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Abstract. In this paper, I present and review the development of the biodiversity information system that 
was developed in Mexico. I describe briefly the organization that made the system possible and some of its his-
tory. Then, I focus on the principles of design of the information system, and a few of its major uses. I provide 
data on costs and usage, and end with some reflections on the fragility of such institutional systems.
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Biodiversity is the aggregate of ways in which 
life manifests itself in the planet (Brooks et al. 2006). 
Biodiversity is a complex concept that can be defined 
from multiple perspectives (MacLaurin and Sterelny 
2008; Sarkar 2002). A comprehensive perspective is 
to regard biodiversity as an aggregate of elements, 
how are they structured, and how they function, at 
scales from the sub-individual to the planetary (Noss 
1990). For instance, at certain scales, the elements of 
biodiversity are individuals of species, the structure 
is their spatiotemporal locations, and the functioning 
is their interactions. At a different scale, elements of 
biodiversity may be biomes, structure would be their 
spatial extents, and functioning would be the biogeo-
chemical processes taking place in them.

From this comprehensive perspective, conserva-
tion of biodiversity requires actions and policies at 
multiple scales. Historically, however, biodiversity 
has been managed mostly at relatively local scales 
(i.e., at the scale of activities of human groups of 
small size), by indigenous peoples, farmers, fisher-
men and such local actors (Gadgil et al. 1993). This 
“management” has taken place for thousands of 
years, such that, overall, indigenous and traditional 
cultures generally have deep knowledge of their en-
vironments and respectful attitudes towards nature 
(Toledo 2001). This proximity leads to a mostly sus-
tainable management of components of biodiversity 
(Gadgil et al. 1993), since many of the impacts were 
spatially concentrated, and were reversible in nature. 
Moreover, traditionally, natural resources were often 
the subject of strict governance (Ostrom et al. 1999), 

as opposed to the naïve view of traditionally man-
aged resources as open-access “commons” (Hardin 
1968). Traditional governance is, in the end, highly 
conducive to sustainable use (Gadgil et al. 1993). 

In modern times (i.e., over the last ~400 years), 
however, the rate at which human activities have im-
pacted biodiversity has accelerated (Butchart et al. 
2010; Ehrlich 1995; McNeely et al. 1990; Steffen 
2015). Actors beyond the local now exert substan-
tial impacts on different components of biodiversity, 
sometimes in ways that are spatially very extended 
or have long-term effects, and that sometimes are ir-
reversible. Governance of common-pool resources 
of global extent is challenging (Ostrom et al. 1999). 
Managing and conserving biodiversity, therefore, re-
quires participation of stakeholders at many different 
levels, which creates problems of obtaining and as-
sembling the required information. At first, empha-
sis was placed on spatially structured information, 
in effect “putting biodiversity on the map” (Bibby 
1992; Edwards et al. 2002; Reid 1998; Scott 1993). 
In practice, however, this emphasis meant putting the 
biodiversity of developed countries on the map, and 
biodiversity loss was not abated elsewhere (Peterson 
and Soberón 2018).

Still, some voices have insisted that, without 
biodiversity data, management would be difficult 
or impossible (Balmford et al. 2005). Indeed, when 
viewed from a multilevel perspective, management 
of the multitude of entities and processes compris-
ing biodiversity is impossible without an overarching 
perspective. In the context of widespread loss of the 

https://orcid.org/0000-0003-2160-4148


Jorge Soberón – Biodiversity Informatics for Public Policy

97

components, structure, and functioning of biodiversi-
ty, the countries of the world negotiated a “Conven-
tion on Biological Diversity” (Koester 2002), which 
stressed a dire need for globally relevant biodiversi-
ty data to be made available openly to the broadest 
community (Laihonen 2004). 

What are “biodiversity data” then, how can bio-
diversity data be managed in accessible ways, and 
what can they be used for? The core of this paper is 
an attempt to answer these questions, from a mainly 
historical perspective, using the case of the Mexican 
national biodiversity agency (the Comisión Nacio-
nal para el Uso y Conocimiento de la Biodiversity, 
or CONABIO) as an example. From its creation in 
1992 until 2005, I served as the Executive Secretary 
of CONABIO. It is from this perspective that I write 
this paper.

Biodiversity Data
As stated above, “biodiversity” is a complex 

concept, being both multi-scale and multi-perspec-
tive. Numerous perspectives on biodiversity have 
been documented in countless books, papers, im-
ages, recordings, and databases regarding protein 
structure, genetic sequences, species diversity, com-
munity ecology, etc. However, in practice, the key, 
focal concept has been that of records of occurrence 
of a species, otherwise known as primary biodiversi-
ty data (Peterson et al. 2010; Soberón and Peterson 
2004; Sousa‐Baena et al. 2014). 

The key idea of primary biodiversity data is 
that each record comprises a date, a description of 
a locality, and a taxonomic identity (Johnson 2007; 
Soberón and Peterson 2004). The locality data allow 
linking to geographic information, and the taxonom-
ic identity provides an index to genetic, demograph-
ic, systematic, or cultural data. The importance of the 
taxonomic identity in linking databases cannot be 
overemphasized. Solving all the “knowledge short-
falls” described for biodiversity (Hortal et al. 2015) 
is predicated on having a consistent and stable sys-
tem of names, which in biology is based on Linnean 
taxonomic schemes. The names constitute a “hinge 
feature” of primary biodiversity data, in fact linking 
geography with a multiplicity of perspectives, via the 
name, which is of fundamental importance (Chap-
man 1991; Peterson et al. 2010). In what follows, I 
will be focusing on this core of primary biodiversity 
data, mainly because in practice it has been the fo-
cus of most large-scale biodiversity informatics ini-

tiatives (Coetzer 2012; CONABIO 2012; Sandlund 
1991). 

The Beginnings of CONABIO
In June of 1992, the United Nations organized 

the conference on Environment and Development 
(also known as the “Earth Summit”). This took place 
in Rio de Janeiro, Brazil. In preparation for this, the 
then-president of Mexico asked the Chancellor of 
the National University, José Sarukhán, the foremost 
ecologist of Mexico, to provide some possible 
initiatives to present in Rio. In February 1992, a 
meeting was organized in Mexico (Sarukhán and 
Dirzo 1992) to begin designing a national initiative 
on biodiversity for the country. As a consequence 
of this meeting of international experts (mostly in 
biodiversity conservation), two of the most prominent 
ecologists of Mexico (Daniel Piñero and Rodolfo 
Dirzo, both researchers in the Institute of Ecology 
of the National University) worked with Sarukhán to 
propose to the President of Mexico to create a high-
level government agency in charge of biodiversity. 
In 1992, an inter-ministerial commission was 
created (CONABIO), composed of ten cabinet-level 
ministers, and presided ex-officio by the President 
of Mexico. I was appointed Executive Secretary of 
CONABIO, a role in which I served for 13 years.

Although CONABIO is formally a multi-min-
istry federal government agency, it operates via an 
Executive Secretariat that was allowed to establish a 
private trust fund via which to operate. This hybrid 
structure, combining private and public aspects, gave 
CONABIO not only the capacity to address challeng-
ing technical tasks, but also to act as a trusted and 
necessary government interlocutor. CONABIO was 
given a number of tasks. The most important was: 
“To synthesize information relative to the biological 
resources of the country, in a database that should 
be kept permanently updated.” This activity was the 
initial and major focus of CONABIO: to this end, the 
first step was to take stock of similar initiatives else-
where in the world. 

The CONABIO team obtained information by 
visiting four existing organizations around the world. 
First, we consulted one in India, now extinct, that 
had worked entirely based on secondary information 
(bibliography). Although the system was open to the 
public, it was entirely based on secondary data, mak-
ing that consultation a dead end. A map was a page 
in a publication (as opposed to a machine-readable 
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geospatial dataset), and a list of occurrence localities 
was an image of some text. This system was essen-
tially a bibliographic consult system, and was not a 
useful lesson for Mexico.

The second system that we studied was that of 
the Heritage Methodology of The Nature Conser-
vancy (Groves 1995). This system was based on 
primary data, obtained from public museums in the 
United States and Canada, among other sources. The 
fact that it used primary data meant that a variety of 
operations could be performed (e.g., performing sta-
tistical analyses or visualization of patterns in maps 
and graphs) on the data (Stein et al. 2000), but the 
data were not available to the public. However, it was 
regularly used in for-profit consultations, leading to 
widespread resentment among museum officials, 
who had provided the data for free, without imag-
ining a for-profit use. Therefore, eventually, many 
sources of data closed to this system, and it clearly 
was not a model that we wanted to follow in Mexico. 
This unfortunate situation has seldom been discussed 
in the literature, but anecdotally it is well known in 
the community. The experience led to another prin-
ciple in CONABIO: if the data were to be used for 
a for-profit purpose, the user would need to consult 
with the original sources.

A third system was that of Costa Rica’s Instituto 
Nacional de Biodiversidad (InBio). This database, 
which was still in a design phase when we visited, 
was based on primary biodiversity data, mostly ob-
tained from de novo collections performed and main-
tained by InBio (Tangley 1990). At the time of our 
visit, the system was still in incipient stages. Also, 
although the system was based on primary data, it 
had a rather narrow focus on bioprospecting for phar-
maceutical products (Sittenfeld and R.Villers 1993).

Finally, in 1992, personnel of CONABIO, as 
well as an international group including Kenyan, In-
donesian, Costa Rican, and U.S. American scientists 
(Chapman 2001), visited the Environmental Resourc-
es Information Network (ERIN), in Australia (Kaye 
et al. 1997). ERIN has since disappeared, although 
many of its capabilities were replaced by the Atlas of 
Living Australia (Belbin 2021). In the 1990s, Austra-
lia was without a doubt the most advanced country in 
the world in biodiversity informatics. Their system 
was based on primary biodiversity data, provided in 
largest part by the network of Australian herbaria and 
museums. They had sophisticated bioinformatics ca-
pacities for taxonomic descriptions (Dallwitz 1993), 

species distribution modeling (Booth 2018; Busby 
et al. 1991; Nix 1986), prioritizing sites for conser-
vation (Pressey et al. 1993), and more generally for 
organization, visualization and analysis of large data-
bases of primary biodiversity data. The ERIN system 
was open to the public (even at a time when HTML 
was not yet operational), which in practice was prin-
cipally academic users, though the users were many, 
and the types of applications were varied (e.g., de-
signing conservation plans, and surveying poorly ex-
plored localities). 

The Australian experience, compared with the 
others, suggested great potential for a biodiversity 
information system based on two key principles:

Primary biodiversity data. That is, the data should be as 
little interpreted as possible. Essentially a name, a date, 
and a locality associated with a physical specimen. Com-
bining the data, interpreting, visualizing, and analyzing 
the data is the responsibility of the users (Soberón and Pe-
terson 2004).

Data publicly available. Data should be completely and 
openly accessible to everyone. When CONABIO was 
launched, in 1992, the World Wide Web was just being 
developed (Berners-Lee 1992), but computer scientists at 
CONABIO were already aware of it, and appreciated its 
potential to allow efficient public access to what was going 
to be a large amount of data.

Neither of these two fundamental points had 
been obvious at that time. Regarding the utility of 
primary data, there were many expressions of doubt. 
Most advisors to CONABIO were used to reading 
books and papers, not to performing their own analy-
sis using large databases (recall that large-scale, pub-
licly available databases of primary data were basi-
cally non-existent at this point in time). Nevertheless, 
CONABIO opted for primary data, following the 
experience of Australia, and what would eventually 
become the case in Costa Rica.

On public access, at the time at which CONABIO 
was starting, attention to the problem of so-called bi-
opiracy (Reid 1996; ten Kate 1999) was at its most 
intense. The authorities of CONABIO were under 
considerable pressure not to allow public access to 
the information, in case commercial agents might 
misuse it. Moreover, some museum curators opposed 
releasing collections-associated data (Graves 2000) 
for other reasons. For instance, it was argued that 
scientists working with vertebrates might be targeted 
for animal-rights concerns, or that the data were of 
monetary value. Several prominent Mexican biolo-
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gists were similarly adamant in their refusal to share 
data. After almost a year of such intense discussions, 
CONABIO convened a meeting of Mexican museum 
curators and directors, to discuss the issue of public 
access to data via the internet. In November 1993, 
in Oaxaca, Mexico, a declaration was issued1 stating 
that the Mexican museums and herbaria were com-
mitted to computerizing and distributing biodiversity 
data. As such, an important political battle had been 
won.

However, at that time, in Mexico (and indeed 
worldwide), very few biological collections had been 
digitized. What is more, no effective implementa-
tions existed for sharing data on the internet. Finally, 
despite having signed the Oaxaca Declaration, many 
curators still had serious misgivings (expressed in 
private) about public access to biodiversity data! 
Nevertheless, the signed commitment by Mexican 
scientists gave CONABIO the legitimacy to start 
computerizing collections and developing technolo-
gies by which to share the data.

The Sistema Nacional de Información de la 
Biodiversidad (SNIB)

Building a robust and stable computer system 
capable of dealing with the millions of data ele-
ments about biodiversity took CONABIO more than 
10 years (Sarukhán et al. 2014; Soberón and Koleff 
2000). The cost was substantial, since most of the 
data were not yet digitized, and that process required 
resources to pay experts to travel to collections, ac-
quire computers, and curate data. The cost of digitiz-
ing specimens (Figure 1) was on the order of millions 
of dollars, paid by the Mexican federal government. 
The figure shows the cost and yield (i.e., number of 
biodiversity records) for each of 221 projects sup-
ported by CONABIO between 1993 and 2000 that 
digitized or produced records for the main database. 

The other major element making up the SNIB 
was remote sensing, mostly oriented toward monitor-
ing at the ecosystem level. To this end, the Mexican 
government purchased a satellite dish and associated 
hardware and software, capable of downloading im-
ages from the Moderate Resolution Imaging Spectro-
radiometer (MODIS) in the Terra and Aqua satellites 
in real time. This purchase was an investment on the 
order of many hundreds of thousands of dollars (paid 
by the Mexican government), and required hiring for-
eign experts familiar with remote-sense technology. 
The foreign experts were paid mostly by the German 
1 http://www.conabio.gob.mx/remib/doctos/declaracion.html. 

GTZ cooperation agency, with a symbolic contri-
bution from CONABIO. The German experts came 
to work at CONABIO under the “Shared Experts” 
scheme of the GTZ, which guaranteed several years 
of work in the host country. This long-term participa-
tion was key to the success of the project. Although 
acquiring the remote-sensing infrastructure was cost-
ly, delays inherent in acquiring the same images from 
commercial or noncommercial foreign sources made 
the purchase necessary, mainly for initiatives to mon-
itor disasters such as wildfires.

By 2005, CONABIO had spent about US$10M of 
taxpayer’s money in acquiring data and remote-sens-
ing hardware, and the computers and system engi-
neers required to run the system. The cost of acquir-
ing primary biodiversity data remained constant per 
project, on average, at US$5,500 per project. But the 
cost per specimen is inversely related to the size of 
the collection (Figure 1), which means that is more 
efficient to computerize large collections. On the oth-
er hand, the experience in Mexico was often that the 
larger institutional collections tended to be less will-
ing to participate in these initiatives.

Figure 1. Cost (in contemporary US dollars) of digitizing 
biodiversity collections, as a function of the number of 
specimens digitized (note that data are on a log-log scale). 
Each point is a digitization project. The data for this figure 
were sourced from internal CONABIO reports. The “rugs” 
along each axis show the distribution of points.

http://www.conabio.gob.mx/remib/doctos/declaracion.html
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By 2005, CONABIO had accumulated a substan-
tial storehouse of data comprising primary biodiver-
sity records, satellite images, photographs, maps, and 
textual data (Table 1). The SNIB is the computer sys-
tem that organizes all of these information resources, 
to assure both efficient access and open sharing.2

An outline of the technical details of the system 
has been published elsewhere (Sarukhán and Jiménez 
2016), but stressing that the system is based on the 
two principles stated above: the backbone is primary 
biodiversity data, and all data are openly available. 

The sheer amount of data means that the expen-
ditures involved are substantial, in terms of hardware 
and human resources. More precisely, the Mexican 
taxpayer, and some foreign agencies (the German 
GTZ, specifically) invested more than US$10M in 
the system. For comparison, the Convention on Bi-
ological Diversity spent $12,300 per country on its 
“Biodiversity Clearing House Mechanism” (Reed 
2017). The resources spent by CONABIO included 
not only expenses involved in capturing, organizing, 
and analyzing data, but also in design and implemen-
tation of the computer system to manage it (Soberón 
et al. 2010).

The need to keep the data updated means that 
hundreds of Mexican (and some foreign) scientists’ 
participation was crucial to the success of the system. 
Maintaining such participation requires money, time, 
and effort.

Despite the fact that much was developed in-
house, SNIB is compliant with important interna-
tional efforts. Specifically, the data architecture fol-
lows the “Darwin Core” (Wieczorek et al. 2012). 
Data quality control was influenced by the work of 
Chapman (2005) and Wieczorek et al. (2004); and 
2 https://www.gob.mx/cms/uploads/attachment/file/548546/informe-
conabio-2017-2019.pdf. 

the primary data can be accessed via the Global Bio-
diversity Information Facility (Lane and Edwards 
2007). Digitizing data on the labels of millions of 
specimens was accomplished mostly by hand, often 
(mostly in herbaria) by taking photographs of the 
specimen sheets and capturing the data in Mexico. 
Digitizing specimens is now a major activity all over 
the world (Asase et al. 2020; Canhos 2017; Nelson 
and Ellis 2019; Siebert and Smith 2004), one that is 
increasingly technological (Beaman and Cellinese 
2012; Tegelberg et al. 2014).

The SNIB is more than just a data repository, 
complex as this task is. There are serious analytical 
capacities developed in the area of biodiversity infor-
matics. Among the principal skills are those related 
to visualizing data (Stephens et al. 2017), predicting 
species’ geographic distributions (CONABIO 2012), 
assembling complex remote-sensing products (Gon-
zalez et al. 2014; Hruby et al. 2016), monitoring 
wildfires (Ressl et al. 2009) and others. Biodiversity 
informatics, in a wide sense, is now a major activity 
in CONABIO, with engineers, mathematicians, tax-
onomists, and remote-sensing experts collaborating 
in the activities.

Usage of SNIB
The primary data that CONABIO has assembled 

have been used regularly for many government pur-
poses. This is also the case in other parts of the world 
(Guisan et al. 2013), but the Mexican examples are 
very illustrative. 

Before discussing some examples of use of data 
for policy, it is interesting to mention that much of 
the data are used without CONABIO knowing the 
purpose. That is, the primary data of CONABIO are 
accessed very frequently. Indeed, CONABIO’s web-
site is accessed many thousands of times per week 

Data type Number Link

Primary data records 14,000,000 https://www.snib.mx/ejemplares/descarga/

Images 155,000 http://www.conabio.gob.mx/otros/cgi-bin/herbario.cgi 

Taxonomy controlled vocabularies 103,000 https://www.snib.mx/taxonomia/descarga/ 

Remote sensing images 582,000 http://www.conabio.gob.mx/informacion/gis/ 

Digital maps 14,000 http://www.conabio.gob.mx/informacion/gis/ 

Technical data about species 4000 https://www.gob.mx/conafor/documentos/fichas-tecni-
cas-especies-exoticas-invasoras; https://enciclovida.mx/ 

Table 1. Main informational elements in the Sistema Nacional de Información de la Biodiversidad of Mexico (SNIB, 
based on the 2017-2019 CONABIO Activities Reports2)

https://www.gob.mx/cms/uploads/attachment/file/548546/informe-conabio-2017-2019.pdf
https://www.gob.mx/cms/uploads/attachment/file/548546/informe-conabio-2017-2019.pdf
https://www.snib.mx/ejemplares/descarga/
http://www.conabio.gob.mx/otros/cgi-bin/herbario.cgi
https://www.snib.mx/taxonomia/descarga/
http://www.conabio.gob.mx/informacion/gis/
http://www.conabio.gob.mx/informacion/gis/
https://www.gob.mx/conafor/documentos/fichas-tecnicas-especies-exoticas-invasoras
https://www.gob.mx/conafor/documentos/fichas-tecnicas-especies-exoticas-invasoras


Jorge Soberón – Biodiversity Informatics for Public Policy

101

(Figure 2), with data being downloaded at the level 
of gigabytes (internal communication), although the 
organization is not aware of the purpose of the use of 
data downloads.

One concern at the beginning of CONABIO was 
that most users of open biodiversity data would be 
foreign “biopirates” (ten Kate 1999). In Table 2, I 
show the data on access, over the last four years, by 
country domain. It shows that (by a factor of ~100-
fold), most users are Mexicans, not foreigners. An-
ecdotally, it is known that most users of CONABIO 

data are researchers, NGOs, or Mexican government 
agencies. 

Planting permits for GMOs
In Mexican legislation, planting genetically 

modified organisms (GMOs) is forbidden if there is 
a risk of introgressions of modified sequences into 
wild relatives. CONABIO implemented a system 
of predicting the risk which is based on ecological 
niche modeling (a computational method used to 
predict areas of distribution) applied to wild relatives 

Country Users Sessions Average time (s)

Mexico 173,613 409,283 104
United States 2,501 3,908 67
Colombia 1,099 1,421 53
Peru 900 1,171 60
Spain 644 918 70
Ecuador 588 724 45
Argentina 424 586 68
Canada 298 555 141
Guatemala 294 417 81
Total (4 years) 184,148 424,825 103

Figure 2. Number of unique users of CONABIO website who had at least one session within 7-day time 
periods between April 2018 and August 2022. 

Table 2. Statistics on visits to CONABIO’s website over the last four years, with data sourced from Google Analytics in 
August 2022. Note that most users of CONABIO databases are in Mexico.  
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of candidate species (Soberón et al. 2002). This sys-
tem has proved to have predictive ability (Wegier et 
al. 2011), it is transparent and empirical (i.e., based 
on data), and was adopted by the Ministries of the 
Environment and of Agriculture of Mexico. The sys-
tem is complicated, in the sense that it uses a vari-
ety of databases, predictive algorithms and software 
tools (Acevedo et al. 2016). However, it is practical, 
and it has been accepted by major stakeholders. By 
2005, more than 1000 permit applications had been 
assessed with the corresponding recommendations 
issued to the authority in the Ministry of Agriculture.

Invasive species
A major use of CONABIO’s databases and ca-

pabilities in biodiversity informatics has been in as-
sessing the risk of invasive species, mostly plants 
of economic importance (Goettsch et al. 2021). The 
first example originated with an information request 
from the U.S. Department of Agriculture, about any 
known occurrences of the moth Cactoblastis cacto-
rum, a well-known pest of cacti (Zimmermann et al. 
2000) in Mexico. This request (via Mexico’s Ministry 
of Agriculture) lead to one of the first niche modeling 
exercises (Simonson et al. 2005; Soberón et al. 2001) 
performed by CONABIO. After several attempts at 
convincing the Mexican Government about the im-
portance of the problem, the Ministry of Agriculture 
of Mexico finally organized a campaign of monitor-
ing and control for this pest species (Hernández et 
al. 2007).

Wildfire monitoring
Mexico is a large country, with complex topog-

raphy and large forested and inaccessible regions. 
Monitoring of wildfires is done by CONABIO via its 
remote sensing capabilities (CONABIO 2011). The 
system, entirely developed at CONABIO (Ressl et 
al. 2009), uses daily data from the MODIS sensor, 
and state of the art algorithms, to produce maps (pub-
lished daily online) of “hot points” across Mexico, 
Central America and the southern United States. The 
software automatically issues emails to relevant lo-
cal authorities in areas of Mexico where wildfires are 
spotted. 

It may be interesting to note that the capacities 
of CONABIO for remote sensing, as applied to wild-
fires, were the first test of the power and promise of 
a biodiversity informatics-focused organization. The 
daily data about the occurrence of wildfires over the 

entirety of Mexico was a test not only of the technical 
capacities of the organization, but also of its politi-
cal clout, since data about wildfires involved major 
budget investments, issues of federalism, and even 
issues of national security. CONABIO was, on a dai-
ly basis, monitoring the entire country, and issuing 
daily reports of direct relevance. One of the first tests 
of CONABIO’s commitment to open data was the 
wildfires system, since many powerful agents in the 
federal government were staunchly opposed to what 
eventually happened: the wildfires reports were made 
public, daily, over the internet. Wildfires monitoring 
was also one of the first occasions for using biodi-
versity informatics in a diplomatic context, since 
CONABIO was monitoring wildfires also in Central 
America. Whether or not to share such information 
required diplomatic negotiations.

Ecosystem Monitoring
The capacity to monitor wildfires lead quickly 

to other monitoring initiatives. Specifically, CON-
ABIO initiated efforts to monitor mangrove cover 
(Valderrama et al. 2014), marine photosynthetic ac-
tivity (Cerdeira-Estrada and López-Saldaña 2008), 
and ecosystem health (García-Alaniz et al. 2017; 
Gebhardt et al. 2014). The capacity to use remote 
sensing to monitor functioning of ecosystems is of 
great utility to government agencies. However, since 
biodiversity is a multi-scale phenomenon, the com-
ponents and processes at the local scales should not 
be forgotten. Monitoring at the scale of populations 
and their interactions is a significant challenge, as I 
outline in the next section. 

Wildlife Monitoring
Recently, CONABIO has started attempts to 

monitor wildlife. In 2010, working as partners of 
the National Commission of Forestry (CONAFOR, 
Comisión Nacional Forestal) and of the National 
Commission of Protected Areas (CONANP, Comis-
ión Nacional de Areas Naturales Protegidas). CON-
AFOR runs a forestry monitoring scheme, and CON-
ABIO began adding recorders and infrared cameras 
to >3000 of the 25,000 monitoring sites that CON-
AFOR maintains (Medellín and Corrales 2019)3. Al-
though 3000 monitoring sites appears to be a large 
number, Mexico is a large country, with nearly 2M 
km2, so the density is only 0.0015 sites/km2. Despite 
this low density, hundreds of thousands of sound or 

3 https://sipecamdata.conabio.gob.mx/mapa. 

https://sipecamdata.conabio.gob.mx/mapa
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image files have been processed (Dirzo et al. 2021)4. 
Processing the deluge of data produced by cameras 
and recorders has required that CONABIO recruit ex-
perts in artificial intelligence and pattern recognition. 
Moreover, the system requires active participation 
of local stakeholders, of NGOs, and of government 
agencies at federal and state levels. This effort is at 
the level of pioneer, and its applications to policy are 
still in the future.

Biodiversity exploration
Where to conduct biodiversity explorations, 

which are expensive in funds, time, and personnel, 
was one of the first questions that CONABIO had to 
answer, to use public resources in an efficient way. 
This work was accomplished using the primary data 
repositories, combined with remote-sensing informa-
tion about land use (Soberón et al. 2004). Essentially, 
CONABIO worked to identify areas that were simul-
taneously poorly sampled and with low human im-
pact, to prioritize for exploration. For instance, there 
were large regions in the Western Sierra Madre that 
were both unexplored (i.e., no specimens reported in 
any of the databases) and relatively well preserved, 
being very mountainous areas with few human settle-
ments and no roads. This region was highlighted as a 
priority for exploration, and a call for relevant proj-
ects was issued in 2000. Figure 3 illustrates the case 
for the state of Durango (much of it covered in mon-
tane Sierra Madre ecosystems), which was identified 
as of high priority for retrospective data capture and 
digitization and de novo biodiversity explorations 
(Soberón et al. 2004). The red line shows the point 
at which CONABIO began assigning priorities for 
funding based on existing databases. With a delay, 
key data started pouring into the system.

Scientific articles
One last use of CONABIO’s data that should not 

be forgotten is to enhance capacity for research by 
the Mexican biodiversity science community. This 
research community has taken good advantage of the 
massive, new, and unprecedented availability of data 
(Peterson et al. 2016; Rodríguez et al. 2017). This 
effect is illustrated in the graphs in Figure 4.

Conclusions
The national biodiversity agency of Mexico per-

forms a large variety of functions, including diplo-
matic, legislative and educational (Sarukhan 2018). 
4 https://sipecamdata.conabio.gob.mx/manual. 

However, the core of its capacities, what truly distin-
guishes it from other government agencies in Mexi-
co, is its solid empirical grounding in primary data. 
The time, money, and human effort (the result of lit-
erally hundreds of years of biological research about 
Mexico, nationally and internationally) spent build-
ing a powerful, comprehensive data system provide 
the agency with its credibility. This credibility is one 
of the keystones of the process of translating from 
science to policy-making (Cash et al. 2003; Soberón 
2004). When the scientists and negotiators of CON-
ABIO argue in Mexico’s congress, or negotiate in 
an international forum, they have the credibility that 
comes from positions solidly grounded on primary, 
verifiable, open data. 

Moreover, the amount of research that the data 
made available by CONABIO has enabled is difficult 
to quantify. One can count number of papers pub-
lished, but the number of internal reports in govern-
ment agencies, dissertations, and other “gray” uses of 
data is impossible to quantify. Anecdotally, however, 
it is known that the system of CONABIO is widely 
used.

CONABIO was made possible by the vision of 
pioneers, and a very singular political environment 
that allowed Mexico to create a politically and eco-
nomically independent organization, capable of issu-
ing science-based opinions at a high governmental 
level. Political circumstances have changed, howev-
er, such that now CONABIO has been deprived of its 

Figure 3. Number of specimens in CONABIO’s databases 
for the state of Durango, identified as a high priority in the 
year 2000 (red dashed line)

https://sipecamdata.conabio.gob.mx/manual
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economic independence. It may be in the process of 
losing its political independence as well. The Costa 
Rican InBio has also disappeared, or collapsed (Fon-
seca 2015), and the Indian initiative on bioinformat-
ics is also non-existent. Of the original biodiversity 
institutions that visited ERIN in 1992, only the Aus-
tralian initiative survives, in the form of the Atlas of 
Living Australia project. 

The long-term survival of any institution de-
pends on a combination of political, economic, and 
social factors. CONABIO was created by the fortu-
nate combination of a diplomatic need for Mexico to 
have something to present at the Earth Summit con-
ference, and the fact that the most prominent ecolo-
gist of Mexico was also the chancellor of the national 
university at the time. Given its hybrid private-public 
design, CONABIO was able to build an impressive 
capacity to assemble, organize, and analyze biodiver-
sity data. Moreover, the organization was acting as 
a bridge (Cash et al. 2003; Soberón 2004) between 
academia and decision-making in the federal govern-
ment. 

This combination, however, has not survived 
changes in the political world of Mexico. It is diffi-
cult to speculate what combination of factors could 
have maintained CONABIO as an independent, ful-
ly funded government agency. CONABIO’S hybrid 
design allowed it to maintain some of its assets (i.e., 
computing cluster, remote-sensing capacities, data-

bases…) as private, thus providing some degree of 
permanence, but the cross-cutting multiple ministries 
character and CONABIO’s budgetary and political 
independence are probably gone for good. It is to be 
hoped that the huge data resources of CONABIO, 
still openly available on-line, will remain so, via mir-
rors like GBIF and others, although even a multina-
tional initiative like GBIF is vulnerable to budgetary 
constraints. It is now clear that if scientists want to 
keep primary data openly available, databases prob-
ably will need to be spread over many independent 
organizations, to minimize the risk of collapse due 
to failure of one main participant. This perhaps will 
protect, at least, the purpose of the data, if not the 
organizations as such. 
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