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ABSTRACT. There is much data publicly available on the biodiversity of the world. It would appear then that
conserving biodiversity is just a matter of using the data. In this contribution I argue that conservation requires
not only data availability, but also conversations about purpose, and present examples of how just being able to
use large biodiversity databases is seldom enough to achieve successful conservation.

INTRODUCTION

In modern times (probably in the last four hundred
years), the rate of impact that human activities have had
on “biodiversity,” i.e., on the local, regional and global el-
ements, structures and processes of life (Noss 1990), has
accelerated (McNeely et al. 1990; Ehrlich 1995; Butchart
et al. 2010; Steffen 2015). Societies have moved away
from acting mostly locally, with environmental impacts
that were short-term and spatially concentrated (Turner et
al. 2000) and towards a mode in which many societies to-
day exert substantial and spatially very extended (maybe
global) impacts on different components of biodiversity,
sometimes in ways that have long-term, even irreversible
effects (Steffen 2015).

Moreover, the governance (Bevir 2012) of economic
and productive activities has also changed. Governance in
small, traditional communities, historically has been so-
cially encompassing, participatory, and including spiritual
features (Gadgil et al. 1993; Von Der Porten 2012; Turner
2014), all of which encouraged sustainability (Johnson et
al. 2016). On the other hand, governance of common-pool
resources of global extent is challenging (Ostrom et al.
1999) and still being developed.

Since the spatiotemporal scales of biodiversity man-
agement and its governance have changed, we need to ask
what is needed today. To many, it appears to be the case
that what is needed is more biodiversity data, since (we
are said) without data, management of global biodiversi-
ty would be very difficult or impossible (Sutherland et al.
2004; Balmford et al. 2005). This creates problems: (i)
obtaining, (ii) sharing, and, (iii) using the required infor-
mation.

One interesting fact of today’s ecological science is
the explosion of online databases. Today there are Tera-
bytes of data online, although not necessarily all freely
available. This is the question of “accessible digital data”
(Sousa-Baena et al. 2014). There are now many databases

of primary occurrence data, as shown in Table 1.

Although the number of databases is growing rapidly,
and Table 1 is just an incomplete snapshot, there is a wealth
of less available data [verbal, grey, traditional, and others.
See Haddaway et al. (2015)]. Besides, today the Internet
and new sensor technologies are creating an explosion of
previously unavailable data of high-spatiotemporal resolu-
tion (Farley et al. 2018). Moreover, the pace of increase in
text mining, natural language processing, and artificial in-
telligence will presumably allow all knowledge elements
in the literature to become digitally available (Farrell et al.
2022). This will help to fill the gaps called the “shortfalls”
(Hortal et al. 2015) of ecological knowledge by creating
vast, and ever-growing repositories of data.

Will availability of databases solve all problems in
conservation science? At first sight, the answer appears to
be yes. Some time ago, optimists thought that by “putting
biodiversity on the map” (Bibby 1992; Scott 1993; Reid
1998; Edwards et al. 2002) this would happen. Despite in-
conclusive evidence, there are still arguments favoring the
view that more data means better conservation (Suther-
land et al. 2004). Another popular argument suggests that
what is needed is a set of “essential biodiversity variables”
(Pereira et al. 2013), that mostly will allow monitoring of
trends, hence allowing a better governance of global bio-
diversity.

However, biodiversity keeps being lost (Almond et
al. 2020). Is this a simple problem of lack of data? To-
day, there have been claims that large data availability
together with increasingly powerful artificial intelligence
algorithms will make the need for conventional hypoth-
esis-based science obsolete (Anderson 2008; Kelling et
al. 2009; Kwok 2019), and by implication, conservation
more successful. In this contribution, I intend to discuss
this idea. I hope to argue that for conservation science: (i)
blind data mining is an unfertile approach. One needs to
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Table 1.
Taxonomic Geographic
Topic coverage coverage Organization URL
Primary
Ocurrences All Global GBIF https://www.ghif.org/
Primary
QOcurrences All Global IDigBio https://www.idigbio.org/
Primary
Ocurrences All Mostly Mexico  SNIB https://www.snib.mx/
Primary
Ocurrences All Mostly Australia ALA https://www.ala.org.au/
Primary
Ocurrences All Mostly Brazil CRIA https://www.cria.org.br/
Demography Plants Global https://compadre-db.org
https://onlinelibrary.wiley.com/doi
Animals Global /10.1111/ele.13898
https://www.try-
Traits Plants Global db.org/TryWeb/Home.php
https://www.nature.com/articles/s
Butterflies Global 41597-022-01473-5
https://esajournals.onlinelibrary.wil
Mammals Global ey.com/doi/10.1890/08-1494.1
https://onlinelibrary.wiley.com/doi
Birds Global /10.1111/ele.13898
https://datadryad.org/stash/datase
Physiology All Global t/d0i:10.5061/dryad.1cv08
Ecological https://www.globalbioticinteraction
Interactions Global s.org/

have explanations to assess the limits of predictions, and
to share knowledge. (ii) The multiplicity of perspectives
about biodiversity, and the complexity of social issues un-
derlying conservation preclude an algorithmic approach to
conservation, even if based on sophisticated Artificial In-
telligence methods. In brief, solutions need to be negotiat-
ed among actors, not simply provided by experts because
solutions are not only about what is (based on knowledge),
but what must be done (depending on the values of differ-
ent stakeholders). Besides, scientific explanations need to
be understood, and often co-generated by communities of
interested parties. And (iii), data and methods need to be
available in equitable ways. This means not only “to have

access” to knowledge, but “to contribute” to it. I will illus-
trate these ideas with examples of CONABIO in Mexico.

PREDICTION AND EXPLANATION IN SCIENCE

In general, the sciences (so called “western”), are ded-
icated to describe, explain and predict natural phenomena
(Griesmaier and Lockwood 2022), with “explanation” of-
ten, but by no means always, given a priority role (McCain
2015). However, as described above, some ecologists ask
for a “data driven” model of research where patterns are
discovered (perhaps by Atrtificial Intelligence engines) in
complex multivariate data (Kelling et al. 2009), avoiding
the need to have a priory hypothesis. In fact, this perspec-

112



J. SOBERON — CONSERVATION SCIENCE AND THE KNOWLEDGE SHORTFALLS

tive implies that pattern identification (description) is the
most important objective of science. There is no doubt
that pattern identification is very important in conserva-
tion science. For instance, identifying geographic areas of
high numbers of species, or high proportion of endemism,
is the first step many government take towards planning
of conservation (Kress et al. 1998), often with the help of
modeling techniques (Pawar et al. 2007). However, simply
identifying regions is not enough, as I hope to illustrate
with an example.

About 20 years ago, the Mexican National Commis-
sion on Biodiversity (CONABIO) launched a program to
prioritize areas for conservation in Mexico. To do that, a
massive exercise of modelling distributions, based on a
years-long process of computerizing museum data (So-
beron and Koleff 2000; Sarukhan et al. 2014) began. The
results were based on practically all the available (to bi-
ologists) data about the vertebrates of Mexico, and it was
the result of the participation of hundreds of experts (Sa-
rukhan and Jiménez 2016). These results were based, at
first sight, on a simple description of the pattern of biodi-
versity. But this description was in turn based on a num-
ber of biodiversity informatics algorithms (Pressey et al.
1993; Franklin 2009). The extremely useful results (based
on large databases) required a substantial amount of in-
terpretation, much of which was based on concepts and
perspectives, and thus it was more than the simple “pat-
tern recognition” approach of artificial intelligence. The
fitting part of a “distribution modelling” (SDM) exercise
can indeed be performed in an unsupervised mode, algo-
rithmically, without human intervention (Stockwell et al.
2006) and using very non-transparent methods like neural
networks, generalized additive models, or random regres-
sion trees (Franklin 2009; Guisan et al. 2017). However,
the actual interpretation and creation of proper distribution
models (rather than simply fitted shapes) requires human
intervention. In the CONABIO exercise, experts “clipped”
the computer predictions using their expertise and knowl-
edge of the species, performing thus the final part of the
modeling. Most importantly, both the algorithm and its
interpretation could be explained to non-experts and thus
understood by a community.

After getting sets of thousands of modelled species
distributions, CONABIO used them to perform a prioriti-
zation exercise. Prioritization algorithms cannot be run in
an unsupervised mode. There are always based on some
concept of what is a “priority.” Priorities change among
different stakeholders and require some sort of negotiation
to be agreed upon (see next section).

This problem is even worse when the conservation
exercise is not focused on describing a pattern but, for

instance, on managing a population (Simberloff 1988;
Liebhold and Tobin 2008). For these kinds of problems,
where one needs to go beyond pattern descriptions, blind
data mining may provide answers, but these answers are
not convincing (at least today. Maybe in the future people
will simply trust algorithms) because they do not create a
shared understanding, provide no insights about mecha-
nisms, and their usefulness to assess the scope and limits
of validity of a research result is very restricted, even with
last generation “explanatory artificial intelligence” (Gilpin
et al. 2018).

The key issue is that science is not only about describ-
ing patterns, but (1) explaining them, which means provid-
ing a logical description of the observations and its causes
(Hempel and Oppenheim 1948) and, (2) understanding
them, which is the psychological and social process of
sharing the explanation (De Regt et al. 2009). These fea-
tures are not well addressed by simple pattern recognition,
and they become crucial in conservation science.

In conservation science, explaining, and thus under-
standing, is a key objective. Blind data fitting may lead
to predictions, even “good” (i.e., empirically verified)
predictions, but without theory we never know how much
to trust these predictions, or their scope of applicability.
Besides, it is known that in order to be accepted as “legit-
imate,” knowledge requires participation of stakeholders
(Cash et al. 2003). This led us to the next section.

PARTICIPATORY CONSERVATION

To be successfully translated to “policy” (using a sin-
gular is misleading since there are many levels of poli-
cies), scientific knowledge needs much more than just to
exist, even if it exists in Internet public-access databases.
In conservation science, a “crisis” discipline (Soulé 1985),
a multiplicity of interested parties need to be included
(Agrawal 1995; Ostrom et al. 1999; Schultz et al. 2007) in
the decision-making process.

For instance, in the example of prioritizing areas for
conservation in Mexico, the first step was to identify areas
of interest, which may be based on a “pattern of biodi-
versity” selection. But to accept part of the pattern as a
priority required to include all the primary interested par-
ties, namely the major Federal government agencies, like
the Protected Areas Commission (CONANP, the acronym
in Spanish), the Forestry Commission (acronym in Span-
ish: CONAFOR), CONABIO (the biodiversity agency),
the state governments and the major non-governmental
organizations. All needed to agree on the conservation
priorities (species, richness, species endemism, degree
of conservation, wood coverage...). The existence of the
large and comprehensive databases of CONABIO helped
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the conversation, but in the end, an agreement needed to
be made about what mattered (policies), and this is an is-
sue of values, not data (Callicott 2017). For CONAFOR
having large surfaces of old forest, composed of com-
mercially valuable timber, was more important than the
number of species in those forests, or their endemicity. For
CONABIO it was the reverse. Some of the global NGOs
had their own priorities, sometimes established globally
(Brooks et al. 2006). Agreeing about the priorities, and
what methodology was to be used to create maps and tar-
gets, took many months of negotiations. When local stake-
holders are included, negotiations become more compli-
cated because there may be more objectives and systems
of values (Folke et al. 2005; Berkes 2007). However, the
local negotiations are the second and crucial step in defin-
ing a protected area. Conservation is basically an exercise
in making the interests and objectives of multiple stake-
holders compatible (Berkes 2007).

This requires an agreement with the local interested
parties. These may be indigenous or traditional communi-
ties, ranchers, farmers, NGOs and maybe others. One ex-
cellent example is the Pinacate Desert Biosphere Reserve,
in Northern Mexico (Castillo et al. 1994). This very large
(~7,000 km?) Biosphere Reserve was created in 1993 be-
cause of the great biological and geological importance of
the area. In other words, because of a decision based on
the “biodiversity pattern”. However, to be created, negoti-
ations took place, for a couple of years, and these included
private owners of the land, representatives of “ejidatari-
0s” (communal owners of the land), indigenous groups
(the O’Odham nation is the traditional inhabitant of the
region), and local and national conservation NGOs. All
these interested parties had a saying in the document de-
scribing the Biosphere Reserve. Identifying the right par-
ticipants may be a matter of simple political convenience
or can be done using a formal methodology (Schultz et al.
2007), but the key point I want to make is that the prob-
lem is not just one of having “data.” It is one of a variety
of interested parties (multiple levels of decision making)
agreeing on something.

In my view, the negotiation is mostly about what is
valuable, how to determine it, and the actions to be taken
to achieve such valuable aims, and less about factual mat-
ters. In other words, there is usually a degree of agreement
about data. Having abundant and appropriate data is use-
ful, even necessary, and if many of the participants were
engaged in obtaining the data so much the better (Cash et
al. 2003). However, I hypothesize that, often, there will
be agreement about the “what is” (Berlin 1973), but the
“what is to be done” requires negotiating points of view
that may be even opposing.

ACCESS TO THE INFORMATION

Accepting that having the right kind of information
enables better decision making, the fact is that informa-
tion may exist and still remain unavailable, for a variety of
reasons (Stephenson et al. 2017). Moreover, data may be
simply lacking (Hortal et al. 2015; Troudet et al. 2017), or
be of the wrong kind, or resolution.

As shown in table 1, the Internet has many databas-
es of conservation importance. However, most of them
require a degree of expertise to be not only accessed but
also used. Moreover, for much of the world, these “global”
databases are full of gaps (Peterson and Soberéon 2018).
The general pattern (Lira-Noriega and Soberon 2015) is
that with the exception of a few developed countries, most
of the world lacks data about not only the structure and
functioning of the components of biodiversity, but even
about its existence (Hortal et al. 2015). Finally, much
conservation is local in nature. Having a 4 of a degree
presence-only database of species may be irrelevant to a
community deciding whether to create a protected area, or
not, in their land.

DiscussioN

We have now a historically unprecedented amount
of accessible biodiversity data (Sousa-Baena et al. 2014).
Much of this data can be used, and is used to obtain de-
scriptions of the patterns of biodiversity, mostly at glob-
al extents and low spatial resolution (one degree pixels)
(McAllister et al. 1986; Gaston 2000; Orme et al. 2006;
Mora et al. 2011; Orr et al. 2021). There is no doubt that
such descriptions can be useful for certain purposes, like
designing “global” priorities (Mittermeier et al. 1998; Ol-
son and Dinerstein 1998). Some have claimed that if we
had enough data we do not need to think anymore (Kelling
et al. 2009), with others strongly disagreeing (Pigliucci
2009). Predictability without understanding is not science.

This is well illustrated by a famous, and contradictory
(Ayala 2009), pair of statements of Darwin: “I am turned
into a kind of machine for grinding general laws out of
large collections of facts.” Darwin, in Barlow (1958). This
would be the “machine learning” paradigm, whereby big
data is grinded into patterns. However, the same Charles
Darwin also stated: “How odd it is that anyone should not
see that all observation must be for or against some view if
it is to be of any service!” (Darwin, letter to H. Fawcett, 18
Sept 1861, in Darwin Correspondence Project, Universi-
ty of Cambridge https://www.darwinproject.ac.uk/ ). This
second statement corresponds to the conventional scientif-
ic paradigm, of contrasting hypotheses and models against
data, for the purpose of understanding (Pigliucci, 2009), as
well as for the purpose of pattern discovering. Moreover,
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without “understanding” in some theoretical sense (that
goes beyond the mere description of the patterns) there is
no trust in prediction, another essential scientific objective.

The low resolution and economic bias of most public
biodiversity databases (Peterson et al. 2015) also must be
taken into consideration at the time of negotiating actions
with local stakeholders. Most biodiversity conservation
decisions are local in nature (Schultz et al. 2007) and re-
quire the sort of local data unavailable in global reposito-
ries. Traditional and indigenous data (Gadgil et al. 1993)
may be of great help, despite not being covered by glob-
al databases. However, in the end, to agree on a “policy”
(guidelines for actions to be taken) the different points of
view of different participants need to be listened and in-
corporated. Based on my CONABIO experience, I suspect
that this is more about values than data.
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