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DAVID L. PEARSON, ANDREW L. HAMILTON, AND TERRY L. ERWIN

The worldwide decline in taxonomists has a broad impact on biology and society. Learning from general historical patterns of science and under-
standing social changes caused by growing economies, we propose changes in priorities for training taxonomists to reverse these losses. Academically
trained professionals, parataxonomists (local assistants trained by professional biologists), youths educated with an emphasis on natural history,
and self-supported expert amateurs are the major sources of taxonomists. Recruiting effort from each category is best determined by public attitudes
toward education, as well as the availability of discretionary funds and leisure time. Instead of concentrating on descriptions of species and narrow
studies of morphology and DNA, the duties of the few professional taxonomists of the future also will be to use cyberspace and a wide range of skills

to recruit, train, and provide direction for expert amateurs, young students, parataxonomists, the general public, and governments.
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The boundaries of the discipline of taxonomy are often
vague. They can include studies of anatomical structures,
molecules, geographical distributions, behavior, natural his-
tory, and higher evolutionary relationships, with goals that
some think are better treated as separate fields of study, such
as systematics and phylogenetics. To avoid many of these
misunderstandings and controversies, we define taxonomy
as a field of biology that identifies, describes, classifies, and
names living and extinct species and other taxa.

Ecologists, medical researchers, behaviorists, natural
resource managers, conservation biologists, policymakers,
and the judiciary represent some of the vast array of disci-
plines that rely heavily on an accurate documentation of taxa
and species (Cracraft 2002). Only 2 million of the estimated
7 million to 15 million species on Earth have been described.
Despite this obvious taxonomic impediment, we have seen
a significant waning of support for taxonomic research over
the last decades (Wheeler et al. 2004, Cotterill and Foissner
2010). Taxonomists are an endangered group. As a result, not
only are research efforts in many parts of the world at risk
but so too is the availability of information on which we rely
for medicine, ecosystem and wildlife management planning,
and public policy. We propose a recovery plan that combines
established patterns from the history of science with present
and predicted future economic indicators to help broaden
the pool of those who can contribute to taxonomy and
resolve the problem of the endangered taxonomist. This plan
draws on literature from economics and from recent work
on the rise of professional amateur taxonomists to argue for
specific changes in the way contributors to the taxonomic
enterprise are recruited, trained, and supported in their

efforts. As taxonomy transitions from a museum-based
science to an information-based science, access to literature
and specimens will increase dramatically. New technology
presents an opportunity for taxonomy to expand its bound-
aries by providing a digital infrastructure to a range of
participants far beyond the classical model centered on
professional taxonomists.

A historical overview of taxonomy

One of the most reliable techniques for answering histori-
cal questions and testing for patterns is using insights from
one field to tell us something about another—a philosophi-
cal technique called consilience by some historians (Gad-
dis 2002). In so doing, we can make sense of the past and
perhaps anticipate the future (Erwin 1985). The historical
development of such varied fields as military science, astron-
omy, archaeology, geology, physics, computer science, horti-
culture, ichthyology, malacology, ornithology, mammalogy,
entomology, and herpetology shares a common pattern with
respect to the relationship between experts and amateurs
(Leadbeater and Miller 2004). The earliest stages of these
fields were dominated by amateurs—there were often no
established experts at the time—who described and named
component parts such as species, rocks, stars, or bytes of
information. As these fields of study solidified, power was
transferred from expert amateurs to trained professional
scientists, and graduate training for employment in the field
became available. In these cases, the maturation of fields led
to research that was increasingly conceptual and theoretical,
including systems analysis and the use of formal models.
As a result, technical terminology and methodology in these
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fields have become so refined that most of what is known
about these topics is now accessible to only a narrow audi-
ence of trained professionals (Pearson and Cassola 2007).

This trend suggests that theoretical and institutional
development in the biological sciences will lead reliably or
even inevitably to the exclusion of expert amateurs. Indeed,
the 20th century saw a great deal of this, first with the rise
of population genetics in the early decades of the century
and then with the advent of molecular biology in the 1950s,
followed by the push toward mathematical approaches to
ecology in the 1970s. This result would be unfortunate in
taxonomy, where professional experts are becoming rare and
expert amateurs have long made important contributions,
and may, with appropriate support from the professional
taxonomy community, continue to do so.

Taxonomy has become quite technical and specialized
over the nearly 300 years that it has been practiced in
its modern form. It requires access to specimens, librar-
ies of historical literature, multiple technical vocabularies,
colleagues’ expertise, computers for analyzing data, and wet
labs for acquiring genetic information. The trend is toward
continued professionalization and the exclusion of amateurs.
There is little doubt that expert amateurs play a smaller role
in taxonomy than they once did. In Europe and the United
States, for instance, a significant part of the infrastructure
for taxonomy was built by amateurs. It was common for
those who assembled research collections in the late 19th
and early 20th centuries to rely heavily on large networks of
amateur botanists, birders, and mammalogists—examples
include Joseph Grinnell, founding director of the Museum
of Vertebrate Zoology; C. Hart Merriam, first chief of the
Division of Economic Ornithology and Mammalogy of the
US Department of Agriculture (later renamed the Bureau of
Biological Survey); and Secretary of the Smithsonian Institu-
tion Spencer Baird (Kohler 2006). These administrators made
extensive use of commercial collectors who were not trained
taxonomists, and who today we would call parataxonomists.
These collectors contributed tens of thousands of specimens
to science and had long careers as freelance naturalists, and
some eventually obtained museum or university appoint-
ments. These men included well-known natural historians
and taxonomists such as Malcolm Anderson, Joseph Dixon,
and Rollo Beck.

It would be a mistake to suggest that interactions among
professionals, expert amateurs, and commercial collectors
in these cases were completely unproblematic, but the fact
remains that many who were outside the community of aca-
demic professionals made a substantial contribution to natural
history infrastructure in the United States and elsewhere, and
did so until fairly recently. The trend toward increased pro-
fessionalization in taxonomy in the second half of the 20th
century reduced some problems associated with amateur col-
lecting and description, as well as the problems of excessive
for-profit collecting, but it has done so at the cost of the posi-
tive contributions of these workers. Our recovery plan includes
ideas for encouraging these contributions once again.
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Sources of taxonomists

On the basis of a literature review and from discussions with
other taxonomists, we conclude that there are four major
sources of taxonomists, and that these sources are often
interdependent.

Professionals. Taxonomists with university degrees, trained
in a setting that includes classical taxonomy, molecular tax-
onomy, and cybertaxonomy (standardized electronic tools
to share and access information), are the dominant source
in academia (Wheeler 2008). More and more, taxonomy is
conducted by professionals in allied scientific fields such as
ecology, genetics, animal behavior, and conservation biology
who become part-time taxonomists by necessity (Godfray
and Knapp 2004). However, because taxonomy is mistakenly
perceived as a weak, descriptive science with no experimenta-
tion (Felsenstein 2004), and because comparative morphol-
ogy, the heart of academic taxonomy, has long been out of
favor (Allen 1978), professional taxonomy positions and
funding for taxonomic research have waned dramatically
since the mid-20th century (Mayr 1942). Hope for a sig-
nificant resurgence in financial support for professional tax-
onomy is probably unrealistic (Agnarsson and Kuntner 2007,
Packer et al. 2009). Even national and international programs,
such as the Global Taxonomy Initiative and the Partnership
for Enhancing Expertise in Taxonomy, which are directed
primarily toward supporting professional taxonomists, have
had little impact in slowing the trend away from professional
taxonomists (Boero 2001). Although most of the new profes-
sional taxonomists are now receiving training in Europe and
the United States, university and museum programs in rising
economies such as China’s and Brazil’s are becoming steadily
more important for both science and society.

Amateurs. Many individuals seeking an avocation have chosen
to develop their abilities in taxonomy. From marine habitats
where millions of amateur shell collectors and scuba club reef
photographers investigate sites rarely or intermittently studied
by professionals, to tropical forests where bird enthusiasts and
insect collectors visit sites seldom inspected by professionals,
nonprofessionals have a tremendous potential to help obviate
the overwhelming lack of knowledge of taxonomy through-
out the world (Pearson et al. 2010). Their interest levels range
from those of occasional observers to serious and committed
citizen scientists who function at the level of some profession-
als (pro-ams) but are not paid for their work. The rise in pro-
ams in every field generally occurs in societies with growing
economies, as measured by gross domestic product (GDP),
falling fertility rate, and an increasing middle or leisure class
(Leadbeater and Miller 2004). Under ideal circumstances,
amateur taxonomists can be mentored and associated with
professional taxonomists, museums, or academic institutions.
Nevertheless, the work of many amateurs is considered similar
to “stamp collecting” and is not readily accepted as reliable by
some professionals. Individual amateurs and aspiring pro-
ams often need to prove themselves with quality publications
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and concrete interactions with professionals before they are
likely to be accepted by the taxonomy community.

Parataxonomists. Parataxonomists are local paid workers and
inventory specialists trained by professionals. Their expertise
is in collecting specimens, sorting them into similar-appearing
forms (morphospecies), and recording associated habitat and
collection information into data format. Because of their
narrow training, parataxonomists deliver constrained results
(Krell 2004), making their work most appropriate in develop-
ing countries with limited economies and few local experts.
However, only a small number of these developing countries
can provide lasting and secure funding, management person-
nel, or the nurturing social structure needed to incorporate
informally educated individuals into established government
and academic social units (Janzen 2004). Parataxonomy, then,
requires a new infrastructure, supported by professional tax-
onomists, perhaps in the ways suggested below.

Natural history education for youth. Numerous studies empha-
size the significance of early education in natural history
and the environment, along with field trips, for influenc-
ing the career goals of people younger than 14 years of age
(Rojewski and Kim 2003). Exposure to nature is essential
and can range from nonformal (outings with family, friends
and colleagues) (Cullen and Mony 2003) and formal school-
related field trips (Zoldosova and Prokop 2006) to informal
programs (sponsored by community, regional, national, or
international groups, such as non-
governmental nature organizations)
(Haigh 2006). This exposure to the
natural world can be reinforced by
Web sites such as the Encyclopedia
of Life (EOL; www.eol.org). Youth-
based nature programs can promote
the interests that lead to taxonomic
professional careers; such programs
also develop outlets for avocations
as taxonomic amateurs (Dillon et al.
2006). Formal, informal, and non-
formal levels of education, however,
are restricted by economic factors,
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they can be found, are importantly constrained by economics.
Some regions rich in biodiversity also have growing econo-
mies, and this has an impact on how the professional com-
munity might best enable amateurs to contribute.

Although initially, a rise of per capita GDP accelerates
pollution, biodiversity loss, and few educational advances
(Holland et al. 2009), the rising economy eventually reaches
a level associated with higher school enrollment rates, higher
science test scores, lower fertility rates, increased political
stability (Barro 2001), and greater public awareness of the
environment (O’Connor 1998). A less-developed economy
will mean little public or government support for primary,
secondary, or university education (La Belle 2000); it will also
lack a strong middle class with adequate leisure time and the
ability to self-fund for avocations. Time, ability, and funding
for families or private organizations to support informal
education will be deficient. At this level, the training of local
parataxonomists by foreign taxonomists may be the only
productive way to ensure a supply of budding taxonomists
who can continue to help provide the vital information
upon which so many areas of society rely (figure 1).

Because one of the first positive responses to a growing
economy within a country is the greater funding of primary
education (Barro 2001), investment in taxonomists at this time
should focus on education of youth (figure 1). As the economy
continues to improve, families tend to have fewer children and
invest more time and money into each child. These factors will
lead to a larger middle class, which usually results in greater
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The economy of a country or region
can influence all the proposed sources
for taxonomists, but one should not
expect that growing economies will
continue to increase their contri-
butions to the pool of professional
taxonomists; this is one reason for
our focus on amateurs. What kinds
of amateurs there are, and where
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Figure 1. In countries with populations of more than 5 million, relation of
growing wealth (gross domestic product per capita) and falling fertility rate
(mean number of offspring per female 16 to 38 years old) with approximate points
at which support for each of four sources of taxonomists should be emphasized.
Data are from the Central Intelligence Agency’s World Factbook, www.cia.gov/
library/publications/the-world-factbook/).
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support of higher education, more public citizen-based orga-
nizations (nongovernmental organizations [NGOs]), more
time and money for avocations (Leadbeater and Miller 2004),
as well as heightened concern for the environment (Bhattarai
and Hammig 2004). Increased Internet access (Godfray 2007)
and more published field guides (Pearson and Shetterly 2006)
are especially significant factors in attracting and training
taxonomy pro-ams (figure 1). At this stage, however, there is
also an increase in the sophistication of scientific study and a
rise in the dominance of professionals in the field. At the same
time, fewer of these new professionals focus on taxonomy
and natural history, largely because of declining employment
prospects. With decreasing financial support and perceived
need for professional taxonomists, amateurs become, often by
default, the major source of taxonomy and associated natural
history observations (Leadbeater and Miller 2004).

We queried 35 pro-am colleagues with widely respected
publication records in taxonomy, natural history, and the dis-
tribution of tiger beetles and birds with the question, “What
do you need from professional taxonomists to make yourself
more effective and happy as an amateur taxonomist?” The five
most common responses were: (1) facilitate specimen loans
from museums and collections; (2) help obtain collecting and
research permits; (3) share information about local contacts,
specialists, and habitats; (4) provide educational opportuni-
ties to learn about new procedures, techniques, and literature;
and (5) help with page costs in publishing monographs and
field guides, although pro-ams generally do things for the love
of it even at personal expense.

We are fortunate that strides are being made to build capac-
ity for some of these needs through a new digital infrastructure
for taxonomy and for bioinformatics, generally. There have
been large-scale efforts at the Smithsonian Institution, Missouri
Botanical Garden, the New York Botanical Garden, Arizona
State University, and elsewhere to produce high-quality images
of type specimens. Meanwhile, the Global Names Architecture
and the Universal Biological Indexer have made great advances
in indexing and organizing taxon names; the Global Biodiver-
sity Information Facility is databasing and sharing museum
records; and the Biodiversity Heritage Library has digitized
and shared entire libraries of taxonomic information free of
charge under Creative Commons licensing.

These are important tools for pro-ams, but more infra-
structure and encouragement is necessary. The EOL is
building a set of “LifeDesks” pages through which amateurs
will be able to contribute their knowledge. Expert amateurs
will also be able to curate EOL pages. Open-access online
taxonomic journals, such as ZooKeys, PhytoKeys, and PLoS
ONE, make describing new species a faster process without
sacrificing peer review and quality control. These are steps in
the right direction, but they do not fully address professional
acceptance of amateurs or new ways of inviting amateurs
into taxonomy and providing them with the training they
will need if they are to make a difference.

In their book on the rise of pro-ams and the emerging
impact of pro-ams on the economy, Leadbeater and Miller

www.biosciencemag.org

mmmm Professional Biologist

(2004) pointed out five additional ways to help pro-ams
become more involved and interested in their avocation:
(1) develop government pro-am fellowship programs; (2)
declare pro-am days for employees to volunteer or engage
in their avocation; (3) prepare volunteers for life beyond
employment; (4) encourage professionals to share the stage
and limelight with pro-ams in planning, publications, and
innovation; and (5) facilitate socialization that will attract an
increasing number of participants as pro-ams.

These goals can all be addressed by a willing community,
most of them at relatively low costs. However, doing so will
require a concerted effort and coordinated action on the
part of the taxonomic community, professional societies,
and funding agencies.

Recommendations

Although there are exceptions, many professional taxono-
mists appear to be seeking goals no broader than training
more professional taxonomists and convincing funding
agencies to support taxonomic research. In a recent volume
summarizing a symposium on goals for the new taxonomy
(Wheeler 2008), parataxonomists and the training of youth
are not mentioned, amateurs and volunteers are cursorily
mentioned only three times, and no reference is made to the
growing impact of part-time professional taxonomists from
allied fields (Valdecasas and Camacho 2003). Instead, article
after article in this symposium volume focused on new
technology, developing teams of professionals, and ways to
make taxonomy more respected as an independent scientific
endeavor and not just a service for other fields. Although
these considerations are important, they also illustrate the
limitations that dominate current thinking. Some taxono-
mists are already changing the ways in which they function
and train new taxonomists, but we believe that there is not
yet a critical mass of taxonomists willing to expand their
range of goals and consider the full suite of opportunities
available. It may be time for taxonomists to adopt a com-
pletely new tack and make better use of what is known about
the relationships between national and regional economies
and their effects on education and the career choices of
newly trained professionals.

The precise combination of rising economic indicators,
fertility rates, and resultant educational and avocational
levels that determine the optimal time to invest in the vari-
ous sources of taxonomists should be tested and determined
accurately (figure 1). These types of tests are already under
way by economists (Barro 2001), and with collaboration
from biological historians and taxonomists the results could
be readily extended to validate the most effective sequence of
taxonomist training.

Professional taxonomists must also continue to diversify
their duties, which should include (a) directing teams training
parataxonomists in remote parts of the world; (b) supporting
the quality training of professional foreign taxonomists in
the United States and Europe, as well as in the national insti-
tutions of countries with rising economies (Wheeler et al.
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2004); (c) developing curricula at the primary and secondary
levels that will excite and attract students to taxonomy; (d)
advising NGOs on research plans; (e) writing grant propos-
als that may be more likely to be funded by a wider range
of private and government agencies through emphasizing
support of youth education and cost effective pro-ams; (f)
recruiting and mentoring amateur enthusiasts; and (g) spon-
soring workshops and symposia in which professionals and
pro-ams can interact and socialize with one another (Mallet
and Willmott 2003). These activities constitute a return, in a
new way, to much of the successful collecting and taxonomic
tactics used by interdependent amateurs, parataxonomists,
and professionals in the 19th and early 20th centuries.

In addition, taxonomists must engage a wide range of
young people. Communicating with increasingly computer-
savvy youth commonly requires clever use of interactive Web
sites that attract and train students in the latest techniques
and technology of taxonomy. For example, Arizona State
University’s Ask A Biologist program (askabiologist.asu.edu)
began more than 13 years ago with a simple Web tool to send
questions to biology experts. Since then it has grown to more
than 2000 pages of content, attracting more than a million
visitors each year. The primary goal of the Ask A Biologist
site is to capture the imagination of future scientists and
amateurs to inspire them to explore the living world. The
program is constructed to meet class-plan criteria and to be
teacher friendly. Students of all ages encounter a wide range
of activities and materials encompassing key taxonomic
concepts pertinent to botany, biology, conservation, ecology,
biochemistry, genetics, molecular biology, oceanography,
and species identification and discovery.

We believe the public should be provided several ranges of
opportunities for hands-on experiences with taxonomy. In a
recent report on public participation in scientific research, the
Center for the Advancement of Informal Science Education
proposed that professionals develop three levels of public
participation: (1) contributory projects designed by scientists,
with participants involved primarily in collecting samples and
recording data; (2) collaborative projects in which the public
is also involved in analyzing data, refining project design, and
disseminating findings; and (3) cocreated projects designed by
scientists and members of the public working together, with at
least some public participants in all aspects of the work.

As the general historical trend of advancing professional-
ization of science in rising economies reduces the number of
positions and research support for professional taxonomists
(Hopkins and Freckleton 2002), the few remaining such
experts need to seek ways in which their efforts can have a
multiplier effect. This includes broadening and enhancing
ideas of what it is to do taxonomy. As taxonomy continues to
transition out of the museum and into cyberspace, the skills
of the taxonomist and the informatician will resemble one
another more than they do now. One effect of this change
will most likely be that the taxonomists’ skills will be in higher
demand for the kind of biodiversity informatics projects
mentioned above, with funding coming from large, integrated
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initiatives for biodiversity, ecotourism, or science education.
Academic taxonomists will no longer focus their time and
efforts on only a single, museum-based taxon and compara-
tive morphology, but will instead develop goals that include
computer imaging of specimens (Wheeler 2008), interpret-
ing molecular and mathematical modeling results, advising
developers of taxonomic curricula, and leading teams that
include nontaxonomists and amateurs (Cohn 2008). One of
the most important functions of professional taxonomists will
be assessing and prioritizing the needs for taxonomic work in
various regions of the world. Professionals can provide bud-
ding pro-ams with alternative possibilities to become experts
on taxa that are poorly studied and would otherwise languish
in obscurity (Russell 2010). Professional taxonomists will
become critical to information science and will be responsible
for maintaining broad lines of communication among all the
participants—amateur, professional, public, and government.

At all costs, academic taxonomists must avoid the narrow
and defensive mentality that characterizes all fields and profes-
sions to some degree (Greenwood 2007). As Leadbeater and
Miller (2004, p. 16) pointed out: “Some professionals will seek
to defend their endangered monopoly. The more enlightened
will combine the know-how of professionals and amateurs to
solve complex problems. That is true in astronomy, software
development and online games. It should be the path that our
health, education and welfare systems follow as well.”

Furthermore, professional taxonomists must become
effective advocates for increasing the demand for taxonomy
and taxonomists across all levels of society, from legislators
and judges to reporters and the general public. Unfortunately,
a simple argument that conservation biology or biodiversity
studies cannot advance without taxonomists is unlikely to
produce an adequate increase in public funding and broad
support (Mace 2004). However, if the economic losses asso-
ciated with having fewer taxonomists can be made personal
to the public and decisionmakers, the pro-taxonomist argu-
ment will be stronger and broader. Powerful legislation,
such as the Endangered Species Act in the United States,
or international treaties such as CITES (the Convention on
International Trade in Endangered Species of Wild Fauna
and Flora) is partly based on accurate taxonomy, and the
economic impact of these laws is in the millions of dollars
annually (Brown and Shogren 1998). Moreover, the eco-
nomic and social necessity of taxonomy and taxonomists
in fields such as biochemical prospecting among plants by
pharmaceutical companies, the study of impacts on health of
disease vectors, and inspection and interception activities at
ports and national border stations (including the interdiction
of invasive species) are needs that public and government
officials will better understand and support.

We conclude that an appropriate recovery plan for
taxonomy involves a two-step initiative. By consciously focus-
ing time and energy on multiple ways to efficiently expand the
supply of taxonomists, and simultaneously influencing public
policy so that the economic needs for the profession become
obvious, taxonomists need not go extinct (Evans et al. 2005).

www.biosciencemag.org



Acknowledgments

We appreciate input and valuable criticism of these ideas
from John Alcock, John Anderies, Deborah Brosnan, David
Brzoska, Anthony Gill, Ronald Huber, David Kavanaugh,
Michael Kippenhan, Barry Knisley, Scott Miller, Ben Mint-
neer, Nancy Pearson, Charles Perrings, Jay Shetterly, Sacha
Spector, Luca Toledano, William Watson, and Quentin
Wheeler. Andrew Hamilton’s work on this project was
supported in part by the National Science Foundation
(SES 0925827). We also thank the many pro-am colleagues
who have enthusiastically provided ideas and shared their
expectations for the future of taxonomy.

References cited

Agnarsson I, Kuntner M. 2007. Taxonomy in a changing world: Seeking
solutions for a science in crisis. Systematic Biology 56: 531-539.

Allen G. 1978. Life Science in the Twentieth Century. Cambridge University
Press.

Barro RJ. 2001. Human capital: Growth, history, and policy: A session to
honor Stanley Engerman. American Economic Review 91: 12-17.

Bhattarai M, Hammig M. 2004. Governance, economic policy, and the
environmental Kuznets curve for natural tropical forests. Environment
and Development Economics 9: 367-382.

Boero F. 2001. Light after dark: The partnership for enhancing expertise in
taxonomy. Trends in Ecology and Evolution 16: 266.

Brown GM Jr, Shogren JE. 1998. Economics of the Endangered Species Act.
Journal of Economic Perspectives 12: 3-20.

Cohn JP. 2008. Citizen science: Can volunteers do real research? BioScience
58:192-197.

Cotterill FPD, Foissner W. 2010. A pervasive denigration of natural history
misconstrues how biodiversity inventories and taxonomy underpin
scientific knowledge. Biodiversity and Conservation 19: 291-303.

Cracraft J. 2002. The seven great questions of systematic biology: An essen-
tial foundation for conservation and the sustainable use of biodiversity.
Annals of the Missouri Botanical Garden 89: 127-144.

Cullen GR, Mony PRS. 2003. Assessing environmental literacy in a non-
formal youth program. Journal of Environmental Education 34: 26-28.

Dillon J, Rickinson M, Teamey K, Morris M, Choi MY, Sanders D, Benefield
P. 2006. The value of outdoor learning: Evidence from research in the
UK and elsewhere. School Science Review 87: 107-111.

Erwin TL. 1985. The taxon pulse: A general pattern of lineage radiation
and extinction among carabid beetles. Pages 437-472 in Ball GE,
ed. Taxonomy, Phylogeny, and Zoogeography of Beetles and Ants: A
Volume Dedicated to the Memory of Philip Jackson Darlington, Jr.,
1904-1983. Dr. W. Junk.

Evans C, Abrams E, Reitsma R, Roux K, Salmonsen L, Marra PP. 2005. The
neighborhood nestwatch program: Participant outcomes of a citizen-
science ecological research project. Conservation Biology 19: 589-594.

Felsenstein J. 2004. A digression on history and philosophy. Pages 123-146
in Felsenstein J, ed. Inferring Phylogenetics. Sinauer.

Gaddis JL. 2002. The Landscape of History: How Historians Map the Past.
Oxford University Press.

Godfray HCJ. 2007. Linnaeus in the information age. Nature 446: 259-260.

Godfray HCJ, Knapp S. 2004. Introduction: Taxonomy for the twenty-
first century. Philosophical Transactions of the Royal Society B 359:
559-569.

Greenwood JJD. 2007. Citizens, science and bird conservation. Journal of
Ornithology 148 (suppl. 1): S77-S124.

Haigh M]J. 2006. Promoting environmental education for sustainable
development: The value of links between higher education and

www.biosciencemag.org

s Professional Biologist

non-governmental organizations (NGOs). Journal of Geography in
Higher Education 30: 327-349.

Holland TG, Peterson GD, Gonzalez A. 2009. A cross-national analysis
of how economic inequality predicts biodiversity loss. Conservation
Biology 23: 1304-1313.

Hopkins GW, Freckleton RP. 2002. Declines in the numbers of amateur
and professional taxonomists: Implications for conservation. Animal
Conservation 5: 245-249.

Janzen DH. 2004. Setting up tropical biodiversity for conservation through
non-damaging use: Participation by parataxonomists. Journal of
Applied Ecology 41: 181-187.

Kohler R. 2006. All Creatures: Naturalists, Collectors, and Biodiversity
1850—-1950. Princeton University Press.

Krell F-T. 2004. Parataxonomy vs. taxonomy in biodiversity studies—
pitfalls and applicability of “morphospecies” sorting. Biodiversity and
Conservation 13: 795-812.

La Belle TJ. 2000. The changing nature of non-formal education in Latin
America. Comparative Education 36: 21-36.

Leadbeater C, Miller P. 2004. The Pro-am Revolution: How Enthusiasts Are
Changing Our Society and Economy. Demos.

Mace GM. 2004. The role of taxonomy in species conservation. Philosophical
Transactions of the Royal Society B 359: 711-719.

Mallet J, Willmott K. 2003. Taxonomy: Renaissance or Tower of Babel?
Trends in Ecology and Evolution 18: 57-59.

Mayr E. 1942. Systematics and the Origin of Species. Columbia University
Press.

O’Connor D. 1998. Applying economic instruments in developing countries:
From theory to implementation. Environment and Development
Economics 4: 91-110.

Packer L, Grixiti JC, Roughley RE, Hanner R. 2009. The status of taxonomy
in Canada and the impact of DNA barcoding. Canadian Journal of
Zoology 87: 1097-1110.

Pearson DL, Cassola E. 2007. Are we doomed to repeat history? A model of the
past using tiger beetles (Coleoptera: Cicindelidae) and conservation biol-
ogy to anticipate the future. Journal of Insect Conservation 11: 47-59.

Pearson DL, Shetterly JA. 2006. How do published field guides influence
interactions between amateurs and professionals in entomology?
American Entomologist 52: 246-252.

Pearson DL, Anderson CD, Mitchell BR, Rosenberg MS, Navarrette R,
Coopmans P. 2010. Testing hypotheses of bird extinctions at Rio
Palenque, Ecuador, with informal species lists. Journal of Conservation
Biology 24: 500-510.

Rojewski JW, Kim H. 2003. Career choice patterns and behavior of
work-bound youth during early adolescence. Journal of Career Devel-
opment 30: 89-108.

Russell SA. 2010. True confessions of a citizen scientist: One woman’s quest to
become the world’s leading expert on a bug. OnEarth (Spring): 33-37.

Valdecasas AG, Camacho Al 2003. Conservation to the rescue of taxonomy.
Biodiversity and Conservation 12: 1113-1117.

Wheeler QD. 2008. The New Taxonomy. The Systematics Association
Special Volume Series 76. CRC Press.

Wheeler QD, Raven PH, Wilson EO. 2004. Taxonomy: Impediment or
expedient? Science 303: 285.

Zoldosova K, Prokop P. 2006. Education in the field influences children’s
ideas and interest toward science. Journal of Science Education and
Technology 15: 304-313.

David L. Pearson (dpearson@asu.edu) is an ecologist and conservation biologist,
and Andrew L. Hamilton is a historian and philosopher of science, with the School
of Life Sciences at Arizona State University, in Tempe. Terry L. Erwin is a beetle
taxonomist and chair of the Department of Entomology at the National Museum
of Natural History, Smithsonian Institution, in Washington, DC.

January 2011 / Vol. 61 No. 1 « BioScience 63





