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Introduction
Biodiversity assessments and implementation of conservation

actions worldwide are hampered by slow progress in taxonomic
research, termed the Taxonomic Impediment.1 The existing
workforce of taxonomists cannot cope with the overwhelming
need for basic field surveys, species descriptions and systematic
revisions to provide basic information for conservation plan-
ning. In addition, Costa and Carvalho2 suggested that few taxon-
omists are able to distinguish critically between more than 1000
taxa. The reality facing taxonomy is that there may be more
species that remain to be discovered on Earth than those that
have already been described.3 It is estimated that 1.4–1.8 million
species have been described4–6 out of a possible total of approxi-
mately 7–15 million.6 Species and populations are going extinct
at an alarming but poorly understood rate.7,8 Many species may
be going extinct before they can be identified or described. This
presents a problem for conservation planning and prioritization,
obviously because species that have not been identified cannot
be protected effectively.

This problem is especially evident in Africa, whose rich
biodiversity is poorly known. Taxonomic expertise is lacking
even for major and commercially important groups. The few
taxonomists who are working in developing countries, home to
more than 95% of globally described species, find it difficult to
access basic taxonomic information such as species descriptions.9

Where taxonomic keys are available, they are rarely revised and
often inadequate to identify specimens unambiguously to the
species level.10 A further problem in Africa is that funding for
taxonomic research and the museums or facilities that host

biodiversity collections has been poor or non-existent, few new
taxonomists are being trained, retirees are often not replaced
and salaries are not competitive, such that the overall taxonomic
expertise is declining.11,12

There have been strident calls on the taxonomy community to
embrace new technologies and to form networks to speed up
the description of biodiversity13,14 and to improve our ability to
identify species.2,15–18 How this could be achieved without
compromising rigorous taxonomic research principles is, how-
ever, questioned.19 There is legitimate concern that too little
money is being spent on morphological taxonomy compared to
molecular studies.20 A purely DNA taxonomy approach (e.g.
Blaxter21), not to be confused with DNA barcoding,22 is too
simplistic in our view. DNA taxonomy can, however, provide
additional characters for discrimination, especially in cases
where other characters vary among species and are thus difficult
to interpret. Therefore we do not agree with de Carvalho et al.19

that a molecular approach will do little to address the real
problems in taxonomy. In our experience, most traditional
taxonomists welcome the opportunity to refer to molecular data,
but DNA taxonomy should not replace taxonomic research that
can be based on multiple character data sets.

Nucleotide sequence divergence in short, standardized gene
regions (DNA barcodes) can be used to identify known species
and facilitate the discovery of new ones.15,23 Mitochondrial DNA
is a valuable marker in population genetic or phylogeographic
studies because it is maternally inherited, evolves rapidly and
recombination is rare or absent.24 Therefore, a part of the mito-
chondrial cytochrome oxidase subunit I (COI) has been chosen
as a standard gene region for barcoding animals. Although
there was no a priori reason for choosing COI among the 13
protein-coding mitochondrial genes,15 it has the advantage of
having robust universal primers that can recover the 5’ end of
COI of most animal species. Barcoding of species has become
cheaper through the technological advances made by other
molecular programmes, especially the human genome project.25

Rapid barcoding and comparison with the growing database of
COI  sequences26 will  increase  the  speed  of  identification  of
newly collected or unknown specimens. This may focus taxono-
mists’ attention on unidentified lineages, and with the addition
of morphological and other taxonomically relevant data, could
lead to a faster rate of species description.

The Consortium for the Barcode of Life (CBOL) was established
as a growing coalition of biodiversity organizations interested
in developing barcoding as a global standard for DNA-based
species identification. CBOL promotes FISH-BOL as an interna-
tional campaign to barcode all marine and freshwater fish.
FISH-BOL consists of ten regional working groups representing
Africa, Australia, Oceania/Antarctica, the Americas (North,
Central and South America), Europe and Asia (India, North East
Asia, and South East Asia). Each of these regional working
groups is charged with the task of organizing support and
participation to barcode the ichthyofauna within their region,
based on expert-identified voucher specimens.

The main purpose of barcoding is to identify species reliably,
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Africa has a rich diversity of marine and freshwater fishes, but very
little taxonomic expertise or funding to describe it. New approaches
to using modern technology, such as DNA barcoding, can facilitate
collaboration between field biologists, reference collections and
sequencing facilities to speed up the process of species identifica-
tion and diversity assessments, provided specimen vouchers,
tissues, photographs of the specimen and DNA sequences
(barcodes) are clearly linked. The FISH-BOL project in Africa aims
to establish a collaborative Pan-African regional working group to
facilitate barcoding of fish across the continent and the surrounding
FAO marine regions. This is being established through existing
African biodiversity networks and global biodiversity programmes
that are already in place. Barcoding is expected to inform African
fisheries management and conservation through more accurate
identification of species and their different life-history stages, by
speeding up biodiversity assessments. Barcoding is an important
development, contributing towards an evolutionary history perspec-
tive on which to base Africa’s conservation strategies.
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increase the rate of species discovery and raise the profile of
taxonomic research.27 The vision for the African FISH-BOL
programme is to co-ordinate a Pan-African coalition generating
taxonomic reference data in a common format to fulfil the
common goal of barcoding all Africa’s fishes. The aim is eventu-
ally to establish a coherent information framework for revi-
sionary fish taxonomy and diversity studies. This can only be
achieved through the production of a dynamic catalogue of Afri-
can fishes, complete with monitoring tools (such as barcodes)
that can facilitate a greater understanding of natural history
through molecular ecology studies.

In this review, we illustrate the role of FISH-BOL (www.
fishbol.org) in taxonomic and diversity studies in Africa, with
applications in conservation, fisheries management, identifica-
tion of alien invasive fishes, law enforcement and resource
management. We show that FISH-BOL will lead to greater
access to African fish diversity information through a global
alignment of resources and linkages to other global networks.
We summarize the functioning and aims of the African
FISH-BOL programme and draw conclusions about its potential
role in African fish diversity assessments and conservation.

Why barcode fish in Africa?
Barcoding has an important role to play in phylogenetic and

phylogeographic studies,28 especially in terms of generating
hypotheses. With barcoding being applied broadly to African
fishes, we anticipate it will focus attention on a plethora of
species identification problems, which can then be resolved with
specific morphological, phylogeographic and phylogenetic
studies. Several fish genetic studies in Africa have already
employed mitochondrial DNA sequence data.29–31 These studies
are, however, not comparable for the purposes of species identi-
fication as different regions of the mitochondrial genome were
used. The African projects proposed by FISH-BOL are also on a
larger scale than previous molecular studies.

These projects are designed to identify species through a
composite database based on the mitochondrial COI region of
as many species as possible, to provide a hitherto unavailable
‘horizontal genomics’ perspective.28 This COI database can form
the foundation for more detailed phylogeographic studies. In
their planning phases, preliminary analyses of phylogenetic
studies will be able to benefit from this species-rich COI database
in important ways. One such benefit will be in selecting in- or
outgroups suitable for molecular phylogenetic analyses in a
particular study.

The identification of species remains, however, the main objec-
tive of barcoding. Owing to maternal inheritance, mtDNA
reflects only a portion of the ancestry of a species. Additional
information is necessary to test whether divergent mtDNA
lineages constitute separate species.32–34 We therefore view provi-
sional species assignments (that is, not formal descriptions)
based only on mtDNA as working hypotheses. As new collections
are made, individuals suspected of being unique (especially of
equivocal taxonomic status) can be barcoded. If they are divergent
or form part of a unique lineage, they can then be flagged for
further taxonomic investigation.

The identification process using COI sequence data for fish
is looking promising, as supported by recent examples of its
application. Hubert et al.35 were able to distinguish 93% of 190
Canadian freshwater fishes using DNA barcodes. The inability
of COI barcodes to distinguish the remaining 7% (13 species)
was attributed to recent speciation, introgressive hybridization
(only two species) or the possibility that some of these taxa may
not be different species. Ward et al.36 found that all the 207 marine

species that they sequenced from Australia could be discrimi-
nated using the mitochondrial DNA COI gene, with 98% of
these being amplified using only one primer set. They found that
only two sequences out of 754 tested appeared in the ‘wrong’
species identification because of hybridization or incorrect
original identification. No transfers of mitochondrial COI
sequences into the nuclear genome were observed. Pseudogenes
or NUMTs may not be a serious problem in fish, as Venkatesh
et al.37 did not find any mitochondrial pseudogenes in the Fugu
nuclear genome, but Waters and Wallis38 did find pseudogenes
in Galaxias from New Zealand. Pseudogenes did not signifi-
cantly affect the barcoding of birds.39 The study of Ward et al.36

adds empirical evidence to expanding documentation, which
shows that barcoding can discriminate between species, for
example North Atlantic sharks,40 North American birds,41 neo-
tropical butterflies,42 Arctic springtails,43 marine bryozoans,23 and
Indo-Pacific coral reef stomatopods.44

The potential contributions of barcoding in African fisheries
management should not be underestimated. Global capture
fisheries yielded 95 million tonnes in 2004 with an estimated
first-sale value of US$84.9 billion.45 Marine and freshwater
ecosystems are under threat globally because of over-exploita-
tion, alien invasion, habitat destruction, pollution and climate
change.46,47 Accurate identification is essential in assessing the
distribution, utilization and spread of fish species, therefore,
prioritizing fish biodiversity assessments using barcoding is not
only a global but also an African necessity.

In 2006, a CBOL meeting in Cape Town (South Africa) identi-
fied barcoding in fish stock management in African countries as
a priority. Barcoding has an application in forensics for African
fisheries departments to prosecute illegal fishing, even after
processing has already occurred, because only a small part of the
fish is needed for DNA analysis. An example is the illegal
shark-fin trade, which is a major problem in most coastal African
countries. Barcoding can identify different shark species,40

suggesting a potential role in law enforcement once a reference
database has been established. An improved species identifica-
tion system will contribute to better and more accurate statistics
on stock trends, requested by the FAO since the 1960s.48

Barcoding may help link life-history stages, since little taxonomic
information and few descriptions are available for fish larvae
and eggs (e.g. refs 49–51). Incorrect identification of larvae will
mislead understanding of speciation, diversity, niche partition-
ing and other ecosystem features.51 Barcoding can also be used
in feeding biology to identify gut contents of fishes, especially
organisms that are partially digested.52 It may also help prevent
the spread of alien fish species, because even eggs that are being
translocated can be barcoded, and alien parasites can be identi-
fied in a similar manner to the study of Siddall and Budinoff53 on
alien leeches in North America. This is important for freshwater
systems globally, since the continuous introduction of alien fish
species has been identified as the most critical threat to freshwater
biodiversity.46

Molecular studies have improved our understanding of
aquatic biodiversity; for example, 15 historically isolated lineages
were identified within the seven described Pseudobarbus species
that occur in Lesotho and in the Cape Floristic Region in South
Africa.54 Although this knowledge alone does not solve the taxo-
nomic problems in the group, it makes a critical contribution to
our understanding of the underlying taxonomic diversity. This
genetic information has provided especially valuable insights
into the formative processes that shaped the evolutionary history
of these lineages.31 Ultimately, such studies may contribute to
biodiversity conservation planning before formal taxonomic
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descriptions are completed or even before formal publication of
results. Such a precautionary approach is justified, especially for
freshwater aquatic organisms that seem to have higher levels of
population differentiation than most marine and terrestrial
species. In addition, taxonomic groups with the highest propor-
tion of IUCN assessed threatened species (www.redlist.org), are
those that rely on freshwater habitats.47 With more than half the
accessible surface freshwater being used for humanity and
about 60% of humanity living within 100 km of the productive
coastlines,55 the conservation of freshwater and marine fishes is a
priority.

One of the most important applications of a comprehensive,
Pan-African barcoding study of fish will be more robust estimates
of the phylogenetic diversity of different biogeographic regions.
Phylogenetic diversity is a critical factor in conservation
planning.56 A sufficient accumulation of barcodes will help
conservation managers identify interim priority areas for
conservation in the absence of good species data.

As PCR and sequencing technology advances—such as
nanolitre-scale sequencing technology developments57—the
evolution of a hand-held barcoder becomes more feasible. Fish-
eries managers, conservationists, legal authorities, ecologists,
animal health professionals, agricultural practitioners, amateur
naturalists and even the general angling public can collect
molecular-based biodiversity data if such a ‘barcoder’ becomes
widely available.58 This will markedly increase our capacity to
identify species and understand the distribution of indigenous
and alien fish species and their unique genetic lineages, espe-
cially in Africa where there are few trained taxonomists and
sequencing facilities. It may also spark more interest in bio-
diversity, taxonomy and conservation issues if the general public
have easier access to species information through rapid species
identification.2,59

The FISH-BOL programme provides a platform for students
trained in molecular systematics to collaborate with taxonomic
experts to increase the transfer of knowledge and help train new
taxonomists. Barcoding will not only provide a new avenue for
researchers from different disciplines to collaborate more
closely, but will also accelerate the process of species identifica-
tion and discovery. These developments will be facilitated by a
large online and publicly available reference database of DNA
barcode information (Barcode of Life Data System, or BOLD26)
for DNA sequence analyses and rapid species identification.
BOLD may also help to link the user to taxonomic expertise and
give the country of origin easier access to biodiversity informa-
tion. The link between the barcode sequence, voucher specimen,
image of the specimen and all the associated collecting and geo-
graphical information for future verification of species identity
will add value to museum collections. Large-scale barcoding will
also allow biomaterial banks to evaluate the effectiveness of their
biomaterial curation techniques, as there is concern about the
integrity of the nucleic acids of tissue samples stored in 98%
ethanol or frozen at –20°C for more than five years.60 With so
many fishes that remain to be investigated, FISH-BOL will not
only increase the profile of museum collections, but will also
expand existing scientific networks and collaborations through-
out the continent.

A global network linked to the African FISH-BOL project
The FISH-BOL campaign will build on the success of sister

projects that focus on other taxa, namely the All Birds Barcoding
Initiative (ABBI) and the All Leps (Lepidoptera) Barcode of Life
campaign. The FISH-BOL project will be more challenging than
the All Birds project, not only because fish are far more diverse,

but also because there is much less taxonomic information
and expertise available. FISH-BOL, under the auspices of the
Consortium for the Barcode of Life, has already assisted in
driving a coherent approach within the taxonomic community.
CBOL has built up an impressive network of collaborating
organizations (for more information on CBOL and barcoding in
general, see Savolainen et al.61 or visit www.barcoding.si.edu).
One of these, the Census of Marine Life (CoML), has joined
forces with CBOL and FISH-BOL to speed up the description of
marine biodiversity.62 CoML will be a particularly valuable
collaborator for FISH-BOL in Africa, because the programme has
been productive in increasing exploration to assess diversity,
distribution and abundance of marine life in African regions
where little work had been done previously.

FISHBASE, the California Academy of Sciences’ Catalog of
Fishes and the Integrated Taxonomic Information System (ITIS)
are other major depositories for updated taxonomic and biologi-
cal information on fish species globally. FISH-BOL is currently
using FISHBASE as its global taxonomic authority, but is also
collaborating with Catalog of Fishes, ITIS and FISHBASE to
incorporate their information into a resolved checklist for all
fishes. FISH-BOL also supports the efforts of the International
Commission on Zoological Nomenclature (ICZN) to establish a
common registry of animal names. Some authors are already
including barcodes of the holotype in their species descrip-
tions,63,64 and this is expected to help reconcile and resolve ambi-
guities in the application of taxonomic names going forward.

The Global Biodiversity Information Facility (GBIF) has given
scientists, conservationists and policy-makers access to geo-
referenced, species databases across the world. Information
relating to the South African National Fish Collection at the
South African Institute for Aquatic Biodiversity (SAIAB), for
example, has been linked through the South African Biodiversity
Information Facility (SABIF) node to GBIF. FISH-BOL, through
CBOL, is an associate participant in GBIF. Together, these initia-
tives aim to develop standards and protocols that will link
voucher specimen data with barcode data. The U.S. National
Center for Biotechnology Information (NCBI) is also working
with GBIF and CBOL to make this happen and is the final depos-
itory (GenBank) for barcode sequences mainly administered
through BOLD.26 This illustrates FISH-BOL and CBOL’s
commitment to work with established global programmes,
networks and with the taxonomic community to increase the
efficiency of describing biodiversity.

Several other global programmes and campaigns have
attempted to inject new life into taxonomy over the years, and
some have benefited African taxonomic research and invento-
ries. For freshwater fish, the Cypriniformes Tree of Life (CToL)
programme focused mainly on a phylogeny of cypriniform
fishes, which includes the largest family of fishes, the
Cyprinidae, with many species in Africa. In addition, the All
Species Foundation, in partnership with the U.S. National
Science Foundation (NSF), is attempting to describe all species
on Earth in one human generation (25 years). They support the
All Catfish Species Inventory programme that has been success-
ful in increasing the number of species descriptions for fishes, in
this case siluriform catfishes. These global initiatives, like many
others, have been less successful in Africa, mainly because of a
lack of taxonomic expertise in African countries to participate
effectively. FISH-BOL will rely on its network of experts to iden-
tify fish and to train current African museum staff and field
biologists in collecting data for barcoding.

The FISH-BOL programme will also explore other existing
biodiversity networks in Africa to expand its operations. BioNET
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is attempting to promote taxonomy through the North African
(NAFRINET), West African (WAFRINET), East African (EAFRI-
NET) and the Southern African (SAFRINET) partnerships for
taxonomy, the last becoming an official project of the Southern
African Development Community (SADC). BioNET through
EAFRINET has already held a regional meeting in Kenya and es-
tablished the East African Barcoding Initiative (EABI). This
group has recognized the need to barcode fish diversity and
arranged a barcoding workshop to develop a proposal for a
regional project on barcoding cyprinids. In South Africa, the
South African Biosystematics Initiative (SABI) has stimulated
research in taxonomy by providing dedicated government
funding for taxonomic research. Nevertheless, there has been
limited increase in the capacity of fish taxonomic research. The
likely reasons for this deficiency include a lack of employment
opportunities in museums or research institutions, and declin-
ing taxonomic expertise to train students. Only three fish taxo-
nomic experts are formally employed in exclusively taxonomic
positions in southern Africa, two at SAIAB in Grahamstown and
one at the Iziko South African Museum in Cape Town. Although
most new appointees in biodiversity-related posts have
multidisciplinary skills (often including experience in molecular
genetics and systematics), they lack the taxonomic expertise that
is usually acquired only through years of research on a specific
taxonomic group. This situation is a global problem, but espe-
cially exacerbates the Taxonomic Impediment in East, West and
North Africa. It is therefore vital to increase collaboration by
sharing the limited expertise and to encourage capacity building
amongst African countries. If this is not addressed, Africa’s fish
diversity will not be managed in a sustainable manner.

SAIAB has signed a Memorandum of Understanding with the
Canadian Centre for DNA Barcoding (CCDB) at the University
of Guelph, and a Memorandum of Cooperation with CBOL to
stimulate an African fish barcoding programme through the
global FISH-BOL initiative. These developments act on the call
by Klopper et al.65 to strengthen south–south and north–south
collaboration to improve the capacity of taxonomic research in
Africa. FISH-BOL will attempt to barcode all fish on Earth. This is
indeed an ambitious task but it will be realistic to barcode all the
available samples currently in collections within a relatively
short period of time. Researchers from South Africa, Namibia,
Zimbabwe, Zambia, Angola, Tanzania, Rwanda, Uganda,
Kenya, Ethiopia, Cameroon, Benin, Ghana, Seychelles, Belgium
and the United Kingdom have already expressed their interest
in FISH-BOL through participation in African Regional Working
Group activities.

Aims and challenges of the African FISH-BOL programme
The African FISH-BOL campaign will focus on all the fishes of

the continent and the surrounding FAO marine regions 1, 34, 47
and 51 (see www.fishbol.org). The current FISH-BOL target for
Africa of 8720 species that is based on FISHBASE is probably a
major underestimate of the number of species that will eventu-
ally need to be investigated to make the campaign a success. The
African Regional Working Group has been charged with editing
the global checklist against African regional checklists. This
review has already started with IUCN freshwater biodiversity
projects in eastern and southern Africa, which suggest not only
that many more fish species exist, but also that many of them
remain undescribed.

May66 suggested that the rate-limiting factor in describing
biodiversity will remain the collection of new species in the field.
This is especially true for Africa, where routine and geographi-
cally representative collection of species in the field remains
problematic due to national conflicts, inaccessibility and a lack of
capacity and logistical support. Of particular concern are those
countries with the highest freshwater fish diversity and levels of
endemism (Figs 1 and 2) based on data from FISHBASE
(www.fishbase.org), without which the FISH-BOL programme
will not achieve its goal of barcoding most of Africa’s fish species.
A successful programme in Africa will also make a major contri-
bution to the barcoding of all the marine fish species in the
world. For example, only about 5% of the southern African
marine fish fauna has a worldwide distribution, whereas 16% is
endemic to this region67 (Fig. 3).

The biggest challenge for the FISH-BOL project in Africa will
be to collect, curate and accurately capture information in data-
bases and deliver vouchers and samples of the species that
are not already represented in natural history collections, to
sequencing facilities. Field biologists interested in biodiversity,
taxonomy and/or species identification can make an important
contribution to this programme. Taxonomists will have a critical
role in preparing and identifying vouchers for museum collec-
tions. BOLD has been designed specifically to link barcoding
information to museum-registered specimens, so that taxo-
nomic experts can go back to specimens to re-check identifica-
tions if necessary.26 This is crucial for new records or even
conflicting results for known species. It will also be possible to
submit sequences to GenBank (NCBI) directly from this data-
base, where they will hold the status of ‘Barcode’ to signify
their quality and direct linkage of DNA sequences to museum
collection data. Barcoding therefore holds the promise to
increase the usage of collections, and raise the profile of collec-
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tions at a time when many museums suffer from budgetary
constraints due to inappropriate governance and reduced
government funding11,68,69 and will, we hope, also encourage
better biomaterial banking practices.70,71 In the absence of other
preferred facilities, SAIAB is currently the depository for tissues
or extractions thereof (biomaterial bank), voucher specimens
(main collection), images and associated locality and collection
information (information system) that can be referred to once
samples have been barcoded. All this information will be freely
available to through SAIAB’s web pages.

Conclusion
Many fish species remain to be discovered across the African

continent and in its surrounding marine margins. We argue that
barcoding holds a central role in the discovery and characteriza-
tion of this diversity, and will also help democratize access to
quality biodiversity information. Only time will tell how widely
barcoding information will be used in fish species identification
and aquatic biodiversity assessments in Africa. Preliminary
results from the North American birds and Lepidoptera, North
Atlantic shark and Australian marine fish projects have been
positive. Although there are funding concerns, we envisage that
FISH-BOL will provide previously inaccessible avenues of

funding for taxonomic research in Africa. ‘Barcoding’ as a term
immediately interests the public and therefore potential
funders. The key challenge is for fish taxonomists, and the taxo-
nomic community in general, to find ways in which this interest
can be translated into greater support for taxonomic research,
which will underpin the more efficient description of biodiver-
sity.
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