Zootaxa 3768 (4): 497–500
www.mapress.com /zootaxa /
Copyright © 2014 Magnolia Press

ISSN 1175-5326 (print edition)

Correspondence

ZOOTAXA

ISSN 1175-5334 (online edition)

http://dx.doi.org/10.11646/zootaxa.3768.4.7
http://zoobank.org/urn:lsid:zoobank.org:pub:CB04875E-E6E3-4028-9B24-188A404507E4

Overestimation of molecular and modelling methods and underestimation of
traditional taxonomy leads to real problems in assessing and handling of the
world’s biodiversity
IVAN LÖBL
CH-1255 Veyrier, Switzerland [Muséum d’histoire naturelle, rte de Malagnou 1, CH-1208 Geneva, Switzerland].
E-mail: ivan.lobl@bluewin.ch

Abstract
Since the 1992 Rio Convention on Biological Diversity, the earth’s biodiversity is a matter of constant public interest, but
the community of scientists who describe and delimit species in mega-diverse animal groups, i.e. the bulk of global
biodiversity, faces ever-increasing impediments. The problems are rooted in poor understanding of specificity of
taxonomy, and overestimation of quantitative approaches and modern technology. A high proportion of the animal
species still remains to be discovered and studied, so a more balanced approach to the situation is needed.
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Climbing a steep trail above Morgins, in the Swiss Alps, 12 year-old Thomas noticed an odd creature balancing on a
branch. The animal was about two cm long, black with numerous light spots on its back, and with the head extended by a
trunk reminiscent of that of an elephant. Unfortunately, neither his parents, nor later his teacher, were able to satisfy
Thomas’ eager curiosity to discover what kind of animal he had encountered. Not so long ago, any teacher would have
known it is a beetle, and any teacher with at least a slight interest in nature would probably have recognized a weevil.
Today, this kind of knowledge is disappearing even among biologists, whose ability to recognize forms of life may be
reduced to that of Thomas; a paradox, given that there are numerous environmental organisations and societies active all
around the world. This comes at a time when the effects of humans on the environment are reaching a tipping point, so
we need more than ever reliable information about the world’s biodiversity.
This issue reoccurred to me during the course of working on a Catalogue of Palaearctic Coleoptera (Löbl & Smetana
2003, 2004, 2006, 2007, 2008, 2010, 2011, 2013). The aim of that work was to give readers an overview of a the
Palaearctic beetle fauna, particularly because the beetles are the most species-rich order of all organisms that inhabit our
planet (Ślipiński et al. 2011) and comprises about a quarter of all recognized multi-cellular species. The area considered
is also the most extensive biogeographical region: it covers Europe, Africa north of the Sahara, the Arabian Peninsula,
and Asia except for its tropical areas south of the Himalayan Range and China. The work began in 1999 and was
completed in collaboration with 202 experts in May, 2013, giving basic taxonomic and distributional information on
18,468 genera, subgenera and their synonyms, and 170,778 species, subspecies and their synonyms. This work pointed
also to problems taxonomists encounter, and to the necessity of discussing trends that currently impede efforts to assess
species-richness in mega-diverse animal groups.
From well before Linnaeus’ landmark work was published (Linnaeus 1758), naturalists have continuously tried to
document the diversity of living forms. The task has become even more urgent recently, due to extinctions caused by
relentless human pressure on the environment (Collins et al. 1991). All organisms are subjected to that pressure, but the
small ones are infinitely more species-rich, and have a major ecological impact on ecosystem functioning (Kim 1993).
Information about the diversity of organisms is summarized in catalogues that are required for the unambiguous
nomenclature used in both biology and conservation, with valuable historical perspectives. It may appear strange that in
spite of all the efforts made since the mid-18th century, there is still a lack of adequate catalogues for large groups of
organisms. Many of the scientists who contributed to the Palaearctic beetle catalogue dealt with inherent ambiguities in
the field. These are partly rooted in the notion of species: unlike individuals, species are hypotheses, based on observed
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enable identification of 95% of sampled specimens once half of the Bavarian species are barcoded. Molecular data are
useful in many fields, as in the study of diet by examination of gut contents (Klimaszewski et al. 2013), identification of
larvae (Sewell 2006) and cryptic species (e.g., Burns et al. 2008), and analyses of phylogeny (e.g., Short & Fikáček
2013) needed for understanding evolution of organisms. A closer examination of the situation reveals, however, that
barcoding focusing on local and well known faunas, such as the Bavarian, provides to a large extent just an additional
tool for identification of species that are common, widely distributed, and often may be readily distinguished by
traditional means not requesting complex and expensive technology, many recognized even with the naked eye. Similar
projects launched in European countries, such as Austria, Germany, the Netherlands, and Switzerland, are necessarily
largely redundant. While traditional identification tools and associated data usually provide a large amount of
information on morphological characters, biology, habitat preferences, host association, and distribution of the identified
species and other taxa, the barcodes provide a restricted array of information. The images of the voucher specimens
exhibited on the web sites are often uninformative, and the maps that are supposed to show the respective species
distribution are often grossly incomplete. In addition, the traditional approach is rather holistic and leads quite often to
array of new discoveries, while the use of barcodes provides at best only species names, unless also flagging potential
cryptic species and used in conjunction with the traditional approach. A more important issue is the fact that barcodes
may be species-specific in some animals but are not discriminatory in others (Meier et al. 2006), and the method is far
from being universally accepted (Lipscomb et al. 2003, Taylor & Harris 2012, Will & Rubinoff 2004, Yeates et al. 2011).
Meanwhile, resources are shifted towards the use of barcoding in a number of institutions, including universities and
museums. This reduces the pool of expertise available to identify samples of poorly known species, and enhances the ongoing dark age of modernity in studies of diversity of a large part of the world fauna.
Underestimating and/or misunderstanding traditional taxonomy leads to a vicious circle in which needs and the
development of substitutes are increasing, and the supports redirected to the substitutes impede the efforts to meet the
needs. As only sound taxonomy underpins robust data about the diversity of existing life forms, a change in this logic is
required. What is needed is some understanding and good will of decision-makers who distribute public resources.
Practical and efficient first steps would be an evaluation of biodiversity based on the research undertaken by taxonomists
rather than knowledge based on new modelling and rough and unverifiable estimates, and a shift in priorities from metaanalyses and faunal barcoding to true and comprehensive studies of species and their diversity.

Acknowledgements
John Hollier (Geneva, Switzerland), Jan Klimaszewski (Sainte-Foy, Canada), Richard A.B. Leschen (Auckland, New
Zealand), and three reviewers commented on an earlier draft of the paper. My son Daniel provided the photo.

References
Basset, Y., Aberlenc, H.-P. & Delvare, G. (1992) Abundance and stratification of foliage arthropods in lowland rain forest of
Cameroon. Ecological Entomology, 17, 310–318.
http://dx.doi.org/10.1111/j.1365-2311.1992.tb01063.x
Burns, J.M., Janzen, D.H., Hajibabael, M., Hallwachs, W. & Hebert, P.D.N. (2008) DNA barcodes and cryptic species of
skipper butterflies in the genus Perichares in Area de Conservación Guanacaste, Costa Rica. Proceedings of the National
Academy of Sciences, 105 (17), 6350–6355.
http://dx.doi.org/10.1073/pnas.0712181105
Calver, C.M. (2013) RAM the PI-BETA, C3PO – what the H-STAR happened to my promotion application? Or: The pros and
cons of bibliometric evaluation of researchers. In: Grumpy Scientists: the Ecological Conscience of a Nation. Royal
Zoological Society of New South Wales, Mosman, pp. 106–121.
Collins, M.C., Sayer, J.A. & Whitmore, T.C. (1991) Conservation atlas of tropical forests in Asia and the Pacific. IUCN,
Gland, 256 pp.
Gould, S.J. (1993) A special fondness for beetles. Natural History, 2, 4–12.
Haszprunar, G. (2013) Insektenlarven – ein unbekannter Kontinent will erschlossen werden. Nachrichtenblatt der Bayerischen
Entomologen, 62, 97–99.
Ji, Y., Ashton, L., Scott, M.P., Edwards, D.P., Tang, Y., Nakamura, A., Kitching, R., Dolamn, P.M., Woodcock, P., Edwards,
F.A., Larsen, T.H., Hsu, W.W., Benedick, S., Hamer, K.C., Wilcove, D.S., Bruce, C., Wang, X., Levi, T., Lott, M.,
Emerson, B.C. & Yu, D.W. (2013) Reliable, verifiable and efficient monitoring of biodiversity via metabarcoding. Ecology
Letters, 16 (10), 1245–1257.
http://dx.doi.org/10.1111/ele.12162

PROBLEMS IN ASSESSING AND HANDLING OF BIODIVERSITY

Zootaxa 3768 (4) © 2014 Magnolia Press ·

499

Jin, Q., Han, H., Hu, X.-M., Zhu, C.-D., Ho, S.Y.W., Ward, R.D. & Zhang, A.-B. (2013) Quantifying species diversity with a
DNA Barcoding based method: Tibetan moth species (Noctuidae) on the Qinghai-Tibetan Plateau. Plos One, 8 (5),
e64428.
http://dx.doi.org/10.1371/journal.pone.0064428
Kim, K.C. (1993) Biodiversity, conservation and inventory: why insects matter. Biodiversity and Conservation, 2, 191–214.
http://dx.doi.org/10.1007/bf00056668
Klausnitzer, B. (2010) Entomologie – quo vadis? Nachrichtenblatt der Bayerischen Entomologen, 59, 99–111.
Klimaszewski, J., Morency, M.-J., Labrie, P., Séguin, A., Langor, D., Work, T., Bourdon, C., Thiffault, E., Paré, D., Newton,
A.F. & Thayer, M.K. (2013) Molecular and microscopic analysis of the gut contents of abundant rove beetle species
(Coleoptera, Staphylinidae) in the boreal balsam fir forest of Quebec, Canada. ZooKeys, 353, 1–24.
http://dx.doi.org/10.3897/zookeys.353.5991
Krell, F.-T. (2004) Parataxonomy vs taxonomy in biodiversity studies; pitfalls and applicability of „morphospecies“ sorting.
Biodiversity and Conservation, 13, 795–812.
http://dx.doi.org/10.1023/b:bioc.0000011727.53780.63
Lawrence, P.A. (2007) The mismeasurement of science. Current Biology, 17, 583–585.
Linnaeus, C. (1758) Systema Naturae per Regna tria Naturae, secundum classes, ordines, genera, species, cum characteribus,
differentiis, synonymis, locis. Tomus I. Editio decima, reformata. Impensis Direct, Laurentii Salvii, Holmiae, iv + 824 + [1]
pp.
http://dx.doi.org/10.5962/bhl.title.542
Lipscomb, D., Platnick, N. & Wheeler, G. (2003) The intellectual content of taxonomy: a comment on DNA taxonomy. Trends
in Ecology and Evolution, 18 (2), 65–66.
http://dx.doi.org/10.1016/s0169-5347(02)00060-5
Löbl, I. & Leschen, R.A.B. (2013) Misinterpreting global species numbers: examples from Coleoptera. Systematic Entomology,
39 (1), 2–6.
http://dx.doi.org/10.1111/syen.12042
Löbl, I. & Smetana, A. (2003) Catalogue of Palaearctic Coleoptera. Vol. 1. Archostemata – Myxophaga – Adephaga. Apollo
Books, Stenstrup, 819 pp.
Löbl, I. & Smetana, A. (2004) Catalogue of Palaearctic Coleoptera. Vol. 2. Hydrophiloidea – Histeroidea – Staphylinoidea.
Apollo Books, Stenstrup, 942 pp.
Löbl, I. & Smetana, A. (2006) Catalogue of Palaearctic Coleoptera. Vol. 3. Scarabaeoidea – Scirtoidea – Dascilloidea –
Buprestoidea – Byrrhoidea. Apollo Books, Stenstrup, 690 pp.
Löbl, I. & Smetana, A. (2007) Catalogue of Palaearctic Coleoptera. Vol. 4. Elateroidea – Derodontoidea – Lymexyloidea –
Cleroidea – Cucujoidea. Apollo Books, Stenstrup, 935 pp.
Löbl, I. & Smetana, A. (2008) Catalogue of Palaearctic Coleoptera. Vol. 5. Tenebrionoidea. Apollo Books, Stenstrup, 670 pp.
Löbl, I. & Smetana, A. (2010) Catalogue of Palaearctic Coleoptera. Vol. 6. Chrysomeloidea. Apollo Books, Stenstrup, 924 pp.
Löbl, I. & Smetana, A. (2011) Catalogue of Palaearctic Coleoptera. Vol. 7. Curculionoidea I. Apollo Books, Stenstrup, 373 pp.
Löbl, I. & Smetana, A. (2013) Catalogue of Palaearctic Coleoptera. Vol. 8. Curculionoidea II. Koninklijke Brill, Leiden, 700
pp.
Meier, R., Kwong, S., Validya, G. & Ngt, P.K.L. (2006) DNA barcoding and taxonomy in Diptera: A tale of high intraspecific
variability and low identification success. Systematic Biology, 55, 715–728.
Sewell, M.A., Lavery, S. & Baker, C.S. (2006) Whose larva is that? Molecular identification of planktonic larvae of the Ross
Sea. New Zealand Aquatic Environment and Biodiversity Report, 3, 1–57.
Short, A.E.Z. & Fikáček, M. (2013) Molecular phylogeny and classification of the Hydrophilidae (Coleoptera). Systematic
Entomology, 88, 723–752.
Shubert, E. (2002) Use and misuse of the Impact Factor. Systematic and Biodiversity, 10, 391–394.
Ślipiński, S.A., Leschen, R.A.B. & Lawrence, J.F. (2011) Order Coleoptera Linnaeus, 1758. In: Animal biodiversity. An outline
of higher-level classification and survey of taxonomic richness. Zootaxa, 3148, 203–208.
Taylor, H.R. & Harris, W.E. (2012) An emergent science on the brink of irrelevance: a review of the past 8 years of DNA
barcoding. Molecular Ecology Resources, 12, 377–388.
Will, K.W. & Rubinoff, D. (2004) Myth of the molecule: DNA barcodes for species cannot replace morphology for
identification and classification. Cladistic, 20, 47–55.
Yeates, D.K., Seago, A., Nelson, L., Cameron, S.L., Joseph, L. & Trueman, J.W.H. (2011) Intergrated taxonomy, or iterative
taxonomy. Systematic Entomology, 36, 209–217.

500

· Zootaxa 3768 (4) © 2014 Magnolia Press

LÖBL

