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Addressing the Linnaean short fall—lack of knowledge in
taxonomy and phylogeny (Raven & Wilson, 1992)—is a
prerequisite for resolving the other six major knowledge
gaps in understanding and conserving biodiversity such as
Wallacean (species distribution), Prestonian (abundance),
Darwinian (evolutionary patterns), Eltonian (species
ecology), Raunkiaeran (behavior) and Hutchinsonian
(species responses to habitat change) shortfalls (Hortal
et al., 2015). Taxonomy—the capacity to identify and
specify the elements of biodiversity—provides the core
reference system and knowledge base upon which our
understanding of biodiversity is based. Unambiguous
identification of organisms is crucial for meeting
development challenges of the 21% century, particularly in
developing countries. High quality taxonomic input is vital
for poverty alleviation through sustainable agriculture,
forestry, and fisheries, for combating insect pests and
human diseases, disaster management, sustainable trade
in biological products and management of alien invasive
species. Inventories based on taxonomy provide baseline
information for the assessment of changes as well as
conservation and management of biodiversity.

The Convention on Biological Diversity (CBD), in its
preamble, recognizes the general lack of information and
knowledge regarding biological diversity, and the urgent
need to develop scientific, technological and institutional
capacities. Article 12 of the CBD takes into account the
special needs of the developing countries for scientific
and technical education and training for identification,
conservation and sustainable use of biological diversity.
Of the top 17 megadiverse countries, 15 (Brazil, China,
Colombia, the Democratic Republic of the Congo,
Ecuador, India, Indonesia, Madagascar, Malaysia,
Mexico, Papua New Guinea, Peru, the Philippines, South
Africa, and Venezuela) are denoted as ‘developing’ (or
the Global South) by the United Nations, while two
(the United States and Australia) are ‘developed’ (or the
Global North). Deforestation and habitat loss are taking

place at a faster rate in the developing world, where much
of the biodiversity occurs (Hansen et al., 2013; FAO,
2018; Seymour & Harris, 2019; Butler, 2019; Mongabay,
2019).

Biodiversity in the developing nations is dramatically
being reduced due to the pressures of development and
climate change, even before such diversity is recorded,
catalogued or described. The tropical rainforests, covering
no more than 7% of the Earth’s land surface, yet home
to more than half of the world biota (Wilson, 1988), are
being decimated at unprecedented pace, driving millions
of species to extinction in the Global South. On the other
side, biodiversity and taxonomic expertise are unevenly
distributed, forging an inverse relationship to each other.
It is estimated that nearly 80% of the taxonomists are
based in North America and Europe, while only about
7% are from South America and Africa (Gaston & May,
1992). Since the adoption of CBD in 1992, 82% of the
taxonomic publications and authors are from the developed
countries, while developing countries’ contribution,
including the co-authored publications, is only 28%, of
which, taxonomists from the five BRICS nations—DBrazil,
Russia, India, China and South Africa —contributed more
than 50% (Tancoigne & Ollivier, 2017). This mismatch
between biodiversity and taxonomic expertise has been
one of the major impediments in tackling the biodiversity
crisis.

Taxonomy in the Global South is largely an
unorganized enterprise, being undertaken on a minimal
scale, mostly by a few passionate academics, with
limited government support and public appreciation.
Developing country taxonomists are also isolated
from their counterparts in other countries, the global
community of taxonomists, international taxonomic
networks, and global centers of taxonomic research
due to restrictions on exchange of biological material
and even knowledge, consequent to the CBD inspired
national laws. At the same time, access to natural habitats
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for collection and exploration is progressively being
curtailed due to bureaucratic hurdles (Madhusudhan et
al., 2006). The current defunding of basic sciences and
liberal arts, such as in Brazil (Andrade, 2019; Angelo,
2019) and India (since 1 April 2017, the Indian Council
of Agricultural Research abruptly stopped funding the
Network Project on Insect Biosystematics involving 11
institutions, which would have changed the contours of
insect taxonomy in the country; ICAR, 2017), would
further debilitate taxonomy in the South. Thus, the
capacity of taxonomists in the South to respond to the
needs of biodiversity conservation, such as (a) attaining
the United Nations Sustainable Development Goals, the
UN Strategy for Living in Harmony with Nature, and
(b) the requirements of international agreements like the
CBD, are being curtailed.

Disciplinary elitism and bias in favour of fashionable
disciplines, evident in the university curricula, research
funding as well as career opportunities, has pushed
taxonomy to the bottom of academic ranking (Bhaskaran
& Rajan, 2010). The erosion of taxonomic expertise has
already taken the toll in the South, while it is necessary to
blend classical taxonomy with modern techniques, such as
DNA sequencing, to scale up characterization, cataloguing
and description of biodiversity. For instance, global
initiatives, such as the Earth BioGenome Project, cannot
achieve the desired goals without strong foundations of
taxonomy.

Though the current estimates suggest that there are
likely to be at least 1 to 6 billion species on Earth (Larsen
et al., 2017), the vast majority of them are yet to be
identified, described or catalogued. Even amongst majority
of the 1.8 m named species (Mora et al., 2011), other
than their name, we know very little about their natural
history or other biological attributes. Even in the case of
well known, ecologically and economically important
species, it is not uncommon to be wrongly identified or
misclassified, resulting in deleterious consequences.

Quarter century has elapsed since the CBD was
adopted by the nation states, however, very little has
been achieved in overcoming the Linnaean short fall, as
we missed the Aichi Targets (CBD, 2018; Leadley et.al.,
2014) and other deadlines. Hence, there is an urgent
need for equipping the biodiverse countries to meet the
challenges. The Global Taxonomy Initiative (Secretariat
of the Convention on Biological Diversity, 2008) of the
CBD, intended to address the taxonomic impediment
(Environment Australia, 1998), so far could do very little
to face this challenge.

Hence, we propose three most important measures
for addressing the Linnaean shortfall in the Global South
such as, a) completing the Grand Linnaean Enterprise; b)
massification of taxonomy; and c) creating an enabling
legal and regulatory milieu, which would be our best hold
against the global biodiversity crisis.

a) Completing the Grand Linnaean Enterprise
Most taxa in the Global South, excluding the charismatic
and larger ones, need all-out effortto complete the Linnaean
enterprise of naming and description. Revisionary studies
and cataloguing of important taxonomic groups should
receive immediate attention. Bawa (2010) has outlined
actions necessary for enhancing taxonomic expertise in
India, which is equally relevant for most countries in the
South. These include:

1. Developing outstanding institutions for taxonomy to usher
in a new era of exploration and discovery. The existing
institutions should be liberated from bureaucratic shackles,
revamped and reformed to face the challenges. These
centers should: a) facilitate the completion of inventories
of the flora and fauna; b) offer basic systematic biology
courses for undergraduate and graduate biology students; c)
facilitate the use of information technology to organize and
disseminate taxonomic data, and support biodiversity data
portals to engage civil society in collating highly dispersed
but immense biodiversity information; and d) develop tools
including space and Artificial Intelligence technologies for
aiding taxonomy.

2. Strengthening and creating centers of excellence in
academic institutions, which will function as primary places
of training of new taxonomists. Zoological museums and
herbaria associated with these academic institutions should
be transformed into knowledge power houses of biology.

3. Providing more academic opportunities and training of
a new generation of taxonomists from the Global South,
who are adept in modern principles and techniques in
taxonomy.

4. A fellowship program, would allow these young taxonomists
to spend one or two years at the world’s foremost institutions,
so that a highly competent and motivated cadre is created
within a short period.

The success of the Green Revolution of the 1960s,
that saved the world from starvation, through boosting
food production in the developing countries, is worth
emulating. In India, a network of agricultural research
institutions was built up under the aegis of the Indian
Council of Agricultural Research (ICAR) and a number of
State Agricultural Universities were established and funded
liberally. Many faculty members from these institutions
were deputed to the western universities for acquiring
research degrees. Such institutions formed the scientific
and technological back bone of the Green Revolution in
India and other developing countries. Through concerted
action, akin to that made the Green Revolution happen,
institutions, infrastructure and expertise can be created
for taxonomy in the Global South.

b) Massification of taxonomy

Making it possible for anyone to identify any organism
(Wilson, 1984) should be one of the ultimate goals of
taxonomy. Taxonomy in the early years has developed
through the dedicated service of amateurs and service
personnel. However, taxonomy as a science lost its traction
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and failed to sustain attention of the general public except
in the case of charismatic groups like butterflies. The rich
and diverse biota of the South warrants a large workforce
of professionals and amateurs, adequately funded and
supported by the governments and the public, to complete
the Grand Linnaean Enterprise. This can be achieved
through popularization and democratization of taxonomy
by involving and training communities, citizens, amateurs
and students in a massive scale in explorations, naming
and cataloguing of species (Bawa, 2010). In return,
taxonomists should address the end users’ concerns and
requirements (Ebach et al., 2011) besides engaging the
political leadership, governments and the civil society at
large.

Cybertaxonomy should be used in a massive
scale to overcome the taxonomic impediment and the
North-South divide. As a global common, internet has
revolutionized dissemination, storage and retrieval of
biodiversity information, besides popularizing the science
of taxonomy. As Favret (2014) has pointed out, it aims to
mobilize taxonomy by linking expertise, specimens, data
and products across time and space, thus dramatically
increasing taxonomic output without compromising
quality. Limited access to type specimens has been one
of the major downers of taxonomic work, especially in
the South. Publication of high-resolution images of type
specimens (e-types) on the internet will provide universal
access to the type specimens which have been deposited
in museums around the world, and greatly enhance the
rate of taxonomic output. Cyber platforms, such as the
Orthoptera species file (Cigliano et al., 2019), and online
communities, like iNaturalist (Seltzer, 2019), would
allow real time collaborations across the globe. Integrated
digital platforms such as the India Biodiversity Portal
(Vattakaven et al., 2016), where amateurs and experts
can easily interact to aggregate curated biodiversity
data of various kinds such as species pages (authentic
species level taxonomic information), distribution maps,
temporal distribution and life history information should
be popularised.

¢) Creating an enabling legal and regulatory milieu
The southern countries should end their self-imposed
isolation from rest of the world, which is largely based
on misplaced notions of biopiracy. The adage attributed
to Anton Chekhov, “There is no national science, just as
there is no national multiplication table; what is national
is no longer science” is extremely relevant for taxonomy.
Life on Earth, which has originated from a single ancestor,
does not respect political boundaries. Hence the theory
and practice of taxonomy is universal and necessitates
exchange of specimens and knowledge across the
globe. Serious taxonomic work, such as revisions and
monographic studies, require international collaboration

and cooperation among taxonomists and institutions as
the type specimens of even closely allied species may
be held in institutions in different continents. Accurate
generic and species identifications necessitate study of
specimens from across political boundaries (Prathapan et
al., 2008).

The CBD inspired national legislations themselves
form a formidable obstacle in the practice of taxonomy
in the Global South. Biodiversity researchers from the
South have raised these issues and called for remedial
measures (Grajal, 1999; Prathapan et al., 2008; 2018).
There should be appropriate responses to these concerns
at national and international levels, to create an enabling
legal and regulatory framework for taxonomy. Hence
the governments of developing countries should take
initiatives for the following:

a) Bonafide taxonomists in recognized Institutions
should be allowed to freely exchange specimens on loan
for scientific studies and return the same to the sender
without any permit hurdles. Developed nations such as
the United Kingdom, USA, and many other countries
adopt this practice.

b) To facilitate unrestricted access, especially for
taxonomic revisions, taxonomists should be allowed to
deposit type specimens in various museums across the
globe. This will protect the interest of the country of origin,
and act as an insurance against loss of type specimens.

¢) The CBD might add an explicit treaty to promote
and facilitate biodiversity research and international
collaboration. This treaty may address legal uncertainties
in the governance of global research commons such as
microbial culture collections held by the World Federation
of Culture Collections, Digital Sequence Information
published through the portals of International Nucleotide
Sequence Database Collaboration (INSDC) such as
GenBank or taxonomic type materials held in various
museums all over the world (Prathapan et al., 2018).

Epilogue

Wheeler et al. (2012) presented a powerful general vision
for description of 10 million species in less than 50 years.
We share the optimism of Wheeler and colleagues that
the Grand Linnaean Enterprise can be completed within
the span of a human generation as the world strives to
reverse climate change, conserve biodiversity and sustain
the planet liveable for billions of humans. Bridging the
North-South divide in taxonomy will help us to create
many more scientists, institutions and infrastructure, all
dedicated to taxonomy and conservation. Through North-
South collaboration, and optimally making use of the
scientific and technological advancements, the Linnaean
dream can be translated into reality.
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