Chapter 17
Insect Conservation Biology: What Can
We Learn from Ornithology and Birding?

David L. Pearson and Fabio Cassola

17.1 Introduction

In a search for patterns within the history of scientific studies, historians have
analysed several fields from physics (Nye 1996), astronomy, and computer software
(Leadbeater and Miller 2004) to biology (Killingsworth and Palmer 1992; Pearson
and Cassola 2007). Are there steps common to all scientific endeavour? What
recognisable patterns of change take place and what are the significant factors caus-
ing the changes? How can they best be compared?

Apart from satisfying intellectual curiosity, a solid understanding of factors in the
development of science could prove useful for conservation biology in many ways.
It could: (1) help determine priorities for funding agencies, (2) enable biologists to
better communicate with and inform non-scientific decision makers, (3) focus indi-
vidual researcher goals, (4) prepare cooperative research agendas, and (5) formulate
more reliable and efficient models for management and conservation goals.

The goal of this chapter is to test if the experiences from one field of interest with
a long history of advances and mistakes, such as ornithology, can be used to help
guide the goals and emphases of a less developed field, such as the study of tiger
beetles (Fig. 17.1).

17.2 Materials and Methods

History does not lend itself to experimental repeatability (Gould 1989), and thus
tests of patterns in history rely on alternative methods. One of the most reliable
techniques for answering pertinent historical questions and testing for patterns is
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Fig. 17.1 Adult Big Sand Tiger Beetle (Cicindela formosa) from Michigan, USA (Photograph by
Rod Planck)

by using insights from one field to tell us something about another — a process
called consilience by historians (Wilson 1998). In so doing, we can make sense
of the past and perhaps anticipate the future (Gaddis 2004). One general model
of the history of science proposed to predict historical patterns in biology is the
General Continuum of Scientific Perspectives on Nature (GCSPN) (Killingsworth
and Palmer 1992). According to the GCSPN, earliest biological studies begin
with natural history and concentrate on observations in the field and specimen
collecting, followed by observing and measuring in the field, manipulations in
the field, observations and manipulations in the laboratory, and finally enter theo-
retical science, including systems analysis and mathematical models. Battalio
(1998) refined this model and listed some specific characters that would demon-
strate historical changes within the GCSPN model for scientific phases of
biology:

(STEP 1) Natural history and search for new species predominate

(STEP 2) Now an experimental science rather than a natural history model

(STEP 3) Power is transferred from expert amateurs to trained professional
scientists, and graduate training for employment in the field has
become available

(STEP4) Systematics and natural history no longer dominant, and research
focused more on theoretically complex issues with extensive use of
graphs and statistical inference in publications

(STEP §5) Formation of research teams and increasing evidence of socialization,
such as use of acknowledgments sections, associations of peers, and
co-authored publications

(STEP 6) Technical terminology and methodology so refined they now limit the
audience that can fully comprehend it
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Fig. 17.2 A tiger beetle captured by a Robber-fly (Asilidae) (Photograph by ES Ross)

We applied these steps and an additional one to two relatively discrete taxonomic
fields whose history is well documented but whose biology and taxonomic levels
are sufficiently different that the latitude of the model can be better assessed — birds
and tiger beetles (Coleoptera: Carabidae: Cicindelitae). Birds are among the most
thoroughly documented of all animal taxa, and about 10,000 species are presently
recognized. Historical accounts of their study are numerous (Walters 2003). Tiger
beetles are a small but distinct group of nearly 2,800 species whose historical back-
ground of studies is relatively well known (Pearson and Vogler 2001; Pearson 2006).
These beetles are attractive, fast-flying and fast-running insect predators that occur
in many diverse habitats around the world. Many of their adaptations, such as for
thermoregulation, competition and avoiding their own enemies (Fig. 17.2) are well
studied (Pearson and Vogler 2001). -

Using a combination of narrative and comparative analysis, we contrast the
history of tiger beetle (Pearson and Cassola 1992, 2005) and bird studies (Walters
2003) around the world and the growth of research on these groups from earlier
centuries to today. We examine if the predicted pattern of steps applies and com-
pares these scientific phases within a historical framework. Even though conser-
vation problems and specific solutions are often different for these two taxa
(Thomas 1995), do studies of both conform to the GCSPN model? If there are
divergent patterns, to what can they be attributed? How can the model and its
assumptions be improved so that we can better understand broad patterns in
scientific development and use this understanding to meet the goals of insect
conservation biology?
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17.3 Results

17.3.1 (STEP 1) Natural History and Search
Jor New Species Predominate

The earliest studies of birds in the fourth century BC were descriptive, anecdotal,
and often associated with economic use, such as falconry and hunting or with art
and religion. By the twelfth century AD, bird studies were more organised but
remained descriptive. A desire for wealth and power encouraged geographical
exploration and colonisation around the world. Exotic birds were among the trea-
sures with which explorers returned. For instance, the North American turkey, at
first imported as a novelty, became domesticated as a food source in Europe in 1530.
Parrots and other brightly coloured birds aroused heightening interest as pets for
Europeans, especially as status symbols among the upper classes. By 1756, speci-
men collections had become extensive, and positions such as professional curators
began to appear.

In the tenth edition of his Systema Naturae, Carl von Linné (1758), one of the
founders of modern binomial taxonomy, described 8 tiger beetle species and 564
bird species. By the end of the eighteenth century, an ever growing group of collec-
tors and museum curators had described 50 tiger beetle species and more than 800
bird species (Table 17.1). During the first half of the nineteenth century, studies of
birds and tiger beetles continued as almost completely a search for new species and
under the nearly exclusive control of Europeans.

The number of new bird species described each year peaked in 1837 and
decreased thereafter, so that by the 1950s only 2-5 new species were described each
year. In marked contrast, throughout the rest of the nineteenth century and well into
the latter part of the twentieth century, the number of new species of tiger beetles
rose rapidly (Wiesner 1992). Nearly one third of the world’s 2,791 tiger beetle spe-
cies were described in the last half of the twentieth century and in the early twenty-
first century (Table 17.1). Along with species description, some tiger beetle
systematists also described significant natural history observations (Wallace 1869:
Bates 1869; Hamilton 1925), a combination of effort that continues into the present
(Erwin 1983; Desender et al. 1992; Cassola and Pearson 1999; Cassola et al. 2000;
Zerm and Adis 2000, 2001).

This descriptive step was also critical for the establishment of interest in conser-
vation biology. Much of the earliest history of conservation biology revolved around
documentation of species, in this case their extinctions. In the midst of manifest
destiny and impressions of inexhaustible resources, the unexpected disappearance
of once abundant species of birds, such as the Passenger Pigeon, first made extinc-
tion seem a real possibility, and the causes of extinction of individual species became
an important area of study for the nascent field of conservation biology. To a much
lesser extent tiger beetles lent themselves to early studies of declining populations
and extinctions. As such, several species and populations of tiger beetles became
some of the first insects declared legally endangered or threatened with extinction.
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Table 17.1 Numbers of species of birds and tiger beetles described in periods between 1758 and
2000 and 10 years from 2001 to 2011, and the percent of total known at present

No. species of birds No. species of tiger beetles
Periods (years) (% of total) (% of total)
1758-1800 1,714 (17) 51(2)
1801-1850 3,888 (29) 418 (15)
1851-1900 3,233 (32) 787 (28)
1901-1950 874 (9) 493 (18)
1951-2000 232(2) 699 (25)
2001-2011 (estimated) 23 (0.2) 253 (9)
Total 9,964 2,791

Fig. 17.3 Controlled area in Santa Cruz Co., California, to protect the officially endangered
Ohlone Tiger Beetle (Cicindela ohlone) (Photograph courtesy University of California Santa Cruz
Grounds Dept)

Two North American subspecies of tiger beetles are now considered extinct
(Knisley and Fenster 2005). Pearson et al. (2006) estimate that at least 33 (15%) of
the 223 named species and subspecies of tiger beetles in Canada and the United
States may be declining at a rate that justifies their consideration for inclusion on the
US Fish and Wildlife Service’s List of Endangered and Threatened species
(Fig. 17.3). However, at present, only four-of these are officially listed by the federal
government, and several others are under consideration for listing. In addition,
several other countries (Belgium, Canada, Germany, Great Britain, Lithuania,
Netherlands, South Africa and Sweden), at least 24 individual states and provinces
within the United States and Canada, and international NGOs (World Conservation
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Monitoring Centre and IUCN) have developed lists of endangered and threatened
species that include tiger beetles.

Few other insects are well-enough known globally to document these types of
population decline. Because of the rich collections of tiger beetle specimens avail-
able for study, however, the disappearance of species from former parts of the range
can be authenticated. From these historical records, some long-term changes in the
environment can also be deduced (Nagano 1980; Desender and Turin 1989; Desender
et al. 1994; Yarbrough and Knisley 1994; Kamoun 1996; Trautner 1996; Berglind
et al. 1997; Diogo et al. 1999; Knisley and Hill 2001; Richoux 2001; Sikes 2002;
Goldstein and Desalle 2003; Horgan and Chéavez 2004; Mawdsley 2005). Thus,
tiger beetles help offer a window into our past and can provide insight as to where
protective measures are needed (Babione 2003).

17.3.2 (STEP 2) Now an Experimental Science Rather
than a Natural History Model

The major intellectual advance during the last half of the eighteenth century for
birds and tiger beetles was an often-conflicting attempt to place the growing number
of species into a natural array of groupings. By moving to cause-and-effect ques-
tions, these attempts at phylogenetics were also some of the first signs of a change
into an experimental paradigm (Erwin 1985; Barrow 1998; Arndt and Putchkov
1997; Barraclough et al. 1998; Barraclough and Vogler 2000), an area that has also
become important for use in conservation (Pearson 1994; Cassola and Pearson
2000; Pearson and Carroll 2001).

By the end of the nineteenth century, the number of known tiger beetle species
had risen to 1,256 and the number of bird species to more than 8,800. With a greater
array of species known, better chances for comparisons, and greater competition for
research subjects among the increasing number of experts, bird and tiger beetle
systematists ventured into more sophisticated areas of research. Field naturalists
such as A.R. Wallace (1869) and H. W. Bates (1869) often collected birds and tiger
beetles wherever they traveled. Nascent but significant ideas about behaviour, ecol-
ogy and evolution also grew from their experiences of collecting and observing.

In the centenary issue of the British Ornithologist Union journal, The Ibis,
Moreau (1959) indicated that by then more than 75% of all publications in The Ibis
were “scientific” ornithology that emphasised explanation. By the XXI International
Ornithological Congress in 1994, major portions of presentations were on molecu-
lar genetics, physiology, neurology, endocrinology, immunology, evolutionary ecol-
ogy and social behaviour, all fields of research that involved experimentation and
none of which existed at the beginning of the century (Walters 2003).

In contrast to the burgeoning number of ornithologists and the breadth of their
experimental fields throughout the first half of the twentieth century, tiger beetles
continued as the interest of only a few taxonomists, including the German medical
doctor, Walther Horn. He was to become the greatest authority and acknowledged
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specialist of the tiger beetle family, working almost solitarily for more than 50 years.
Although predominantly taxonomic in nature, his articles began, later in the cen-
tury, to incorporate ideas of habitat, biogeography and intraspecific variation (sub-
species), a concept Spencer Baird and Joel Allen established in ornithology 75 years
earlier.

Besides reconstructing the past, tiger beetles are useful for conservation in other
ways. Because of political, sociological and economic pressures, conservation policy
and research are under pressure to produce quick results. This pressure is so perva-
sive, and the time, money and personnel to do the work are so limited that conserva-
tion biology is called a ‘crisis discipline’, in which risk analysis has become a major
element (Maguire 1991). A common approach to resolving these problems has been
to use indicator taxa as test organisms that purportedly represent other taxa in a com-
plex environment. By focusing studies on a small but representative subset of the
habitat or ecosystem, patterns of habitat degradation and population losses can be
more quickly and clearly distinguished (Noss 1990). Tiger beetles have been used
throughout the world to test and develop better guidelines for choosing bioindicators
(Holeski and Graves 1978; Schultz 1988; Bauer 1991; Pearson and Cassola 1992;
Rivers-Moore and Samways 1996; Kitching 1996; Rodriguez et al. 1998; Cassola
and Pearson 2000; Cassola 2002; Arndt et al. 2005).

17.3.3 (STEP 3) Power is Transferred from Expert Amateurs
to Trained Professional Scientists, and Graduate Training
Jor Employment in the Field has Become Available

In the 1860s, bird conservation organisations, such as the Audubon Society, were
formed with both professional and amateur participants. In the next few decades,
the work of these professionals and amateurs created many conflicts, such as the
benefits of specimen collecting and use of common names. Gradually professional
academicians and government employees with advanced degrees, such as Aldo
Leopold and Rachael Carson, took over the study and communication of conserva-
tion problems. ‘

For tiger beetles, the near monopoly of a single expert, Walther Horn, had great
influence on the direction of studies (Horn 1926). Beyond his tight control of tiger
beetle taxonomy, however, a few other professional biologists began to publish sci-
entific articles using tiger beetles as test organisms for geological history (Wickham
1904), behaviour (Shelford 1902), physiology (Shelford 1913), and ecology
(Shelford 1907).

Growing numbers of bird researchers quickly diversified their research ques-
tions, many of which required sophisticated field and laboratory skills that amateurs
could not easily acquire. By the mid 1980s, the separation of professional ornitholo-
gists and amateur birders was made even more profound with the introduction of
technical analyses, such as gel electrophoresis, radar for bird migration, sound spec-
trography, and statistical software packages. Not only had the preponderance of
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ornithological research shifted, both in systematics and other fields, from private
hands to university professionals, but by 1999 there were 100 professional orni-
thologists in the world for every one there had been in 1960 (Walters 2003).

Over the same period, the advent of prismatic binoculars, cameras, field guides,
popular birding magazines, conservation groups emphasising birds, and electronic
web sites all helped advance the interest of amateurs in orttithology, but they became
largely excluded from all but the most basic descriptions of identification, range
extensions and environmental protection.

Even more subtly, professionalisation of ornithology was reflected in its scien-
tific language, writing styles, and grammar. Linguistic analysis shows an evolving
use of words and phrases that indicate levels of expertise and establish levels of
authority that further separated professionals from amateurs. These words include
adverbs that show degrees of reliability, such as ‘undoubtedly’ and ‘possibly’;
induction, such as ‘must’ and ‘evidently’; identification of hearsay evidence, such
as ‘it seems’ and ‘apparently’; reservations of deduction, such as ‘presumably and
could’; and hedges, such as ‘approximately’ (Chafe 1986). In addition, professional
science writers use distinctive writing devices that include reduced use of personal
pronouns, reliance on passive voice, a decrease in the number of simple sentences,
the presence of technical terminology, an emphasis on reliability of evidence, and
the use of citations (Lakoff and Johnson 1980). Carter (1990) also showed that
although professionals rewriting scientific articles for semi-popular or popular con-
sumption tend to write in broader generalities and use methods more similar to
amateurs, they retain a concept of domain-specific knowledge that distinguishes
them from the style of amateurs. The preliminary signs of this transformation also
are becoming evident among tiger beetle researchers (Desender and Turin 1989).

In studies of birds, a trend developed to separate professional ornithologists and
amateur birders into different organisations, each with their own meetings and pub-
lications. Amateurs joined organisations such as the American Birding Association,
and conservation organisations, such as the Audubon Society and The Nature
Conservancy. Professionals were regularly invited to contribute articles and serve
on boards of directors of these associations, but rarely were amateurs invited to
return the favor in professional meetings or publications. Professionals congregated
in their own societies, such as the American Ornithologists’ Union, British
Ornithologists’ Union, and Deutsche Ornithologen-Gesellschaft.

At the same time, the few graduate studies on tiger beetles focused on their col-
oration (Schultz and Rankin 1983a, b), ecology (Hori 1982; Mury-Meyer 1987;
Fahr 1998), physiology (Zerm et al. 2004a, b), neural anatomy (Strausfeld et al.
2009), and use in conservation efforts, such as a search for bioindicators (Knisley
and Hill 1992; Mittermeier and Mittermeier 1997; Mittermeier et al. 2004; Rodriguez
et al. 1998; Kremen et al. 1993; Andriamampianina et al. 2000; Torres and Ruberson
2005; Arndt et al. 2005; Bhargav et al. 2009; Michels et al. 2010; Topp et al. 2010),
local extinction (Knisley et al. 1987; Spomer and Higley 1993; Knisley and Fenster
2005; Mawdsley 2005; Knisley and Haines 2007; Satoh 2008; Karube 2010), and
reintroduction (Omland 2002; Fenster et al. 2006).
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17.3.4 (STEP 4) Systematics and Natural History no Longer
Dominant and Research Focused on Other Theoretically
Complex Issues with a Growing Use of Graphs
and Statistical Inference in Publications

The Zoological Record, published by the Zoological Society of London, shows that
of 500 scientific articles on birds in 1900 nearly 85% dealt with systematics and
natural history. By 1990, the total reached more than 14,000 articles, but only 5% of
them focused on taxonomy or natural history (Walters 2003). In addition, ornitho-
logical journals included a significant percent of articles using birds as test organ-
isms in fields other than systematics and taxonomy. New specialised journals
emphasised such specialties in ornithology as bird protection, avian pathology, and
avian ecology (Pearson et-al. 2011).

Other evidence for this change to more complex problems was found in the fre-
quency of illustrations and statistics included in articles. By the 1970s, photographs
and lists of bird species had declined or disappeared from articles in The Auk. They
were replaced. by increasing use of complex graphs, cladograms, scatter plots,
regression lines, and DNA fingerprints. By 1990, 77% of articles published in The
Auk were based on statistical inference (Battalio 1998).

Among tiger beetles, in areas other than taxonomy and natural history, the latter
part of the twentieth century saw a relatively small increase in articles published on
behaviour, ecology, morphology (Cassola and Miskell 1990; Freitag 1992) and
ecology (Palmer 1978; Pearson 1980, 1988). Starting in the-1980s, physiological
studies of tiger beetles emerged (Dreisig 1980; Hadley et al. 1988; Gilbert 1997). In
the 1980s genetics studies began to appear (Serrano and Yadav 1984; Galian et al.
1990; Proenca et al. 1999a). These non-taxonomic publications contained 85% of
the articles on tiger beetles with statistical procedures and graphs.

One area in which tiger beetles were at the forefront of more complex conser-
vation biology studies was in the statistical application of assumptions of depen-
dence among data points. In initial comparisons of species patterns across regions
and countries, Pearson and Cassola.(1992) claimed that among the tested attri-
butes of tiger beetles was a high correlation between their species numbers and
those of other groups. If one goal is to establish conservation areas with the high-
est species diversity, tiger beetles were very useful because where you found more
of them you also found more species of other groups, such as birds and butterflies.
But tiger beetles, at the right season, could often be surveyed in a few weeks
whereas birds took years to survey adequately in the same area. In addition, it was
easy to train students and local workers to observe and sample tiger beetles, but
training these same people to observe other taxa, such as birds and butterflies, was
an enormous undertaking. Thus, one could argue that tiger beetles are logistically
useful and biologically appropriate candidates to help represent entire habitats or
ecosystems for species inventories. Tiger beetles were among the first taxa for
which use of modern analytical techniques showed a correlation between their
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diversity and that of other taxa (Carroll and Pearson 1998a, b; Carroll 1998;
Pearson and Carroll 1998, 1999, 2001).

In addition to pioneering statistical analyses, tiger beetles also were used in early
applications of molecular analysis for geographical implications of conservation.
For instance, the subdivision of lineages of the tiger beetle species, Cicindela dor-
salis, in Florida between the Gulf of Mexico and the Atlantic Ocean, can be detected
only with molecular markers. However, the fact that species of several taxa on one
side of a barrier are consistently different from those on another is highly significant
for conservation (Pearson and Vogler 2001). These regions of distinctive genetic
overlap can reflect historical events in evolutionary time (Crandall et al. 2000;
Goldstein et al. 2000; Satoh et al. 2004). By incorporating an evolutionary time
scale, we not only gain another valuable factor to include in our conservation plan-
ning, but it also makes us aware that areas chosen for protection require manage-
ment goals focused not just on 10, 20 or even 100 years, but for much longer into
the past as well as the future (Schwartz 1999; Barraclough and Vogler 2002).

17.3.5 (STEP 5) Socialisation Such as Use of Acknowledgments
Sections, Associations of Peers, and Co-authored
Publications

Unlike ornithologisfs, tiger beetle researchers showed little socialisation well into
the twentieth century. There were no organised peer groups, meetings, or associa-
tions of those interested in tiger beetles, and only in the 1990s did field guides or
general books on the biology of tiger beetles appear (Knisley and Schultz 1997;
Leonard and Bell 1999; Acorn 2001; Choate 2003; Pearson et al. 2006). Before this
time, only those with time and interest to search through often obscure journals and
arcane terms could acquire the basic knowledge to do research using tiger beetles.

Another test of socialisation is in co-authored publications. Among ornithologi-
cal publications, the proportion of those co-authored in The Auk in the 1890s was
less than 15%. By the 1990s it reached 60% of articles, and almost 25% of all arti-
cles had more than three authors (Battalio 1998). For tiger beetles, a similar increase
in co-authored articles has been significant with a recent book on general tiger bee-
tle biology having 40% of its citations co-authored (Pearson and Vogler 2001).

In 1969, an informal correspondence ‘among tiger beetle enthusiasts developed into
a journal called ‘Cicindela’. Its publication goals were to provide a forum to share
observations, collecting sites, natural history, distributional data, identification help,
and taxonomic insight of tiger beetles. The subscriber list to this journal quickly rose
to about 200 but stayed at that level for the next 40 years, and they included primarily
enthusiastic amateurs from North America and Europe. Small groups of subscribers
would go on collecting trips together, but there were few attempts to organise meet-
ings or symposia where these people could interact face to face. Nevertheless, another
indicator of socialisation showed advances within this highly specialised journal.
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In the 1970s only 2% of its articles had acknowledgments sections; in the 1980s 26%
had these sections; and in the 1990s, 83% of them did. Despite these signs of sociali-
sation, a continued aura of exclusivity among tiger beetle workers was apparent in the
paucity of support programs for active recruitment of new and especially young enthu-
siasts. There are fewer than 1,000 tiger beetle professional and amateur enthusiasts in
the world. In contrast, today the American Ornithologists’ Union alone has more than
4,000 members, most of whom are professionals. Similar organizations in England,
Latin America and many other parts of the world also have additional thousands of
members. Among amateur bird watchers, the latest estimates by the US government
in its ‘National Survey on Recreation and the Environment — 2000’ calculated that 69
million Americans had formally observed or photographed birds.

The complex nature of modern conservation biology research necessitates more
and more research teams involving both professionals and expert amateurs (Pearson
et al. 2011). For instance, many modern conservation biologists working on rare and
endangered species now rely heavily on molecular markers (Avise 1994; Galién and
Vogler 2003) to distinguish species and populations within species. The importance of
conserving intra-specific variation is reflected in the U.S. Endangered Species Act,
which calls for the conservation of ‘independent population segments’. This makes
conservation of distinct populations within a species a legal requirement, and involves
coordination of field biologists, laboratory technicians, lawyers, and politicians. This
coordination of effort is obvious in many areas of conservation biology, and recently
has also become a dominant theme in tiger beetle studies (Knisley and Hill 1992;
Vogler et al. 1993; Moritz 1994; Vogler and Desalle 1994; Vogler 1998).

These and other such sophisticated uses of tiger beetles have direct ramifications
for conservation biology, and most of them will involve teams that are interdisci-
plinary. This team effort is in areas such as climate change (Ashworth 2001), rein-
troductions (Omland 2002; Brust 2002; Knisley et al. 2005), habitat reclamation
(Hussein 2002), habitat management (Omland 2004; Cornelisse and Hafernik 2009)
and location of conservation reserves and parks (Mittermeier and Mittermeier 1997,
Desender and Bosmans 1998; Andriamampianina et al. 2000; Pearson and Carroll
2001; Mittermeier et al. 2004; Knisley et al. 2008).

17.3.6 (STEP 6) Technical Terminology and Methodology
so Refined they Now Limit the Audience that Can Fully
Comprehend it; Development of Mathematical
and Statistical Models

For both birds and tiger beetles, the rapidly growing use of highly sophisticated
fields, such as molecular biology, statistical modeling, and satellite imagery has
introduced many technical words and concepts that can quickly limit comprehen-
sion to a narrow array of associated professionals. This trend, as measured in
terms of scientific discourse, includes increasing length and number of published
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articles, increasing sentence complexity, use of multi-word noun phrases, as well
as narrowly defined technical terms, is well advanced among ornithologists
(Battalio 1998). Among tiger beetle workers, until recently this tendency has been
less obvious than in ornithology, but many signals indicate that a growing separa-
tion is underway for them as well, especially in complex fields, such as molecular
studies (Vogler et al. 1993; Vogler and Desalle 1994; Vogler and Pearson 1996;
Vogler et al. 1997; Vogler and Barraclough 1998; Diogo et al. 1999; Proenca et al.
1999b, 2004; Morgan et al. 2000; Goldstein and DeSalle 2003; Pons and Vogler
2006; Vogler et al. 2008), physiology (Irmler 1973, 1981, 1985; Hudson et al.
1988; Guido and Fowler 1988; Yager et al. 2000; Zerm et al. 2004a, b; Toh and
Mizutani 1994; Mizutani and Toh 1995; Gilbert 1997) and mathematical model-
ing (Pearson and Juliano 1993; Pearson and Carroll 2001; Carroll and Pearson
1998a, b, 2000).

17.3.7 (STEP 7) Resurgence of Expert Amateurs

Paradoxically the growing sophistication of professional ornithologists, and to some
degree among tiger beetle professionals, has manifested itself as a previously unre-
corded Step 7 in the historical march of sciénce. A rejection of taxonomy and natu-
ral history as valid pursuits for many professionals (Acorn 2009) and a general
decline in funding for these areas of research has created a paucity of these critical
data (Bossart and Carlton 2002; Pearson et al. 2011). In addition, beginning in the
last third of the twentieth century, governments in many countries listed several
tiger beetle and bird species as endangered or threatened. Legislators, economists,
sociologists, foresters, politicians, land owners and many members of the public,
who had little or no previous interest in these taxa, suddenly needed to know about
them. Often by default, the pursuit of these basic taxonomic, distributional and nat-
ural history data has fallen to individuals searching for an avocation. Their interest
levels range from an occasional observer to serious and committed citizen scientists
who function at the level of some professionals (Pro-Ams) but are not paid for their
work (Leadbeater and Miller 2004).

The sources of these amateurs lie in an understanding of economics. As the
economy of a country or region rises, its middle class grows. Families will have
fewer children and invest more time and money into each child including increased
support of higher education (Barro 2001), donations to private organizations
(NGOs), time and money for avocations (Leadbeater and Miller 2004), and concern
for the environment (Bhattarai and Hammig 2004). Increased access to the internet
(Godfray 2007) and published field guides (Pearson and Shetterly 2006) are espe-
cially significant factors in attracting and' training Pro-Ams into biology and
conservation.

Although there appears to be a general decline in the numbers of professional
taxonomists (Hopkins and Freckleton 2002), Pro-Ams or citizen scientists are nota-
bly active and numerous among those studying birds, especially in relation to their
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conservation and protection. Professionals direct the energies and abilities of
amateurs through data gathering web sites such as Ebird (Cornell Lab of Ornithology),
Christmas bird counts (National Audubon Society), Etudes des Populations
d’Oiseaux de Quebec (Droege et al. 1998), Hawk Migration Association of North
America, and many other programs (Evans et al. 2005; Greenwood 2007). These
informal data bases then become available for sophisticated modeling and statistical
analysis (Pearson and Carroll 1998; Cohn 2008; Pearson et al. 2009).

The influence of these active bird amateurs appears to be spilling over into other
taxa. Based on notices of regional/national meetings and ecotourist tours published
on line, amateurs studying such insect groups as dragonflies, butterflies, and tiger
beetles, are populated by a large proportion of birding enthusiasts. Some local
Audubon Society-sponsored field trips in Virginia, Florida and Arizona focused
specifically on tiger beetles. The appearance of published field guides for tiger bee-
tles in North America (Pearson et al. 2006), Thailand (Naviaux and Pinratana 2004),
Colombia (Vitolo 2004) and other parts of the world was quickly followed by a
notable increase in the number of amateurs and professionals interested in tiger
beetles as a hobby or research organism. A large proportion of these initiates had
begun their observations of Nature with birds (Pearson and Shetterly 2006).

17.4 Discussion

Does the history of bird and tiger beetle studies follow a common pattern?

'Despite substantial differences in their biology and taxonomic level, both bird
and tiger beetle studies show similar patterns of change over their histories. However,
for both taxa, overlap between adjacent steps makes analysis at a small temporal
scale difficult, and at least 50-year intervals are necessary to distinguish the pat-
terns. The most obvious divergence between them is the speed with which some
steps were completed and the comparable maturity of research at any given time,
differences similar to those suggested by theories of paradigm shifts (Kuhn 1996).

Amateurs have had powerful influences on both fields. They initiated natural his-
tory and taxonomic studies of birds and tiger beetles at the same time in the eighteenth
century. In the nineteenth century amateurs, especially bird enthusiasts, were instru-
mental in initiating conservation societies and influencing legislation for protection of
the environment. However, professionalisation of the field became apparent much
earlier in ornithology as tiger beetle studies lagged in these changes by at least
75 years. Collectors and authors working alone have been very important over the
entire history of tiger beetles. This pattern was also apparent in ornithology, but only
through the middle of the nineteenth century.

The rise of such issues as trinomial use, biological studies, and graduate educa-
tion are a few additional examples of differential rates of change by bird and tiger
beetle researchers. The use of common English names versus scientific names was
debated among ornithologists in the nineteenth century, probably because birds had
attracted so much attention from the public early on. Amateurs complained of too
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much dependence on scientific names in ornithology (Barrow 1998). For tiger
beetles, in contrast, scientific names were retained as virtually the only nomencla-
ture until the twenty-first century (Pearson 2004; Wu and Shook 2010). More
recently, the publication of tiger beetle field guides with English names helped
recruit a huge increase in amateur involvement, most of whom eschewed scientific
names of tiger beetles.

The minimisation by professionals of basic but critical studies of natural history
and range distributions, and in many cases descriptions of new species (Acorn 2009)
impacted ornithology earlier than tiger beetle studies. Today, largely because few
undescribed species remain in the world, descriptions of new bird species are so few
that bird taxonomists spend little time in this effort. Instead they concentrate on
refining studies such as phylogenetic and evolutionary relationships, areas that are
also more likely to be funded and recognised as intellectually appropriate. Also,
most professional ornithologists no longer pursue studies of long term presence-
absence data, range expansions and descriptions of natural history, even though
these types of data are often critical for sophisticated modeling and hypothesis test-
ing. Instead professional ornithologists are helping empower citizen scientists (o
gather long term data and basic descriptive natural history observations (Droege
et al. 1998; Pearson et al. 2009). This trend is also apparent among tiger beetle pro-
fessionals (Pearson et al. 1988), but less formally than the programs organised by
ornithologists. If tiger beetles and other insect groups are {0 be widely incorporated
into studies and management plans for conservation biology, the history of bird
studies shows that facilitating the interaction of amateurs and professionals should
be a high priority.

17.5 Causes of Differential Rates of Change

In contrast to ornithology, relatively few professional scientists have used tiger bee-
tles as test organisms for biological hypotheses. Graduate studies and paid positions
for tiger beetle workers have remained scarce. Based on our comparisons of the
historical development of bird and tiger beetle studies, we propose that at least four
causes can explain much of the difference in their speeds of change through the
development of these fields of science:

1. Number of species — Both taxa have sufficiently small species numbers so that
researchers can expect to understand general patterns of species relationships as
well as details of biology and distribution, but with three times the species num-
bers, bird research has a wider range of examples and potential concepts to test.

2. Range of habitats — Although both tiger beetles and birds occur over a wide range
of latitudinal and altitudinal habitats, some bird species extend into higher latitudes,
altitudes and extreme habitat types not occupied by tiger beetles. Bird studies thus
provide a wider range of questions and potential biological problems to solve.

3. Obviousness and economic importance — Although many birds and tiger beetles
are colourful and attractive, tiger beetles are generally less conspicuous. In addition,
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the early economic significance of birds in hunting and domestication is in stark
contrast to the insignificant economic importance of tiger beetles. Thus birds
may be more inherently attractive as a subject of interest.

4. The number of researchers = A combination of the previous three factors likely
contributed to the number of researchers using each taxon. In early steps, they
influenced how many taxonomists could compete for descriptions. For tiger bee-
tles, fewer taxonomists led to slower rates of socialisation, less formation of peer
groups, few specialised journals, little recruitment of additional enthusiasts, and
slower and narrower development into more experimental studies.

What uses does the comparison of birds and tiger beetles in the GCSPN have for
identifying and attaining conservation biology goals?

These results can help us answer questions, such as: At what points should fund-
ing agencies support specific efforts? Are there better periods than others in which
to attract young recruits to maintain or increase interest in specific taxa or fields
such as conservation biology? Can or should dominance by a single individual or
small clique be avoided? Will professional biologists exclude the expert amateurs,
or how can they be encouraged to cooperate? Can professional publications and
communications be written so as not to exclude non-experts?

We now have a better idea of priorities for selecting which taxa or fields will
yield the most useful and broadest results. With limited funds, time and personnel,
how do we balance the costs and benefits of speciose habitats and taxa, economic
importance, detectability, and human or natural threats (Sorensen 1995). How do
we redefine the training and support of professional conservation biologists so that
they are rewarded for developing and applying communication skills among scien-
tists, Pro-Ams, legislators, decision makers and the public? How can we most effec-
tively educate, recruit and mentor Pro-Ams who will probably provide the bulk of
future taxonomic and natural history data for most taxa in the future?

With some immediate solutions and the promise of even more important long
range solutions made possible by examinations of historical models, such as the
GCSPN, we can be encouraged that conservation biology can make use of its history.
With improvements in the model and future tests of the process of science itself, we
may have the best chance to develop foresight, learn from history, and better know if
and what changes can be made to better reach our goals. ‘We know the future only
by the past we project into it’ (Gaddis 2004).
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