thoughts are meant as one starting point on that
evolution.

I focus on the general kinds of data that are associated
with many ecology and evolutionary biology papers of the
type that can be placed in an archive such as Dryad or
KNB. Being broad, journals in these fields and related data
archives need to cope with data formats that are sui generis
and not standardized. In the context of the new data
policies of ecology and evolutionary biology journals, I also
focus on the issues that arise with archiving data associat-
ed with papers (rather than, say, data that are associated
with unpublished projects). Data sets associated with pub-
lications have the advantage that the associated paper
already gives much of the important context, methods
andmeta-data required to interpret the results accurately.
Box 2. Why archive data?

Data are, in many cases, a precious scientific resource, and their value

is enhanced, not exhausted, by the first publication of conclusions

drawn from them. When data are publicly archived, science and

scientists benefit in several ways.

Verification of published results

Unfortunately, many published papers report on data that have been

analysed incorrectly, and 5–10% of papers might have major

conclusions that are not supported by their data [24–26]. If the data

are available for analysis by others, important mistakes can be caught

and corrected. Intentional scientific misconduct is probably less

common [27], but public data archiving provides a powerful method

for preventing and correcting misconduct [28]. There will be a

powerful incentive for data to be checked more carefully and analyzed

more appropriately before publication when scientists know that their

data will be available for review.

Better meta-analysis

Meta-analysis has rapidly developed as a tool in ecology and

evolutionary biology, increasing 40-fold over the past two decades

(based on a Web of Science search, June 2010; http://apps.isiknowl-

edge.com/). However, meta-analysis requires accurate representa-

tions of results and, often, the necessary information is not provided

in published papers. Archiving provides meta-analysts increased

access to the information needed for maximal accuracy and precision.

Papers are more likely to be included in future meta-analysis if full

quantitative information is available.

New questions

Archived data will in some cases result in answers to novel questions

not considered by the original authors. Bumpus’ [29] classic data set

62
Best practices for data creators
The most important step in data archiving for data origi-
nators is to decide to archive data, in a public and long-
lasting forum. Without public archiving, most data are
quickly lost to science [9]. If data are archived in a consci-
entious fashion, their value to science and to their origi-
nators can increase dramatically over time.

Choose an archive that is most suitable for your type of
data. For example, GenBank is of course the right place for
DNA sequence data; TreeBASE is the right place for
phylogenetic trees and the data matrices used to generate
them; and archives such as GEO support microarray, next-
generation sequencing and other forms of high-throughput
functional genomic data. Other data havemultiple possible
hosts. All data in the fields of ecology and evolutionary
biology can be archived at the Dryad repository or KNB,
provided there is not an established site for that kind of
data. In any case, put the data in a place that will stand the
test of time; data placed on personal websites tend not to be
available for long [10].

The central goal tohave inmindwhenarchivingyourown
data is to ensure that a new user, perhaps someone un-
known to you working with the data 20 years later, can
correctly interpret the results andderive correct conclusions
from the data. Just as it is important in scientific communi-
cation to be clear and precise when writing papers, it is also
crucial to communicate effectively about data and their
context. Such clarity not only improves the chance that
the data will be used to generate correct new insights into
the natural world (and that someone cites you), but it also
reduces the number of avoidable questions that you might
have to answer from other scientists about the data.
on house sparrow survival from 1898 has been used countless times,

often for reasons never considered by the original author, including

assaying multivariate selection. All data from the Hubble space

telescope are archived and, through this archive, new extrasolar

planets have been discovered without the expense of new observa-

tion [30].

Increased citation and credit

When data are archived, their authors are given more credit by the

scientific community in ways that can translate to greater career

success. Papers that archive data publicly are cited 69% more often

than papers that withhold the data [31]. Moreover, archived data

can be cited in the same way as papers, and citation of both the

paper and the data package should be encouraged. Authors that

archive valuable data will have papers that are cited more often, and

they will also accrue citations to their data sets. With data archiving,

the legacy of a scientific career will be measured not only by an

author’s papers, but also by the value of the data that they

contribute.

New opportunities for teaching and learning

Data can be extremely valuable for case studies, as teaching tools for

learning the process of science and biostatistics.

Reducing loss

Public data archives also reduce the risk that the originators of the

data will lose access to their own data through hard-disk failure or

through losing information about the context of their collection. If

data is publicly archived, their original author(s) will have less to fear

about data loss.
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If the data are associated with a publication, the paper
will probably already convey many of the methodological
details needed to use the data again. However, many im-
portant details might be left out of the paper, including
the meaning of column headers in the data file, units,
precise localities, indicators for missing data, codes for
categorical variables, and so on. A short, clear readme file
attached to each package of archived data should clear up
such remaining details. Even better, metadata can be
recorded using a standard format, such as EML (ecological
metadata language; http://knb.ecoinformatics.org/software/
eml/) for greater re-usability. Archived data have less value
if the metadata required to interpret them are not clear
(University of Texas Libraries (2010) Recommended file
formats. http://repositories.lib.utexas.edu/recommended_
file_formats).

Start data management while analyzing the data and
writing the paper. It is much easier to describe the data set
correctly while it is fresh in your mind. The data should be
archived at a level ready for a statistical analysis program,
and should be given at the individual level. For example, a
behavior trial in a Y-mazemight have been videotaped; the
archived data should record the choice made by the fish
and (if relevant) the time taken, but not necessarily the
movie file itself.

Some kinds of data ought not to be archived or, at the
very least, significant care must be taken to anonymize
some sensitive details. Information such as the location
of populations of endangered species or culturally signifi-
cant archaeological sites should, in many cases, be left out
of archived information. Data from human subjects are
especially sensitive, and care must be taken to maintain
the appropriate level of patient privacy (for guidelines on
this issue, see [11] and National Human Subjects Protec-
tion Advisory Committee (2002) http://www.aera.net/
humansubjects/NHRPAC_Final_PUDF.pdf).

Wheneverpossible, use anon-proprietaryfile format that
is more likely to be readable in the future. For example, a
text file is better than aWord .doc file, and comma-delimited
text is better thananExcel file.Nomatter how long lastinga
particular computer program might seem, programs come
and go, and a data set stored in an obsolete format will be
difficult to read. Non-proprietary formats are also readable
by a larger diversity of programs. Suggestions for better file
formats are available (University of Texas Libraries (2010)
Recommended file formats. http://repositories.lib.utexas.
edu/recommended_file_formats), and other good sugges-
tions about data management techniques that make files
easier to use are given by Borer et al. [12].

After creating the data and readme files, try to rerun
several of the analyses reported in the paper. Others might
try to replicate the analysis, and it will save everyone
concerned a lot of time if the file unambiguously includes
the right data. Just aswith a paper, it can beuseful tohave a
friend or colleague look over the readme file with the data.

Decidingwhentoarchivedata cansometimesbestraight-
forward, and sometimes challenging. Data from a complete,
stand-alone study can be archived immediately upon publi-
cation of the results, or even sooner, without cost to their
originators. Other studies might be ongoing, and not all
aspects of the study might have been reported in the first
paper. In such cases, the original authorsmightworry about
others’ access to the data before they have fully published
thework. Several provisions in the data archiving policies of
most journals have been implemented to balance between
such concerns and scientific openness. Most journals allow,
and Dryad implements, the option of a one-year embargo
after publication on public access to the data. This results in
the option ofmore thanayear for subsequentanalysis by the
original authors after submission of the first paper and
before public scrutiny of the data. Moreover, the journal
archivingpolicies only require the data that arenecessary to
recreate the results of the published paper, not the full data
set from the project. Other data collected in the sameproject
need not be archived until it is used. Finally, most journal
policies allow for strong editorial discretion; special cases
mightwellmerit longer embargo periods.Many advantages
accrue toscience fromimmediatearchiving,andshorter lags
to access are preferable. However, results in the fields of
ecology and evolutionary biology have long-term value; data
must be preserved for posterity even if they are not imme-
diately accessible.

In any case, it is preferable to archive the data soon after
their collection and analysis, while the details of their
interpretation and the metadata are still available. Even
if the data are embargoed from public access until a later
date, the important information can be saved while it is
still readily available.

Best practices for data users
When researchers reuse data that have been archived by
previous workers, it is crucial that they respect the work
required to create those data, that they remember the
greater insight into the context of those data that their
originators will have, and that they properly acknowledge
the debt to those original authors. Part of respecting the
original authors is to gain as much understanding of the
methods of the original work as possible; therefore, data
should never be reused without careful reading of the origi-
nal papers and associated materials. Read as broadly as
possible about the study system to minimize the possibility
ofmisuse.To ensure that thedataare archived correctlyand
that you understand that data, it is always good practice to
first try to recreate some results from the original paper
before proceeding to use the data for new purposes.

The researchers who collect the data know the methods
and context of the data collection better than can be
communicated in a paper or meta-data; therefore, it is
always wise to contact the original authors to discuss
the use of the data. In many cases, those authors will be
able to help substantively with the new interpretation of
the data and, when that new input reaches a non-trivial
level, the original author(s) should be offered co-authorship
on the new project. Co-authorship should not, however, be
necessary by default, as the originators of the datawill gain
credit by citation in the new work. Out of respect to the
crucial work done by the original collectors of the data, err
on the side of generosity with authorship.

At the very least, whenever data are reused, researchers
must cite not only the paper or papers in which they were
originally described, but also the data package itself, using
the norms suggested by the data archive or journal. It is
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especially useful if the citation is formatted in a similar
way to a paper citation, as part of the ‘Literature cited’
section. For example, here is a citation to recent work from
my lab [13,14]. The data archived in Dryad, for example,
has been released under a Creative Commons Zero (CC0)
license, which releases the data legally into the public
domain. This does not free re-users from complying with
established scientific cultural norms about giving credit
through citation, just as is already the case with citation of
previous scholarly work presented in papers. Cite others’
data as you would like your data to be cited.

If there seems to have been an error in the previous
analysis of the data, check and double check your results,
and then contact the original authors for clarification. If
the error is substantial enough to change a major conclu-
sion, it might be appropriate to contact the journal with a
corrigendum. If this can be done with the cooperation of the
original authors, the process will be more straightforward.

Best practices for editors and publishers
Journals have a vital role in data archiving in at least two
ways. They can encourage or require data archiving, and
they can help ensure that archived data is used in a way
that is consistent with the overall aims of science.

Many journals in ecology and evolution have adopted
policies that either encourage or require data archiving as
part of the publication process. Journals already have a
gatekeeper role for facilitating publication of good science;
they can and should also have a leadership role in improv-
ing science by creating incentives for data archiving. Sev-
eral journals in evolutionary biology have already banded
together to create a shared policy to require data archiving
as a condition for publication [3–7]; other journals are
invited to join this initiative.

Many other journals have policies that require data
sharing upon request. These policies are a great first step,
but they are insufficient to achieve reliable preservation of
data. If data are not publicly and collectively archived, they
are likely to be lost over time, as the original authors
change careers or employers, or as data are lost owing
to hard-drive failure or death of the scientists [9]. A central
public archive preserves data over the long term in a
coordinated manner; moreover, if the data are archived
while still fresh in the minds of their creators, they are
more likely to be placed in a context within which they can
be reused and understood. Unfortunately, even for papers
published in journals with data policies that require
authors to share upon request, the rates of data sharing
are low [10,15–20]. Moreover, if data are deposited before
publication, compliance with sharing policies is more easi-
ly assured. Many journal editors report draining experi-
ences dealing with authors who submitted papers under
clear data-sharing policies but who subsequently refused
to share those data when contacted by other scientists. If
data are publicly archived, subsequent access is assured,
without extra involvement from journals or funding agen-
cies.

Some journals choose to archive data in their own online
supplemental materials. This is better than no public
access to data, but it is less desirable than central archives
for several reasons. Supplemental material links decay
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over time [20–22], and supplemental material is typically
not curated to the same standard as provided by archives.
Indexed archives offer greater discoverability of the data
sets, and theymake it easier for later users to find the data.
Because the data sets can be linked to the original papers,
these search functions also provide a valuable path for new
users to find the papers of a particular journal.

Journals also have a key role in establishing cultural
norms for data reuse. As a first step, journals should
facilitate the citation of data, using standard bibliographic
formats when available. For example, Dryad data sets are
all assigned a DOI (digital object identifier), which enables
citations to data to be tracked in the same way as citations
to papers. When an author reuses data from a previous
publication, both the original paper and the data set should
be cited. In this way, the authors are given credit not only
for their intellectual conclusions presented by the paper,
but also for the contribution that the data set itself repre-
sents.

When a paper is submitted that makes extensive use of
a particular data set, it seems wise to have a policy that the
original authors of that data set be invited to provide a
review. In this way, any misuse of the data has a high
probability of being caught and corrected, and the original
authors are also made aware (if they have not been before)
about the use of the data that they collected.

Conclusion
As the fields of ecology and evolutionary biology move
towards a more open approach to science, encouraging or
even expecting archiving of data, the scientific culture
must shift in some small and larger ways. Researchers
already value data as the foundation of their sciences, but
they must also reward the collection of useful data as an
achievement in its own right [23]. By carefully document-
ing and preserving their own data in a permanent ar-
chive, researchers can gain a greater and more cost-
effective understanding of nature. By creating a culture
of giving credit by full citation to the originators of data in
subsequent work, researchers can more appropriately
acknowledge the contribution of the data itself and, in
so doing, create a valuable path towards increasing the
legacy of each scientist’s work. Data collectors, data
users, journals, editors, publishers, and even deans and
promotion committees all have important roles in facili-
tating the transition of the ecology and evolutionary
biology fields into one that gives more respect to the
legacy of researchers’ data.
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