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list will be important not only to facilitate the work of
others, but also to enable assessment of progress towards
the goal set at the World Summit for Sustainable
Development in Johannesburg in 2003, to ‘reduce the
rate of biodiversity loss by 2010’. But such a list cannot be
achieved without the broad participation of the entire
community; we must come together to produce such global
resources, rather than falling into the trap of endlessly
discussing whose fault it is while biodiversity disappears.
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In their critique of our paper [1], Harris and Froufe [2] point
out that species status is sometimes advocated on molecular
grounds if genetic divergence is large enough. Typically,
mitochondrial DNA (mtDNA) is used for such purposes, and
this approach has recently been formalized as ‘DNA
barcoding’ (http://www.barcodinglife.com). According to
Harris and Froufe, however, genetic divergence within
species has been underestimated, depending too heavily on
north-temperate species that recolonized the region after
the ice ages. The consequent bottlenecks tended to reduce
genetic diversity of more northerly species compared with
parent populations further south [3]. In the more-stable
tropics, effective population sizes have often remained
stable and fairly large. Therefore, Harris and Froufe argue
that taxonomic inflation in the tropics will result from
overestimation of species diversity from genetic data.

Although this might be true in some cases, most revisions
leading to inflation include other factors, such as geographi-
cal separation of divergent lineages. Geographically coher-
ent lineages are considered under the phylogenetic species
concept to constitute separate species [1], whereas locally
mixed mitochondrial lineages with similar levels of diver-
gence would provide evidence for a single species.

In any case, we do not consider a threshold value of
divergence at mtDNA to be a useful criterion for delimiting
species. Some tropical species have little divergence
between them (e.g. !0.5% at the mitochondrial gene COI
as found in Astraptes skipper butterflies [4], even though
DNA barcoders had previously advocated a sixfold higher
species level threshold of 3% COI divergence [5]). Mean-
while, values of up to 2% COI divergence within tropical
speciesare common(e.g. inHeliconiusbutterflies [6] ormore
in other groups). Time since speciation (t) and effective
population size (q) jointly determine the level of DNA
divergence between species, whereas within-species vari-
ability is determined entirely by q [7]. The coalescence
theory underlying these ideas assumes neutral evolution,
which is probably approximately correct for most sequence
divergence between closely related or sister species. Con-
trary to what Harris and Froufe suggest, if speciation is
rapid and recent in tropical radiations, t is small and low
divergence is expected between species, as in Astraptes.
However, with effective population sizes generally more
stable than at higher latitudes, as Harris and Froufe
suggest, q will be large and high levels of polymorphism
are expected within species, so that within- and between-
species divergences might overlap. Such effects are found
among rapidly diversifying cichlid fish [8], for example. As
more data accumulate, it will be interesting to see if a
general trend of tropical versus temperate species emerges.
In any case, insight from coalescence theory argues against
simplistic ‘barcoding’ or other methods to delimit species
depending on genealogical monophyly, especially if based on
a single mitochondrial gene [9].

Knapp et al. [10] point out that many new species
descriptions do not contribute to taxonomic inflation
(elevation of already known subspecific taxa to species
rank [1]). In our abstract [1], we made a rather misleading
statement: ‘Species numbers are increasing rapidly. This is
due mostly to taxonomic inflation, where known subspecies
are raised to species as a result of a change in species
concept’. We should have phrased this differently. We
intended to refer to the charismatic vertebrates of major
conservation and macroecology interest that were the main
focus of our argument. We apologise to the many systema-
tists who might feel aggrieved by our unintended slur.

Knapp et al. also point out that species-level taxonomy is
a living process that inevitably leads to change in scope of
species taxa as moredata accumulate, regardless of whether
a single species concept is applied consistently. Even with
excellent knowledge of geographical distributions, mor-
phology and genetics, the activities of ‘lumpers’ and
‘splitters’ are unlikely to stop, so that species-level nomen-
clature will remain unstable; furthermore, the degree of
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Jeffrey Sayer and Bruce Campbell
bring literally a world of experience
from the front lines to this challenging
contribution to the debate about sus-
tainable development. Their focus is
on the contribution of science and
research to improving natural
resource management (NRM) in tropi-
cal developing countries. The authors
begin with well trodden ground: the

importance of natural resources to rural livelihoods; their
precipitous decline owing to poor management based on
maximizing short-term production; the need to move to an
integrated approach directed by the resource users and
based on their (insufficiently valued) local knowledge; and
the need for basic changes in existing institutions, attitudes,
incentives and power structures for this move to happen.
Donors are particularly criticized as driving the research
and development agenda in the wrong direction through
their insistence on concrete, short-term achievements and
their unwillingness to confront the complex and long-term
nature of NRM.

Fortunately, the authors bring refreshing new perspec-
tives to these familiar themes, beginning with redefining
some basic concepts. They reject the concept of sustain-
ability, as it is commonly used by natural resource scientists,
as the unachievable (and undesirable) goal of maintaining
the status quo in the face of constantly changing physical
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splitting will continue to differ across taxonomic groups [1].
Therefore, we agree with Knapp et al. that online global
taxonomic and nomenclatural resources, with full syno-
nymy and details of currently accepted classification, are for
the moment more important than a universal standard for
the species taxon. At the same time, we need to re-engineer
biodiversity studies, conservation and macroecology to take
more account of taxonomic instability.
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and socio-economic reality. They also criticize the all-
embracing popular notion of integration, pointing out that
agricultural and ecological systems are too complex, and
involve too many processes and facets, for researchers and
resource managers to be able to address them all. The
authors suggest that the key to successful integrated NRM
and development lies in making well informed judgments
about what to integrate and what to leave out. Rather than a
technical issue of balancing production and exploitation,
they identify the essence of NRM as the process of
negotiating agreements among different stakeholders
about how natural resources will be allocated and used.

Most significantly, the authors propose to redefine the
nature of natural resources research and its role in
supporting NRM and rural development. They contend
that research to date has helped mainly to address certain
narrowly defined problems, while often exacerbating
broader environmental and social issues (e.g. the authors
cite recent criticisms of Green Revolution technologies).
Somewhat disconcertingly, the authors blame an over-
emphasis on ‘hard’ science (‘.science that sets up hypoth-
eses and tests them with repeatable and quantifiable
experiments.’), which they feel is too simplistic to illuminate
relationships and predict outcomes in the complex real
world of natural resource systems. Instead, they feel that
the challenge of NRM calls for more ‘soft science’ (‘.science
that looks at social phenomena that cannot be reduced to
component parts and is not repeatable outside of its complex
context.’). This leads into a discussion of the evolving
relationship between researchers and resource managers,
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