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Letter to the Editor
Species concepts for conservation – Reply to
Russello and Amato

There are two critical steps required in assessing the taxonomic
identity of populations (especially fragmented ones) for conservation purposes. The ﬁrst is to deﬁne the criteria for distinguishing
species and the second is to implement the delineation. Russello
and Amato (2014) and other proponents of the phylogenetic species concept (PSC) concentrate on the delineation stage and consider that any markers can be used as a basis of delineation.
Frankham et al. (2012) demonstrated that the choice of markers
is crucial to delineations for conservation purposes. If small inbred
populations with allopatric distributions are to be saved from
extinction (and there are huge numbers of them), then species
must be delineated on the basis of reproduction isolation (in the
broad sense), as used in the differential ﬁtness and biological species concepts (DFSC and BSC). If this is done, crosses of populations
within species will have beneﬁcial (genetic rescue) or benign effects on reproductive ﬁtness, while those between species will be
deleterious (outbreeding depression). This conclusion is based on
genetic theory, simulations and empirical examples. A similar conclusion regarding delineation of species for conservation purposes
was reached by Crandall et al. (2000) based on arguments about
conserving adaptive genetic variation.
Russello and Amato (2014) consider use of reproductive isolation to be non-operational, as at the most stringent level it requires
data on crosses between populations. However, it can be implemented practically as we now recognise that reproductive isolation arises overwhelmingly from adaptation to different
environments (as proposed by Darwin) and/or the existence of
ﬁxed chromosomal differences (that cause outbreeding depression
in crosses) (Frankham et al., 2012). Chromosomal differences can
be readily distinguished by karyotyping and those due to ploidy
differences by measuring DNA content. Many adaptive differences
are readily delineated, such as day length adaptation from changes
in clock genes, altitudinal adaptation from changes in haemoglobin
loci in animals, diet from changes in digestive enzyme loci, ﬂowering time in plants from changes in ﬂowering time loci, etc. In fact,
Russello and Amato (2014) accepted our suggestion for the use of
ITS2 as a predictor of reproductive isolation as diagnosable. They
also point to the feasibility of diagnosing adaptive genetic differences in their ﬁnal sentence where they say ‘our increasing ability
to detect genome-wide variation in natural populations holds
promise for directly integrating adaptive genetic variation. . .’
The issue of over-splitting of small inbred populations with low
genetic diversity for allopatric populations when using PSC does
not disappear with adequate sampling, as it is an inherent problem
created by genetic drift in small isolated populations. Conversely,
use of PSC is not a problem with sympatric or parapatric
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distributions of populations, as diagnosability indicates reproductive isolation. Inadequate sampling is a serious problem in conservation contexts, as densities of individuals are often low,
populations may have been extirpated, capture of animals for sampling may stress animals, permits may deny access to any but a
few individuals, the source of individuals in captivity may be unknown and there are often very limited funds for sampling and
analysis, especially for non-charismatic species.
Thus, there are multiple reasons for avoiding the use of PSC in
delineating species for conservation purposes, especially for populations with allopatric distributions. Conversely, the use of DFSC or
BSC is operational via the causal associations between reproductive isolation and adaptive differences and/or ﬁxed chromosomal
differences.
In conclusion, rapid loss of within-population diversity and
development of divergence among local populations due to random genetic drift is a potential threat to many populations. Divergence should be protected when it reﬂects adaptive differences,
but countered when it threatens populations. For conservation,
we need to address this tension rather than rely on species concepts that – while operational – always preserve and amplify population isolation regardless of its value or cost to the species.
Finally, it is critical that species delineations explicitly state which
species concept is being employed, so that the suitability for conservation or other purposes can be evaluated.
References
Crandall, K.A., Bininda-Edmonds, O.R.P., Mace, G.M., Wayne, R.K., 2000. Considering
evolutionary processes in conservation biology: an alternative to ‘‘evolutionary
signiﬁcant units’’. Trends Ecol. Evol. 15, 290–295.
Frankham, R., Ballou, J.D., Dudash, M.R., Eldridge, M.D.B., Fenster, C.B., Lacy, R.C.,
Mendelson, J.R.I., Porton, I.J., Ralls, K., Ryder, O.A., 2012. Implications of different
species concepts for conserving biodiversity. Biol. Conserv. 153, 25–31.
Russello, M.A., Amato, G., 2014. Operationalism matters in conservation: comments
on Frankham et al. (2012). Biol. Conserv. (in press).

Richard Frankham
Department of Biological Sciences, Macquarie University,
NSW 2109, Australia
Australian Museum Research Institute, Australian Museum,
6 College Street, Sydney, NSW 2010, Australia
Tel.: +61 2 9850 8186; fax: +61 2 9850 8245.
E-mail address: richard.frankham@mq.ed.au
Robert C. Lacy
Chicago Zoological Society,
Brookﬁeld, IL 60513, USA
Jonathan D. Ballou
Center for Conservation and Evolutionary Genetics,
Smithsonian Conservation Biology Institute,
Washington, DC 20008, USA

2

Letter to the Editor / Biological Conservation xxx (2014) xxx–xxx

Michele R. Dudash
Department of Biology, University of Maryland,
College Park, MD 20742, USA

Ingrid J. Porton
Saint Louis Zoo, One Government Drive,
St. Louis, MO 63110, USA

Mark D.B. Eldridge
Australian Museum Research Institute, Australian Museum,
6 College Street, Sydney, NSW 2010, Australia

Katherine Ralls
Center for Conservation and Evolutionary Genetics,
Smithsonian Conservation Biology Institute,
Washington, DC 20008, USA

Charles B. Fenster
Department of Biology, University of Maryland,
College Park, MD 20742, USA
Joseph R. Mendelson III
Zoo Atlanta, 800 Cherokee Ave., SE Atlanta, GA 30315, USA
School of Biology, Georgia Institute of Technology,
301 Ferst Dr, Atlanta, GA 30332, USA

Oliver A. Ryder
San Diego Zoo Institute for Conservation Research,
15600 San Pasqual Valley Road, Escondido, CA 92027, USA

