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Viewpoint

The quantitative synthesis of re-
search results is of fundamental im-

portance in seeking to develop ecological
generalities and construct refutable the-
ories. It is thus critical that published
studies contain sufficient detail to allow
their methods to be replicated and their
results compared. In response to this
need, growing attention is being paid to
the publication and presentation of an-
alytical results in ecology. Our recent ex-
perience has been that journal referees
(and editors) increasingly express the
opinion that results need to be accom-
panied by general access to the primary
data on which they are based. Here we 
argue that the legitimate aims of formal
scientific inquiry (including the publi-
cation and validation of results) do not
need to infringe the intellectual property
rights of publishing ecologists.

Repeatability of methods 
and analysis
It is widely agreed that modern scien-
tific inference relies on the vulnerability
to refutation of its general theories, which
have the characteristic quality of being
both testable and falsifiable (Popper
1968). In a scientific discipline such as
ecology, the search for general rules and
laws is greatly hampered by a high degree
of historically based, context-specific
contingency. Progress toward such prin-
ciples will thus be best served by the abil-
ity to repeat potentially important
discoveries across different ecological sys-
tems (Gurevitch et al. 2001, Koricheva
2003).

It follows from this that a repeatable
study must satisfy two basic criteria. First,
from the information presented, a third
party must be able to perform a study 
using identical methodological proto-
cols and analyze the resulting data in an
identical manner. Note that it is not 

necessary for the third party to obtain the
same result as the original study: It is
this that gives the first clues about gen-
erality. Second, the value of ecological
synthesis lies in the comparability of the
results of individual studies. This is not
the case for published results that provide
limited or no information regarding their
statistical summaries, such as estimates of
the size of an effect, required for com-
paring analytical outcomes. A published
result must be presented in a manner
that allows for a quantitative comparison
in a later study, or it cannot be classified
as repeatable. Repeatability is clearly im-
portant for the development of any field
of research, and we believe it is the basic
requirement for the advancement of eco-
logical research.

Reproducibility of results
It should be apparent from the discussion
above that we do not consider the pub-
lication of raw data to affect the repeata-
bility of a study. However, the inclusion
of raw data does make a study repro-
ducible. Following Schwab and colleagues
(2000), we consider a study reproducible
if, from the information presented in the
study, a third party could replicate the re-
ported results identically. It is important
to note that a study that is reproducible
is not necessarily repeatable: Raw data
and analytical methods may be presented
without adequate indication of how those
data were obtained.

It has been argued that a scientific
study, to be acceptable for publication,
should be reproducible (NRC 2003), and
indeed our recent experiences have led us
to believe that reproducibility is increas-
ingly being requested by journals. This
raises the question of why reproducibil-
ity might be thought desirable. Three
reasons come to mind. First, it may be
useful to be able to replicate exactly the

results of any given paper in extending or
attempting to falsify those results. Second,
reproducibility might be desirable be-
cause it protects against data loss and
human error. Third, reproducibility
would go some way toward protecting
against deliberate fraud. Nevertheless, it
is no guarantee, as anyone unscrupulous
enough to fabricate analytical results is
also likely to be unscrupulous enough
to fabricate data.

Reproducibility versus
repeatability
It is clear that there are reasons why re-
producibility may be a desirable feature
of scientific research. It is also clear that
repeatability and reproducibility are dis-
tinct concepts. Our recent experience,
however, is that the distinction between
them is being increasingly blurred (or
simply confused) by journal editors and
referees—for example, “We are con-
cerned that not making the original data
publicly available detracts from the
strength of the paper because others can-
not accurately assess the support for
your conclusions and because of the in-
herent value to the community of such
a dataset” (anonymous manuscript re-
view, 2004). We believe that this growing
attitude of journal editors and referees
has significant implications for all sci-
entists who attempt to publish their re-
search, and for their careers. Our own
view is that reproducibility is less im-
portant for the advancement of ecology
than is repeatability.
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We strongly advocate the honest pub-
lication of repeatable methods and com-
parable summary statistics, but we do
not believe that this means that the pub-
lication of raw data is a scientific requi-
site for ecological studies. In the simplest
terms, the development of general eco-
logical theories from quantitative syn-
thesis of results relies on the publication
of analyses from independent data sets.
Because reiterating a result from analy-
ses that have already been published does
not aid in this synthesis, the principal
novel purpose that the publication of
raw data serves is to allow other unaffil-
iated researchers to use these data for
novel research.While that may be of con-
siderable use, we suggest that, unlike re-
peatability, it is not a legitimate criterion
for the publication of ecological research.

We do not think these views on re-
peatability versus reproducibility are spe-
cific to any one branch of ecology, or
indeed biology: They apply whether 
results derive from field experiments,
laboratory experiments, natural experi-
ments, or comparative data. No single
type of analysis produces results that are
inherently more likely to require exten-
sion or falsification, to be subject to fraud,
or to be lost.We can see why comparative
data might be considered to be of more
general use to other studies in ecology, but
perceived utility to other researchers is not
a valid scientific reason to demand the
publication of raw data in some cases
but not in others.

The future
Should reproducibility be required of
ecological studies? If that is the route
that ecology is to travel, then we think that
at least three points need to be noted.

First, reproducibility cannot be a piece-
meal requirement. We need to move on

from the current situation, in which 
reproducibility is requested of some 
papers but not of others.

Second, we do not think that journals
are ready for the task of general custo-
dianship of all the data that consistent
reproducibility would force them to ac-
cumulate. What is needed is a universal
protocol or framework for storing and
checking data (Arzberger et al. 2004).
This protocol must be developed with
the rights of authors, universities or
other employers, and funding bodies in
mind, along with the recognition that in-
formation from papers informs the work
of subsequent generations of scientists.
The system should allow the free flow of
this information within a framework
that rewards individuals and institu-
tions for their efforts in generating it.
Examples of data protocols that address
some of these issues already exist. Sim-
ilarly, within a variety of disciplines, In-
ternet storage facilities are increasingly
available with the specific goals of en-
abling the collection, access, and sharing
of historical and real-time data. We sug-
gest that more forums are required to
continue building ideas about the cus-
todianship of data into research stan-
dards that take into account the varying
interests of all parties.

Finally, and of paramount impor-
tance, reproducibility should not be at
the expense of the rights of the authors.
When reproducibility is made an ex-
plicit requirement of publication by a
journal, with increasing competition for
journal space used as leverage, authors
must in effect waive all rights of owner-
ship over the data they are required to
publish. In our view, being required to
give away those hard-won data for no 
return is not justifiable and has the po-
tential to significantly hinder scientists’

careers, especially at their outset. In con-
trast, the ability to retain possession of in-
formation has the potential to spawn
collaborations between the owner and
other scientists on topics that the data
owner may or may not have addressed
otherwise. This provides those scientists
who have invested their time and re-
sources in collating important data sets
with rewards within the current pub-
lish-or-perish system, by which the suc-
cess of modern scientific careers is to a
large degree judged. If reproducibility
is to be widely incorporated into 
future ecological research, then it must
be done consistently. Most important,
it cannot be imposed by journals in a
manner that infringes on the intellec-
tual rights of publishing researchers.
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