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Introduction

The search for DNA from ancient and extinct organisms — a practice now known worldwide as “Ancient DNA
Research” — surfaced from the interface of paleontology, archeology, and molecular biology in the 1980s, then
evolved from an emergent into a more established scientific and technological practice today. Throughout the
decades, this novel approach to the study of fossils has grown under intense press and public interest, particularly as
it coincided with and was catalyzed into the media spotlight by the book and movie Jurassic Park in the 1990s.
Ancient DNA continues to capture professional and popular attention as researchers have recovered genetic material
from extinct mammoths to early humans and Neanderthals in an attempt to refine or even rewrite our understanding
of evolutionary history. This practice also captures public curiosity because of speculation — inspired by media
reports as well as scientific research — that DNA may one day be used to bring extinct species back to life.

Broadly, ancient DNA research is the practice of extracting, sequencing, and analyzing degraded or
damaged DNA from dead organisms that are hundreds to thousands of years old. Ancient DNA has been recovered
from organisms such as plants, animals, humans, and bacteria, and can be preserved in skins, tissues, and even bone
if the bone is not a fully mineralized fossil." However, it is important to note that the term “ancient” does not
necessarily relate to the age of the DNA but to the characteristic damage patterns that occur as DNA breaks down
after an organism has died. Given the degraded nature of this genetic material, research into DNA from ancient and
extinct species requires specialist skills and technologies. Many researchers are interested in adapting state-of-the-art
molecular biological techniques and high-throughput sequencing technologies in order to optimize the recovery of
ancient DNA. They are also interested in using this DNA for the primary purpose of studying the evolutionary
history of extinct and extant organisms as well as testing hypotheses about evolution, such as the drivers of patterns
of genetic variation, regions of the genome under selection, and the migrations of past populations. At the same

time, however, the ability to recover DNA from fossils has been closely connected to the idea of using DNA to

! Specifically, a fully mineralized fossil is unlikely to preserve DNA, whereas a subfossil, a partially mineralized
part of an organism, may retain remains of its cellular or molecular components. Specifically, an organism’s status
as a fossil or subfossil, or whether it exists as a piece of skin or tissue, matters when considering whether cellular or
molecular components may be preserved. Regardless, I use the terms “ancient DNA research,” “the search for DNA
from ancient and extinct organisms,” or the “search for DNA from fossils” interchangeably throughout this paper to
refer to general study of degraded and damaged DNA from a variety of sources. Elsbeth Bosl has also written on the
history of ancient DNA research via a recently published article, “Zur Wissenschaftsgeschichte der aDNA-
Forschung” (March 2017), and a recently published book, Doing Ancient DNA: Zur Wissenschaftsgeschichte Der
Adna-Forschung (August 2017), in German. See Bosl (2017a) and (2017b).



resurrect extinct species.” Since the 1980s, speculation about resurrection has followed the field closely, influencing
the development of this practice over a prolonged period of time.

Drawing on historical and archival material, interviews with scientists, and philosophical literature, this
paper presents the search for DNA from fossils, throughout its disciplinary development from the 1980s to today, as
a data-driven and celebrity-driven practice. This paper proceeds in three parts. First, I deliver a condensed history of
ancient DNA research from the 1980s to today with attention to the role that technology as well as consistent press
and public interest played in its growth from a curious idea into a credible practice within evolutionary biology.
Second, I introduce interviewees’ memories of their history and analyze their perspectives on the historical and
philosophical development of ancient DNA activity as an extended episode of boundary-work. In attempts to make
sense of their history as a science in the spotlight, interviewees try to draw a line between their past and present in
order to portray the practice as a more question-driven, and therefore more mature, area of research today. Finally, I

discuss the role of celebrity and credibility in the data-driven practice of ancient DNA research.

Methods and Definitions

In analyzing the methodologies of ancient DNA researchers over a thirty-year-period, it is necessary to address my
own methods that were used in the writing of this history. Specifically, I approached this project as a historian of
science with a focus on oral history methods which included qualitative interviews with fifty-five scientists, as well
as doctoral and postdoctoral researchers, involved in ancient DNA research. The interview method was semi-
structured in style, on average two-hours in length, and resulted in partial-transcriptions for analysis. The
interviewees represent researchers from disparate disciplines within evolutionary biology and can be characterized
within the following categories: paleontology, archeology, anthropology, botany, epidemiology, evolutionary
genetics, population genetics, molecular biology, microbiology, and computational biology. These interviewees
work within the following countries: United States, Canada, England, Ireland, Australia, Germany, Denmark,

Sweden, Norway, France, Spain, and Israel. Efforts were made to interview researchers who represent different

2 Research dedicated to the idea of bringing back extinct species is known as “de-extinction” and refers to the
process of recreating an organism that is a member of, or resembles a member of, an extinct species through back-
breeding, cloning, genetic engineering, or reverse genetic engineering. I use the terms “de-extinction,”
“resurrection,” and the idea of “bringing back extinct organisms” interchangeably in this paper. See Shapiro (2015)
and Wray (2017).



scientific, epistemic, and generational views regarding the proper practice of ancient DNA research. These
interviewees were not selected at random but are a sample of the population of researchers in North America,
Europe, and Australia.?

The goals of the interview transcriptions were qualitative and thematic.* Throughout the data collection,
transcription, and analysis process, | generated a list of themes regarding the practice’s development. These themes
were informed by professional and popular literature on the search for DNA from fossils as well as information from
interviewees. My analyses and arguments in this paper reflect my effort to listen for reoccurring themes in the
retelling of the history, as well as conflicting viewpoints that suggest there is more than one story to tell. I have tried
to represent the community’s various viewpoints, including their disagreements, while listening for overarching
themes about the practice’s history that are shared amongst scientists across space and time. The one common theme
running through their accounts, in addition to contamination concerns as related to ancient DNA authenticity, is the
role of the media. Interviewees all agree on the role of the media as a direct or indirect influence on the development
of ancient DNA research within evolutionary biology. Consequently, this paper focuses on interviewees’ perceptions
of their history as being both a data-driven and celebrity-driven practice, and it discusses the implications that this
has for understanding the epistemology of science.’

Before proceeding further, I want to clarify what [ might mean by a “data-driven” approach. In this paper,

3 Interviewees were selected via the professional and popular literature (scientific publications to media reports and
reviews) on the topics of ancient DNA activity and de-extinction. Interviewees were also selected at “Ancient DNA:
the first three decades,” a commemorative conference hosted by the Royal Society in London in November 2013 to
celebrate its thirty-year history. Additionally, interviewees were identified by “snowball sampling,” the process by
which potential interviewees are chosen based on recommendations made by previous interviewees (Atkinson and
Flint 2001). Overall, many interviewees were high-profile researchers in the field. However, efforts were taken to
reach out to scientists who were less well-known or who have been or have felt marginalized throughout the history
of their science and even today. This methodology (the interview process and permissions) was approved by the
Ethics Committee in the Department of Science and Technology Studies at University College London. Interviewees
gave consent for the author to use their interviews and information in the form of anonymized quotations. For
additional information on methodology, see Jones (2017).

4 This does not mean that a quantitative approach would not be useful or will not be done in the future. However, for
the purposes of this research, the primary objective was to conduct and analyze extensive qualitative interviews with
a wide-range of scientists in the field from a variety of disciplinary backgrounds and national contexts using oral
history methods.

3 The fact that I am writing about the role of celebrity in science makes me a participant in the making of celebrity
too. First, in telling a narrative of ancient DNA research as a science under the influence of celebrity, [ am
reinforcing the spotlight which will further affect the researchers working in or around this practice. Second, in
writing about celebrity, I am acknowledging that my research is a product of it and that it will be affected by it. Sure
enough, there will be consequences from situating my work within a celebrity science context, and I appreciate the
need to be reflexive regarding this issue.



there are two ways to think about data-driven research, from a philosophical and a scientific point-of-view. First,
philosophers, especially those interested in the contemporary biological and biomedical sciences, have started to
study the nature of data-driven science (discussed in detail in part three) (Leonelli 2012). In drawing on a number of
case studies across the sciences from natural history and system biology to genomics more broadly, these scholars
produced the first philosophical and historical treatment of contemporary data-driven sciences. In the process,
however, they found that this phenomenon of data-driven inquiry was in fact difficult to define. In her introduction
to the topic, Sabina Leonelli conceded that a “general characterization of data-driven research is hard to achieve,
given the wide range of activities and epistemic goals currently subsumed under this heading.” Nonetheless, she
pinpointed “two key features” that are “often highlighted as pillars of this approach.” According to Leonelli, these
two features included “the intuition that induction from existing data is being vindicated as a crucial form of
scientific inference, which can guide and inform experimental research” and “the central role of machines, and thus
of automated reasoning, in extracting meaningful patterns from data” (Leonelli 2012, 1). In my history of ancient
DNA research, I view researchers to be data-driven in terms of one) the samples, two) the technology, and three) the
molecular information (DNA) that can be recovered from accessible samples using the existing technologies. |
interpret these elements as data and I understand scientists’ desire to pursue these features as either A) objects or as
B) objects of information as an act of being data-driven.

Second, it is necessary to mention that in my history of ancient DNA research, the scientists themselves
also have their own view of data-driven research and how it relates to scientific practice (discussed in detail in part
two). Indeed, in my interviews with scientists, most view data-driven approaches (in terms of the samples,
technology, and information that can be obtained from both) as being in opposition to hypothesis-driven approaches.
Both philosophical and scientific discussions of this have been inspired by the rise of big data across the scientific
disciplines. This phenomenon has caused scholars and scientists alike to examine the novelty of data-driven inquiry
as a new mode of scientific inquiry and to reevaluate the place and preference for hypothesis-driven or question-
driven methodologies in scientific practice (Leonelli 2012; Leonelli 2016). In this paper, my goal is to try to bring
practitioners’ perceptions of data-driven research, in the case of the history of ancient DNA research, into
conversation with philosophers’ perspectives on this same subject.

Additionally, the idea of being “celebrity-driven” — like that of being “data-driven” — is also difficult to

define. In the celebrity studies literature, there is no clear consensus on what constitutes celebrity. Sure enough, the



definitions of both celebrity and celebrity culture are up for debate (Rojek 2001; Evans and Hesmondhalgh 2005; G.
Turner 2004). Nonetheless, | draw on Graeme Turner’s definition of celebrity which he takes to be both a process
and a product. Turner, for example, considered celebrity to be “a genre of representation” and “a commodity traded
by the promotions, publicity and media industries that produce these representations and their effects” (2004, 9).
Under this definition and according to my case study, celebrity might be understood as having a sort of appeal to or
authority over the public. This appeal or authority is attained through fame and the glamorous, even notorious, status
that comes with it and is then repeatedly reinforced by media interest in it. Crucially, I am not referring to celebrity
on the individual level by pointing out a single scientist.® Rather, I am referring to celebrity on the group level and
the celebrity that exists around a subject of science (content of research) with attention to how it affects the overall

group of scientists and the production of knowledge.” In this case, it is the celebrity that surrounds the practice of

¢ Scholars have discussed the role of celebrity in science at the individual level. In the 1970s, science
communication scholar Rae Goodell profiled a series of scientists from the anthropologist Margaret Mead and
biologist Paul Ehrlich to the chemist Linus Pauling and astronomer Carl Sagan. Goodell called these scientists
“visible scientists” (Goodell 1977). According to Goodell, these visible scientists shared personal and professional
characteristics (media-oriented characteristics) that helped them attain press and public visibility. They used their
visibility as a platform from which to speak to the public not just about science but also about science policy. More
recently, Declan Fahy introduced the notion of “celebrity scientists” (Fahy 2015). For Fahy, this is a new type of
scientist that has emerged in light of the rise of the new celebrity culture. These celebrity scientists, like the late
cosmologist Stephen Hawking and late paleontologist Stephen Jay Gould, were credentialed experts in their
professional sphere but had also attained fame, fortune, and influence in the public realm. As celebrity scientists,
they used the media as a public platform to popularize science then influence public attitudes towards science.
According to Fahy, however, stardom’s influence cuts both ways. In fact, their stardom affords them influence
outside and within science. In other words, stardom filters back into science, affecting the process of science.

7 In my work, I am talking about the role of celebrity on the group level and the importance of understanding how a
subject of science can be made into and marketed as a commodity. Thinking of celebrity on the group level requires
us to ask and answer the following questions: How does the mass media represent a subject of science to the public?
How do researchers respond to the media spotlight? What are the effects of this attention on the science itself? In the
case of the history of ancient DNA research, my studies explored how celebrity works in relation to a subject of
science, namely the practice of extracting DNA from fossils for studying evolutionary history and even potentially
using that DNA to bring extinct species, such as dinosaurs, back to life.



recovering DNA from fossils, its application to questions in evolutionary biology, and even the idea of potentially
using it to bring back extinct creatures as embodied in the book and movie Jurassic Park.®

Here, I want to note the difference between being “publicity-driven” and “celebrity-driven,” a distinction
which is also far from clear. According to the Oxford English Dictionary, “publicity” is defined as “[n]otice or
attention given to someone or something by the media,” whereas “celebrity” is defined as the “[t]he state of being
well known.” Although most science and technology enjoys publicity from time to time via media headlines, article
features, or special interviews, not all science falls subject to celebrity. In other words, all celebrity involves
publicity, but not all publicity leads to celebrity. Indeed, celebrity is much more than intermittent promotion. In the
case of this history, celebrity is both a process and a product of consistent science-media interactions. It is the
outcome of prolonged publicity that is actively pursued and produced by both scientists and members of the media.
Here, science-media interactions are more than episodic and individualistic. Ancient DNA was shaped by celebrity —
specifically celebrity attained through the worldwide fame of the Jurassic Park franchise — over a prolonged period
of time.

In this paper, I do not present hard-and-fast definitions of what it means to be data-driven or celebrity-
driven. However, I do suggest some possibilities for what these terms might mean and how they might be
understood in relation to the practice of science and philosophy of science today, particularly in regards to scientific
or philosophical perceptions of hypothesis-driven research. Specifically, this history of the search for DNA from
fossils will demonstrate that the traditional distinctions or debates between data-driven and hypothesis-driven
research are not always sufficient for understanding the process and practice of science. In light of this, I will argue

that my study of ancient DNA activity demonstrates the degree to which a both a data-driven and a celebrity-driven

8 My doctoral research argued that the history of ancient DNA research can be characterized as a history of celebrity
science. The term “celebrity science” is an original concept and initial product of my historical and archival research
as well as my interviews with scientists. In my doctoral thesis, I argued that a celebrity science is a subject of
science that evolves within a shared conceptual space of professional, press, and public expectations that contribute
to the shaping of the science. Here, the mass media are critical in the making of a celebrity science because they
seek the science as well as its scientists for its news values and potential to attract public attention. But press and
public interest are not enough. Researchers have to participate in the process, too. The mass media are so influential
that researchers respond, positively or negatively, to the attention and even reinvent the reputation of their
technoscience accordingly. Ultimately, a celebrity science is the outcome of prolonged publicity advanced by a
relationship that is actively pursued then produced by both scientists and members of the media. It is an active
process and a dialectical process. Ancient DNA is a case study of celebrity science but is by no means an exclusive
example of it. Broadly, my doctoral thesis suggests this concept as a model for other scholars interested in studying
other sciences in the media spotlight. For additional information on this concept, see Jones (2017).

° For a definition of publicity, see https:/en.oxforddictionaries.com/definition/publicity. For a definition of celebrity,
see https://en.oxforddictionaries.com/definition/celebrity.




approach can influence scientific practice, and I suggest that this has important implications for philosophical

questions regarding the epistemology of science.

Ancient DNA as a science in the spotlight
In the late 1970s and early 1980s, the search for DNA from fossils arose independently among different people in
different places (Jones 2018). The individuals involved in the emergence of this practice ranged from futurists and
enthusiasts to scientists and the popular press. In their own way and through their own means, they contributed to
ancient DNA’s early intellectual history by advocating for the exploration of the theoretical preservation and
potential extraction of DNA from ancient organisms, as well as the hypothetical resurrection of extinct species from
DNA recovered from this fossil material. A number of these individuals specifically speculated about the recovery
of DNA from insects trapped in ancient amber and even proposed the possibility of discovering dinosaur DNA
(Tkach 1983; Pellegrino 1985). Indeed, since the start, the idea of extracting DNA from fossils was closely
connected to the idea of bringing back extinct species such as dinosaurs. The connection between these ideas played
out in both professional and public contexts well before the release of the now famous book (1990) and movie
(1993) Jurassic Park (Tkach 1983; Benton 1985). Overall, these individuals, and the ways in which they played a
part in the birth of this new line of research, demonstrates that the origins of scientific questions, disciplines, or
techniques sometimes emerge from ideas or individuals outside the conventional confinements of the research
environment.

However, the reception of these unconventional ideas depended on actual evidence for the feasibility of
DNA both existing in and being able to be extracted from fossils in the first place. In other words, it was
fundamental that scientists be able to turn their speculation into experiments with evidence in order for their ideas to
be further considered then tested. In 1984, a team of researchers at the University of California, Berkeley, including
Allan Wilson and Russell Higuchi, successfully extracted, sequenced, and analyzed DNA from the remains of Equus
quagga, a zebra-like relative of the horse that was declared extinct in the late 1800s (Higuchi et al., 1984). While
some researchers at the time recognized the quagga study as a conceptual, technical, and empirical breakthrough,
they also saw it in this light because it was published in a well-read and well-respected journal such as Nature.
Publication in Nature sent a statement of authority and legitimacy to the scientific community and also to the public.

The search for DNA from fossils, once a fantastical idea, appeared to be transforming into an exciting research



endeavor with the potential to travel back in time to study evolution in action (Jeffreys 1984). Yet increasing
evidence for the preservation of DNA from fossils led to increasing speculation about resurrecting long-lost
creatures (Clifton 1984). This interplay between the scientific and the speculative would continue to influence
ancient DNA’s growth within evolutionary biology (Jones 2018).

Indeed, philosophers have also analyzed the role of speculation in science. According to Adrian Currie and
Kim Sterelny, for example, “speculation” can be a “vice” when it is “idle” or “pointless.” In other words,
speculation can be pointless “when it cannot or does not productively direct further inquiry” or “when it is not used
to construct alternative scenarios to guide a search for evidence which would favour one at the expense of the other”
(Currie and Sterelny 2017, 16). Currie further framed this idea in terms of “productive speculation” by referring to it
as “empirically-grounded speculation” which “involves formulating a hypothesis that (1) significantly outruns the
available evidence, and (2) generates epistemic or empirical goods that increase epistemic traction” (Currie 2018,
289). In line with these points, my study of the history of ancient DNA research suggests that speculation in many
cases was productive rather than idle. What is more interesting to note, however, is that this sort of productive
speculation often emerged from outside science and was encouraged by press and public interest which then
eventually stimulated research within the more traditional laboratory setting.

In the late 1980s and early 1990s, a small but growing group of researchers began to test the limits of DNA
preservation in ancient and extinct material with a new molecular biological technique called the polymerase chain
reaction (PCR).!® While PCR was first developed and tested in the US, it was in the UK that ancient DNA research
was first backed on a substantial scale in terms of financial and organizational initiatives. PCR produced a feeling of
progress among scientists, and the search for the first and the oldest DNA from some of the world’s most iconic
creatures was soon an artifact of its widespread appeal and application. Crucially, Michael Crichton’s 1990 book
and Stephen Spielberg’s 1993 movie Jurassic Park coincided with these events, and its instantaneous popularity

situated ancient DNA research and its scientists in the spotlight. In this context, the search for DNA from fossils

10 PCR uses repeated cycles of heating and cooling to copy DNA. First, heat is used to separate double-stranded
DNA into single-stranded DNA. The single-stranded DNA is then exposed to primers. The primers attach
themselves to the appropriate sites of the desired DNA to be amplified. A copy of the targeted DNA is produced and
used as a template to generate further copies. This process continues with the targeted DNA being exponentially
amplified creating millions to billions of copies of the original sequence of interest from only a small amount of
genetic material (Mullis and Faloona 1987). See Rabinow (1996) for a detailed conceptual, technological, and
financial history of PCR’s development.



began to evolve in a research practice under the scrutiny of intense press and public interest.

In the 1990s, the hunt for DNA from fossils was transformed into a high-profile science and technology as
a series of studies, published in high-impact journals such as Nature and Science, reported the recovery of multi-
million-year-old DNA from fossils such as amber insects and even dinosaur bone (Cano, Poinar, and Poinar Jr 1992;
DeSalle et al. 1992; Cano et al. 1993; Woodward, Weyand, and Bunnell 1994; Golenberg et al. 1990). Riding on the
heels and hype of Jurassic Park, researchers raced to extract and sequence DNA from the days of the dinosaurs. In
the process, the press created opportunities for publicity, but scientists also fashioned their own opportunities for
attention. During this decade, scientists were savvy in capitalizing on the celebrity of their fast-growing field in
order to secure their success on both an individual and group level. Here, the interplay between science and the
media, specifically around the idea of discovering multi-million-year-old DNA, influenced research agendas,
publication timing, grant funding, and public perceptions of the search for DNA from fossils.

While there are abundant instances of this connection between science and media and its effect on the
development of ancient DNA research, some of the most excellent examples are best illustrated through the search
for DNA from insects in ancient amber. In 1991, the University of Nottingham hosted the first official and
international meeting on “Ancient DNA” but just before the conference convened, The New York Times published a
piece about the upcoming meeting, advertising it alongside a recipe for bringing dinosaurs back to life (“Ancient
DNA: The Recovery and Analysis of DNA Sequences from Archaeological Material and Museum Specimens”
1991; Browne 1991). In this article, Malcolm Browne interviewed the scientist George Poinar about the connection
between the search for DNA from fossils and resurrection: “‘Obviously, we couldn't reconstruct an extinct animal
today, even if we had all its DNA,’ he said in an interview. ‘However, my belief is that there are dinosaur cells
inside biting flies trapped in amber of Cretaceous age and older. It’s just a matter of finding the dinosaur DNA and

999

getting it out.”” (Browne 1991). Poinar, an advocate for the search for DNA from fossils since the early 1980s, had
also experimented with the actual extraction of genetic material from amber insects (“Molecular Paleontology:
Search for Fossil DNA” 1984; Poinar Jr, Poinar, and Cano 1994; Poinar Jr and Poinar 1994, 73-75). Although these
early attempts were ultimately unsuccessful, Poinar, along with rival researchers, returned to the task in the early
1990s in what became a race to recover the oldest DNA (Cano, Poinar, and Poinar Jr 1992; DeSalle et al. 1992;

Rensberger 1992).

In 1993, Poinar, along with his son Hendrik Poinar, a student at California Polytechnic State University,

10



and Raul Cano, a microbial ecologist also at California Polytechnic State University, topped the record, claiming to
have extracted and sequenced DNA from a 125-135-million-year-old amber-encased weevil (Nemonychidae:
Coleoptera) (Cano et al. 1993). They announced it as the oldest DNA ever recovered from an insect in amber.
Nature published the paper on June 10 of 1993 — one day after the Jurassic Park premiere and one day before its
public release in movie theaters across the United States (Cano et al. 1993; “Jurassic Park (1993)” 2017; Kirby
2013). The timing produced wide-spread publicity.

The media, as well as practitioners internal and external to the field of ancient DNA research, noticed this
timing between the scientific publication and the movie release. In a memoir, George Poinar reflected on the
publicity of their publication, recognizing that it “gained instant popularity” and claiming that it “made the front
pages of 257 newspapers in the United States and 400 newspapers worldwide.” However, he also claimed the timing
was a “coincidence” (Poinar Jr. and Poinar 1994, 154). Coincidence or not, the news hit the headlines and left the
impression of intentionality. Browne, who consistently covered ancient DNA research for The New York Times,
commented on the connection: “The report of the achievement is being published today in the British journal
Nature, one day before the opening of ‘Jurassic Park,” a much-publicized movie based on the notion of cloning
extinct dinosaurs from their surviving DNA [...]” (Browne 1993a). On this point, some scientists saw the timing in a
far from positive light. One interviewee offered a rather negative remark about this event: “[...] I thought it
absolutely extraordinary that a scientific journal — there was no way it was a coincidence — that a scientific, a
prestigious scientific journal, like Nature would hold on to an article to wait for the opening day of a movie. [...]
[O]f course, that caused a Auge media splash” (17-01:02:15). Given that Nature is a popular and commercial journal,
this makes sense, but this interviewee’s perception that the timing was surprising and worth criticizing reflects the
notion that some scientists felt that popular outward influences on science could be damaging or less than desirable
to the integrity of science. At the same time, however, others viewed this interplay between science and media as a
positive phenomenon. Paleontologist Stephen Jay Gould, for example, offered his own observations about the
timeliness of it all: “The nearly complete blurring of pop and professional domains represents one of the most
interesting spinoffs — a basically positive one in my view — of the Jurassic Park phenomenon. [...]. When a staid
and distinguished British journal uses the premiere of an American blockbuster to set the sequencing of its own
articles, then we have reached an ultimate integration” (Gould 1996, 225-226; Kirby 2013, 139). Regardless of the

positive, negative, or questionable consequences, press and public attention was a crucial component in the growth
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of ancient DNA research in terms of raising awareness of this novel, niche, but increasingly high-profile activity.
Jurassic Park also offered other opportunities for publicity which scientists could, and in this case did, use
to their advantage in order to promote their research and enhance their reputation (King 1993; Kirby 2013). The Los
Angeles Times, for example, covered the opening weekend of Jurassic Park and specifically spotlighted the
interchange between science and science fiction. Journalist Peter King set the scene, describing a packed lobby of
movie goers with Hendrik Poinar in the background selling bits and pieces of amber to raise funding for future
research: “‘Step right up,” barked the stocky, fresh-faced young man in a polka-dot tie. ‘Step right up and see the

999

real science. We got it. Right here’” (King 1993). However, the star of the show was Raul Cano: “From Newsweek
to ‘Nightline’ to a newspaper in Lebanon, everyone wanted a piece of the professor” (King 1993). Under the
scrutiny, Cano was made well aware of the public’s insistent interest in the likelihood of bringing dinosaurs back to
life. King quoted Cano: “‘And what they all really want me to say,” Cano said, ‘is that this is possible, that we can

999

clone dinosaurs’” (King 1993). Cano’s answer was far from optimistic. King wrote, “Unfortunately, he explained,
this cannot be done now, will not be done ever and, even if it could be done, probably should not be done — for a
whole host of moral, ethical and practical reasons. But why spoil a good story?” (King 1993). In this case, these
scientists saw Jurassic Park’s popularity as a chance to promote their own image, as well as the overall image of
ancient DNA research, by placing their work front and center with the recent movie release.'!

Indeed, other scientists and scientific institutions capitalized on the celebrity of Jurassic Park in a way that
influenced funding and publicity. In 1993, Jack Horner, vertebrate paleontologist and scientific advisor to Jurassic
Park, proposed a project to the National Science Foundation (NSF) to search for DNA not from insects in amber but
from dinosaur bone. The proposal was in part inspired by some odd observations that Mary Schweitzer, a graduate
student working with Horner at Montana State University and Museum of the Rockies, encountered when analyzing
a bone fragment in the lab. Under the microscope, Schweitzer observed strange shapes in a thin section from
Tyrannosaurus rex. Those strange shapes looked like red blood cells, and additional analyses suggested that other

soft tissue structures, perhaps even proteins or DNA, might be preserved too. The project, “An Attempt to Extract

DNA from a Cretaceous Dinosaur Tyrannosaurus rex,” asked for approximately $35,000 over a two-year period to

' David Kirby highlighted these and other similar interactions and their implications for understanding the
relationship between science and media, specifically how science influences, or is in turn influenced by, Hollywood
and the blockbuster phenomena. See Kirby Kirby (2003a), Kirby (2003b), Kirby (2013), and Kirby (2014).

12



try to extract evidence for dinosaur DNA (Horner and Vyse 1993). The grant was funded the same year Jurassic
Park was released. According to one person on the project, the correlation between the funds and the film was no
coincidence: “It’s hard to get money. I think NSF gave us money at that time just because of the movie. [...] [I]t was
the perfect time for it.” (16-00:25:25). Not only did NSF approve the award, but they also scheduled a press release
to coincide with the opening weekend of Jurassic Park (Macintyre 1993, 16; Kirby 2013, 139). The New York Times
spotlighted the story and quoted a representative from the NSF who confirmed the deliberate timing of the press
release with the movie premiere: ““We thought it would be a good opportunity to get the word out on 4 of the 10
dinosaur research projects the N.S.F. is funding this year, including that of Mr. Horner [...]”” (Browne 1993b). In
the end, scientists could not confirm that they had extracted evidence of dinosaur DNA, but it is important to note
that this scientific study, in part funded by enthusiasm for a science fiction movie, was a part of exploring the
potential preservation of DNA in ancient and extinct organisms.

The ancient DNA community quickly recognized their role as a science in the spotlight. Although some
seemed to enjoy the publicity, others cautioned courting the press and public into believing that science fiction could
become reality. In the second “Ancient DNA Newsletter,” circulated in 1992 (after the book but before the movie),
Russell Higuchi — one of researchers who helped to extract DNA from the quagga — addressed the increasing public
interest around the prospect of using DNA from insects in amber to bring dinosaurs back to life. For Higuchi, there
was a time and place for speculation, and as a scientist in certain contexts, he appeared to believe that too much
unwarranted speculation did more harm than good: “When you get asked (and in the wake of Jurassic Park, the
movie, it seems inevitable that some of you will) whether the resurrection of dinosaurs from ancient DNA is
possible, I hope you will say it is not. Although it is fun to say, ‘in theory, it may be possible (nudge, nudge — wink,
wink)’, let’s get real” (Wayne and Cooper 1992b, 6). He admitted, however, that this was easier said than done: “I
myself have been guilty of allowing this romantic — if not gothic — notion, the resurrection of extinct species, to
colour reports of our work (it is hard to keep the Media from focusing on that).” Nonetheless, Higuchi urged
colleagues to find a balance between this close coupling of professional and popular expectations: “It now seems
clear to me that the responsible thing to do is to try as much as possible not to overstate the power of new
technology, in the field of ancient DNA or elsewhere” (Wayne and Cooper 1992b, 6).

While media mobilized the practice, it destabilized it too, particularly as researchers tried to transform it

into a credible approach to the study of fossils within evolutionary biology. Ancient DNA’s unconventional claims
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and public profile soon attracted suspicion from researchers external to the community. In 1993, for example, Tomas
Lindahl, a specialist in DNA degradation and its implications for human health, published a paper in Nature about
the chemical instability of DNA and its consequences for ancient DNA research. In this article, he highlighted that
the processes of hydrolysis, oxidation, and nonenzymatic methylation posed serious problems for the preservation of
DNA in fossil material (Lindahl 1993a). In another article, Lindahl more deliberately questioned the credibility of
recent research results asserting to have extracted multi-million-year-old DNA. He cynically called these results
“antediluvian DNA” (Golenberg et al. 1990; Cano et al. 1992; DeSalle et al. 1992; Cano et al. 1993; Lindahl 1993b).
Here, he argued that DNA’s biochemistry could not support such longevity, and in the event that it could, Lindahl
was deeply concerned about contamination from the external environment. To control contamination, he suggested
the sharing of both positive and negative data, appropriate chemical analyses, negative controls, and reproducible
results. For Lindahl, the next step must be a conservative one: “Rather than proceed spectacularly further and further
back in time with anecdotal reports on single samples, using the notoriously contamination-sensitive PCR, I suggest
that the next goal be a convincing report on the amplification of small DNA fragments, say, 100,000 years old”
(Lindahl 1993b, 700). During the 1990s, ancient DNA research started to take shape as a new way of studying
evolutionary history via conferences, collaborations, newsletters, and financial initiatives. This growth played out
publicly in the media spotlight through research publications and media reports in high-profile outlets. By the end of
the 1990s, ancient DNA activity had made a name for itself, but the community confronted two important issues,
namely how to control contamination and how to control celebrity.

The extreme enthusiasm for ancient DNA research turned to skepticism as scientists internal and external to
the practice openly questioned the claims of several high-profile studies. Indeed, a series of studies claiming to have
recovered multi-million-year-old DNA from amber insects and dinosaur bone were found to be the product of
contamination or irreproducible results. (Cano, Poinar, and Poinar Jr 1992; DeSalle et al. 1992; Cano et al. 1993;
Woodward, Weyand, and Bunnell 1994; Gibbons 1994; Morell 1993; Hedges and Schweitzer 1995; Zischler et al.
1995; Service 1996; Austin et al. 1997). These accusations combined led to a dramatic drop in the professional and
public confidence in ancient DNA research’s credibility. In an effort to standardize the practice and regain its

legitimacy, two ancient DNA researchers published a paper in Science, titled “Ancient DNA: Do it Right or Not at
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All,” in which they argued for the adoption of and adherence to proper protocols (Cooper and Poinar 2000).!? This
paper was not just a call for criteria, but a demand to discipline ancient DNA activity in its development as a science
in the spotlight. While initially intended to reduce controversy regarding authenticity, the introduction of criteria
effectively engendered conflict within the community. Indeed, it divided the community into separate
collaborations, conferences, and places of publication. Interviewees say this paper ought to have been titled
“Ancient DNA: Do it with Me or Not at All” (11-01:29:15; 21-00:48:30).'3

To be clear, contamination was a real theoretical and technical issue, but it was an issue further
problematized by the celebrity that followed the field. In other words, contamination was more than a professional
concern. It was also a public concern because some studies that seriously suffered from contamination or the
irreproducibility of results had been, in the 1990s, published in high-impact journals, such as Nature and Science,
and broadcasted across the mass media (Golenberg et al. 1990; Cano et al. 1992; DeSalle et al. 1992; Cano et al.

1993; Woodward et al.1994). For practitioners, their reputation and their science’s reputation were at stake.

12 With concerns for ancient DNA authentication, the “Ancient DNA Lab” became known as a “clean lab,” a
specially constructed laboratory space designed to minimize contamination of the small amount of genetic material
in ancient samples with much more abundant modern DNA. Drawing on guidelines outlined in previous
publications, Cooper and Poinar argued that labs handling ancient material must be physically isolated from other
molecular or microbial labs containing modern genetic material (Pdabo, Higuchi, and Wilson 1989; Handt et al.
1994; Cooper and Poinar 2000). Other publications expanded on these expectations (Paébo et al. 2004; Willerslev,
Hansen, and Poinar 2004; Gilbert et al. 2005). For example, some scientists said that ancient DNA activity from
extractions to experiments should be conducted in a physically isolated lab with positive air pressure and specific
ventilation systems to prevent contamination via air flow when entering or exiting the lab. Ideally, these clean labs
should be housed in a separate building and away from any building where PCR amplification of DNA is performed.
All equipment brought into the clean lab should be decontaminated via bleach or UV irradiation as appropriate.
Further, the clean lab should be decontaminated with bleach before and after each entry, and every evening UV
lights should be used to further sterilize the space. With every entry to the clean lab, researchers were also required
to dress in full body suits with gloves, shoe covers, hair nets, and face masks to avoid themselves from
contaminating the specimen during experimentation.

13 A number of interviewees referred to this division as a schism between the “believers” and “non-believers” (5; 6;
23; 28; 36). This division between “believers” and “non- believers” centered around debates about contamination
and scientific standards for avoiding it. While both sides were aware of contamination, they differed in the degree
they employed methods to test for ancient DNA authenticity. Roughly, the “non-believers” were suspicious, even
dismissive, of research results produced by the “believers.” The “non-believers” more or less viewed research by the
“believers” as less rigorous and therefore, less reliable. These terms — “believers” and “non-believers” — are
categories that interviewees on both sides of the schism used in reference to themselves and others. There are some
scientists who also refer to the schism as a difference between the “haves” and “have nots,” and while not all
interviewees used both or even one set of terms to describe the split, they all recognized the split, though to differing
degrees, and its influence on the sociology of their science. However, it is important to note that the line between the
“believers” and “non-believers” is not necessarily hard and fast. It is permeable. Indeed, some scientists tried to
collaborate across the schism. Nonetheless, the caricature of “believers” and “non-believers” helps scientists make
sense of an important issue, concerns about contamination, and its influence on ancient DNA’s disciplinary
development. On this point, it is by no means the only map of interactions that interviewees try to draw, or that can
be drawn, throughout the history of this community.
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Consequently, scientists built boundaries via protocols and even rhetoric of ridicule and narratives of negation to try
to demarcate credible from less credible research in response to concerns about contamination as well as celebrity.

But at the turn of the century, the standards employed to avoid contamination and confirm authenticity were
transformed by the innovation of a new technology called next-generation sequencing (NGS).'* While PCR requires
specific DNA fragments of sufficient length to be present in a sample, NGS is untargeted, allowing every DNA
fragment present to be sequenced. As a result of NGS, researchers could now recover millions of sequences at higher
yield and in a fraction of the time. This allowed better estimation of the percentage of endogenous and exogenous
DNA by searching for signatures of molecular degradation or post-mortem damage characteristic of authentically
ancient DNA. Consequently, the technology reframed concerns about contamination. One scientist, for example, put
it this way: “So, now it’s not only a question of having controls [...]. You can actually look at your data and determine
whether you have a contamination problem or not, right?” (7-00:17:30). With the advent of NGS, researchers were
quick to adopt the new technology and adapt it to search for DNA from fossils in order to overcome some of the
previous limitations and contamination issues associated with PCR (Poinar et al. 2006; Cooper 2006). In doing so,
these scientists sought to establish ancient DNA’s legitimacy among professional and public audiences alike.'

Indeed, NGS ushered in a new era of exploration as researchers’ focus shifted from the science of ancient

14 Next-generation sequencing (NGS) is the general term used to describe a variety of technologies that use
parallelized platforms to sequence more than one million short reads of DNA (50-400 base pairs) in a single run.
There are a number of NGS platforms varying in their chemistry and specific sequence read technologies. Two
instruments that were widely used in ancient DNA research in the late 2000s were Roche (454) GS FLX, a
technology based on parallel pyrosequencing, and Illumina (Solexa) Genome Analyzer, a method based on
reversible terminators. The 454 technology generates longer reads of DNA (over 400 base pairs) but is somewhat
error-prone in homopolymeric regions (e.g. CCCCCC), while Illumina generates shorter reads of DNA (100-150
base pairs), but in greater numbers. See (Margulies et al. (2005) and Knapp and Hofreiter (2010).

15 In a recent paper, Alexandra Ion problematizes the idea of ancient genetic or genomic data as being a “holy grail”
in the sense that this kind of data can always provide new and better answers to old archeological questions (Ion
2017). Ion explained, “Given the fragmentary nature of the material record, archaeologists are ever-expanding their
intellectual and methodological tool-box, going beyond the disciplinary boundaries, and involving themselves in
what are often called interdisciplinary projects. Alison Wylie and Robert Chapman (2016: 15) raise in their latest
book the interesting point that this phenomenon is closely tied to an ‘epistemic anxiety’ inherent to archaeological
reasoning, namely the fear that there is only so much we can learn about the past, especially if this knowledge is to
be ‘objective’. I would claim that in archaeology we now see a structuring of discourses around interdisciplinarity as
a way of framing relevance and innovation in the face of the ‘manifold and messy’ problems of life and society
[...]” (Ion 2017, 88). Drawing on the example of King Richard III and a series of studies that use ancient molecular
data to shed light on the Neolithic Revolution, Ion questioned whether this genetic data from the “hard sciences” is
successfully being integrated with the historical and cultural contexts that archeologists are traditionally interested in
investigating. She also brought attention to the important issue of how these big databases bias archeologists in
terms of the types of questions they ask and the scales of analyses they employ.
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genetics to the study of ancient genomics.'® Equipped with this technology, scientists entered a race to sequence the
first genomic data from ancient plants, animals, and diseases to human Paleo-Eskimos, Aboriginal Australians, and
famous historical figures like King Richard III (Gilbert et al. 2008; Gilbert, Drautz, et al. 2008; Miller et al. 2008;
Rasmussen et al. 2010; Rasmussen et al. 2011; Bos et al. 2011; Pedersen et al. 2014; Rasmussen et al. 2014;
Willerslev et al. 2014; King et al. 2014). Using NGS, scientists sequenced the first genomic data from an archaic
human, the Neanderthal (Green et al. 2010), and were able to show for the first time that modern humans and our
Neanderthal interbred. They also sequenced the first genomic data from a Denisovan, an extinct hominin species
whose identity as a distinct archaic human species was uniquely obtained exclusively from DNA, without a fossil
record (Krause et al. 2010; Reich et al. 2010; Gibbons 2012; Gokhman et al. 2014). Meanwhile, other research has
shed light on the behavior of our early ancestors, including Mesolithic and Neolithic hunter-gatherers, while also
exploring transformations in human cultural practices such as milk consumption which have directly impacted our
evolution in terms of selection for lactase persistence (Izagirre and de la Rua 1999; Haak et al. 2005; Burger et al.
2007; Bramanti et al. 2009; Haak et al. 2010; Skoglund et al. 2012; Warinner et al. 2014; Jones et al. 2015;
Malmstrom et al. 2015). Much work has also explored our interactions with animals through time by interrogating
genetic signals for domestication in pigs, cattle, and dogs on large global and temporal scales (Leonard et al. 2002;
Bollongino et al. 2006; Larson et al. 2007; Scheu et al. 2008; Larson et al. 2012; Larson et al. 2014; Skoglund et al.
2015). According to some scientists and journalists, these works have led the way towards a revolution in our
understanding of human origins, evolution, and migrations (Stoneking and Krause 2011; Stringer 2012; Veeramah
and Hammer 2014; Gibbons 2015). Although these findings have made considerable conceptual contributions to
understanding evolutionary history, these studies, many published by high-profile journals such as Nature and
Science, have also been followed by the celebrity spotlight. This race for the first or the oldest genome (as well as

the race to sequence the most genomes) and the accompanying media attention surrounding it, shared striking

16 The study of ancient DNA data had previously been limited to the study of mitochondrial DNA (mtDNA) and
sometimes nuclear DNA (nuDNA). Recently, however, the potential to sequence whole genomes via high-
throughput sequencing technologies has allowed researchers to produce an increased amount of higher quality data
(from several sequences to billions of sequences) that has allowed them to more accurately quantify contamination,
and therefore guarantee DNA authenticity. It has also allowed them to study the entire genomic make up of an
organism, more similarly to how modern genomes are analyzed, and this has provided more detailed answers to
questions regarding phenotype, adaptation and evolution together with documenting when migration and gene flow
events have occurred. As a result, researchers recently reported that the “field” has “entered the new era of genomics
and has provided valuable information when testing specific hypotheses related to the past” (Der Sarkissian et al.
2015).
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similarities to the 1990s’ search for the first or the oldest DNA.

However, one key difference between the PCR and NGS-era was that practitioners went from having little
data to having almost too much. High-throughput sequencing technologies could produce an astounding amount of
data that required both large amounts of data storage but also required researchers to seek or learn specialist
computational and statistical skills in order to analyze it and apply it to questions in evolutionary biology. From a
field dominated by the laboratory scientist, ancient DNA research has moved to the realm of the computer scientist,
bioinformatician, and statistician. One interviewee presented this perspective: “Processing is completely different
because before I could still look at each sequence by eye and edit them by hand, but now we have [...] billions of
sequences and you have to do everything by bioinformatics. So, that has changed completely. [...]” (15-00:35:30).
According to practitioners, the growing availability of samples combined with the increasing ability to sequence
genomes rapidly superseded their aptitude to analyze the data. It sometimes superseded the question that they could
ask of the data, too. One interviewee, for example, offered this opinion: “People are going over the top because they
can — just sequencing the living crap out of absolutely everything. So, we’re in this kind of exploration phase again,
where it’s like, ‘Grab as much data as you possibly can, hire a great bioinformaticist, and then start asking questions

999

in the resulting data sets’” (22-01:18:00). After a nearly thirty-year history of disciplinary development towards
scientific legitimacy and maturity, it appeared that researchers had now entered a new era of experimentation as they
tested the limits of NGS applied to ancient and extinct organisms and their populations.

From the 1980s to the turn of the century, scientists were very much driven by data in terms of the samples
they had access to and the amount of informative genetic information that could be recovered from them via the
technology of PCR. At the same time, however, some scientists felt that the search for ancient DNA was driven by
the celebrity of the science as practitioners pursued the first and the oldest DNA from some of the most iconic
species. While the availability of fossils and the technology of PCR were both vital to the production of research
results, the celebrity surrounding specific samples, like amber insects and dinosaur bone, coupled by the drive to be
first in the field, propelled this practice into motion. To be clear, however, the data-driven and celebrity-driven
nature of ancient DNA research was not unique to the 1980s and 1990s alone. Like the PCR-era, the NGS-era of
ancient DNA research can also be characterized as an era of data-driven and celebrity-driven research. In the earlier

PCR years, they were driven by a desire for data but also limited by a lack of data, while in the later NGS years, they

were driven and inundated by the enormous amounts of genomic data that could be generated from a single sample.
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Despite the continuity between the two eras of scientific and technological change, interviewees, in reflecting on the
historical and philosophical growth of ancient DNA research, often draw a distinction between the early years of this
practice and its standing today as what they view to be a more question-driven, and therefore more mature, science.
As far as these interviewees were concerned, being question-driven was more desirable than being data-driven and
celebrity-driven.

The take-home message from this section is that the search for DNA from fossils, throughout its thirty-year
history, can be characterized as a data-driven and celebrity-driven practice. So far, this history demonstrated the
degree to which scientists in search of DNA from fossils were primarily interested in pursuing data in terms of their
access to samples and the availability of technology. Crucially, it also demonstrated that scientists, as well as major
journals such as Nature and Science, were motivated by the celebrity that surrounded the science of ancient DNA
research. Indeed, I argued that celebrity can, and in the case of this history did, influence the process and practice of
science over a prolonged period of time in terms of its influence on research agendas, publication timing, grant
funding, and public perceptions of the search for DNA from fossils. The next two parts of this article will investigate
researchers’ recollections and philosophical perspectives of their history, then will explore the role of celebrity and

credibility with attention to its implications for philosophical questions regarding scientific practice.

An answer looking for a question

In response to credibility concerns, ancient DNA researchers engaged in “boundary-work.” Thomas Gieryn initially
introduced the idea of “boundary-work” by drawing on a series of studies in which he analyzed early natural
philosophers’ and scientists’ struggles to demarcate science from non-science or from what they viewed to be less
credible approaches to science (Gieryn 1983). As a result of his research, Gieryn described boundary-work in these
terms: “Put bluntly, a sociological explanation for the cultural authority of science is itself ‘boundary-work’: the
discursive attribution of selected qualities to scientists, scientific methods, and scientific claims for the purpose of
drawing a rhetorical boundary between science and some less authoritative residual non-science” (1999, 4-5). For
Gieryn, there was no one and only way to do science but rather different ways to draw or redraw the boundaries of
what we view to be science. On this point, he also argued that individuals often engage in what he coined as “double
boundary-work” in which researchers build boundaries on two fronts in response to two different but perhaps not

entirely unrelated issues that appear to affect their autonomy (Gieryn 1999, 63). Sure enough, in the history of
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ancient DNA research, researchers engaged in “double boundary-work” in response to both contamination and
celebrity concerns.

Although scientists involved in the search for DNA from fossils built boundaries around their practice
through the development of criteria in their day-to-day activities in the lab, their memories of their history are also
full of boundary-work. Reflecting on their thirty-year history, interviewees portrayed the practice in its early days as
“an answer looking for a question” rather than a question looking for an answer (2-01:03:00). For interviewees,
there were several studies in which the answers, the DNA, seemed to supersede the question that could be asked of
the DNA.!” In reference to some of the scientists who appeared to favor this data-driven approach, one researcher
remarked, “They may have a research question. [...] But sometimes it’s even pre-getting-a-research-question. It’s
like, ‘Let’s study these. Let’s see if there’s DNA in these fossils.’ [...].” This interviewee shared a story as an
example: “I remember one occasion when one of the well-known ancient DNA researchers said to me, ‘What
species should I study? Mammoths are being done. What species isn’t being done?”’ [...] [I]t got to the point to where
there would be PhD students and you could see the supervisor thinking, ‘“What species hasn’t anyone done yet?
Nobody’s done musk ox. Ok. You do musk ox.” Without a very clear question.” For this interviewee, this data-
driven approach seemed to be partly propelled by press and public interest in charismatic creatures that would yield
data but also be likely to lead to high-impact publications: “[...] I’ve seen several examples of ‘let’s blitz this
species.” We give a PhD student this species. They collect fossils from all over [...], they do the DNA, they draw up
trees, and then they start to ask questions [...]. And then the supervisor is usually then looking for a high-impact
angle. [Laughs]. It is a slightly odd way of doing science” (3-00:44:30). This interviewee, as well as others,
portrayed the practice in its early years as a sample-driven, technology-driven, and even celebrity-driven practice. In
these cases, they seemed to be criticizing this particular behavior.

However, with the introduction of NGS and subsequent shift from PCR in the early 2000s, some scientists
seemed to think this data-driven strategy was changing. In 2013, an international and interdisciplinary group of
researchers gathered together at the Royal Society for a commemorative conference, “Ancient DNA: the first three

decades” (“Ancient DNA: The First Three Decades” 2013). In the introduction to the special series of papers

17 This phrasing presupposes that ancient DNA data holds relevant molecular information about the organism it
came from and its evolutionary history. However, scientists, after extracting the DNA, must still make sense of the
DNA by analyzing, interpreting, and appropriately applying it to questions in evolutionary biology. In other words,
the answers are not explicit in the data themselves. Scientists must manipulate the data in order to make meaning.
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produced by this meeting, the conference conveners argued that the field was no longer a curious phenomenon but
now a credible practice: “In the past, a large number of ancient DNA studies were either purely technical, or one-off
historical puzzles but, as we can see from the contributions to this Theme Issue, this is no longer the case, and
ancient DNA researchers are now addressing a growing number of important scientific questions” (Hagelberg,
Hoftreiter, and Keyser 2015). According to one interviewee, NGS freed researchers from PCR’s constraints
regarding contamination, thus allowing them to focus on the biological questions rather than the technological
limitations: “[...] [F]or the first time in history, I think we’re not driven at all by the technology because the
technology is permissive today. We are driven by the question we can answer with the technology. [...] (Well, it’s
not really that yet, but it’s close to it.) [...]” (8-00:18:45). According to another interviewee, it was more than the
technology-driven nature of the practice that had passed: “I think that we are question-driven rather than sample-
driven.” For this scientist, the early days were “sample-driven” but “now that all the low-hanging fruit have been
picked it’s more question-driven” (43-00:10:30). While interviewees recognized the role that technology and
samples had played in the practice of ancient DNA research, they viewed this shift to a more question-driven
approach as a mark of maturity. Maturity was desirable to scientists, especially amidst credibility concerns.
However, the search for DNA from fossils, even in its early era as a data-driven science (in terms of
samples and technology), was in fact a question-driven one too. By surveying early studies, it is clear that
researchers were indeed driven by questions but questions regarding the theoretical preservation and potential
extraction of DNA from ancient and extinct organisms. Further, answering these questions was no small feat.
Throughout the 1980s and 1990s, scientists confronted extreme technical challenges. These questions were technical
in nature as scientists sought to discover what was possible regarding the preservation and extraction of DNA from
ancient skins, tissues, and even bone. But for some studies, the questions also took on a biological bent. For
example, the 1984 quagga study was initiated as a theoretical and technical challenge, but the specimen, Equus
quagga, was specifically selected in order to test a hypothesis about the evolutionary history of an extinct species,
one that was previously inconclusive based on fossil data alone (Higuchi et al. 1984). Likewise, researchers working
with one of the early studies to try to extract DNA from insects in ancient amber had chosen a specific termite
specimen, Mastotermes electrodominicus, in order to test hypotheses of insect evolution and extinction (DeSalle et
al. 1992). In these cases, there was a biological question, but it was often secondary to the technical achievement of

recovering DNA from the fossil in the first place. In the early days, it was nearly necessary for the technical question
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to take precedence as the biological or historical question could not be answered without it.

Yet in their memories of their history, some interviewees tried to draw a line between what they viewed to
be a data-driven past and a more question-driven present in order to place some temporal and methodological
boundaries around the evolution of their practice. In other words, this language of an answer looking for a question,
rather than a question looking for an answer, can be characterized as an extended episode of retrospective boundary-
work. This language was a way in which scientists sought to compose a narrative of ancient DNA activity,
intentionally or unintentionally, by drawing a line between its emergence and what some scientists see now as its
more or less established status today. Here, scientists attempted to draw a distinction between what they saw as a
data-driven and celebrity-driven phase of research versus a more question-driven methodology. The sometimes
derogatory or dismissive comments by some interviewees about earlier practitioners, or even practitioners today, as
scientists merely chasing samples, technology, and even celebrity can be viewed as an attempt to draw out their own
achievements, thus drawing methodological and epistemological distinctions between ancient DNA’s past and
present, and in the process aligning themselves with one scientific approach rather than another. According to some
of these interviewees, being question driven rather than sample, technology, or celebrity driven was a hallmark of
scientific maturity. They engaged in this sort of retrospective boundary-work because they were concerned about
their credibility within evolutionary biology.

In reality, however, there is actually more continuity between researchers’ past and present approaches to
the study of DNA from fossils. Indeed, it appears that data-driven, celebrity-driven, and question-driven approaches
have been, and are being, employed simultaneously. These mixed methods are not incompatible with one another,
and they often go hand in hand.

Although some scientists argue for a more question-driven and more mature area of research, other
evidence, including other interviewee quotes, suggest that ancient DNA research is still in fact very much driven by
the available samples and technology. Indeed, according to several scientists, ancient DNA activity still seems to be
an answer looking for a question as opposed to question looking for an answer. In 2015, for example, a team of
researchers — including Morten Allentoft and Eske Willerslev — sequences 101 ancient human genomes ranging
from 700 AD to 3000 BC with the ultimate goal was of testing hypotheses about evolution and migration during a
time when new tools and traditions had surfaced, then spread across Eurasia (Allentoft et al. 2015). While question

driven, the project was also very much driven by the samples and technology. Researchers went over the top to
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generate more genomes than necessary simply because they could. Reporting for Nature, Ewen Callaway
specifically spotlighted this research and took note of this data-driven approach (Callaway 2015a). Callaway quoted
Allentoft: ““We could have stopped at 80,” says Allentoft. But ‘we thought, “Why the hell not? Let’s go above 100.”
> 7 (Callaway 2015a). With NGS, the issue was no longer too little data but rather too much data. On this particular
point, Callaway quoted Greger Larson at Oxford University: “‘It’s an interesting time, because the technology is
moving faster than our ability to ask questions of it,” says Larson, whose lab has also amassed around 4,000 samples
from ancient dogs and wolves to chart the origins of domestic dogs. ‘Let’s just sequence everything and ask
questions later.”” (Callaway 2015a). Indeed, this trend continues today (Olalde et al. 2018; Mathieson et al. 2018).

Although there is certainly continuity between ancient DNA’s data-driven past and present, the primary
difference between its early years and today is that the situation has shifted from scientists having too little data to
having too much data. One researcher, for example, shared this story about methodology: “[...] We got some new
genomes and it wasn’t question driven anymore. We didn’t have a look at those genomes because they were the key
to a question, but [because] they were good samples and we could get whole genomes [...]” (13-00:42:00). For a
second scientist, this approach was a general consequence of new opportunities: “I think whenever a new technology
comes on board there’s a lot of ‘Ta-da!’ Hey, we analyzed this stuff with this new technology.” And it’s really
driven by the labs that have access to the technology and the samples [...].” But for this same scientist, this approach
could also be attributed to other areas of science, particularly recent genomic research today: “I don’t think that’s
necessarily unique to ancient DNA. If you look at genome sequencing, genome sequencing is very much, ‘Ta-da!
Here’s a genome! Look at all these data.” And then they go off and ask questions” (30-01:27:50).

Today ancient DNA’s data-driven methodology, inspired by good quality samples and new opportunities
thanks to high-throughput technology, seems to be common across the field of ancient DNA research specifically
and genomics more generally. While these interviewees did indeed describe ancient DNA activity as being a data-
driven sort of science, other researchers, reporters, and science studies scholars — particularly philosophers — have
also taken notice of this data-driven approach as being a shared approach across the biological and biomedical
sciences thanks to the rise of big data (Kell and Oliver 2004; Weinberg 2010; Leonelli 2012; Strasser 2012; Leonelli
2016). Their accounts, like my interviewees’ examples and explanations of ancient DNA activity, not only take
notice of this strategy but also ask whether this data-driven approach is a novel approach or even desirable approach

to scientific study.

23



Celebrity and Credibility in Data-Driven Practice

In this third and final section, my goal is to introduce the history of ancient DNA research, particularly the role of
celebrity and credibility, into the current conversation among scientists and philosophers of science about the role of
data-driven research in the biological sciences. In doing so, I do not intend to do justice to the scientific and
philosophical elements that this rich discussion requires. However, I do intend to raise some points of connection
between this history of ancient DNA research and what philosophers of science have said about the nature and
implications of contemporary data-driven inquiry. So far, this article has demonstrated the degree to which scientists
in search of DNA from fossils were very much driven by data in terms of access to samples and availability of
technology. It has also demonstrated that scientists, as well as major journals such as Nature and Science, were also
motivated by the celebrity that surrounded the science of ancient DNA research. Consequently, this section argues
that this data-driven and celebrity-driven methodology matters to the epistemology of science.

As the search for DNA from fossils evolved from the 1980s to today, researchers responded to its
technological challenges and status as a public-facing practice. Here, scientists were concerned about
“contamination” in both a technical and a social sense. For example, doubts over ancient DNA authenticity and the
reproducibility of results, specifically in the 1990s, placed the practice’s credibility on the line. In reaction, a handful
of researchers tried to “discipline” the discipline via criteria of authenticity.'® At the same time, celebrity was also a
crucial component of ancient DNA’s disciplinary development, and although media mobilized the practice, it
destabilized it too. In reference to this, some scientists felt that media interest or influence was a second source of
contamination that affected the credibility of their research. Both these matters, contamination and celebrity, courted
controversy, and consequently questions of scientific credibility, around the search for DNA from fossils.

Crucially, the issue was not about whether ancient DNA research was science or non-science, but whether
it was a credible versus non-credible approach to the study of fossils. The answer was far from simple as ancient
DNA activity was tied up in a long history of scientific, press, and public influences and expectations. Ancient
DNA’s history had unfolded on a public platform and this meant that scientists felt they could not solely rely on

technology or methodology in terms of protocols or verification as a way to draw lines between credible and non-

18 Tn 2000, Alan Cooper and Hendrik Poinar published a paper in Science titled “Ancient DNA: Do it Right or Not at
All” that detailed a strict set of criteria for avoiding or detecting contamination in the lab.
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credible research. They felt their public profile required a public response about the proper practice of ancient DNA
research (Lister 1994; DeSalle and Lindley 1997; Cooper and Poinar 2000; Padbo et al. 2004; Hebsgaard et al.
2005). As a result, practitioners built boundaries via criteria in the lab in response to contamination concerns, but
they also built boundaries via rhetoric, especially through their memories of their history, in response to celebrity
concerns.

Overall, demarcation mattered for scientists because it signified growth and research relevance within
evolutionary biology. In other words, scientific maturity signified legitimacy, and this mattered for ancient DNA
researchers coming out of a thirty-year history of credibility contests over contamination and celebrity concerns.
This was not unusual. In the philosophy of science, the demarcation debate has a long history full of discussions
about the more or less correct ways, and even wrong ways, of practicing science (Popper 1959; Kuhn 1962; Lakatos
1970). In all of this, hypothesis testing as a criterion for proper scientific practice often comes out on top, taking a
privileged position over other methods of inquiry. Much of this emphasis on generating and testing hypotheses can
be attributed to Karl Popper’s influence among philosophers of science and scientists themselves. Despite the many
counter arguments to Popperian philosophy (Lakatos 1970; Feyerabend 1975; Laudan 1981), his criterion of
falsifiability, also understood as the testability or refutability of a hypothesis or theory, still holds strong as a
benchmark for demarcating science from non-science, as well as good science from bad science (O’Malley et al.
2009; Haufe 2013). Indeed, with the rise of big data across the scientific disciplines, and what many refer to as a
new mode of data-driven scientific research, the place and preference for hypothesis-driven or question-driven
inquiry has come back into the spotlight (Leonelli 2012; Leonelli 2016).

To this end, it is important to note that my objective is not to judge whether this data-driven and celebrity-
driven approach was, or indeed still is, a positive or negative phenomenon in the world of ancient DNA research.
However, it is my objective to highlight that scientists practice science in a way that is influenced by a want and
need for both data and publicity, and that they themselves interpret these influences as having positive, negative, or
even questionable effects on the production of knowledge and their scientific status within evolutionary biology. In
my interviews, some scientists seemed to believe that ancient DNA research has come of age and that it is now a
much more question-driven, rather than a data-driven, sort of science. It is my view that they drew this distinction to
assert their legitimacy within evolutionary biology in light of what they saw to be a data-driven past. However, I

suggest that ancient DNA activity continues to be data-driven especially in terms of technology. The difference is
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that the situation has shifted from having too little data to having almost too much data.'

Philosophers today are increasingly interested in this phenomenon of data-driven science. In 2012, for
example, a group of scholars approached this topic of data-driven research with an interest in identifying its
characteristics as well as its causes and consequences for the production of scientific knowledge. They were also
interested in trying to understand the role that hypotheses and theories played in this sort of methodology. According
to their studies, they found that data-driven sciences often value 1) the process of induction from given data as a
legitimate approach to scientific inference, and 2) the role of technology as a means of analyzing then extracting
significant patterns from the given data. In all of this, philosophers have asked a further question of this particular
phenomenon: Does this data-driven approach constitute a novel approach to scientific inquiry or does it share
similarities with past research practices?

In his commentary on a selection of these papers (Muller-Wille and Charmantier 2012; Sabina Leonelli and
Ankeny 2012; Keating and Cambrosio 2012), Bruno Strasser looked for overall similarities and differences among
data-driven sciences over the past few centuries (Strasser 2012). As far as he was concerned, early natural history
“wonder cabinets” were not so dissimilar from “electronic databases” of today. According to Strasser, “Renaissance
naturalists were no less inundated with new information than our contemporaries.” Indeed, “The expansion of travel,
epitomized by the discovery of the New World, exposed European naturalists to new facts that did not fit into the
systems of knowledge inherited from the Greeks and Romans” (Strasser 2012, 85). Through a study of Carl
Linneaus, Staffan Miiller-Wille and Isabelle Charmantier specifically spotlighted the data-driven nature of
eighteenth-century natural history in terms of the various strategies he employed to organize and analyze what can
be could be called an “information overload” of new species data (Muller-Wille and Charmantier 2012). First, these
authors drew attention to the fact that Linneaus used new tools — such as dichotomous diagrams, files, and indexes —
to help control the amount of data under study. Interestingly, however, these tools, initially intended to control the
amount of data, facilitated an influx of data. Here, the authors pointed out that in the midst of this data deluge,
Linneaus also attempted to make sense of the information by generating a hypothesis, namely the genus concept as a

distinct category, as a further means for organizing the information, then classifying and comparing organisms

19 This shift from “too little data” to “too much data” is meant to be understood as a comparison between ancient DNA
research’s past and present. Even if researchers are able to produce more data, comparatively speaking, the data is still
often of poor or patchy quality. This requires researchers to find ways of handling and analyzing the data. Today, there
is much more data than before, but the amount of ancient DNA data if compared to the influx of modern DNA data is
still far off.
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accordingly. Strasser put the point this way: “In other words, Linnaeus may have been driven by his data, but his
approach was not exclusively data-driven” (Strasser 2012, 85). This example showcased that ways in which data-
driven inquiry may not be so new to contemporary scientific and technological practices. Rather, it showed that
natural history has a long history of producing, then dealing with, information overload. Further, it showed that
natural historians, like contemporary scientists, were also open to pursuing mixed research methods from data
gathering and hypothesis testing in order to make sense of the world around them.

Despite this continuity, however, Strasser also identified distinct differences between past and present data-
driven practices in the sciences. For Strasser, three features set the contemporary data-driven sciences apart from
former natural history practices: one) the data analysis today is done by researchers from disciplinary backgrounds
different from the individuals who produced it, two) the data analysis very much depends on the use and
understanding of statistical tools, and three) the data is primarily generated from inside the lab and not the field as
was typical of previous natural history practices (Strasser 2012, 86). Strasser also attempted to explain why so many
scientists view data-driven inquiry today as uniquely overwhelming and even revolutionary: “To conclude, it is
mainly because the experimental sciences took the upper hand over natural history in the late nineteenth century and
have since come to dominate the public perception of science that data-driven research is now perceived as a novel
feature of twenty-first century science.” However, historically-minded case studies demonstrate that this data deluge
is nothing new: “Natural history had been ‘data-driven’ for many centuries before the proponents of postgenomics
approaches and systems biology began to claim the radical novelty of their methods” (Strasser 2012, 87).

In her recent book, Data-Centric Biology: A Philosophical Study, Sabina Leonelli made an additional
observation about the data-driven sciences of today. According to Leonelli, data-driven sciences are not necessarily
interesting because they are data-driven but because of the social, organizational, and institutional structuring
required to produce, then analyze, the massive amounts of data that are a part of the practice (Leonelli 2016). In her
case study, she focused on plant system databases in model organism biology to map out what she called data-
journeys. Here, she was interested in outlining the ways in which researchers across the board worked together to
collect, integrate, analyze, and share various sources of data that eventually would be used for different scientific
purposes. In other words, Leonelli’s focus on data-driven science was much more about the process rather than the

product.
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Although a much more detailed analysis is required to make the point, ancient DNA researchers seem to be
making moves to operate under similar large-scale organizational systems. Indeed, ancient DNA researchers, in light
of new whole-genome sequencing technologies and techniques, are faced with new challenges and are trying to
generate a new kind of institutional infrastructure in response to them.?® Indeed, ancient DNA researchers are
finding that a whole host of resources are required in order to go from a sample to a sequence to a meaningful
scientific analysis in a reasonable time frame. In response to opportunities offered by technology, some scientists are
responding by building large-scale business-like operations that oversee the production and distribution of ancient
DNA data. Svante Pddbo’s lab at the Max Plank Institute for Evolutionary Anthropology, Eske Willerslev’s lab at
the Centre for GeoGenetics in the Natural History Museum of Denmark, and David Reich’s lab in the Department of
Genetics at Harvard University are examples of the industrial operation that ancient DNA research can require.
However, much of this go-big-or-go-home approach is of their own doing. In 2015, Reich was named one of
Nature’s top ten people who mattered (Callaway 2015b). In this recent report, Reich was called a “big thinker” who
“helped to turn ancient genomics from niche pursuit to industrial process” (Callaway 2015b). Sure enough, in his
new book, Who We Are and How We Got Here: Ancient DNA and the New Science of the Human Past, Reich was
open about his objective to make “ancient DNA industrial” by transforming his lab into an “American-style
genomics factory” (Reich 2018, xvii). Throughout its history, ancient DNA research has been a data-driven science
(in its interplay with other methods), but this shift to ancient DNA research as an industrial operation highlights the
changing ways in which the field has been or might be data-driven in the future. In other words, ancient DNA
research is still data-driven, but we are witnessing a change in the data-driven nature of ancient DNA research in
terms of how it is actually approached and carried out in practice. Over a thirty-year-period, the practice has evolved

from one) an anomaly and initial effort to try to extract DNA from fossil material with the technology of PCR to

20 Most recently and obviously, new whole-genome sequencing technologies have pushed ancient DNA researchers
to seek new skills in statistics, bioinformatics, and population genetics in order to analyze the massive amounts of
data that can now be extracted from hundreds of samples thanks to technology. However, it is important to note that
ancient DNA researchers are much more than a user community of the machinery. Here, they are committed to
developing new methods that can be used in the lab to optimize the extraction and sequencing process. In other
words, although new technologies and techniques are critical to ancient DNA activity and the extent to which data
can be made available and analyzed, practitioners do not just draw on developments in other fields but instead are
active individuals in adapting these innovations for their own purposes. Ancient DNA requires manipulation and
management of data namely because the nature of ancient DNA is not the same as that of modern DNA. Indeed, the
extraction, sequencing, and analysis of degraded and damaged DNA requires a specialist skill set to understand the
biochemistry of DNA damage in order to be able to correctly infer how differences between sequences relate to
differences among individuals and populations over time.
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two) an intentional effort to do more because of the innovation and adoption of NGS to three) a business-like
philosophy, at least in some research groups, interested in doing the most in an attempt to make the science a truly
large-scale industrial and automated process. However, this business attitude is not without its critics (Callaway
2018). Here, archeologists, paleontologists, and curators are some of the most concerned about the intensity of
sampling.?! Yet for better or worse, data-driven approaches, in whatever form or function, have been and continue to
be a principal part of the search for DNA from fossils.

Traditionally, philosophers of science and scientists and have tried to divide scientific inquiry into two
categories, one being data-driven and the other being hypothesis-driven. This binary view, however, is changing as
scholars have also brought attention to the fact that data-driven research is often pursued in combination with other
modes of scientific inquiry. For example, a number of scholars have addressed the role of exploratory
experimentation in the data-driven sciences (Calvert 2012; Krohs 2012; Callebaut 2012; O’Malley and Soyer 2012).
In his case study of convenience experimentation in systems biology, Ulrich Krohs made the point that all science
does not necessarily need to be hypothesis driven at all times. Krohs, arguing against the classical conception that
the goal of experimentation is to test hypotheses, suggested that “other modes of experimentation” such as the
“searching mode of exploratory experimentation” (Burian, 1997; Steinle, 1997)” as well as “data driven research
(Leonelli, 2012)” can be considered as “serious epistemic strategies, besides, and in combination with, hypothesis
driven research” (Krohs 2012, 53). Other philosophers also argue that we should make more room for an interplay
of approaches when it comes to understanding the process and practice of science. Maureen O’Malley put the point
this way: “It is possible that theory-driven hypothesis testing has been conceived of by scientists, science funders
and philosophers in a way that does not exist in practice (and never has), and that it is closer to and involves more

interplay with exploratory experimentation as well as natural history experimentation than we have tended to think”

21 To be sure, archeologists, paleontologists, and curators are vital to the pursuit of DNA from ancient and extinct
organisms. They are valuable for sample access as well as knowledge on the historical and biological background
needed in order to give context to the data obtained from a specific sample. However, there is a tension between
those researchers responsible for conserving specimen collections and those interested in sampling organisms for
genetic information. This is because sampling for ancient DNA is destructive to the specimen, and this was certainly
a concern in the early years of ancient DNA research. See Graves and Braun (1992). Museums value their
collections for their rarity, and their main mission is to conserve past and present specimens for future generations to
study or enjoy. While molecular methods offer new opportunities for curators to make new uses of old collections,
taking samples of skin, tissue, or bone can damage often rare or important specimens. This presents a clear challenge
to researchers and curators to find a compromise between their motives. To a certain extent, this challenge can cause
a significant dichotomy between the large labs in ancient DNA research who are driving more and more specimen
sampling and those curators who are trying to minimize damage to museum collections. See Freedman, van Dorp,
and Brace (2017).
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(O’Malley 2007, 345). In this history of ancient DNA research, interviewees involved with the search for DNA from
fossils tend to lean on a distinction between data-driven and hypothesis-driven methodologies in order to draw a line
between their earlier and later phases of research. They do this to assert their legitimacy within evolutionary biology
in light of what they see to be a data-driven and less credible past. Although practitioners’ boundary-building was
sociologically important for establishing their identity, legitimacy, and authority within the scientific community,
this boundary-work was also philosophically naive given that philosophers today no longer necessarily see a
distinction between data-driven and hypothesis-driven research.

I agree with recent philosophical viewpoints that argue the need to make room for more forms of inquiry in
scientific practice, and I argue that a celebrity-driven strategy can be considered a “serious epistemic strategy” that
researchers, as well as editors and funders, employ when making choices about research agendas, publication
acceptance, and grant funding. My point is not to claim that all research was guided by, or needed to be guided by,
its potential to consistently attract press and public notoriety. Rather, my point is to suggest that celebrity can be a
crucial consideration behind researchers’ decisions that influences their process of data gathering, hypothesis testing,
technological development, and exploratory experimentation.

On this point, this history of ancient DNA activity demonstrates that the traditional distinctions and debates
between data-driven and hypothesis-driven research are not always sufficient for understanding the process and
practice of science. Rather, these methods can be employed simultaneously. Specifically, I have demonstrated that
scientists in search of DNA from fossils have engaged in data-driven science in terms of pursuing valuable samples,
state-of-the-art technologies and techniques, and the molecular information (DNA) that can be recovered from
accessible samples using existing technologies. In the process, I have demonstrated that scientists have also engaged
in question-driven science by asking and answering questions about the theoretical preservation and potential
extraction of DNA from fossil material. They also pursued historical and biological questions about the organisms
and populations under investigation. However, I have determined that these researchers have adopted a further
research strategy: celebrity-driven science. In this history, scientists capitalized on publicity opportunities and
created their own opportunities for attention too in order to communicate the excitement as well as value of this new
line of research to professional, public, and political audiences. In other words, this history of the search for DNA
from fossils has highlighted how celebrity can drive and direct scientific or technological research like data

collecting and hypothesis testing can.
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Ancient DNA is an especially interesting case study for the philosophy of science because it emerged from
the interface of disparate disciplines with distinctive research traditions and different epistemic standards. This is
important to note because the search for DNA from fossils brought together practitioners from paleontology and
archeology (i.e. more historical sciences) with researchers from molecular biology and genetics (i.e. more
experimental sciences). Consequently, the individuals involved in ancient DNA research had to create their own
scientific and epistemic culture. Celebrity played a part in this.

Specifically, there were two ways in which the celebrity of the practice had a hand in ancient DNA’s
growth from the 1980s to today in terms of influencing the community’s formation and identity over a thirty-year-
period. Although celebrity destabilized that practice during a credibility crisis, the steady stream of press and public
recognition also helped to define the search for DNA from fossils as a practice in its own right. In the absence of an
overarching theoretical framework, as well as in the absence of, or difficulty in obtaining consistent financial or
institutional support for research in its early years, celebrity gave the field and the scientists within it some sort of
legitimacy. To be clear, celebrity in the form of extreme media exposure gave definition and direction to ancient
DNA research in its earliest and most vulnerable phase of development. Here, branding was far from superficial. It
was purposeful and pragmatic. Scientists used this consistent attention to help shape ancient DNA activity in terms
of influencing the questions they asked, the funding they received, and the way they have framed their research
when communicating to wider popular and political audiences about its significance.

Although researchers draw on celebrity as a serious epistemic strategy, some scientists still put it down as
not being a respectable scientific approach. Indeed, some scientists insist on hypothesis testing as proper scientific
practice but also argue that not all hypotheses are created equal. Specifically, they tend to put down research projects
that test hypotheses likely to attract media headlines. In a 2004 article, Pdibo (a scientifically and politically
powerful player in the field) and coauthors reminded readers of ancient DNA’s short but sensational history. They
further noted that the practice still had a tendency to draw media headlines: “The study of ancient DNA has the
allure of time travel and attracts much attention and many practitioners” (Pdébo et al. 2004, 661). In light of its
popularity, Pdabo and coauthors argued that researchers should adhere to proper research protocols and that such
studies ought to be focused on trying to answer scientifically significant questions: “The first prerequisite of any
ancient DNA project should be a clear understanding of the biological question at hand and how analysis of ancient

DNA is an essential aspect of addressing the question.” To put this point into perspective, they cited a series of
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studies they thought favored popular interest over scientific importance: “Other projects such as ancient DNA
analyses of public personalities such as Christopher Columbus, Jesse James, or former U.S. presidents may be novel
and of interest to the public. However, they are devoid of any larger scientific contribution and sometimes ethically
questionable” (Paébo et al. 2004, 670). This article, published in 2004 and nearly two decades following the birth of
the field, demonstrated the professional perception that ancient DNA’s populist past was far from forgotten. For
Paédbo and coauthors, having a hypothesis was not enough to make a research project a good project. For these
scientists, hypotheses fell into a hierarchy and those projects with hypotheses that favored popular interest over
research relevance fell last in line. In this case, researchers both recognized but also condemned the celebrity-driven
aspect of these studies. Although a philosopher would recognize that research questions come in different forms,
some scientists felt that some questions or hypotheses were better, and therefore more legitimate, than others. In
other words, they felt that this celebrity-driven strategy was in direct conflict, or at least in tension, with hypothesis-
driven research.

This presumed distinction between data-driven and hypothesis-driven science has often been discussed in
relationship to the concept of prestige. Traditionally, scientists have argued that hypothesis-driven research is more
scientific, and therefore more prestigious, than data-driven research. Indeed, the latter has often been equated to
stamp-collecting or what scientists see as lower-levels of gathering and organizing information (Kell and Oliver
2004; Glass and Hall 2008; Weinberg 2010; Elliott et al. 2016). In its most extreme form, exploratory or data-driven
research has even been equated to “fishing expeditions” or “scientific malpractice” (Kell and Oliver 2004; Hjortrup
et al. 2016). This idea of prestige is important for celebrity-driven science too. Based on interviews and comments in
the literature, as evidenced in this article, some scientists seem to think that celebrity undermines prestige. This is
not unique to ancient DNA research given that other historians and philosophers have discussed the assumed effect

that publicity can have on prestige in both the natural and physical sciences.?? Although this may at times be the

22 Derek Turner, for example, spotlighted the positive and negative effects that publicity can have on the science of
paleontology. Here, Turner noted the disproportionate attention directed towards organismic reconstruction in
general, and dinosaur paleontology in specific, while evolutionary paleontology with its much more theoretical
nature remained lesser known to popular audiences (2011, 10). According to Turner, some scientists often feel that
too much attention, or a disproportionate amount of attention, can distort the public perception of relevant scientific
research. This issue of publicity and prestige extends to the physical sciences as well. Joseph Martin noted that in the
field of physics, areas such as high energy physics and cosmology often received more public attention than other
areas like solid state and condensed matter physics. Martin argues that this is interesting given that the majority of
research in physics is dedicated to work in solid state and condensed matter physics. Martin called this a “prestige
asymmetry” in which similar activities receive unequal attention and admiration (Martin 2017).
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case, this history of ancient DNA research has demonstrated that celebrity has actually been foundational to the birth
and growth of this practice and has been further used to actually establish prestige. The role of celebrity, and
scientists’ aptitude to recognize and utilize it to their benefit, should not be underestimated. Rather, celebrity can be
valuable to the process and practice of science, particularly in the early years of scientific or technological
innovation. This particular point has wider implications when considering the effect that public profile has on
science in terms of influencing the questions researchers ask, the funding they receive, and how they frame their

research when communicating to wider popular or political audiences about its significance.?®

Conclusion

In this article, I argued that the search for DNA from fossils, throughout its thirty-year history from the 1980s to
today, can be characterized as an example of a data-driven and celebrity-driven practice. Facilitated by the new use
of innovations from PCR to NGS, scientists were very much driven by data in terms of samples, technology, and the

molecular information (DNA) that can be recovered from accessible samples using existing technologies. At the

23 As a work in the history of science, I am aware that this paper has not explored the social context in which the
search for DNA from fossils emerged then evolved. It has also not explained the context or causes that might be
responsible for such a celebrity-driven approach in the first place. I want to make a few points in reference to part of
my work that I have intentionally neglected in this paper. First, researchers today do not solely seek celebrity for
their five minutes of fame; they seek it because there is an expectation for them to popularize their research to the
public through the press. The modern science communication movement of the 1980s, initiated in the UK but
influential in the US and elsewhere, along with other developments towards the “mediatization,” “medialization,”
and “celebrification” of science have set the stage for these expectations and for the intense interplay between
science and media (Nelkin 1995; Gregory and Miller 1998; Evans and Hesmondhalgh 2005; Broks 2006; Radder
2010; Rodder, Franzen, and Weingart 2012; Bucchi and Trench 2014). Decisions regarding funding and
employment are often evaluated with an eye towards impact, outreach, and publicity. Indeed, news value affects
more than science reporting; it also affects how and what science gets published. By extension, it also affects an
individual’s or a group’s success within science. One interviewee described this as a self-perpetuating system, where
newsworthy studies that make high-profile publications lead to high-profile press, which leads to further funding
(25-01:21:45). According to some scientists, this system has created a sort of scientist skilled in packaging their
research to both scientific journals and journalists. The result is a media-savvy scientist (but not perhaps a celebrity
science in Fahy’s sense or even a visible scientist according to Goodell’s analysis) who has learned the language of
the press, including differences between scientific and journalistic expectations and practices when it comes to
reporting research. In the history of ancient DNA research, we see that researchers are responding to the call to
communicate and that their position in the spotlight gives them opportunities to do so. In tracing the evolution of
practice like ancient DNA research, its evolution into a celebrity-driven science captures the consequences of the
ever-closer connection between science and media, including its influences on the practice of science and science
communication. An analysis of the causes and consequences of celebrity-driven science cannot be fully discussed in
this article but will be covered at a different time. See Jones (2017) for an initial discussion of these ideas.
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same time, however, this practice was very much a celebrity-driven one. Here, intense press and public interest,
thanks to the book and movie Jurassic Park, had a hand in ancient DNA’s emergence then evolution into a practice
in terms of its formation and community identity. Indeed, I argued that celebrity can actually influence the process
and practice of science over a prolonged period of time in terms of its impact on research agendas, publication

timing, grant funding, and popular perceptions of the search for DNA from fossils.

Today, in the recent era of high-throughput sequencing technologies, philosophers have suggested the need to take
seriously the role of data-driven inquiry in the sciences. Likewise, this history of ancient DNA research has
suggested the need to take seriously the role of celebrity-driven inquiry in shaping the kind of research that gets
pursued, funded, and ultimately completed. On this point, this history has highlighted that the traditional
philosophical and scientific distinctions between data-driven and hypothesis-driven research are not always useful
for understanding the process or practice of science, and that the celebrity status of a particular research practice can
also be considered as a “serious epistemic strategy” that researchers, as well as editors and funders, employ when
making choices about their research and publication practices. By considering celebrity, we can be better equipped
to explore the effect that public profile has on research and how the philosophy of science might in turn be better

informed by it.
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