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Proceedings of the
Third International
Conference

PLoS One Launches
Mexico City Collection

The third International Barcode of Life
Conference, held in Mexico City in
2009, witnessed an explosion of new
applications of DNA barcoding across
a rapidly expanding range of fields.
The new PLoS ONE collection,
Proceedings of the Third International
Barcode of Life Conference, Mexico
City, includes a selection of articles by
the speakers at the plenary sessions
of the 2009 conference. The articles
represent the broad range of work now
going on in the barcoding community,
including applications in taxonomy,
ecology, biogeography, and even
socioeconomic applications such as
controlling forest pest species..
One of the highlights of the Mexico
City conference was the formal
announcement of agreement on the
standard barcode regions for land
plants. This new standard opened the
door to novel projects on grasses, food
webs of plant-eating insects, and on
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Out of the Lab and Into the Field:
DNA Barcoding Debuts for Environmental Bioassessment

B

ioassessment of marine and freshwater
environments is a cornerstone of environmental
monitoring throughout the world. The most
common
approaches
infer
condition or health of the aquatic
habitats based on the structure
and composition of the benthic
macroinvertebrate community
that resides in the underlying
substrate (e.g., rocks, sand,
sediment, or mud).

These kinds of biological health measurements add
significant value to typical data on water chemistry
and physical habitat characteristics by integrating
fluctuations in habitat condition over time, and
directly measuring the sum biological impacts of
potential stressors on exposed organisms. Indexing
methods have been developed in many parts of the
world to translate benthic community information
into meaningful and easy-to-understand scores based
on the known stressor tolerance of each species.

Ultimately, the goal is to be able to batch-process
entire samples using next-generation sequencing.
This research, being conducted by SCCWRP and
partners at the Canadian Centre for DNA Barcoding
(CCDB), U.S. Environmental Protection Agency
(EPA) National Exposure Research Laboratory, and
Stroud Water Research Center, represents a major
step toward application of DNA barcoding to routine
environmental bioassessment.
Partnerships among these research centers have
enabled pooling of their various strengths and
resources. Because SCCWRP and its member
agencies conduct regular monitoring in a variety
of environments, they have made much progress in
supplying organisms to the CCDB.

The CCDB and EPA are focused on developing
state-of-the-art DNA barcode methodology. The
Stroud Water Research Center offers data analysis
assistance as well as a point of comparison for
SCCWRP’s efforts, based on
experience interpreting benthic
invertebrate barcoding data
Enter DNA Barcoding
from other regions of the United
Scientists at the Southern California Coastal Water States.
Research Project (SCCWRP) have been researching
environmental monitoring approaches since 1969. Benefits and Challenges
They helped develop southern California’s Benthic Benefits of DNA barcoding include reduction
Response Index (BRI) for the marine environment of sample processing time, cost, and taxonomic
in the 1990s, and have contributed to several misidentifications, as well as increased knowledge
Indices of Biotic Integrity (IBIs) for the freshwater of taxonomic diversity.
environment.
One existing barrier to benthic index application
In 2009, they began looking into the use of DNA when using traditional taxonomic methods is the
barcoding as an option for identifying benthic sometimes hefty investment to get from sample
organisms. Initial research has focused on collecting to score. A trained taxonomist must sort bulk
voucher specimens to build a locally-relevant environmental samples containing several thousand
barcode reference library, refining sample collection invertebrates. Identifying specimens and partial
approaches, and investigating the efficacy of specimens by sight alone can take hours to days per
barcoding for use in environmental indices.
sample and cost hundreds to thousands of dollars.
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Out of the Lab and
Into the FieldContinued from page 2

DNA barcoding is highly
amenable to automation, so
samples can be processed in days
rather than months. Over the long
term, next generation sequencing
should result in dramatic cost
and time savings.

Next steps include completing the
reference library, likely to require hundreds
of additional species at a minimum, and
validating the barcoding method’s ability
to interpret monitoring data across a large
number of samples and habitats.

The Prospects

SCCWRP has collected and
Once developed, DNA barcoding has
processed about 500 marine
potential for routine benthic community
invertebrate
specimens
and
monitoring applications in coastal and
6,000 freshwater invertebrates to
inland waters throughout the world.
date, contributing approximately 170 distinct marine Opportunities abound to integrate barcoding into
species and 140 freshwater species to the reference existing environmental indices, and use it as a
library.
supplement for current monitoring methods.
Initial analyses from Southern California freshwater
streams show general agreement between traditional
morphology-based taxonomy and barcoding analysis,
but with some telling differences. In a handful of
cases, pairs of hard-to-differentiate species like Baetis
adonis and Baetis tricaudatis (mayflies) have unique
barcodes, and multiple species lumped into the same
category, like Simulium spp. (black flies), can also
be distinguished. In addition, some newly discovered
genetic similarities or differences may warrant
taxonomic reclassifications (e.g., Orthocladius).
Several technical challenges to the use of barcoding
are also being investigated. Since current specimen
preservation methods may not be practical for
application to routine field assessments, SCCWRP is
researching alternative approaches that best maintain
DNA integrity.
In addition, the BRI has been adapted to work with
only presence/absence data. This step eliminates
the need to quantify the number of each taxon in a
sample, and enables comparison of new barcoding
results with local historic datasets.

For example, it could be
extended to analyzing
algal communities, another
emerging bioassessment
method in several U.S.
states, or to bioassessment
using meiofauna. It could
also potentially serve
as an early screening
tool to detect introduced
or invasive species in
sensitive aquatic habitats.
SCCWRP plans to take a lead role in helping to
transition DNA barcoding to routine application by
developing and demonstrating tools and procedures
for its use in regional and compliance monitoring
programs.

* Eric Stein heads the biology department at SCCWRP, Costa
Mesa, California. Karen Setty is a Science Writer with SCCWRP.
Peter Miller is Director of Business Development with the
Canadian Centre for DNA Barcoding in Guelph, Ontario.
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South African Barcoders Head for the Wetlands:
Toyota Enviro Outreach Rides Again

T

he second iBOL edition of South Africa’s
Toyota Enviro Outreach program – 20
scientists and support staff in a fleet of
eight specially equipped vehicles – set out from the
Johannesburg International Motor Show October 8
on an 12-day off-road odyssey to collect plant and
animal samples for DNA barcoding

Speaking before the
fleet set out from
Johannesburg, Prof.
van der Bank said:
“The barcode has
changed our lives by making information available
in a quick and easy way. The iBOL project, supported
by Toyota, will do the same for living species. It is
This year’s destination was iSimangaliso Wetland important that we go out and collect each and every
Park – 332,000 hectares of lakes, estuaries, swamp species for this project and build the iBOL database.”
forests and massive 25,000-year-old coastal dunes.
iSimangaliso – the name means “miracle and iBOL Scientific Director Paul Hebert said that the
wonder” – was listed as South Africa’s first World importance of South Africa to the iBOL initiative
Heritage Site in 1999 and is the country’s third- cannot be overstated. “From the iBOL perspective,
largest national park, stretching from Cape St. Lucia it is the ideal combination – a country with vast
in the south to Kosi Bay in the north.
biodiversity and a community of skilled scientists
dedicated to the application of DNA barcoding in
With specialists in fish and species identification.
mollusks, spiders, insects and
plants on hand, the goal was “We are immensely grateful to the Toyota Enviro
to explore the park’s eight Outreach initiative for its assistance in ensuring
interlinking ecosystems, collect that South Africa achieves its barcoding targets,” he
specimens from the broadest added.
possible range of taxa and
preserve them for DNA barcoding A big contribution from small collectors
and deposition in Barcode of Life On day three of this year’s expedition, the Outreach
Data Systems (BOLD).
team enlisted the assistance of some young
collaborators – the 278 school children at the Trelfall
All voucher specimens will be deposited in major primary school. The Toyotas entered the school gates
national collections where they will be available for at the start of the day and the children were treated to
examination and in-depth analyses by
a presentation on the importance of trees,
researchers. The project will also expand
insects and other living things.
the electronic information base on
South African biodiversity and facilitate
Then they divided into groups, each
the growth of the National Collecting
accompanied by a researcher, to collect
Programme.
insects and other small creatures around
the school grounds. The researchers
Heading the scientific team and
spent the afternoon sorting through
coordinating the project for iBOL was
the resulting 1,000 samples from 300
Michelle van der Bank, head of the
different species.
African Center for DNA Barcoding at the
University of Johannesburg.
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‘Herps’ Come in from the Cold:
New Barcoding Campaign for Amphibians, Reptiles

H

erpetologists now have a DNA barcoding
campaign to call their own. Dubbed
Cold Code for its focus on cold-blooded
amphibians and non-avian reptiles, the new initiative
is based at the Kunming Institute of Zoology (KIZ)
and funded by the Chinese Academy of Sciences and
the National Science Foundation of China.
The project is being coordinated by a steering
committee comprising iBOL’s coordinator of reptiles
and amphibians Bob Murphy (KIZ), Miguel Vences
(Technical University of Braunschweig , Germany),
Steve Donnellan (South Australia Museum,
Australia), Wen-Zhi Wang, Jing Che and Ya-ping
Zhang (KIZ, China). Regional and taxonomic
experts include Zoltán Nagy (Congo Biodiversity
Institute) and Elizabeth Prendini (American Museum
of Natural History, USA), who are coordinating
mainland Africa and Uwe Fritz (Dresden Museum of
Zoology, Germany) who is leading a global initiative
for turtles.

In an upcoming paper*, the researchers report that
two new pairs of primers, when used in concert, can
universally amplify and sequence all three orders of
Chinese amphibians as represented by 36 genera.
This taxonomic diversity, which includes caecilians,
salamanders and frogs, suggests that the new primer
pairs will universally amplify COI for the vast
majority of amphibian species.
The authors tested this theory by using the new primers
to investigate cryptic diversity in three endemic
Asian genera of salamanders: Paramesotriton,
Pachytriton, and Tylototriton. They also assessed the
value of DNA barcodes for enhancing knowledge of
the salamanders’ diversity, matrilineal history and
geographic distribution and then investigated how
these data can be applied in conservation planning
by using the salamanders as a model system in Asia.

The steering committee will establish protocols
and recommendations on issues such as sampling
strategies (number of individual samples per site or
species, voucher requirements, etc.) and the policy
for public release of barcode data in Barcode of Life
Data Systems (BOLD) and GenBank.
Dr. Wen-Zhi Wang will coordinate laboratory work at
KIZ, which will support the Cold Code campaign by
providing free sequencing for the first 10 specimens
of any species.
Meanwhile, new research by several members of the
Cold Code campaign promises to remove a major
stumbling block for barcoding amphibians – the * Che, J., H.-M. Chen, J.-Q. Jin, J.-X. Yang, K. Jiang, Z.-Y. Yuan,
availability of universal primers for the standard R.W. Murphy, and Y.-P. Zhang. In press. Universal COI primers for
barcoding gene COI.
DNA barcoding amphibians. Molecular Ecology Resources.
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Beauty on the Front Porch:
iBOL Benefits from Dick Wilson’s Passion for Moths

i

BOL collaborators come in many guises. There
are museum curators, university professors, field
researchers, post-docs and grad students. And
then there’s Richard Wilson, also known as the Moth
Man of Bay Center, Washington, one of the growing
band of “citizen scientists” whose work is helping to
drive progress towards iBOL’s ambitious goals.

Wilson has a PhD
in geology and an
extensive understanding
of
zoology
and
paleontology, so he
finds the taxonomy
of moths fascinating.
“Every night, spring through fall, I capture around 30
Wilson, owner of an oyster and clam farm in central or 40 moths, then I might select out three or four to look
Washington, is a moth enthusiast. “Most people say — at more closely,” he said.
‘oh yeah, moths, they’re brown, they fly at night.’ But
that’s not it at all. Their patterns, their subtle colors … “I’m excited every morning to see what I’ve got in
they’re beautiful.”
my traps. There’s always the chance to find something
different.” His efforts have already doubled the number
Wilson should know. He’s been collecting and examining of known species in Pacific County, Washington, and
moths every morning since 2005 and contributing added significantly to barcodes of North American
specimens to the Canadian Centre for DNA Barcoding Lepidoptera on Barcode of Life Data Systems (BOLD).
since 2009. So far, he has captured and recorded over
400 different species.
Wilson is a member of the Moth Photographers Group,
hosted online by Mississippi State University, and his
Flickr account features images of many of his frontporch finds. After his morning review of traps, selected
moths go into small pill bottles in the refrigerator. “The
cold slows them down but it doesn’t hurt them,” Wilson
said.
“My goal is to take a close-up photo to see if I have
something unique. The macro image works as my
microscope for comparison of types. The traditional
mounted, dried moth specimin doesn’t have the same
vibrancy of color as the live moth. I want to capture as
close as I can the natural colors in my photo.”

“This is a hobby,” he said, “but I get pretty involved
with my hobbies. I started bird watching some years Wilson started his intensive hobby quite innocently.
ago but I ran out of birds.”
“We have a porch facing east, with a north and west
wall and partial fiberglass roof open to the southeast,
He won’t run out of moths. There are more than 2,000 and a normal compact fluorescent light. So I’d go out
known species in the United States. Also, “they’re in the morning and notice 10 or 20 different moths. At
interesting — they don’t bite, they don’t sting, they first I thought, well there can’t be more than 30 or 40
don’t make a mess” and he can collect them right from species, but then I started taking photos and finding
his front porch.
reference sites to identify specimens.”
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Beauty on the Front
PorchContinued from page 6

He says that there is plenty of room for other moth
enthusiasts to get in the game. “On the beach side of our
county, you could come up with a different set of moths
than I am finding here on the bay,” he said. “Moths are
highly mobile — they can go up to tremendous heights
and ride the currents.”
“There’s not a lot known about a lot of animals. That’s
what makes it interesting,” said Wilson. “I think we’ve
lost something in this country in terms of the naturalist
— there seems to be a general lack of interest by most
about the natural environment. We need people who
have a curiosity, people with a personal passion for the
natural world.”
People like Dick Wilson and his abiding passion for
moths.

Adapted from an article by Cate Gable in the July 19 edition of the
Chinook Observer.

African Partnership Initiative Launched:
Bringing Together Barcode Researchers and Users

T

r i a n g l e B arcoding
Partnerships for Africa
(TBPA) brings together
biodiversity research institutes
and potential users of DNA
barcodes to create barcoding
laboratories in Africa.
The TBPA initiative’s first task
is to identify partner institutions
that are committed to becoming
active barcoding research
centers and support their
efforts to identify high-priority
projects with tangible, nearterm benefits and the potential
to become self-sustaining.

The three sides of each partnership “triangle” are:
»» A partner institution – e.g. a museum, herbarium, research institute,
international research organization. government or industrial lab – and
its iBOL Node that will provide facilities, lab space, technical staff and
links to taxonomic collections and/or field research programs that produce
collections of specimens for research.
»» An identified user community – e.g. government regulators, law enforcement
organizations, commercial companies, international conventions or
commissions – that needs the ability to identify biological specimens using
DNA barcodes. And
»» The International Barcode of Life project (iBOL) and the Consortium for
the Barcode of Life (CBOL) working together to provide guidance through
the planning process, assistance in designing a suitable barcoding operation,
experienced barcoding professionals for on-site training, collaboration in
developing funding proposals and ongoing technical support.
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What’s in your Teabag?
Students’ Barcode Probe Reveals Unlisted Ingredients

T

ake another look at that cup of tea. Three New
York City high school students used DNA
barcoding to discover that several herbal
brews and a few brands of tea contain ingredients
unlisted on the manufacturers’ package.
The teenagers also discovered genetic variation
between broad-leaf teas exported from India versus
small-leaf teas exported from China.
Guided by DNA barcoding experts at The Rockefeller
University, an ethno-botanist at Tufts University and
a molecular botany expert at The New York Botanical
Garden, co-authors Catherine Gamble, 18, Rohan
Kirpekar, 18, and Grace Young, 15, of Trinity School
in Manhattan, published their findings in the Nature
journal Scientific Reports.

Other unlisted ingredients included the common
weeds white goosefoot (Chenopodium album) and
red bartsia (Odontites vernus); a garden flower,
lantana (Lantana spp.); an ornamental tree, Taiwanese
cheesewood (Pittosporum pentandrum); and herbal
plants such as alfalfa (Medicago sativa), lemon balm
(Melissa officinalis), heal-all (Prunella vulgaris),
blackberry (Rubus spp.) and papaya (Carica papaya).

The unlisted ingredients included weeds such as
annual bluegrass and herbal plants such as chamomile.
The surprise ingredients are mostly harmless but
could affect a tiny minority of consumers with acute
allergies. Three (4 percent) of the 70 tea products
tested and 21 (35 percent) of 60 herbal products had
unlisted ingredients.

“After water, tea and its many herbal variations
represent the world’s most popular beverage – by far.
Literally billions of cups are consumed every day,
more than all the coffee, pop and every other drink
combined,” said Gamble. “What’s in those little bags
of tea and herbal tea products is a matter of interest
to billions of people.”

For example, an herbal infusion labelled “St. John’s
wort” (Hypericum perforatum) included material
from a fern in the genus Terpischore. A DNA
barcode obtained from another herbal tea labelled
“ginger root, linden, lemon peel, blackberry leaves,
and lemongrass” matched annual bluegrass (Poa
annua), a common weed unrelated to lemongrass.
Four herbal infusions yielded sequences identical or
nearly identical to the tea plant, C. sinensis but none
listed “tea” as an ingredient. The most common nonlabel ingredient, found in seven herbal products, was
chamomile (Matricaria recutita).

“It’s important to list every ingredient in a product
because some people need to be very careful about
what they consume,” said Kirpekar. “Allergy
symptoms might be just watery eyes but some people
can get more seriously sick and they’d never know
the reason was in their comforting hot drink. We
were surprised to find many herbal teas in particular
with unlisted ingredients.”

“It’s a mystery why ingredients are unlisted,” added
Young. “It might just be a weed picked up during
harvesting or the residue of a plant used in one
product gets passed to the next product in a processing
Four products yielded barcodes of plants closely facility. Maybe unlisted ingredients like chamomile
matching parsley, but none listed ingredients in that or parsley are added to provide flavour or color to
plant family.
8

What’s in your
Teabag? -

Some of the DNA extractions and amplifications were
carried out on a dining room table in the apartment of
Continued from page 8
iBOL scientific advisor Mark Stoeckle with used lab
equipment bought on the Internet for about $5,000.
herbal teas, serving the same purpose as garlic or After extracting and amplifying the DNA in the
onion in cooking. Perhaps manufacturers want to sell home lab, the samples were mailed to a commercial
full looking bags and pad them with filler.”
DNA sequencing facility. The total cost of analysis
was about $15 per sample and took about 24 hours.
Teas are made from leaves of the tea plant, Camellia
sinensis; herbal infusions, which are often called “These results demonstrate a low-cost approach for
“teas,” use the roots, leaves, stems, seeds, or flowers of plant identification that could be used in educational,
many different plants. But appearance does not easily regulatory, and research settings to produce practical
identify the bits of dried plants, which sometimes are information and scientific insight,” said Stoeckle.
also cooked or fermented, that are used to prepare
infusions and teas. The researchers found the plant In addition to the unlisted ingredients, the young
DNA extremely resilient and obtained barcodes from scientists helped discover that the tea plant includes
90 percent of the 146 products sampled
a genetic difference between broad-leaf assamica
variety tea exported from India and small-leaf
The products, half teas and half herbals, from 33 sinensis variety tea exported from China, the two
different manufacturers spanning 17 countries, were largest tea-producing countries by far.
collected or purchased at 25 locations in New York
City including stores, school dining halls, and the
homes of the investigators.

Figure 1: matK barcode identifications.

Figure 2: rbcL barcode identifications.
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Navigating Around Hazards to Barcoding, 2011

S

ince becoming chair of the Board of the iBOL
corporation in early May, I have thought many
hours about iBOL navigating to its goal: a total
of 5,000,000 sequences from 500,000 species in its
public library by the autumn of 2015. To raise the odds
of reaching this scientifically gratifying and practically
useful goal the Board now maintains a formal Risk
Register of hazards on the way to 5 million. Let me
mention here four hazards that have risen on my
personal list during the past five months and suggest
safe ways around them.
1. Slow flow of specimens from major natural history
collections toward the barcode library
Technology for getting barcodes economically and
efficiently from older specimens stored in museums has
progressed rapidly. We have cordial relations with many
great collections. Three to five of these major collections
committed to partnerships with the barcoding movement
for the next four years would remedy the patchy flow of
specimens and accelerate iBOL toward its goal of expanding
to a half million species and 5 million specimens covering
high priorities for societal benefit and for basic science. Let’s
strengthen partnerships with natural history collections and
deploy the new technology.
2. Reluctance to board the Open Science speed boat
The acceleration of biomedical science, astronomy, and
other fields owes much to adoption during the past decade
of the policies AND PRACTICES of promptly sharing
observations and data. Because funders, including Genome
Canada, the Alfred P. Sloan Foundation, and the Gordon and
Betty Moore Foundation, are committed to open access, our
slowness to get on board Open Science presents a real peril.
I support the Shock Treatment of opening all barcode data
our labs have amassed. The consequent transparency would
correct errors more quickly. And opening a 5-fold larger
database than we currently operate will open opportunities
for authors of rewarding papers faster than we can fulfill
them.

3. Isolation from the world of app developers
Every time a barcode paper or website mentions a species,
it ought, for example, to be linked to the relevant site in the
Encyclopedia of Life, which now has web pages with vetted
content for more than 750,000 species. Similarly, we should
be linking to information about collections of specimens,
much of it now united in the Global Biodiversity Information
Facility. The barcoding movement needs to ensure that the
architecture of its own sites is open, so that app developers
worldwide will freely build sparkling apps that link our work
with a few clicks to 300 years of accumulated biological
knowledge elsewhere on the web. Increased integration
in the e-Biosphere and consequent accessibility to app
developers will multiply the value of barcodes.
4. Impractical division of labor between universities
and similarly academic institutions on the one hand and
private sector institutions on the other
Universities are good at education and research. They often
lack the organization and employee competencies to excel
at other functions. Universities operate by semesters, unlike,
for example, medical testing companies, and they have low
security of facilities. They are perplexed by “customers”
other than students. The barcode movement increasingly
needs to engage private sector entities to provide a spectrum
of barcoding services on a reliable, predictable, profitable
basis, and in ways that will withstand legal and regulatory
challenges. Academics invented and tested barcoding,
and they can continue to build the library and explore its
applications, but private business people and government
agencies increasingly need to realize its practical uses, 52
weeks per year in a profitable and thus self-sustaining way.
The good news is that iBOL and its partners can navigate
past these risks. We ourselves can engage with the great
collections, commit to practice Open Science and release
data, create a context in which apps arise to link us magically
to all biological knowledge, and cultivate partners outside
academia who will provide the barcoding services that can
realize its practical potential.
Jesse H. Ausubel
Chair, iBOL Inc.
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8.7 Million Species... Who Cares?
New Estimate Prompts Different Reactions

T

hat’s the new estimate of the total number of
species on Earth, based on an “innovative,
validated
analytical
technique”
that
dramatically narrows the range of previous estimates
(5-100 million). The study, published by PLoS
Biology, prompted different reactions from two
eminent biologists - Robert May and Daniel Janzen.
Mora et al.’s imaginative new
approach begins by looking at the
hierarchy of taxonomic categories,
from the details of species and
understanding of the ecological and evolutionary processes
genera, through orders and
which created, and which are struggling to maintain, the classes, to phyla and kingdoms.
They documented the fact that for
diverse biological riches we are heir to.” – Robert May
eukaryotes, the higher taxonomic
It is a remarkable testament to humanity’s narcissism categories are “much more completely described than
that we know the number of books in the US Library of lower levels”, which in retrospect is perhaps not surprising.
Congress on 1 February 2011 was 22,194,656, but cannot They also show that, within well-known taxonomic groups,
tell you—to within an order-of-magnitude—how many the relative numbers of species assigned to phylum, class,
distinct species of plants and animals we share our world order, family, genus, and species follow consistent patterns.
with. Something like 1.5 million distinct eukaryotes have If one assumes these predictable patterns also hold for less
been named and recorded, but, lacking synoptic databases, well-studied groups, the more secure information about
even this number is uncertain owing to synonyms (the phyla and class can be used to estimate the total number of
same species separately named in two or more different distinct species within a given group.
collections).
In this way, Mora et al. arrive at a global total of 8.7 million
Part of the problem is that taxonomic effort is approximately eukaryotic species, with a standard error of ±1.3 million.
divided among vertebrates, plants, and invertebrates, Most are terrestrial, with 2.2 (±0.2) million being marine.
whereas plant species are roughly 10 times, and invertebrates This is higher than my earlier “best guess”, but I like the
100 times, more numerous than vertebrates. Mammals and simplicity of this new method.
birds are the best known, again reflecting our narcissism:
their features are akin to our own.
Currently, diligent field taxonomists are adding newly
discovered species at the rate of very roughly 15,000
In this issue of PLoS Biology, Mora et al. offer an each year (when discounted for synonyms). Given that
interesting new approach to estimating the total number of we currently recognize something like 1.5 million distinct
distinct eukaryotic species alive on earth today. They begin eukaryotic species, Mora et al.’s estimated species number
with an excellent survey of the wide variety of previous suggests 480 years to finish the job. It is, however,
estimates, which give a range of different numbers in the reasonable to expect that in the near future, molecular
broad interval 3 to 100 million species. I have favoured methods — “barcode taxonomy” — will greatly speed
a number between 2 and 10 million, and if I had to buy a up the task of keying-out collected material, as well as
ticket in a sweepstakes, I’d have chosen 5 million.
resolving synonymies.

“Why should we care about how many species are alive on
earth today. . .(because) such knowledge is important for full
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8.7 Million Species...
Who Cares? Continued from page 11

But the basic field activity of collecting new material
will remain a rate-limiting step. Increasing the number
of people engaged on the task would obviously help,
and any such increase could be made more effective—
as pioneering efforts in Costa Rica and elsewhere have
shown—by using “parataxonomists”, local people who
use rough morphological criteria to help recognise new
species, in combination with taxonomic experts. All in all,
my optimistic guess would be around a century to complete
our assessment of the diversity of life on earth.
But this tentative assessment makes no allowance for
accelerating extinction rates. As the Millennium Ecosystem
Assessment emphasized, over the past century documented
extinctions within well-studied groups (particularly birds
and mammals) were at a rate 103±1 higher than the average
extinction rate seen over the half-billion-year sweep of the
fossil record. One can draw no comfort from the thought
that the task of cataloguing our planet’s biological richness
will be simplified by its winnowing.
Ultimately, why should we care about how many species
are alive on earth today, and about how many of them are
known to us? One notable Victorian physicist (I will be
merciful and not name him) opined that such a quest is little
more than stamp collecting. To the contrary, we increasingly
recognise that such knowledge is important for full
understanding of the ecological and evolutionary processes
which created, and which are struggling to maintain, the
diverse biological riches we are heir to. Such biodiversity
is much more than beauty and wonder, important though
that is. It also underpins ecosystem services that—although
not counted in conventional GDP—humanity is dependent
upon.

Turning from the general to the specific, I give just one
among a multitude of possible concrete examples of
beneficial application of taxonomic discovery. In the 1970s
Yuan Longping, “the father of rice”, discovered in the wild
a new variety of rice, whose cross with a conventional
strain led to a new variety that is 30% more efficient. This
has motivated subsequent initiatives to document and
protect all wild varieties of rice, which obviously can only
be done if we have the appropriate taxonomic knowledge.
Given the looming problems of feeding a still-growing
world population, the potential benefits of ramping up such
exploration are clear.
The essential fact is that, if we are to meet the challenges
facing tomorrow’s world, we need a clearer understanding
of how many species there are — both on land and in the
even less well-studied oceans—underpinning the structure
and functioning of ecosystems. Mora et al.’s interesting
new approach to assessing the magnitude of this task is
thus very helpful.
Robert M. May,
Zoology Department, Oxford University,
Oxford, United Kingdom

May RM (2011) Why Worry about How Many Species and Their Loss? PLoS Biol
9(8): e1001130. doi:10.1371/journal.pbio.1001130.
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8.7 Million Species...
Who Cares? Continued from page 11

Ten million species? The real number is easily double that,
since DNA barcoding is showing us that something like a
third to a half of the species that we think are one species
are actually two-or-more species that merely look (or act,
smell, bite, taste) like the same thing.

And if you knew that there were at this moment, 27,538,258
species on planet Earth how would that help anything,
anywhere, anytime? Not one bit. Turning it upside down,
in order to save a significant block of species and all the
wonderful (and painful) things that they do to and with each
other and us, I do not need to know whether that
“The species loss, and the loss of their interactions forest contains 100,000 of them or 1,000,000
even more so, is not a tragedy because we cannot of them, or any number in between. What I
need to know is what they do, how to tell one
count them. It is a tragedy because they are gone,
from another, where they are, and how to get a
quite irrespective of whether there were 1 million, particular one to hand or eye at the moment that
it happens to matter to me or to you.
10 million, or 30 million.” – Dan Janzen

There are six species of giraffes, three species of orcas,
and two species of African elephants. The list goes on
and on and on and on. Who cares? Look at a pasture filled
with burros, horses, zebras and quaggas, and tell me when
the usable description is “grass dotted with equines”.
Malaria is carried by particular species of mosquitoes, not
“mosquitoes”.

And what we all need to do is to get that information back
into our hands and minds at the time you want it. In return,
there just might be some chance of having some serious
portion of that wild biodiversity (again) be welcome to at
least some serious portion of society. In the face of ravenous
Homo sapiens multiplying even faster than the proverbial
rabbits, there is no other hope.

People love metrics. They are so proud of their fingers
that they have to count any time they can. But tallying the
number of species is really, truly a waste of time — an
absurd thing to measure in most cases. It matters not a bit
whether a tropical forest just cut down contained 100,000
species or 150,000 species or 300,000 species.

Please save us from the very human tendency to, in our
frustration of watching and feeling our very own ancestral
mold melt away, turn to counting. When the house is
burning, you do not need a enumerated thermometer, you
need a Fire Department.

The loss to humanity is that all those species gave us the
ability to smell, see, think, feel, itch, wonder, hear and
puzzle over. They moved us from primeval to the Homo
sapiens we know and are; and we are busily trashing them
off the planet, taking away the very things that fashioned
us into being, knowing, feeling, and seeing that we are in
something other than a dull white box. Humanity deserves
more than alfalfa, parking lots, and comic books.

Daniel Janzen,
Department of Biology,
University of Pennsylvania, USA
(Costa Rica representative on iBOL Scientific Steering Committee)

The species loss, and the loss of their interactions even
more so, is not a tragedy because we cannot count them.
It is a tragedy because they are gone, quite irrespective of
whether there were 1 million, 10 million, or 30 million.
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Research Roundup:
Some Recent Publications About DNA Barcoding
Darwin’s butterflies? Spectacular species
radiation in the Caribbean
In one of the first taxonomic revisions of Neotropical
butterflies that uses DNA barcoding, Andrei Sourakov
(University of Florida, Florida Museum of Natural
History) and Evgeny Zakharov (University of Guelph,
Canadian Centre for DNA Barcoding) uncovered a
spectacular degree of evolutionary divergence within the
satyrine butterfly genus Calisto.
The study, “Darwin’s butterflies”? DNA barcoding and
the radiation of the endemic Caribbean butterfly genus
Calisto” was published in the open-access journal
Comparative Cytogenetics.
Why are there so many bird species in the tropics?
For this study, an international team of scientists
used currently available large-scale datasets of avian
DNA barcodes to compare diversification patterns at a
continental scale in different biogeographic regions, an
endeavour which extends the use of barcodes beyond
species identification and taxonomy.
Their analysis suggests that avian species are older in the
southern Neotropics than in the Nearctic, as evidenced
by average genetic distances between pairs of closely
related species, the distribution of these distances, and the
proportion of very recently diverged pairs of species. This
result supports the conclusion that Pleistocene glacial
cycles had more pronounced effects in the Nearctic
(particularly in boreal North America) than in the
Neotropics, isolating populations and promoting vicariant
speciation.
Special FISH-BOL issue of Mitochondrial DNA
The October 2011 issue of Mitochondrial DNA is
dedicated to the Fish Barcode of Life campaign (FISHBOL). The issue includes a five-year progress report on
the campaign and an updated “Collaborators’ Protocol”
as well as research papers on a variety of fish barcoding
projects:

The Fish Barcode of Life (FISH-BOL) special issue. Robert Hanner,
Rob Desalle, Robert D. Ward, Sergios-Orestis Kolokotronis
Five years of FISH-BOL: Brief status report. Sven Becker, Robert
Hanner, Dirk Steinke
The FISH-BOL collaborators’ protocol. Dirk Steinke, Robert Hanner
Applying genetic techniques to study remote shark fisheries
in northeastern Madagascar. Phaedra Doukakis, Robert Hanner,
Mahmood Shivji, Cecilia Bartholomew, Demian Chapman, Eugene
Wong, George Amato
DNA barcoding of morid cods reveals deep divergence in the
antitropical Halargyreus johnsoni but little distinction between
Antimora rostrata and Antimora microlepis. Peter J. Smith, Dirk
Steinke, Peter McMillan, Andrew Stewart, Robert D. Ward
DNA barcoding of billfishes. Robert Hanner, Robin Floyd, Andrea
Bernard, Bruce B. Collette, Mahmood Shivji
DNA barcoding analysis of fish species diversity in four north
Greek lakes. Alexandros Triantafyllidis, Dimitra Bobori, Christine
Koliamitra, Emma Gbandi, Maria Mpanti, Olga Petriki, Nikoletta
Karaiskou
DNA barcoding discriminates freshwater fishes from
southeastern Nigeria and provides river system-level
phylogeographic resolution within some species. Christopher D.
Nwani, Sven Becker, Heather E. Braid, Emmanuel F. Ude, Okechukwu
I. Okogwu, Robert Hanner
Incorporating DNA barcodes into a multi-year inventory of the
fishes of the hyperdiverse Lower Congo River, with a multi-gene
performance assessment of the genus Labeo as a case study.
Jacob H. Lowenstein, Todd W. Osmundson, Sven Becker, Robert
Hanner, Melanie L. J. Stiassny
DNA barcodes discriminate freshwater fishes from the Paraíba do
Sul River Basin, São Paulo, Brazil. Luiz H. G. Pereira, Gláucia M. G.
Maia, Robert Hanner, Fausto Foresti, Claudio Oliveira
Deep barcode divergence in Brazilian freshwater fishes: the case
of the São Francisco River basin. Daniel C. de Carvalho, Denise A.
A. Oliveira, Paulo S. Pompeu, Cecília Gontijo Leal, Claudio Oliveira,
Robert Hanner
DNA barcoding reveals hidden diversity in the Neotropical
freshwater fish Piabina argentea (Characiformes: Characidae)
from the Upper Paraná Basin of Brazil. Luiz H. G. Pereira, Marlon F.
Pazian, Robert Hanner, Fausto Foresti, Claudio Oliveira
DNA barcoding unveils a high rate of mislabeling in a commercial
freshwater catfish from Brazil. Daniel C. Carvalho, Danilo A. P. Neto,
Bruno S. A. F. Brasil, Denise A. A. Oliveira
FISH-BOL and seafood identification: Geographically dispersed
case studies reveal systemic market substitution across Canada.
Robert Hanner, Sven Becker, Natalia V. Ivanova, Dirk Steinke.
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