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Introduction

Rubinoff’s (2006) essay in Conservation Biology raises
some important issues relevant to the DNA barcoding ini-
tiative. Some of these issues are valid, others have been
discussed recently in the DNA barcoding literature (Blax-
ter & Floyd 2003; Sperling 2003; Hebert et al. 2004; Moritz
& Cicero 2004; Ebach & Holdrege 2005), and still others
can be addressed by looking at DNA barcoding in a dif-
ferent light (DeSalle et al. 2005). Because papers in the
DNA barcoding literature suggest that conservation biol-
ogy is one of the major fields that will benefit from DNA
barcoding, Rubinoff correctly argues that examining the
validity of this claim is necessary.

Problems with DNA Barcodes and Species

It will be instructive for the conservation biology commu-
nity to examine the problems raised by Rubinoff in detail
and I hope this Comment generates interest in the discus-
sion. I start with Rubinoff’s second point that there are
“problems with DNA barcodes and species.” This “prob-
lem” has been at the heart of the discussion at the sev-
eral meetings that have been held on DNA barcoding
(Banbury, 1 March 2003; Banbury, 2 September 2003;
Smithsonian Institution, Washington D.C., May 2004;
CBoL London Meeting, February 2005; for reports on
these meetings see http://phe.rockefeller.edu/Barcode
Conference/). There were originally two purposes of
DNA barcoding discussed and debated at these initial
meetings. The first and most controversial aspect is
species “discovery” (Matz & Neilsen, 2005). The second
and more valid aspect, in my opinion, is species “identifi-
cation.” Species discovery is primarily the domain of taxo-
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nomy. Species identification, which comes after establish-
ed taxonomy, should be the domain of DNA barcoding.

In a taxonomic context DNA sequence information in
the absence of other corroborating evidence can never
be used by itself as an indicator of species delimitation.
The same is true of morphological information: it is never
used by itself without corroborating data. This is because
any hypothesis about a species unit needs to be tested in
a scientific context (Goldstein et al. 2000; Lipscomb et
al. 2003; Sites & Marshall 2004; DeSalle et al. 2005). To
look only at DNA sequences of organisms and then call
these organisms species without a hypothesis test com-
pletely ignores the intellectual and scientific content of
taxonomy (Dunn 2003; Lipscomb et al. 2003; Seberg et al.
2003). On the other hand DNA sequences can be used to
augment taxonomy and species delimitation as either cor-
roborating evidence for existing hypotheses or as starting
points for further testing by other means (DeSalle et al.
2005).

Species “identification” based on DNA sequences does
not violate the intellectual content of taxonomy or the
scientific basis of taxonomy and species delimitation.
This statement makes sense because species identifica-
tion starts with known species designations on the basis
of the work of taxonomists and biologists studying spe-
ciation. Species identification through DNA sequencing,
then, uses the delimitations of taxonomy to establish a
means for identifying unknown organisms by querying
an existing database.

Rubinoff takes issue with the distance-based “barcode”
approach as do several other authors (DeSalle et al. 2005;
Meyer & Paulay 2005; Prendini 2005). When a character-
based system in which DNA sequence information is used
to generate discrete diagnostics (DeSalle et al. 2005) is
implemented, the distance problem disappears. In fact,
a DNA character-diagnostic approach then can become
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an integral part of the usual way taxonomists examine
morphological or behavioral attributes when describing
species.

In addition, DNA barcoding can contribute to refin-
ing species discovery. Once a set of barcodes is estab-
lished for a group of organisms, unidentified specimens
(i.e., query specimens) can be examined. With an effec-
tive DNA identification or barcoding system, typically the
query specimens will be identified to species based on the
barcodes from a database. Nevertheless, some query spec-
imens will not be identified to species. In these situations
the DNA sequence information should raise a red flag
about the existing taxonomy. The DNA barcodes, then,
offer new hypotheses about the taxonomy of the group.
These DNA sequence-based hypotheses are then open
for testing and are the stimulus and starting point for fur-
ther taxonomic revision of a particular group. Once the
taxonomic community and researchers in DNA barcoding
both get the point that DNA barcoding is an extension and
augmentation of taxonomy and can be used for species
identification (not discovery), the problems discussed by
Rubinoff evaporate.

Problems with mtDNA as a Sole Source of Data

Hebert et al. (2003) suggest that there is enough power in
short DNA sequences to provide unique signatures that
could be used as character-based diagnostics. Davis and
Nixon (1992) point out that species can be diagnosed by
fixed and different attributes. These fixed and different
characters are the gold standard of a character-based DNA
identification system. DeSalle et al. (2005) also point out
that DNA sequence positions in a short stretch have even
more diagnostic character information than the positions
that are fixed and different among species. Combinations
of positions that are private and even polymorphic to
particular species can be found and used in species iden-
tification (DeSalle et al. 2005). This leads me to suggest
that a short, single nucleotide sequence the size of the Cy-
tochrome Oxidase I (COI) fragment proposed by the DNA
barcoding community is long enough to generate unique
character-based DNA diagnostics for even very closely re-
lated cryptic species. Should one use the COI gene by
itself to generate a phylogenetic hypothesis? The answer
to that question based on the last decade of systematic
research with multiple gene partitions is a resounding no
(Gatesy et al. 2002; Rokas et al. 2003).

Problems with Application

The final problem of DNA barcoding application in the
conservation community discussed by Rubinoff is also
well taken. Conservation biologists have to work with the

public sector at many junctures. The public does need to
be convinced that a conservation approach is scientifi-
cally valid. Any scientific approach needs to be viewed as
reliable, consistent, honorable, and applicable in courts
of law and in national and international governing agen-
cies.

On the other hand, conservation biologists require
methods that are rapid and informative because conserva-
tion biology is a crisis discipline (DeSalle & Amato 2004).
Would a species identification system based on DNA se-
quences be reliable, consistent, and rapid? I think it would
because once the problems of species discovery are re-
moved from the equation, the reliability and consistency
issues are moot. More important, a DNA identification
system could be much more rapid than current morpho-
logical identification approaches. I am not advocating
elimination of morphological diagnostics or approaches;
rather, I argue that a barcode include DNA, morphology,
behavior, geographic information, and any other attribute
of the organism that facilitates its identification. If DNA
methods are accessed with ease and rapidity in the field,
then there is no reason they should not be used if a species
identification system has been established. It is not unrea-
sonable to assume that DNA technology will advance to
the stage where field-based diagnostics can be accom-
plished. This development would greatly facilitate field
conservation and biodiversity studies, and the utility of a
field-based system of rapid species identification should
be of obvious importance in conservation, biodiversity
studies, and ecological assessments.

One of the hardest criticisms levied by Rubinoff con-
cerns the skewed degree of funding to the DNA barcoding
community when classical taxonomy could use the fund-
ing. This is a political as opposed to a scientific issue.
Nevertheless, there are some underlying scientific points
to be made that are relevant to this criticism. The DNA
sequences in a species identification system can offer an
excellent rationale for organizing and interacting with
biodiversity databases. Workers are currently attempting
to organize the information emanating from biodiversity
studies. These initiatives include the Global Biodiversity
Information Facility (GBIF), All Species Foundation, Mor-
phobank, and Treebase, among many. The lack of unifor-
mity of information being reported across these databases
is a difficulty (Agosti 2003, 2006). Obtaining, archiving,
and using a common DNA sequence or set of DNA se-
quences across a wide range of taxa with a uniform format
for submission, accession, storage of tissues, and informat-
ics would greatly enhance our understanding of biodiver-
sity. DNA barcoding initiatives include such approaches
to database construction as an integral component of the
barcoding effort.

This is a plea not to throw the baby out with the bath-
water, as Rubinoff suggests with DNA barcoding. His criti-
cism is valid only if species discovery, exclusively through
DNA, becomes the raison d’ etre of DNA barcoding. If
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DNA barcoding is defined and used as a species identifi-
cation method, it has the potential to augment and draw
funds to biodiversity assessment and conservation biol-
ogy projects in general.
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