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Abstract 

Life sciences research that uses genetic materials is increasingly collaborative and global. 

Research partnerships between researchers in high income countries and low and middle income 

countries have potential benefits for all involved, including minimizing costs and sharing risks. 

Such partnerships are supported through the development of research infrastructure for sharing 

genetic resources, including databases and bio-repositories. These shared resources are a type of 

“knowledge commons” - sets of information-based resources available on terms that encourage 

efficiency, equitable use, and sustainability and that are managed by groups of various sizes. My 

empirical research aims to guide development of evidence-based best practices for the rules and 

institutional structures to govern global knowledge commons. It is grounded in a case-study of 

the DNA barcoding commons - an international effort to facilitate biodiversity monitoring 

through standardization of DNA-based species identification. This global resource comprises 

genetic resources including biological specimens, DNA barcode sequence data and associated 

metadata. 

Genetic resource commons share governance challenges with other types of knowledge 

commons, notably the need to encourage the re-contribution of value-added data arising from use 

of the resource, and discourage “free-riders”, or individuals who use the resource without ever 

contributing to it. These challenges are exacerbated in genetic resource commons because of the 

differential capacity to use and contribute to the commons. Genetic resources are 

disproportionately located in the mega-diverse lower income countries, while the infrastructure 

necessary to generate, store, manage and utilize those genetic resources is disproportionately 

located in high income countries. This unequal distribution gives rise to complex and intertwined 

social and scientific concerns relating to the equitable distribution of benefits arising from the 
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commons, the protection of genetic resources from unsanctioned commercial development, and 

the progress of research. These concerns are significant stumbling blocks towards building 

shared resources, and create the need to understand which rules, structures, and incentives 

promote fair rules to govern contribution to and use of the commons. 

My research advanced theory on the development of knowledge commons and provides 

recommendations for best practices. Using a case-study approach, I examined how research 

stakeholders in global partnerships established governance structures for the global DNA 

barcoding commons, and identified ways to improve them. My empirical research answers three 

broad questions:  

1) How do factors identified by the Institutional Analysis and Development (IAD) 

framework influence effective governance of a global knowledge commons?  

2) How does heterogeneity inform the rules used by actors to govern their 

behaviours?  

3) How are topics and issues relevant to governing the global DNA barcode 

commons presented in newspaper coverage?  

I found that the IAD factors relevant to the DNA barcoding commons created challenges 

for the collective action required for effective governance. While the DNA barcode commons is 

functioning to generate and share barcode records, the strategy to openly share data and materials 

has not yet produced a globally representative barcode resource. To achieve this goal, 

governance structures should promote an equitable distribution of burdens and benefits for 

contribution, access, and use. The challenges in governance are related to other findings from my 

research; the bases of the rules used by DNA barcoding participants suggested a lack of shared 

understanding for crafting rules between heterogeneous stakeholders. Nevertheless, my research 
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pointed to mechanisms to develop suitable rules for participation in a global knowledge 

commons based on shared expectations in contexts where the heterogeneous participants might 

otherwise choose rules that drive conflicting behaviours. Lastly, my research demonstrated that 

critical issues, such as fair and equitable access and benefits sharing, were omitted from public 

barcoding discourse in countries where influential policies and guidelines are being developed. 

The considerable media coverage focused on positive aspects of barcoding science. There exists 

an opportunity, therefore, for leaders of the barcoding community to generate more awareness of 

the social and policy context of DNA barcoding activities and their conservation/regulatory 

goals. 

Overall, my empirical research aimed to inform best practices for the governance of 

global knowledge commons, and I have outlined several strategies based on the exemplar DNA 

barcode commons. Through facilitating representative governance, collective rules-making, and 

consideration of the complex social and policy context, global knowledge commons can enhance 

partnerships between researchers in high and lower income countries with benefits for all 

involved.  

 



v 

 

Preface (Mandatory due to research ethics approval and collaborative work) 

This thesis is an original work by Janis Geary (JG). The research that informs this work 

received ethics approval from the University of Alberta Health Research Ethics Board, Project 

Name “Building Robust Research Commons to Support Large-Scale International Research 

Projects in Genomics and Life Sciences”, No. Pro00016720, October 6, 2010. Some of the 

research in this thesis is the result of collaborations. Collaborators are: Dr Tania Bubela (TB), Dr 

Cindy Jardine (CJ), Dr. Trish Reay (TR), Dr Karen Goodman (KG), Dr Ashok Kumbamu (AK), 

Dr Harley De Cerqueira (HC), Mark Bieber (MB), Jennifer Ann McGetrick (JM), Westerly Luth 

(WL), and Emma Camicioli (EC). 

Chapters 1 and 5 are the original, unpublished work of the author. JG conceptualized and 

wrote each chapter with guidance from TB, and input from CJ and KG. 

Chapter 2 is original research by JG in preparation for submission for publication in a 

peer-reviewed journal. TB provided oversight to JG for developing and conducting the study. JG 

adapted an interview guide previously developed by TB and AK. AK and HC conducted 

interviews in India and Brazil, respectively. JG verified all transcripts, other than the Portuguese 

transcripts that were translated and verified by HC. JG analyzed the interview transcripts. JG and 

TB developed the iBOL participant survey questions in partnership with barcoding stakeholders, 

and JG analyzed the data collected from the survey. JG developed the strategy to identify 

relevant publications for the bibliometric analysis, and MB retrieved the articles. MB developed 

the computer program to disambiguate author names in the database of DNA barcoding 

publications. WL and MB helped draft the description of the computer program in the Appendix. 
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Glossary of Terms 

Term Definition 

BOLD 

Barcode of Life Data System; "The Barcode of Life Data Systems (BOLD) is 

an informatics workbench aiding the acquisition, storage, analysis, and 

publication of DNA barcode records. By assembling molecular, 

morphological, and distributional data, it bridges a traditional bioinformatics 

chasm. BOLD is freely available to any researcher with interests in DNA 

barcoding." (Ratnasingham and Hebert 2007, 355) 

CBD 

Convention on Biological Diversity is an international agreement with the 

three main objectives of "1) The conservation of biological diversity, 2) The 

sustainable use of the components of biological diversity, and 3) The fair and 

equitable sharing of the benefits arising out of the utilization of genetic 

resources (United Nations 1992) 

CBOL 

Consortium for the Barcode of Life. An organization established in 2004 at the 

Smithsonian Institution that is "an international initiative devoted to 

developing DNA barcoding as a global standard for the identification of 

biological species." (Consortium for the Barcode of Life 2015b) 

Commons Resources shared by a group of people (Hess and Ostrom 2011) 

DNA barcode 

commons 

The set of resources (biological materials, genetic material, genetic sequences, 

and metadata) and infrastructure (databases and biorepositories) need to 

support DNA barcoding activities 

DNA 

barcoding 

The process of using short, standardized gene regions to differentiate and 

identify species (Hebert et al. 2003) 

Exclusion 
A characteristic of a resources that refers to the costliness/difficulty of 

preventing use of a resource (McGinnis 2011) 

Genetic 

resource 

"Genetic resources (GRs) refer to genetic material of actual or potential value. 

Genetic material is any material of plant, animal, microbial or other origin 

containing functional units of heredity. Examples include material of plant, 

animal, or microbial origin, such as medicinal plants, agricultural crops and 

animal breeds." (United Nations 1992) 

Grammar of 

institutions 

A five-component "syntax for analyzing and expressing institutional 

statements that can be used to distinguish systematically among rules, norms, 

and shared strategies". The components (ADICO) are: Attribute (the 

participant), Deontic (may, must, or must not), aIm (outcome or action), 

Condition (when/where the aim is permitted or forbidden), Or else 

(consequence for not following) (Crawford and Ostrom 2005, 139) 

Heterogeneity 
Refers to the cultural and financial differences between actors in the 

commons. (Vedeld 2000) 

IAD 

Framework 

An analytical tool for studying institutions that "assigns all relevant 

explanatory factors and variables to categories and locates these categories 

within a foundational structure of logical relationships" (McGinnis 2011, 169) 

iBOL 
International Barcode of Life. An organization established in 2010 at the 

University of Guelph that brings together researchers with a main goal of 
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"extending the geographic and taxonomic coverage of the barcode reference 

library" (iBOL 2015i) 

Institution 

"Human-constructed constraints or opportunities within which individual 

choices take place and which shape the consequences of their choices" 

(McGinnis 2011, 170) 

Institutional 

logics 

"Institutional logics are both material and symbolic--they provide the formal 

and informal rules of action, interaction, and interpretation that guide and 

constrain decision makers in accomplishing the organization's tasks and in 

obtaining social status, credits, penalties, and rewards in the process. These 

rules constitute a set of assumptions and values, usually implicit, about how to 

interpret organizational reality, what constitutes appropriate behaviour, and 

how to succeed" (Thornton 2004, 69) 

Institutional 

statement 

A Rule, Norm, or Strategy that sets out "constraints or opportunities to 

prescribe, permit, or advise actions or outcomes for participants in action 

situations" (Crawford and Ostrom 2005, 137) 

ISBOL 

International Society for the Barcode of Life; An international coordinating 

organization tasked with implementing the eight objectives of the Kunming 

Declaration (Castle et al. 2015) 

ISSC 
International Scientific Steering Committee of iBOL; advises the Scientific 

Director on research plans and deliverables (iBOL 2015e) 

KC-IAD 

Framework 

The IAD framework as adapted for the study of knowledge commons 

(Frischmann et al. 2014) 

Knowledge 

commons 

"Commons arrangements for overcoming various social dilemmas associated 

with sharing and producing information, innovation and creative works" 

(Frischmann et al. 2014, 1) 

Like-minded 

mega diverse 

country 

(LMMC) 

"The Like-Minded Megadiverse Countries (LMMC) is a group of countries 

that harbour the majority of the Earth's species and are therefore considered 

extremely biodiverse. They are rich in biological diversity (60-70% of the 

world’s biodiversity) and associated traditional knowledge. These countries 

have effectively joined efforts in negotiating the development of the Nagoya 

Protocol on Access to Genetic Resources and the Fair and Equitable Sharing 

of Benefits arising from their utilisation to the Convention on Biological 

Diversity (CBD), which was adopted in Japan in 2010. 18 in total, these 

countries are located in, or partially in, tropical or subtropical regions. " 

(LMMC 2002) 

Nagoya 

Protocol 

Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable 

Sharing of Benefits Arising from their Utilization "is a supplementary 

agreement to the Convention on Biological Diversity. It provides a transparent 

legal framework for the effective implementation of one of the three 

objectives of the CBD: the fair and equitable sharing of benefits arising out of 

the utilization of genetic resources" (United Nations 2010) 

Norm 

A type of institutional statement that includes four components of the 

grammar, ADIC. As such, not following Norms has no defined consequence 

(Crawford and Ostrom 2005) 
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Open access 
A property rights system where anyone may access resources, although there 

may be restrictions on use of the resources (Suber 2011) 

Polymerase 

chain reaction 

"Polymerase chain reaction, or PCR, is a laboratory technique used to make 

multiple copies of a segment of DNA. PCR is very precise and can be used to 

amplify, or copy, a specific DNA target from a mixture of DNA molecules." 

(Nature Education 2014) 

Primer 
A short strand of DNA used to initiate a chain reaction for amplification or 

sequencing reactions.  

Public Good 
Good that are non-subtractable and have high-costs associated with excluding 

users (McGinnis 2011) 

Rivalrous 
A characteristic of a resource that refers to the results when one individual's 

use lowers another’s potential use (McGinnis 2011) 

Rule 
A type of institutional statement that includes all five components of the 

grammar, ADICO (Crawford and Ostrom 2005) 

Strategy 

A type of institutional statement that includes three components of the 

grammar, AIC. As such, strategies are the least prescriptive of institutional 

statements (Crawford and Ostrom 2005) 

Voucher 

specimen 

A specimen linked to a DNA barcode record and held in a repository to enable 

verification of species identification 
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Chapter 1: Introduction  

Overview 

Life sciences research that uses genetic resources is increasingly collaborative and global 

and can be enhanced through partnerships between researchers in high and lower income 

countries (Ray et al. 2009). Global research partnerships have benefits for all involved, including 

minimizing costs and sharing risks (Padma 2005), enabling access to important resources or 

markets (Melon et al. 2009; Thorsteinsdottir et al. 2004), and bringing diverse perspectives to 

research questions of global importance (Freeman and Huang 2014). Such partnerships are 

supported through the development of research infrastructure for genetic resources, including 

databases and bio-repositories. If managed appropriately, infrastructure for genetic resources can 

add value to research globally by enhancing the quality of the resources and enabling their 

distribution to the research community. These shared resources are a type of “knowledge 

commons” - sets of information-based resources available on terms that encourage efficiency and 

equitable use and that are managed by groups of varying sizes and interests (Ostrom et al. 1999; 

Frischmann et al. 2014). My empirical research aims to inform best practices for the governance 

of global knowledge commons.  

Empirical research to study knowledge commons has built on the body of research on 

institutional arrangements used to govern natural resource commons by Nobel Laureate and 

political economist, Elinor Ostrom. Ostrom (1990), proposed the Institutional Analysis and 

Development (IAD) framework for understanding the governance of natural resource commons 

which has been tested in settings as diverse as community policing (Kahan 2002), fisheries 

(Imperial and Yandle 2005), forestry (Andersson 2006) and pastoral land (Behnke 1994). In 

2006, Ostrom and colleagues began to apply the lessons from natural resource governance to 

study knowledge commons (Hess and Ostrom 2006; Hess and Ostrom 2011b; Hess 2012). 

Frischmann and colleagues adapted the IAD framework to account for the differences between 

natural resource and knowledge commons (Frischmann et al. 2014). I refer to their adaptation as 

the Knowledge Commons IAD (KC-IAD) framework. My research expands our understanding 

of institutional arrangements for governing knowledge commons by applying the KC-IAD 

framework to a global genetic resource knowledge commons: The DNA barcode commons.  
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Prior analyses of knowledge commons have focused on those situated in high income 

countries, whose activities were based on shared infrastructure (Bubela et al. 2012; Contreras 

2014; Dedeurwaerdere 2010c). Little research has focused on the establishment and ongoing 

governance of knowledge commons that engage institutional and individual participants from 

disparate regions with historical power and economic imbalances. In addition to economic, 

language, and cultural differences, wide geographic distribution of participants makes the 

communication to facilitate collective action difficult. These factors add to the heterogeneity of 

the participants, which itself has been extensively studied as a factor that increases the challenges 

in establishing collective action in commons. Communities may vary based on any number of 

factors, making heterogeneity a difficult factor to study empirically. 

Introduction to the DNA barcode commons 

In 2003, a team led by Paul Hebert at the University of Guelph in Canada proposed DNA 

barcoding as a tool to accelerate documenting life on earth – a pre-requisite for the study of 

anthropogenic and other impacts on biodiversity (Hebert et al. 2003). The group demonstrated 

the potential to differentiate species by way of sequencing a small region of an organism’s DNA. 

Previous efforts at classifying organisms were inefficient (requiring highly specialized 

taxonomists), expensive (requiring extensive DNA sequencing), and not scalable due to lack of 

standardization (Tautz et al. 2003). Hebert et al suggested using short, highly conserved, and 

relatively ubiquitous DNA sequences. These sequence characteristics make high-throughput 

analyses possible, enabling a barcoding pipeline with attendant economies of scale.  

While DNA barcoding is promoted as a tool to help identify life on earth, the process to 

create a DNA barcode begins with taxonomically classified specimens. Therefore, biological 

materials are an integral component of the DNA barcode commons. Specimens must be shipped 

to locations capable of performing other tasks associated with creating barcode records, 

including isolating DNA, sequencing the relevant barcode, and storing the voucher specimen. 

The result of the barcoding process is an open access, comprehensive database of DNA barcodes 

linked to metadata and a reference specimen.  

The effort to build the DNA barcoding database quickly gained momentum not only 

because of its potential contributions to the field of taxonomy but also its enablement of a range 
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of practical applications (Hebert et al. 2003). Access to such a database facilitates rapid 

identifications of unknown specimens in situations where morphological identification is 

impossible. Identifications are made by matching the DNA barcode from an unknown specimen 

to the known barcode record linked to the voucher specimen.  

Creating a comprehensive database of DNA barcode records was necessarily a global 

endeavor, and scientists quickly came together to generate international participation through 

two main organizations: The Consortium for the Barcode of Life (CBOL) and the International 

Barcode of Life Project (IBOL). CBOL was founded in 2004 at the Smithsonian Institution, and 

focused on promoting the DNA barcode system and developing global standards. In 2010, Paul 

Hebert launched an international initiative to build a barcode reference library with the 

International Barcode of Life (iBOL). Leaders within the DNA barcode community began the 

process to establish a new organization in 2015, the International Society for the Barcode of Life 

(ISBOL), to continue governance of the endeavor at the international level. The development of 

ISBOL is ongoing as of this writing; therefore, recommendations for governance structures for 

DNA barcoding are timely.  

The goals of the DNA barcoding community require sharing genetic resources across 

borders, which creates additional challenges to the collective action required to develop the 

commons. Genetic resources are disproportionately located in lower income countries (Myers et 

al. 2000), and the research infrastructure necessary to utilize those genetic resources is 

disproportionately located in high income countries. The problems created because of differential 

capacity to contribute to and use the research commons are exacerbated by the history of 

colonialism and its exploitation of lower income countries to the disproportionate benefit of high 

income countries. Given the history of exploitation of lower income countries by high income 

countries, the differential distribution of genetic resources and the capacity to make use of them 

gives rise to complex and intertwined social and scientific challenges relating to the equitable 

distribution of benefits from genomics research. These challenges are a formidable barrier to 

building global genetic resource commons that effectively promote the progress of life sciences 

research (Bubela and Gold 2012).  
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Objectives 

My interdisciplinary research aims to advance theory and practice of governing 

knowledge commons through a case-study of the DNA barcode commons that addresses three 

research questions: 1) How do factors included in the IAD framework influence effective 

governance of a global knowledge commons; 2) How does heterogeneity inform the rules used 

by actors to govern their behaviours; and 3) How are topics and issues relevant to governing the 

global DNA barcode commons presented in newspaper coverage? Each question is addressed in 

a scholarly paper intended to be readable as a stand-alone journal article. The three papers 

present the content of my thesis. Before describing each paper, I provide a brief overview of the 

background of empirical work on the commons and on genetic resources. As this work crosses 

several academic disciplines, I have included a glossary of key terms in the preceding sections. 

Background 

History of empirically studying commons 

Early empirical work on commons focused on natural resources such as fisheries, water, 

and land. One of the most widely cited theories on governing natural resource commons was 

written in 1968 by Hardin, who speculated that if shared resources were left unmanaged, they 

would be quickly depleted by individuals seeking to maximize their own benefit, and would no 

longer be available to any member of the community. He termed this phenomenon “the tragedy 

of the commons” (Hardin 1968), and suggested private property as a solution. Despite the 

popularity of the concept, Hardin’s ideas were refuted by many scholars, notably because he did 

not provide any evidence or data to support his claims (Feeny et al. 1990). Scholars pointed out 

that a more accurate term for the phenomenon Hardin described would be “the tragedy of the 

unmanaged commons”. Research efforts have provided examples of informal community 

institutions, which successfully manage shared resources without formal government or private 

property schemes (Bromley 1992; Ostrom and Gardner 1993; Ostrom 1992).  

Ostrom made a significant contribution to refuting Hardin’s commons theory with her 

1990 work Governing the Commons (Ostrom 1990), which provided in-depth analyses of 

successful commons across the globe, including Swiss grazing pastures, Japanese forests, and 
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Philippine irrigation systems. Although she stressed the importance of understanding the specific 

context of each individual type of commons, she outlined design principles that were common to 

each of the regimes she studied. She refined these principles over time through subsequent 

studies. As outlined in her 2005 book, Understanding Institutional Diversity (Ostrom 2005a), the 

principles are: clearly defined physical and social boundaries; benefits that are proportional to 

contributions; active participation of users in rule making; a system for self-monitoring 

behaviour; a graduated system of sanctions; conflict resolution mechanisms; and recognition of 

rights to organize. In the same work, Ostrom provided the fullest description of her IAD 

Framework (Ostrom 2005a), which provides key variables for the systematic study of how 

institutions shape social interactions and decision-making for managing common resources. 

Applying this systematic framework to various types of commons has greatly facilitated 

comparisons across studies, and has led to well-established principles and concepts related to 

managing natural resource commons (Poteete et al. 2010c). However, the framework has not yet 

been applied extensively to other types of commons, such as knowledge commons used for 

research (Dedeurwaerdere 2010c; Hess and Ostrom 2011b; Hess and Ostrom 2006; Bubela et al. 

2012). Knowledge commons are similar to natural resource commons in that they are jointly 

used and managed by groups of varying sizes and interests. These similarities make it useful to 

apply the same framework to their study. However, there are several key differences (Bubela et 

al. 2012) that make it necessary to theoretically expand and enrich the IAD framework if it is to 

be applied to knowledge commons effectively. 

The two characteristics that are frequently used to define the nature of the resources in a 

commons are exclusion and subtractability of use (Ostrom 2005b). Exclusion refers to how 

difficult it is to restrict use, and subtractability refers to how much one person’s use prevents 

another from also using the resource. Knowledge commons are not subtractable, and it can often 

be difficult to develop exclusions to prevent “freeloading”, which occurs when users benefit 

from the commons without contributing to it (Ostrom 2005b). Indeed, a fundamental difference 

between natural resource commons and knowledge commons is how increased use by 

individuals impacts the commons. For natural resource commons, unsuccessful management can 

allow overuse by individuals and depletion of the resource. In contrast, for knowledge commons, 

extensive use by individuals does not result in depletion. Instead, the value of knowledge 
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commons is enhanced with use of the resources (data or biological specimens), and unsuccessful 

management may result in under-use of the resources (Schofield et al. 2009). Indeed, the value of 

a knowledge commons is enhanced with use and re-contribution of new knowledge and materials 

(Schofield et al. 2009; Bubela et al. 2012). Further, knowledge commons are not as limited in 

geographic scope as natural resource commons, and have the potential to be global.  

These differences between types of commons led scholars to develop an adapted 

framework for studying knowledge commons. (Frischmann et al. 2014). We refer to the adapted 

framework as the KC-IAD, and detail its components in Chapter 2. 

Heterogeneity and the Commons 

Heterogeneity is one aspect of the attributes of a commons community and broadly refers 

to characteristics that are different among actors. Variables that represent socio-cultural and 

economic characteristics are two categories that are frequently studied to understand 

heterogeneity (Ruttan 2008; Ruttan 2006). However, communities may vary based on any 

number of factors, making heterogeneity a difficult factor to study empirically. Nonetheless, 

substantial research has focused on understanding the impact of heterogeneity on commons 

governance. The emerging theoretical consensus is that increased heterogeneity is a challenge for 

communities to overcome, but does not inevitably lead to failure (Ostrom 2005a). 

Looking beyond the question of whether heterogeneity generally influences outcomes of 

a commons, scholars have increasingly focused on the different impacts of specific types of 

heterogeneity. Most of such studies are quantitative and include heterogeneity as a narrowly 

defined variable. A review of these studies suggested that how heterogeneity impacts a commons 

depends on the type of heterogeneity that is examined as the independent variable, and whether 

the study measured collective action or the provision of a collective good as the dependent 

variable (Ruttan 2008).  

Most studies of heterogeneity have examined rivalrous resources in natural resource 

commons, and few studies have explored the relationship between heterogeneity and knowledge 

commons governance. Knowledge commons require separate study and theory development 

because the goals of successful knowledge commons governance are different from natural 

resource commons: Rather than preventing overuse and ensuring sustainability, goals are to 
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increase use of the resource, promote active re-contribution of value-added information, and 

achieve a fair distribution of the costs and benefits of the resource among users spread across a 

potentially unlimited geography. Many institutional arrangements for these non-subtractable 

resources provide free and open access. In theory, open access makes use more efficient, but in 

practice, it creates additional challenges. Open access leaves the resource vulnerable to free 

riders - those who take from the commons without contributing to it – and free riding reduces 

trust and therefore the ability to establish shared norms within the community. Thus, 

heterogeneity in a knowledge commons may include many dimensions that differ from the 

previously studied natural resource commons communities. 

Overview of genetic resources 

Most of the world’s genetic resources are located in lower income countries in tropical 

regions, with some estimates of the proportion located in these regions as high as 95% 

(McDougall 1995). Because many countries wish to protect their sovereignty over genetic 

resources in their borders, extensive work has been done at the international level to promote fair 

and equitable access to genetic resources and the sharing of benefits that arise from research and 

development, collectively termed access and benefit sharing (ABS). A group of highly-

biodiverse countries joined to create the Like-Minded Mega Diverse Country (LMMC) group, 

which promotes the interests of its member countries in international agreement negotiations 

related to genetic resources.  

Genetic resources in countries that are signatory to the Convention on Biological 

Diversity (CBD), such as Canada, are now subject to its definitions and terms pertaining to 

genetic resources and ABS. Article 2 of the CBD defines genetic resources as "genetic material 

of actual or potential value” and genetic material is defined as “any material of plant, animal, 

microbial or other origin containing functional units of heredity” (United Nations 1992). The 

objectives of the CBD are “the conservation of biological diversity, the sustainable use of its 

components and the fair and equitable sharing of the benefits arising out of the utilization of 

genetic resources” (United Nations 1992). The CBD presumes countries will make genetic 

resources accessible for research (United Nations 1992). Article 15(7) of the CBD calls for 

countries to take measures aimed at sharing with indigenous communities “in a fair and equitable 
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way the results of research and development and the benefits arising from the commercial and 

other utilization of genetic resources” (United Nations 1992). 

As a supplement to the ABS provisions in the CBD, the Nagoya Protocol on Access to 

Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization 

to the Convention on Biological Diversity (hereinafter referred to as The Protocol) was adopted 

on October 29, 2010 (United Nations 2010). The Protocol clarifies and emphasizes the 

importance of ensuring that genetic resources and associated traditional knowledge are accessed 

and utilized in a fair and equitable way. The basic principles for gaining access require obtaining 

prior informed consent of traditional knowledge holders as well as negotiating agreements with 

mutually agreed terms (Kamau et al. 2010). Article 8(1) of the protocol suggests simplified 

procedures for those who wish to access genetic resources for non-commercial use (United 

Nations 2010). The Protocol entered into force in October 2014 after the required 50 

ratifications, and as of December 2016, 93 countries have ratified it (Convention on Biological 

Diversity 2012). Therefore, researchers and other individuals wishing to access and utilize 

genetic resources are increasingly required to be aware of The Protocol and how it has been 

implemented in countries they work in. 

Overview of thesis chapters 

Chapter 2: Global inequities and sharing genetic resources for non-commercial 

research: A case-study of the DNA barcode commons 

Chapter 2 provides a comprehensive description of DNA barcoding science and the DNA 

barcode commons. In this chapter, I used multiple methods to empirically examine how factors 

identified in the KC-IAD framework influence governance of DNA barcode resources and 

management of infrastructure, and facilitate global participation in DNA barcoding efforts. I 

used qualitative content analysis to analyze semi-structured interviews with DNA barcoding 

stakeholders, and DNA barcoding organizational and procedural documents. I used descriptive 

statistics to analyze a database of DNA barcoding publications, and two types of barcode 

submission records. I used a logistic regression to measure the association between barcoding 
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author characteristics and article publication, and used a network analysis to display co-

authorship patterns of DNA barcoding publications. 

This paper also includes a detailed description of the KC-IAD framework. My analysis 

contributes to my overall goal of producing best practices for governing global knowledge 

commons by describing how factors identified in the KC-IAD framework may encourage or 

inhibit successful governance in the unique context of a global research environment. 

I have written this paper for an audience of knowledge commons scholars and intend to 

submit it for publication in the International Journal of the Commons.  

Chapter 3: The impact of heterogeneity in a global knowledge commons: 

Implications for governance of the DNA Barcode Commons  

Chapter 3 is an in-depth examination of how one factor (heterogeneity) relates to one 

component of governance (rules-in-use). My aims of this paper are twofold: 1) to empirically 

examine how heterogeneity relates to rules-in-use in a global knowledge commons, and 2) to 

contribute an expanded, theoretically-grounded method for the study of heterogeneity and 

knowledge commons, using the concept of institutional logics. I detail the relevant theories and 

the conceptual framework used to accomplish the aims. I outline how rules are studied within a 

commons using the grammar of institutions developed by Elinor Ostrom and colleagues 

(Crawford and Ostrom 2005), and introduces institutional logics theory to expand the 

understanding of heterogeneity in relation to rules. Using a mixed methods approach, I 

developed an analytical framework that combines the grammar of institutions with the concept of 

institutional logics, and I used that framework to analyse interviews with DNA barcode 

researchers and barcode of life organizational documents. 

One of the benefits of focusing on rules in an institutional analysis is that unlike many 

factors of a knowledge commons, rules are modifiable. This analysis, therefore, contributes to 

my overall research goals through suggesting rules that could be modified or new rules that 

could be adopted by the DNA barcode community to improve governance and increase global 

participation. 

I have written this paper for an audience of knowledge commons scholars and intend to 

submit it for publication in the International Journal of the Commons.  
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Chapter 4: DNA barcoding in the media: Does coverage of cool science reflect its 

social context 

Chapter 4 describes an empirical examination of how efforts to establish the DNA 

barcode commons have been represented in public discourse. I present my analysis of English-

language newspaper coverage of DNA barcode projects and, specifically, whether newspaper 

coverage reflected the breadth of the scientific and social mandates of BOL organizations. Given 

that mass media coverage is a proxy for public discourse and sheds light on government policy 

directions (McCombs 2004), this paper contributes to my overall goal to identify which DNA 

barcode topics and issues relevant to governance of the commons are underrepresented and may 

benefit from targeted communication efforts. In this paper, I use the first-person plural “we” as it 

was published with multiple authors, although I have outlined my specific contributions in my 

thesis preface. 

This paper was written for an audience of DNA barcode researchers and stakeholders, 

and was published in the journal Genome (Geary et al. 2016).  

Rigor 

One of the main sources of rigor in my research is the credibility gained from using well-

established theoretical frameworks to guide my analysis (Mayan 2009). While my data analysis 

was largely done independently, my conclusions were drawn from the previous knowledge of 

how factors and variables in a knowledge commons related to each other. The rich descriptions 

provided in a case-study such as this also provide transferability, as others who may study global 

knowledge commons are aware of the important contextual factors that have impacted my 

conclusions. The use of quotes in my reporting provides confirmability, demonstrating to the 

reader that my results are grounded in my data (Morse et al. 2002). My use of qualitative 

analysis software provides confirmability as well, as it provides ongoing opportunities to 

examine data, and review how I made analytical decisions. 
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Conclusion 

My research enhances existing scholarship on knowledge commons through examining a 

global and heterogeneous knowledge commons, the DNA barcode commons. Specifically, my 

research contributes an understanding of how factors in a global research environment impact 

knowledge commons governance, how heterogeneity relates to rules used by commons 

participants, and how topics related to governance are reflected in public discourse. Together, my 

three empirical papers contribute to the overall theory on how global knowledge commons can 

be governed successfully, and suggest tangible governance strategies for the DNA barcoding 

community to facilitate achieving their goal of a globally representative DNA barcode commons. 

Personal Perspectives 

As much of my data analysis was conducted by me alone, it is necessary for me to outline 

my own personal training and perspectives that may have influenced the lens through which I 

viewed my data. My disciplinary training, content areas, and personal experiences have all 

shaped how I approach answering research questions, and producing results from data.  

My undergraduate training was in microbiology, and the work experience I gained during 

this period and shortly after was in molecular genetics. I subsequently received graduate level 

training in public health, including global health and epidemiology. I have worked as part of a 

large interdisciplinary team of researchers conducting community-driven public health research 

with indigenous communities since 2007. My PhD training has been based in public health, 

although my coursework has included organizational theory, risk communication, and public 

policy. As my training has been based on different research paradigms, I do not identify with a 

single one, although my awareness that there are paradigms is typical of grounding in non-

positivist research approaches. I believe that a person’s epistemology need not be fixed, and the 

nature of what can be known is a function of what you are interested in learning about. However, 

I most closely align with a constructivist paradigm.  

The content areas I have worked in have also informed my understanding of the value 

and purpose of scientific inquiry, as I have mainly worked in areas burdened by significant 

power imbalances. My undergraduate experience was in a research group that studied natural 
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immunity to HIV infection in a cohort of commercial sex workers in a slum in Nairobi, Kenya. 

My Master’s research examined the potential to involved traditional medicine practitioners in 

expanding coverage of AIDS care programs in rural Uganda. Most noteworthy in my training is 

my experience in community-driven research in partnership with Northern Canadian First 

Nations and Inuit communities. These experiences provided the foundation for my understanding 

of how science can and should benefit non-academic partners. In all of these experiences I 

developed an appreciation for how the process of science and engaging with partners can shape 

its outcomes, and this piqued my interest in studying science policy to pursue not only equity in 

partnerships, but mechanisms for the best possible science in the context of power imbalances. 

My personal experiences within academia have also informed my views on power and 

equity. I grew up in rural Manitoba, in a non-academic family. Neither of my parents had 

University degrees (my mother never completed high school), and I have observed a number of 

disadvantages for young researchers from similar situations. Since my undergraduate work 

experience, I have been increasingly aware of power and privilege within academia, and what I 

perceive to be a concentration of opportunities for those who have gained entry into the system, 

rather than for those who have demonstrated creativity or excellence. I am wary of the “status 

quo” in academia, and am interested in systems that reward excellence rather than privilege.  

Finally, some may argue that my analysis could be biased from my friendly relationship 

with members of the DNA barcoding community. However, prolonged engagement with a 

community you are studying is a mechanism to enhance rigor in qualitative research, and there is 

increasing emphasis on engagement with knowledge users to improve the quality and 

applicability of research. Additionally, I have felt no pressure from the community to represent 

their efforts in any particular manner. Therefore, I do not believe my engagement has led to any 

bias in my analysis, but rather has enhanced it. 
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Chapter 2: Global inequities and sharing genetic resources for non-

commercial research: A case-study of the DNA barcode commons 

Abstract 

Life sciences research that uses genetic resources is increasingly collaborative and global, 

yet collective action remains a significant barrier to the creation and management of shared 

research resources. These resources include sequence data and associated metadata, and 

biological samples, and can be understood as a type of knowledge commons. Collective action 

by stakeholders to create and use knowledge commons for research has potential benefits for all 

involved, including minimizing costs and sharing risks, but there are gaps in our understanding 

of how institutional arrangements may promote such collective action in the context of global 

genetic resources. I address this research gap by examining the attributes of an exemplar global 

knowledge commons: The DNA barcode commons. DNA barcodes are short, standardized gene 

regions that can be used to inexpensively identify unknown specimens, and proponents have led 

international efforts to make DNA barcodes a standard species identification tool. My research 

examined if and how attributes of the DNA barcode commons, including governance of DNA 

barcode resources and management of infrastructure, facilitate global participation in DNA 

barcoding efforts. My data sources included key informant interviews, organizational documents, 

scientific outputs of the DNA barcoding community, and DNA barcode record submissions. My 

research suggested that the goal of creating a globally inclusive DNA barcode commons has not 

yet been fully achieved, and that the risks and benefits of participating in the commons are not 

equitably shared across heterogeneous global participants. DNA barcode organizations can 

mitigate the challenges caused by its global membership through ensuring its governance is 

representative and considers restrictions on use that may enhance participation in the commons. 

Introduction 

Life sciences research that uses genetic resources can be enhanced through collective 

action to create and manage the resources and their supportive research infrastructure. Research 

infrastructure includes databases to store sequence and associated metadata, and bio-repositories 

to store biological samples. Collectively, data, metadata and biological samples comprise a 
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research commons – a set of resources managed according to terms that encourage efficiency, 

equitable use, and sustainability. Collective action by stakeholders to create and use research 

commons has potential benefits for all involved, including minimizing costs and sharing risks, 

but there are gaps in our understanding of how institutional arrangements may promote such 

collective action in the context of global genetic resources.  

Building on a substantial body of research on institutional arrangements that govern 

natural resource commons, a new framework has emerged to analyse knowledge commons, 

including those used for research (Hess and Ostrom 2011a; Frischmann et al. 2014; Berge and 

Laerhoven 2011). The framework is based on the work of Nobel Laureate Elinor Ostrom, who 

developed the Institutional and Analysis and Development (IAD) Framework to enable the 

systematic study of the institutions that govern natural resource commons. Her work was the 

empirical response to the widely perpetuated, yet unsubstantiated, claim that depletion of 

resources was inevitable without government intervention or private property rights (Hardin 

1968). Ostrom identified the attributes that facilitate the sustainable governance of shared 

resources by communities (Ostrom 1990). 

The adapted IAD framework for knowledge commons (KC-IAD) accounts for 

differences between natural resource and knowledge commons. While natural resource commons 

often have innate boundaries, such as where a river flows, knowledge commons are generally 

boundless, making the exclusion of potential users difficult. Unlike natural resources, knowledge 

resources are non-rivalrous, meaning that their use by an individual need not interfere with use 

by another. Governance of natural resource commons focuses on sustaining an existing resource, 

while many knowledge commons are built to solve a particular problem. Therefore, governance 

of knowledge commons must encourage both the use and the creation of the resource. However, 

the burden of creating knowledge commons and potential benefits derived from their utilization 

are not necessarily equitably shared among participants in the commons (Bubela et al. 2012; 

Strandburg et al. 2014). 

Analyses of knowledge commons reported to date have focused on those situated in high 

income countries, whose activities were based on shared infrastructure (Bubela et al. 2012; 

Contreras 2014; Dedeurwaerdere 2010c). Little research has focused on the establishment and 

ongoing governance of knowledge commons that engage a heterogeneous community, including 
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institutional and individual participants from disparate regions of the world with historical power 

and economic imbalances. In addition to economic, language, and cultural differences, wide 

geographic distribution of participants makes the communication to facilitate collective action 

difficult.  

I address this research gap by examining the attributes of a global knowledge commons 

exemplar: The DNA barcode commons. The purpose of the DNA barcode commons is to 

facilitate: large-scale documentation of life on earth, and identification of unknown specimens in 

situations where standard taxonomic identification is not possible. DNA barcodes are short, 

standardized gene regions that can be used to inexpensively identify unknown specimens. 

Identification compares the barcode sequence of the unknown specimen against a comprehensive 

barcode reference database. DNA barcoding proponents have led international efforts to make 

DNA barcodes a standard species identification tool for taxonomic and biodiversity research and 

to incorporate their use into regulatory practices that require species identification. Two 

organizations have led the coordination efforts: The Consortium for the Barcode of Life (CBOL, 

founded in 2003 at the Smithsonian Institution in Washington, DC) and the International 

Barcode of Life Project (iBOL founded in 2009 at the University of Guelph in Ontario).  

With coordination efforts, the DNA barcoding community has built or adapted existing 

supporting infrastructure, comprised of databases and biorepositories. The infrastructure houses 

DNA barcode sequences and associated metadata and linked reference biological specimens, 

respectively. Scientists involved in DNA barcoding efforts have collectively produced millions 

of barcode records (Ratnasingham 2015) and published thousands of scientific papers (Bubela et 

al 2015), both key indicators of a successful DNA barcode commons. However, the global DNA 

barcoding environment is characterized by an inequitable distribution of risks and benefits in the 

utilization of the genetic resources that comprise the commons. There is a history of mistrust 

between potential participants from diverse regions. 

My research examined if and how attributes of the DNA barcode commons, including 

governance of DNA barcode resources and management of infrastructure, facilitate global 

participation in DNA barcoding efforts. To answer these questions, I employed a case-study 

approach guided by the KC-IAD framework. In the next section, I outline the history of the DNA 

barcode commons. I then introduce the case-study approach, describing the key factors examined 
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in the case study, the specific data sources, and the methods used for data collection and analysis. 

I present the results of the analyses and discussion of the implications in the context of the 

framework. 

History of the DNA barcode commons 

In January of 2003, Paul Hebert and colleagues published a paper proposing DNA 

barcodes as a standardized global species identification system (Hebert et al. 2003). Shortly 

thereafter, in March 2003, a group of taxonomists, molecular biologists, and bioinformaticians 

held an exploratory workshop to discuss the initiation of large-scale DNA barcoding efforts. The 

participants of the workshop discussed the potential benefits to society of adopting barcodes as a 

standardized identification system and its application beyond taxonomy and bioconservation 

(Stoeckle 2003). By December 2003, proponents had developed standards to build a DNA 

barcode database, including the linkage of barcode sequences to voucher specimens. Proponents 

worked to overcome opposition to using DNA barcodes as a tool for species identification, 

promote the system, and build a global network of DNA barcoders (Stoeckle 2003). The first 

formal organization created for DNA barcoding was the Consortium for the Barcode of Life 

(CBOL), founded in 2004 at the Smithsonian in Washington, DC. The first International Barcode 

of Life Conference was organized by CBOL and held at the Natural History Museum in London 

in 2005 (Consortium for the Barcode of Life 2015b). It later became a biennial event. 

DNA barcoding quickly gained global momentum because it enabled a range of practical 

applications (Hebert et al. 2003). An open access, comprehensive database of DNA barcodes 

linked to metadata and a voucher specimen facilitated rapid identification of unknown specimens 

in situations where morphological identification was impossible. Such situations arise, inter alia, 

where traditional taxonomic expertise is unavailable or the specimen lacks distinguishing 

features, such as butchered meat or insect larvae. Proponents argued that a robust DNA barcode 

database would enable rapid identification of unknown species to meet the needs of regulatory 

agencies, including trafficking of endangered species and mislabelling or illegally importing fish 

or agricultural pests. The system that proponents envisaged included the shipment of unknown 

specimens to a laboratory equipped to produce low-cost DNA barcodes, which could then be 
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matched against known barcodes (Pennisi 2003). To generate DNA barcodes in situ, some 

barcoders called for the future development of a handheld device (Stoeckle and Hebert 2008). 

Paul Hebert led an international initiative to build a comprehensive barcode reference 

database. Canadian funders supported the development of the necessary infrastructure, including 

the Canadian Centre for DNA Barcoding within the Centre for Biodiversity Genomics, and the 

Barcode of Life Data System (BOLD) in 2007 (Ratnasingham and Hebert 2007) at the 

University of Guelph. The iBOL Project launched in 2010 and was funded through Genome 

Canada’s International Consortium Initiative. iBOL included 26 nations as ‘nodes’ partnered 

through formal agreements (iBOL 2015d). The main mission of iBOL was to build an openly-

accessible database including 5,000,000 barcodes, representing 500,000 species by 2015 (iBOL 

2015i). Its activities were supported by five working groups: Barcode Database; Methods and 

Technologies; Informatics; Coordination; and GE3LS (a term used by Genome Canada to refer to 

the ethical, economic, environmental, legal and social aspects of genomics research). All of the 

DNA barcode records produced through iBOL infrastructure at the University of Guelph are 

housed in BOLD, although any individual can use BOLD. The online system allows individuals 

who produced barcode records (either in their own labs or through central sequencing facilities) 

to work with the sequences on a private “workbench”, and then later publish the sequence to the 

open access database (accessible through BOLD’s public data portal). All records published on 

BOLD are copied to GenBank. The project has resulted in many “barcode of life” (BOL) sub-

projects, focused on countries (MexBOL) (Escalante et al. 2010), topics (PolarBOL), or 

taxonomic groups (TreeBOL) (Jinbo et al. 2011). 

During the 6th International Barcode of Life Conference in August 2015, barcode 

community members participated in a workshop to establish the International Society for the 

Barcode of Life (ISBOL). The Society would “coordinate completion of the [barcode] registry, 

to facilitate the development of barcode applications and to communicate with stakeholders at all 

levels” (Castle et al. 2015). Membership was automatically granted to all registrants of the 

conference, but left open to all interested parties. A governance council to initiate ISBOL, 

comprised of the authors of the Kunming Declaration on the Promotion of DNA Barcoding and 

Biodiversity Science (Li et al. 2013) and representatives from key regions and organizations, was 



23 

 

proposed as an interim measure. The council is seeking feedback on proposed structure and 

governance from the broader DNA barcoding community.  

Methods: 

Case study approach 

I used multiple methods in a case-study approach to analyse how the factors outlined in 

the IAD framework influence governance of the DNA barcode commons. Case study 

methodology is considered one of the best research methods available for explanatory answers to 

how questions about contemporary events (Yin 2009); it is frequently employed by scholars to 

study commons (Poteete et al. 2010c). Here I define a case study as an in-depth study of a 

relatively well-bounded phenomenon (Poteete et al. 2010c). One of the strengths of this approach 

is to enable an understanding of how factors in a commons might inhibit or promote effective 

governance and collective action. Such understanding facilitates recommendations of practical 

changes to commons governance to improve outcomes (Poteete et al. 2010c).  

I used a variety of data sources and analytical methods as part of my case-study approach. 

The majority of the analyses focused on a document and literature search and key informant 

interviews. I used these data sources to identify facts about how the DNA barcode commons was 

established and is run, and gather diverse stakeholder perspectives. I supplemented this analysis 

with a bibliometric analysis of barcoding publications, and an analysis of barcode record 

submissions to BOLD. Bibliometric analysis provided insight into collaborations within the 

DNA barcode community, as illustrated through co-authorship, and approximated scientific 

output related to DNA barcode projects. Barcode record submission analysis provided insight 

into where DNA barcode record specimens were collected and stored, and which regions were 

contributing to the DNA barcode commons. 

The KC-IAD framework 

I used the KC-IAD framework to guide my analysis of the DNA barcode commons, as 

illustrated in Figure 1. This framework provided an apriori analytical frame that I used to 

identify relevant data in analysis. The framework demonstrates how the components (boxes) and 
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interactions (arrows) take place within the context of a background environment. Because 

knowledge commons are often purpose-built to solve a particular problem, understanding the 

history of the commons as well as its goals and objectives is central to an analysis of the social 

dilemmas faced by participating actors (such as whether or not to contribute to shared resources 

that others may use without contributing). Such understanding also enables an evaluation of the 

outcomes of the knowledge commons, which are related to the objectives of its actors and the 

dilemmas that need to be solved through collective action.  

Central in the KC-IAD are action arenas, where “actors interact [e.g. , exchange goods 

and services, solve problems] as they are affected by exogenous variables” (Ostrom 2005b, 13). 

The exogenous variables are resource characteristics, attributes of the community, and 

governance. The Figure 1 arrows between exogenous variables demonstrate the complex 

relationship between them. The products of action arenas are patterns of interactions, which are 

outcomes themselves in a knowledge commons, as they are “inextricably linked with and 

determinative of the form and content of the knowledge or information output of the commons” 

(Frischmann et al. 2014, 19). For example, in the DNA barcode commons, the patterns of 

interactions can be observed in expected outputs of a research commons, such as co-authorship 

on barcode publications, and identification of the geographic origins of barcode records. The 

evaluative criteria of the patterns of interactions are based on the goals and objectives of the 

commons and are used to determine how the exogenous variables and behaviours in action 

arenas might eventually change and respond over time. This feedback is illustrated in Figure 1 by 

dashed arrows and indicates that both the experiences of actors in the action arenas and the 

patterns of interactions impact the exogenous variables of a knowledge commons. 
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Figure 1. The DNA barcode commons described within the KC-IAD Framework 

(Frischmann et al. 2014).  

Data collection and analysis 

Document search and analysis 

I collected publicly available documents about DNA barcoding procedures, protocols, 

and history from the iBOL and CBOL websites in 2012, with a repeat search in 2015 (iBOL 

2012; Consortium for the Barcode of Life 2015b), including: iBOL Node Memorandum of 

Understanding (MOU); iBOL Node MOU Appendix; Data Standards for Barcode Records; the 

Banbury Report on Taxonomy, DNA, and the Barcode of Life; and Guidelines to Authors of 

Barcode Data Release Papers. I obtained additional documents directly from iBOL project staff 

during a visit to the Canadian Centre for DNA Barcoding in 2012, including: the biological 

materials transfer agreement; iBOL data release policy; and microplate and data submission 

instructions. I reviewed key publications that detailed: the science of DNA barcoding (Hebert et 

al. 2003); controversies about the science (Moritz and Cicero 2004; Dupuis et al. 2012; Collins 

and Cruickshank 2013; Gregory 2005); the international efforts (Vernooy et al. 2010; Schindel et 
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al. 2008; Schindel 2010; Schindel et al. 2015); potential applications (Yancy et al. 2008; Gross 

2012; Wong and Hanner 2008); organizational efforts of DNA barcoding proponents 

(Adamowicz 2015; Castle et al. 2015); and database-building efforts (Ratnasingham and Hebert 

2007; Sonet et al. 2013). 

Key Informant Interviews  

I and two research assistants interviewed 50 key informants, including 35 individuals 

who participated in DNA barcoding projects, three policy makers involved in funding and 

oversight of DNA barcoding projects, and 12 individuals involved in genetic resource 

governance. This research received ethical approval from the University of Alberta Research 

Ethics Board – Health Panel (Appendix 7). From 14 countries, I selected interviewees who had 

extensive knowledge and expertise on the research question (Higginbottom 2004). I interviewed 

25 of the 50 interviewees in person at two iBOL conferences, held in 2011 (Adelaide, Australia) 

and 2013 (Kunming, China). The remainder were interviewed over the phone (n=8) or in-person 

(n=17) by myself or a research assistant. I and research assistants used a semi-structured 

interview guide (Appendix 1) developed based on previous knowledge of the subject matter, 

with questions related to: research partnerships; sources of genetic resources; the impact of the 

Convention on Biological Diversity; and the feasibility and structure of genetic resource 

commons. Early interviewees informed minor adjustments to the interview guide. Interviews 

lasted between 30 and 90 minutes; the interviewer audio recorded each interview. I used a paid 

service to transcribe each interview verbatim to facilitate systematic analysis using NVivo 11 

(NVivo qualitative data analysis Software; QSR International Pty Ltd. Version 11, 2014).  

I analyzed the interviews using the KC-IAD framework to guide a content analysis, 

defined as “a systematic coding and categorizing approach used for exploring large amounts of 

textual information unobtrusively to determine trends and patterns of words used, their 

frequency, their relationships, and the structures and discourses of communication” (Vaismoradi 

et al. 2013, 400). First, I listened to each interview to verify the transcription was correct. 

Simultaneously, I made notes about central concepts that were shared by interviewees to 

iteratively inform subsequent data collection and analysis. I then coded the interview transcripts 

in NVivo 11 based on broad categories from the KC-IAD framework, including: governance 

structures; how the interviewee made decisions in different action arenas; and views on 
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participation in a global knowledge commons. Within these broad categories, I assigned detailed 

descriptive codes to each statement. I then grouped codes to form themes, and separately 

examined the themes within and between each group of interviewees. When reporting direct 

quotes, I edited the quotes to fix grammatical errors and improve clarity.  

I grouped interviewees based on their main work affiliation at the time of the interview, 

as being from: Like-Minded Mega Diverse countries (LMMC) and non-LMMC. LMMC is a 

group of countries established in 2002 to promote their similar interests in protecting biodiversity 

(South Africa Department of Environmental Affairs, 2016). The LMMC group included Brazil, 

China, Colombia, Ghana, India, Indonesia, Kenya, Mexico, and South Africa, and the non-

LMMC group included Australia, Canada, New Zealand, United Kingdom (UK), and the United 

States (US). Despite not being a member of the official LMMC group, I included Ghana in the 

LMMC group because its interests aligned with other African countries, such as Kenya and 

South Africa. In cases where identifying the country would risk identifying an individual 

participant, I have referenced the individual’s region.  

Bibliometric Analysis  

I searched the Scopus database for peer-reviewed literature that referenced any of four 

seminal barcode papers (Hebert et al. 2003; Hollingsworth et al. 2009; Schoch et al. 2012; 

Stoeckle and Hebert 2008). The search, conducted in January 2015, yielded 3557 scientific 

journal publications from 2003-2014. I, and a research assistant, compiled a database of 

information about each article including: publication source; publication year; number of 

citations; and author names and institutional affiliations. A research assistant trained in 

programming used a customized computer program to combine synonymous names of single 

individuals and separate identical names of different individuals (the process is called author 

name disambiguation and I have detailed the methods in Appendix 2).  

From this database I generated variables for presence of authors with institutional 

affiliations in high, middle, or low income countries (World Bank 2016); presence of authors 

from mega-biodiverse countries (Mittermeier 1997); and whether or not the paper was published 

in a highly ranked journal. The large sample size allowed me to use the four-category Gross 

National Income (GNI) per capita levels from the World Bank (upper income, >=$12,476; upper 

middle income, $4,036 to $12,475; lower middle income $1,026 to $4,035; and low income, 
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≤$1,025) rather than the dichotomous categorization I used for the qualitative analysis (World 

Bank 2016). I used InCites Journal Citation Reports (Thomson Reuters 2016) to identify the top 

10 ranking journals in each field category relevant to DNA barcoding. I used Stata v. 11 to 

calculate odds ratios (ORs) and 95% confidence intervals (CI) as measures of association 

between authors’ country income levels and biodiversity status, and the outcome of publication 

in highly ranked journals. 

I, along with a research assistant, also created a geographic map of co-authorships. Using 

Gephi 0.8.2 Beta (Bastian et al. 2009), a research assistant familiar with Gephi geographically 

displayed the location of the primary affiliation of each author in the database, and created links 

between authors based on co-authorship on a single paper. I described the author sets (the set of 

authors on a single paper) based on the proportions of papers that span across different 

geographic regions. 

Barcode record submissions to BOLD 

I examined patterns of sharing barcode records and biological specimens across different 

country income levels (World Bank 2016) using two exemplars: (1) barcodes of medicinal plants 

and (2) barcodes of mosquitoes. Sharing with respect to medicinal plants raises heightened 

concerns among barcoding participants because of the potential for misappropriation of benefits 

from commercially valuable medical applications. On the other hand, the potential to use 

barcodes to rapidly identify mosquitoes has public health implications. Each of the mosquito 

genera, Anopheles, Aedes, and Culex include species that are distributed worldwide and transmit 

diseases (including malaria, yellow fever, and West Nile fever, respectively) (WHO 2016). 

I accessed barcode record information from two user interfaces within BOLD: The 

taxonomy browser and the public data portal. The taxonomy browser allows users to search the 

database for information about a specific taxonomic category (genus to phylum), and includes 

summary information for published (i.e. the record producer has made it available to view or 

download) and unpublished records (i.e. the record producer has not made it available to view or 

download). Users can view basic information about the taxonomic group, how many specimen 

records are in the database, how many of those records have been published, and what country 

specimens originate from. The public data portal allows users to search based on a variety of 

factors (e.g., geographical identifiers, name of specimen collector, taxonomic groups), and 
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download published barcode records individually or in batches. Users can download custom 

datasets, including sequence trace files, all available taxonomic information, where each 

specimen was collected (GPS (global positioning system) coordinates and/or country) and stored 

(institution name), and other metadata like time of collection. The public data portal also mines 

barcode gene region sequences from GenBank. 

I downloaded plant records from the BOLD public data portal in January 2013 (150,220 

records). Two research assistants assisted me in creating a list of 17,895 medicinal plant records 

on BOLD by using a table look up function in our database to cross-reference the BOLD plant 

records with a list of 1,300 known medicinal plant species names (obtained from http://www.ars-

grin.gov/duke/ethnobot.html). I was unable to search each of the 1,300 plants in the taxonomy 

browser, so I did not estimate unpublished medicinal plant records. Of the identified public 

medicinal plant records, 5,788 had the latitude and longitude where the specimen was collected, 

and an additional 8,151 included specimen’s country of origin. Of 3,956 records without any 

specimen collection information, 2,036 were mined from GenBank. I created a variable that 

indicates if the specimen was stored in the country where it was collected. I then used SPSS v.19 

to tabulate the published medical plant records separately by the country income level, which 

allowed me to determine the proportion of materials that are stored outside of the country of 

origin for different country income levels. 

I downloaded barcode records for each mosquito genus from the public data portal. 

Because I was only interested in three mosquito genera, I was able to search each one using the 

taxonomy browser, and therefore count the number of unpublished records for each mosquito 

genera. By tabulating published and unpublished records separately by country income level, I 

was able to approximate the number of barcode records that are being produced in different 

countries, and the proportion not shared via publication.  

Engagement with the DNA barcoding community 

I actively sought input and feedback from the DNA barcoding community beyond their 

participation in formal interviews. I visited the Biodiversity Institute of Ontario (BIO), which 

leads barcoding efforts, in May 2012 to learn about the facility and its workflow for producing 

barcode records. I shared interview guides with barcode leaders and organizational 

administrators and invited feedback to ensure that questions were relevant to the barcoding 

http://www.ars-grin.gov/duke/ethnobot.html
http://www.ars-grin.gov/duke/ethnobot.html
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community. I, along with my supervisor, presented preliminary findings at three international 

DNA barcoding conferences (Bubela 2013; Bubela et al 2015; Geary et al. 2016; Geary and 

Bubela 2015) and invited feedback from conference attendees and interviewees from my study. I 

participated in a workshop in February 2013 that discussed medicinal plant barcoding and issues 

related to sharing genetic resources. The workshop resulted in a publication with leaders in the 

barcoding community (Schindel et al. 2015). 

Results and Discussion 

In this section, I present the results of my analyses using the KC-IAD framework (Figure 

1). First, I detail the background environment including taxonomy, other influential genomics 

initiatives, and relevant laws. Next, I describe the resources and infrastructure that comprise the 

DNA barcode commons, and the attributes of the community, including the goals and dilemmas. 

I then describe governance structures, before moving on to detail interviewee experiences in 

three types of actions arenas in the commons: sharing genetic materials; generating and sharing 

DNA barcode records; and accessing data in the DNA barcode commons. Finally, I examine the 

patterns of interactions including evidence for 1) collaborations; 2) producing scientific outputs; 

and 3) sharing genetic resources.  

Background environment of the DNA barcode commons  

Taxonomy and the science of biological identifications through DNA barcodes 

For most of its history, taxonomists (scientists who classify organisms) differentiated 

species based on morphological distinctions, which is slow and requires specialized expertise. 

Only 10% of an estimated 10-20 million species have been described over the last 250 years 

(Wilson 2003), and the discipline of taxonomy has been in decline as specialists have retired and 

have not been replaced due to shifting research priorities (Waterton et al. 2013). One group 

estimated that 15,000 trained taxonomists would be needed in perpetuity to effectively identify 

the world’s biodiversity using traditional methods (Hebert et al. 2003).The field has been 

criticized for its focus on particular groups (such as vertebrates and flowering plants) over 

ecologically more important species (such as nematodes or mites) and a literature base that is 

difficult to access (Tautz et al. 2003).  
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Nevertheless, the documentation of global biodiversity is critical for the mitigation of 

anthropogenic and other threats, including climate change and habitat destruction (Hebert et al. 

2003). As a result, in the early 2000s, the field of taxonomy experienced a resurgence with the 

advance of DNA sequencing technology and bioinformatics infrastructure (Waterton et al. 2013). 

Modernization of the discipline included digitizing and standardizing taxonomic knowledge to 

make it more accessible (Godfray 2002) and the adoption of molecular methods. Such DNA-

based taxonomy is less dependent on human resources than traditional taxonomy, and offers the 

potential to accelerate and lower the cost of taxonomic identification (Hebert et al. 2003). 

However, proposals to expand DNA-methods for taxonomy were met with early resistance 

(Tautz et al. 2003), because the use of multiple non-standardized gene regions to differentiate 

species prevented automated analyses at the scale needed to document Earth’s biodiversity 

(Moritz and Cicero 2004).  

In 2003, Paul Hebert proposed DNA barcodes as a solution to the issues of scalability and 

standardization. DNA barcodes are short and ubiquitous gene sequences that (1) have high inter-

species variability combined with low intra-species variability (to produce an identifiable 

barcode ‘gap’ between species), and (2) are sufficiently conserved to allow the use of universal 

sequencing primers within target taxonomic groups (Dentinger et al. 2011). The cytochrome c 

oxidase I (COI) mitochondrial gene was the first barcode proposed and has become the universal 

DNA barcode for animals (Hebert et al. 2003). Subsequent work has identified DNA barcodes 

for plants (Hollingsworth et al. 2009) and fungi (Schoch et al. 2012).  

However, DNA barcoding was not accepted by taxonomists without controversy and 

significant scientific debate. As one researcher summarized in a publication, “some taxonomists 

view DNA barcoding as an Orwellian nightmare – In their eyes this would essentially kill the 

science of taxonomic research” (Smith 2005, 842). Opponents were concerned that focusing on 

fast identifications using standardized genes would divert funds from traditional taxonomy 

(Ebach and Holdrege 2005), overly simplify and incorrectly characterize the complex 

relationship between genes and species (Dupuis et al. 2012), and result in incorrect species 

identifications (Will and Rubinoff 2004). Despite these critiques, DNA barcoding has 

nevertheless gained prominence as a taxonomic tool, and one barcode database included 

4,950,751 barcode records (published and unpublished) as of May 2016 (BOLD Systems 2015). 
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GenBank, the globally recognized open access repository for genetic sequences, contained 

1,478,701 sequences labeled as “barcodes” as of August 2016. 

Knowledge Commons for Genomics Data  

The DNA barcoding initiative is similar to the Human Genome Project (HGP), which 

began in 1990 (Collins et al. 2003), in that it represents a coordinated effort among participants 

to use high-throughput methods to generate sequence databases as one aim. Such knowledge 

commons comprise “massive collections of [genomics] data stored in electronic databases across 

the world and made available through public networks” (Contreras 2014, 102).  

The HGP was influential in the development of data sharing norms and rules within 

communities of genomics researchers. Starting in 1991, the International Human Genome 

Sequencing Consortium (NHGRI) published rapid data release standards for the HGP. The 

principles of rapid data release were reconfirmed in the 1996 Bermuda Accord (Bermuda 

Sequence Policies Archive 2016). In 2003, genomics community leaders convened in Fort 

Lauderdale to discuss updated standards (NHGRI 2003) based on the assumption that rapid and 

free release of genomics sequence data would promote the best interests of both science and the 

public. The principles were expanded to apply beyond major sequencing centres and funding 

agencies at a meeting in Toronto in 2009 (Toronto International Data Release Workshop Authors 

2009). In general, the principles set out that sequencing data should be released immediately 

(within 24 hours in some instances) to an open access database. However, the principles also 

include the standard that researchers should refrain from disrespecting legitimate interests of the 

sequence producers in publications based on their data, for example, by suggesting a delay in 

publication of secondary analyses of the data. 

Our case study points to a notable omission from current genomics data release 

principles, namely, an explicit consideration of whether the benefits of creating open access 

databases could accrue equitably in both high and lower income countries. While there has been 

no explicit exclusion of developing country stakeholders in large-scale genomics projects, few 

such stakeholders have been involved in policy setting to date because few lower income 

countries have sequencing centres or access to the associated research and development funding 

(Helmy et al. 2016). For example, eighty percent of the 71 authors of the Toronto principles were 
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from just three countries (US, Canada, and the UK), with another 16% from European countries 

and 4% from Japan and China (Toronto International Data Release Workshop Authors 2009).  

Furthermore, the genomics databases are located in high income countries. The Los 

Alamos National Laboratory in the US initiated local genomics data infrastructure in the late 

1970s (Strasser 2008; Benson et al. 2013). The National Institutes of Health provided funding to 

create publicly available data infrastructure, and the Los Alamos database became GenBank in 

1982. In the late 1980s, the National Center for Biotechnology Information (NCBI) was formed 

and absorbed the management of GenBank. NCBI is part of the International Nucleotide 

Sequence Database Collaboration (INSCD) with the European Bioinformatics Institute and the 

DNA Data Bank of Japan. The three databases mirror each other and exchange data daily 

(Benson et al. 2013).  

Laws governing the sharing and utilization of genetic resources  

The DNA barcode commons comprises genetic resources defined as “genetic material of 

actual or potential value” (United Nations 1992). As such, it is subject to international legal 

instruments that govern genetic resources, their derivatives, and associated traditional 

knowledge. Genetic resources refer to both biological samples and derived sequence data. 

However, several interviewees directly involved in various BOL activities were unaware of the 

legal instruments or did not believe in their applicability. Here I discuss these instruments at the 

international level, and I will focus on their national implementation further in this paper. 

At the international level, the sharing of genetic resources is addressed by the Convention 

on Biological Diversity (CBD) and the related Nagoya Protocol on Access to Genetic Resources 

and the Fair and Equitable Sharing of Benefits Arising from their Utilization (Nagoya Protocol). 

The CBD sets out three objectives: 1) conservation of biological diversity; 2) sustainable use of 

its components; and 3) fair and equitable sharing of benefits arising from the utilization of 

genetic resources. The Nagoya Protocol provides a legal framework to implement the access and 

benefits sharing (ABS) objectives of the CBD. Its development was largely driven by 

biodiversity-rich countries to combat misappropriation of genetic resources.  

While the CBD and the Nagoya Protocol grant national sovereignty over genetic 

resources and mechanisms to protect such resources, they also encourage countries to provide 

access to genetic resources. To protect legitimate interests in how they govern access to their 
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biodiversity, a group of 17 lower income countries with large amounts of biodiversity came 

together in 2002 to form the group of LMMC (LMMC 2002). This group submits shared 

statements to the CBD Working Group and Intergovernmental Committees to promote sovereign 

rights over genetic resources and express concerns regarding the limitations of the international 

agreements. 

Despite the limited reach of the Nagoya Protocol, researchers in high income countries 

were concerned that it would negatively impact non-commercial biodiversity research in support 

of the objectives of the CBD (Schindel 2010). As stated by one interviewee: 

To be honest, I haven’t been updated on the [CBD]. But from what 

information I have, I do have some serious concerns about the way 

biological resources are being treated because I have no commercial 

interest in using biodiversity to apply for a patent and stuff like that - 

Researcher, Canada 

In 2008, CBOL, in partnership with the German Research Foundation, hosted a workshop 

to address the challenges that an overly-restrictive agreement on access and benefits sharing of 

genetic resources would create for non-commercial research, such as BOL research. The group 

put forward a joint statement to the CBD Conference of the Parties 2010 (COP10) to suggest 

provisions for simplified measures to access genetic resources for non-commercial research 

(Schindel et al. 2008). The Nagoya Protocol was adopted at COP10, and included an article to 

require that parties “create conditions to promote and encourage research which contributes to 

the conservation and sustainable use of biological diversity, particularly in developing countries, 

including through simplified measures on access for non-commercial research purposes” (United 

Nations 2010).  

Patterns of national implementation of the CBD and Nagoya Protocol pose additional 

challenges for research using genetic resources. While the CBD has 196 parties since entering 

into force in 1993, the US is notably not a party to either the CBD or the Nagoya Protocol (Table 

1). As a major participant in global biodiversity research and development, the non-participation 

of the US results in the perception that the CBD has less impact than it would if the US was a 

party. Since entering into force in 2014, the Nagoya Protocol has 76 parties (August 2016), 

although most of the ratifications are by lower income countries; 63 of the 76 are countries that 

have a gross national income per capita of less than $12,736 (World Bank 2016). Because few 
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high income countries are parties to this agreement, it is difficult to enforce unauthorized 

utilization of genetic resources in many high income countries. Six of thirteen countries with 

formal participation in iBOL activities are not party to the Nagoya Protocol (Table 1) and do not 

have legislation that governs genetic resources or ABS. 

Individuals and institutions interested in participating in genetic resource exchange across 

national borders contend with additional rules and oversight, often enshrined in materials and 

data transfer agreements. Such agreements stipulate conditions for how the shared resources may 

be used and in what cases, if any, the resources may be transferred to third parties. Often, 

individuals wishing to send genetic resources must show relevant national authorities proof of 

materials transfer agreements (MTAs) or data transfer agreements before receiving export 

permission. 

Resources and infrastructure that comprise the DNA barcode commons 

The DNA Barcode Production Pipeline 

The process for creating a barcode record begins with a specimen whose taxonomic 

identification is known (Figure 2). Specimens can be derived from existing collections, or 

collected from the field and stored as a voucher specimen for the DNA barcode record (Figure 2 

Processes A and E). Only a small sample of the specimen is needed to extract DNA (Figure 2, 

Process B), or the whole specimen may be used if the organism is small (e.g., an insect). The 

barcode gene region(s) is then amplified using polymerase chain reaction (PCR). The region 

amplified for animals is a region of the COI gene in the mitochondrial genome (Hebert et al. 

2003); plants require at least two regions from the plastid genome including a sub-unit of 

ribulose 1, 5 bisphosphate carboxylase/oxygenas (rbcL) and maturase K (matK) (Hollingsworth 

et al. 2009); and the region amplified for fungal barcodes is the nuclear ribosomal internal 

transcribed spacer (ITS) (Schoch et al. 2012). PCR reactions require short primers, which are 

conserved sequences that flank the target barcode region, and these are based on the broad 

taxonomic group of the specimen (e.g., land plants or mammals) (Figure 2, Process C).  

Individuals who wish to create barcode records for specimens, but do not have access to 

PCR equipment, can ship whole specimens or extracted DNA to sequencing facilities. 

Individuals with access to PCR equipment can create the PCR product to ship to sequencing  
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Table 1: Characteristics of countries with formal iBOL participation 

Country ISSC^ CBD Nagoya 

Protocol 

Genetic 

Resources or 

associated 

TK^^ 

legislation 

(WIPO 2016) 

ABS 

legislation 

(United 

Nations 

2010) 

# of 

Records in 

BOLD 

% with 

species 

names 

% mined 

from 

GenBank 

High income (≥$12,476**) 

Canada Yes Party Non-party No No 1,757,321 32.3 0.2 

United States Yes Non-party Non-party No No 349,017 30.1 10.7 

Australia No Party Non-party No No 204,066 32.2 7.1 

Germany Yes Party Party Yes Yes 137,062 36 4.7 

Argentina Yes Party Non-party No No 94,861 5.8 2.3 

Norway Yes Party Party Yes Yes 53,655 17.5 4.7 

Finland Yes Party Party No Yes 44,323 44.3 6.2 

New Zealand No Party Non-party Yes No 32,000 26 21.2 

Russia No Party Non-party No No 30,567 40.4 21.9 

France No Party Party No Yes 26,829 70.4 25.6 

United Kingdom Yes Party Party No Yes 16,401 83.8 30.4 

Saudi Arabia No Party Non-party No No 8,823 8.6 5 

Portugal No Party Non-party Yes No 7,926 85.1 56.2 

Korea No Party Non-party No No 7,765 84.7 77.4 

Switzerland Yes Party Party Yes Yes 5,104 68.6 35.6 

Netherlands No Party Party No Yes 4,514 83.7 27.7 

Upper Middle income ($4,036 to $12,475) 

Costa Rica* Yes Party Non-party Yes No 382,387 47.8 0.7 

South Africa* Yes Party Party Yes Yes 69,352 19.6 7.2 

China* Yes Party Non-party Yes No 69,278 47.3 33.3 

Mexico Yes Party Party No Yes 63,031 29.1 10.9 

Brazil* Yes Party Non-party Yes Yes 33,667 64.5 25.7 

Panama No Party Party Yes No 18,498 40 13.4 
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^International Scientific Steering Committee of the International Barcode of Life project 
^^Traditional Knowledge 

* Member of the group of Like-Minded Mega-diverse countries 

** Income levels from the World Bank Country classification of Gross National Income per capita 

(https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups) 

Country ISSC^ CBD Nagoya 

Protocol 

Genetic 

Resources or 

associated 

TK^^ 

legislation 

(WIPO 2016) 

ABS 

legislation 

(United 

Nations 

2010) 

# of 

Records in 

BOLD 

% with 

species 

names 

% mined 

from 

GenBank 

Peru No Party Party Yes Yes 17,543 25.5 20.4 

Colombia* No Party Non-party No No 5,210 63.2 32 

Lower middle income ($1,026 to $4,035) 

Pakistan No Party Party No No 39,050 12.1 1.2 

Kenya* No Party Party No Yes 26,915 11.3 5.9 

Papua New Guinea No Party Non-party No No 25,589 27.1 8.2 

India* No Party Party Yes Yes 15,519 88 53.6 

Low income (≤$1,025) 

Madagascar* No Party Party No No 48,805 35.2 5.1 



38 

 

facilities. Unlike whole specimens or extracted DNA, PCR products only contain the small, 

amplified, barcode region, not the entire genome of the specimen.  

The PCR product is sequenced in a DNA sequencer (e.g., 3730xl DNA analyzer) (Figure 

2, Process C) to produce the DNA barcode, which comprises a string of ordered nucleotides 

(adenine, cytosine, guanine, and thymine). The COI barcode, for example, is a string of 648 

nucleotides, which can be represented simply as text with letters representing each nucleotide in 

the sequence (ACGCTGTAC…etc). Once the DNA barcode sequence is quality controlled 

(Figure 2, Process F) and linked to its metadata (information that describes the data), it becomes 

the barcode record (Figure 2, Process G). Metadata include dates on which specimens were 

collected and by whom, where the reference specimens are stored, and primer sequences used to 

generate the barcode sequences. The barcode records may additionally include photographs of 

the specimens. Barcode records enable scientific, curiosity-based, and regulatory uses by others 

(Figure 2, Process H). 

  

Figure 2. The DNA Barcode Pipeline (pipeline image reproduced from CBOL (Consortium 

for the Barcode of Life 2015b)) 

In sum, the resources that comprise the DNA barcode commons are: specimens stored in 

collections; tissue samples; PCR products; barcode sequence data; and associated metadata.  
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Infrastructure to house DNA barcode resources 

The DNA barcode commons requires infrastructure to enable (a) large-scale production 

of barcode records, (b) storage of specimens and data, (c) access for use of the resources; and (d) 

value-added re-contribution of biomaterials, data and metadata to the commons. 

Since 2003, barcoders have used existing data infrastructure, namely the International 

Nucleotide Sequence Database Collaboration (INSDC), to store barcode sequences (Hanner 

2009). In 2005, CBOL formed a working group to develop data standards for barcode records 

stored in international nucleotide databases. At that time, researchers estimated that the size of 

the barcode database would quickly surpass the approximately 52 million records on GenBank, 

necessitating the development of independent data infrastructure. In addition, the database would 

require specialized informatics to handle data curation throughout the analytical pathway and 

record storage (Ratnasingham and Hebert 2007). In 2007, the Canadian Centre for DNA 

Barcoding launched BOLD. While BOLD is housed within an Ontario Institute, it has grown 

from 102 users at its inception in 2005 to over 14,000 users from 94 countries in 2015 

(Ratnasingham 2015). 

BOLD is now established as the main curator of barcode records (5,248,177 as of Nov 

2016, (BOLD Systems 2015)), and it includes open access and private data. Interviewees from 

non-LMMC and LMMC expressed preference for BOLD over other databases like GenBank. As 

one interviewee explained,  

One of the nice things about the BOLD database is that it allows you to 

include a bunch of other data, than just the genetic data like in GenBank. 

That’s especially important for doing biodiversity studies. It adds 

capacity to what one might want to do with the data after it has been 

collected and is made available – Researcher, US 

The BOLD platform allows researchers to curate and analyse their barcode data before 

the records are published. Researchers can also view raw sequence outputs and metadata. BOLD 

enables anyone to search and view data; it provides a taxonomy browser that allows users 

interested in specific taxonomic groups to view the progress of DNA barcoding efforts and read 

descriptions. BOLD communicates directly with other platforms, and sequences published within 

BOLD are automatically submitted to GenBank. Barcode records, once published, are not 

subject to any restrictions on their use. 
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The use of standardized regions allows DNA barcode sequences to be generated via a 

cost-effective, high-throughput production pipeline. To facilitate the pipeline, the iBOL project 

promoted the establishment of core sequencing facilities (iBOL 2012), the largest of which, the 

CCBD, produces 600,000 barcode sequences each year (Centre for Biodiversity Genomics 

2016).  

In addition to barcode sequencing facilities, infrastructure is also needed to house at least 

one voucher specimen for each unique barcode record. Specimens must be taxonomically 

identified and stored in a repository where they can be re-examined, if necessary, to verify the 

taxonomic identification (Moritz and Cicero 2004; DeSalle et al. 2005). Specimens may be 

housed as part of museum collections (e.g., the Natural History Museum of the Smithsonian in 

Washington, DC), in botanical gardens (e.g., Kew Royal Botanic Gardens in the UK), in bio-

repositories, such as seed repositories (e.g., Svalbard Global Seed Vault in Norway), and as part 

of private collections held at research institutions. BIO includes operating units to manage 

collections of the voucher specimens it receives. 

Attributes of the DNA Barcoding Community 

Goals and dilemmas of the DNA barcode commons 

The goals of the DNA barcode commons are to: speed up the process of documenting 

global biodiversity; facilitate monitoring; and enable a broad array of applications based on an 

open access globally-representative DNA barcode record database (iBOL 2015i). Similar to 

other knowledge commons, the value of the DNA barcode commons increases as more people 

contribute to the resource, use it for intended and novel uses (knowledge spillover), and re-

contribute value-added data (network effect) (Bubela et al. 2012; Schofield et al. 2009; 

Dedeurwaerdere 2010a). Individuals may stop contributing to the commons if they feel others 

are utilizing the resource without contributing to it (“free-riding”) (Dedeurwaerdere 2010c). 

Similarly, scientists fear that others will receive first credit for analysis and publication of their 

data (“being scooped”). Concerns over publication priority are common in many scientific 

disciplines (Contreras 2010; Joly et al. 2012) and were frequently cited by interviewees. LMMC 

interviewees preferred that data release be delayed until after publication. One interviewee 

described the extent to which a colleague was concerned about data release prior to publication: 
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She had the [publication] proofs and some email came telling her to 

release the data. And she didn’t want to. I had to speak with her and I 

had to tell her, “[It’s] no problem if you release the data” and then “No, 

no, but I don’t want to” although the paper is accepted, I had to tell her 

“nobody is going to steal your data”– Researcher, Mexico 

In addition, the success of the barcode commons relies on global participation. In 

contrast, other knowledge commons for genomics research can feasibly be developed and 

maintained by non-LMMC participants alone (Dedeurwaerdere et al. 2013; Bubela et al. 2012; 

Collins et al. 2003). However, DNA barcode reference libraries cannot represent all life on earth 

without the contributions of global participants. This sentiment was expressed by a researcher 

from South Africa: 

To me [having formal participation by African countries] is hugely 

important, it’s actually central. If the goal of iBOL is a global database 

of biodiversity, you can’t speak of a global database if you’ve left out 

Africa because Africa is a major continental mass with a major coast 

line. 

Global participation presents additional collective action challenges because of concerns 

LMMCs have about genetic resource misappropriation. DNA barcode records comprise data, 

metadata and biological specimens, all of which are genetic resources and therefore governed by 

the associated legal frameworks for their access and utilization. Those frameworks protect 

against misappropriation of DNA barcode records for commercial research, although some 

LMMC interviewees explained that lack of trust was still a significant barrier to shipping 

specimens or storing barcode records on foreign servers. Non-LMMC interviewees were less 

cognizant of challenges related to trust, and in some cases brushed off the issue entirely:  

I think the international community is way past the sort of mid-20th 

century colonial style attitude where samples were harvested from 

biodiversity and permanently relocated into technology rich countries. I 

think the mentality of the global research community has gotten over it. – 

Researcher, Canada 

Sharing genetic resources also presents issues for non-commercial research, as the 

resources that comprise the commons are not evenly distributed among global actors; LMMC 

participants in the DNA barcode commons are more likely to have access to biodiversity, and 
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non-LMMC participants are more likely to have access to the financial resources and domestic 

infrastructure required to develop, maintain, and use the barcode commons. This distribution of 

resources also leads to a much broader free-rider dilemma, where LMMCs might feel that the 

entire barcoding effort is free-riding on their biodiversity: it requires LMMC genetic resources 

without necessarily providing corresponding benefits. 

While scholars have demonstrated that participants in a commons can develop the 

necessary trust that promotes collective action, a key driver of this is face-to-face communication 

(Ostrom 2003), which is hampered by distance. Because of this, a significant dilemma remains 

as to how to govern this global knowledge commons to ensure that participants who contribute in 

different manners (i.e., research infrastructure vs biological specimens) are able to receive 

equitable benefits from the project and share the burden of risks equitably as well.  

Community Members 

The success of the DNA barcode commons relies on the active participation of a 

heterogeneous and global set of partners, some based in countries with limited financial 

resources for research and development. Here, I compile data on the groups of actors who 

contribute to and use the DNA barcode commons. 

Community Leaders 

Many interviewees spoke about key individuals who influenced the field of DNA 

barcoding and the development of the commons. Paul Hebert led initiatives to obtain funding for 

barcode infrastructure in Guelph (iBOL newsletter, Dec 2003). Scott Miller and David Schindel 

led the Consortium for the Barcode of Life, which shaped DNA barcoding policies to create 

global standards for barcode records (Consortium for the Barcode of Life 2015b).  

Community leaders also had influence beyond the barcode commons. David Schindel 

advocated to the CBD during negotiations for the Nagoya Protocol, arguing for simplified 

measures for non-commercial research conducted for the purpose of bioconservation (Schindel 

2010). He also promoted using standard agreements to facilitate ABS for non-commercial 

research to engage LMMC countries in barcoding efforts (Schindel et al. 2015; Vernooy et al. 

2010). One of the most important roles of community leaders is to adopt a new technology, and 

prominent biologists like Dan Janzen and Winnie Hallwachs using DNA barcodes in 2003 had a 
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large impact on how the system became accepted throughout the scientific community (Janzen 

2004; Burns et al. 2008). 

DNA barcode record contributors 

The majority of contributors to DNA barcode records are researchers (including 

taxonomists, ecologists, evolutionary biologists, systematists, and bio-informaticians), who work 

at universities or other research-intensive institutions, including museums and herbariums. As of 

2015, BOLD had 14,000 users from 94 countries (Ratnasingham 2015). Contributions are broad 

and can include: adding data or specimens to the commons; developing quality-control measures; 

refining methods for producing or utilizing barcodes (Meusnier et al. 2008); and studying the 

utility of barcodes. 

Lay participants can contribute to the commons. For example, these participants can 

suggest changes to taxonomic identifiers and highlight errors in the dataset. The LifeScanner 

program allows individuals to collect specimens for DNA barcoding (including whole specimens 

or tissue samples) and to receive information about the specimen (Biodiversity Institute of 

Ontario 2015). The resulting barcode records are then deposited into an open access database. 

DNA barcode record users 

In addition to researchers, users include other individuals who work for agencies reliant 

on species identification to identify unknown specimens, such as regulatory agencies (Yancy et 

al. 2008) or border control services (Johnson et al. 2014). High school students have used the 

barcode database for science experiments (Wong and Hanner 2008), and LifeScanner enables 

non-experts with no access to specialized equipment to use the barcode database to identify 

unknown animal specimens (Biodiversity Institute of Ontario 2015). Interviewees from both 

non-LMMC and LMMC emphasized that DNA barcode data and related taxonomic information 

should be openly available online at no cost to enhance public knowledge of biodiversity. 

Database management  

As the requirement to publish sequence data with scientific publications predates DNA 

barcoding efforts and BOLD, DNA barcoders initially deposited their sequence data into 

genomics repositories like GenBank. GenBank is run by the NCBI, which is part of INSDC 
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(with the European Nucleotide Archive (ENA) and the DNA Databank of Japan (DDBJ)). 

INSDC policy provides open access to all its records (Nakamura et al. 2013).  

BOLD was developed to provide “an integrated bioinformatics platform that supports all 

phases of the analytical pathway from specimen collection to tightly validated barcode 

[database]” (Ratnasingham and Hebert 2007, 356). It is now the main curator of barcode records, 

both published and unpublished. BOLD provides a bioinformatics workbench for researchers to 

upload and work with their own privately held sequences in aggregation with the open access 

database. Bioinformaticians can easily download compilations of barcode records from the open 

access database in several formats enabling statistical comparisons (.xml, .tsv) and phylogenetic 

analyses (FASTA, TRACE).  

The BOLD data policies initially stipulated that a complete barcode record would include 

GPS coordinates (Ratnasingham and Hebert 2007). However, interviewees felt that sharing 

specific GPS coordinates enabled unauthorized collection of specimens. The data standards for 

barcode records suggest sharing of GPS coordinates, but do not require it (Hanner 2009). The 

minimum standards for submitting barcode records to BOLD and receiving a barcode identifier 

on GenBank are: (1) voucher information (including unique identifiers and the institution storing 

the specimen); (2) the taxonomic phylum; and (3) the country where the specimen was collected. 

However, barcode sequences may be submitted to GenBank without the required metadata, and 

BOLD mines GenBank for barcode sequences to broaden the database of sequences for 

phylogenetic analyses. 

Repository management 

Specimen collections are stored in a range of facilities, including individual research 

collections in laboratories, institutional repositories, and national collections housed in 

herbariums and museums. Each repository determines processes for accessing the specimens that 

it stores, although individuals who choose to house their genetic resources in these repositories 

can opt to retain ownership and therefore control over who may subsequently access the 

material. This continued ownership means that while the facility can provide the infrastructure to 

store voucher specimens, staff of the facility may not use the specimens for unauthorized work 

and may not share the specimens with third parties.  
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Funding agencies 

Funding agencies distribute the financial resources needed to develop, maintain and 

enable use of the DNA barcode commons. They are influential in promulgating rules for 

commons governance. In general, funds are distributed to two types of projects: large-scale 

resource-building initiatives (national or international) and smaller country-level projects that 

generate barcode data based on institutional or individual research targets. 

Many agencies, internationally, have funded large-scale initiatives, beginning with the 

Alfred P. Sloan Foundation that funded CBOL for over $6 million between 2003 and 2010 

(Consortium for the Barcode of Life 2015b)). Canadian research funders have provided 

substantial funding to building the community. The Canada Foundation for Innovation, the 

Ontario Research Foundation, and Genome Canada provided almost $30M to develop 

infrastructure at BIO, including the Centre for Biodiversity Genomics, the Canadian Centre for 

DNA Barcoding, and BOLD, (iBOL 2015f) and initiate the iBOL Project.  

Many other funders supported barcoding projects that primarily focused on generating 

barcode records and expanding the taxonomic coverage of the reference database. iBOL lists 35 

funders (from 15 countries) that provided more than $100,000 to support iBOL research and 

scientific objectives in participating nations (iBOL 2015f). The Canadian International Research 

and Development Centre (IDRC) provided $2.2 million to support developing countries in their 

barcoding efforts. 

Governance of the DNA barcode commons 

The DNA barcoding commons is regulated by formal laws over utilization of genetic 

resources in some jurisdictions as a result of national implementation of the CBD and Nagoya 

Protocol. These may be supplemented by institutional policies for research conduct and research 

with genetic resources. Researchers are also subject to the terms and conditions that are attached 

to funding. Finally, researchers are influenced by scientific norms in genomics, which may be 

enforced through written agreements between institutions. In this section, I describe these aspects 

of governance of the DNA barcoding commons. 
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National implementation of CBD and Nagoya Protocol 

National laws and regulations that implement the CBD and Nagoya Protocol, if they exist 

(Table 1), inform how researchers should access and share genetic resources. Those laws and 

regulations have international reach in that they govern the export of genetic resources and their 

utilization in any country. They impose bureaucratic requirements for export permitting, place 

limits on utilization and generally impose a system of ABS. Therefore, all researchers importing 

genetic resources from countries with national ABS laws should be aware of their scope and both 

substantive and procedural requirements. 

National implementation of the CBD and Nagoya Protocol includes the designation of a 

competent national authority to provide access to genetic resources and administer policies to 

govern their use. Such policies may include requiring Prior Informed Consent between genetic 

resources users and local communities, and Mutually Agreed Terms that outline the intended use 

of the resource. Countries may also implement policies to encourage research that contributes to 

bioconservation, including simplified measures for accessing genetic resources. Australia has 

implemented a process to allow for simplified measures, and other countries (Mexico, Indonesia, 

and Brazil) distinguish between commercial and non-commercial research 

(UNEP/CBD/SBSTTA/16/INF/37 2012).  

None of the non-LMMC interviewees were able to discuss implementation of the CBD or 

Nagoya Protocol in their own countries. In contrast, LMMC interviewees were more aware of 

the legal instruments and how national implementation impacted their own work. Many LMMC 

and non-LMMC interviewees spoke with frustration about implementation of policies by 

governments that restrict access to genetic resources without a realistic understanding of their 

utilization and value. Several interviewees mentioned that their government viewed genetic 

resources as analogous to mineral resources that could be mined:  

They seem to believe that the genetic resource is like gold, and that you 

will sell [it], and that everyone everywhere is going to exploit our 

biodiversity. It’s really so hard to have a clear dialogue with them 

because I have the feeling that they don't really understand what genetic 

resources are – Researcher, South America 
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Indirect governance by funding agencies 

Funding agencies set rules for research conduct that recipients must follow. For example, 

Genome Canada promulgates rules about data release to which all its funded projects must 

adhere, including iBOL (Genome Canada 2008). Genome Canada’s policy is based on the 

principle of rapid data release with the intention of accelerating translational benefits of research. 

Despite the wide range of funders, individuals participating in iBOL through the Canadian 

Centre for DNA Barcoding services were responsible for adhering to Genome Canada policies, 

and iBOL administrators reported its progress via a corporate board of three senior Genome 

Canada staff (iBOL 2015e).  

In the early phases of iBOL, Genome Canada helped fund DNA barcode sequencing for 

any specimens sent to BIO, with the requirement that data produced was deposited in an open 

access database such as GenBank. Interviewees had a wide range of opinions on the appropriate 

delay prior to data release, although most supported a limited delay for contributor publication 

priority. Interviewees did not, however, suggest mechanisms for enforcement, although one 

policy maker from Canada emphasized the importance of rules to govern behaviour within large-

scale projects: 

And if a scientist doesn’t like the rules he can go play in his own pen, 

right? I mean we have to grow up a little bit. We’re not working in that 

solitary confinement that we used to work and it didn’t matter. We’re 

dealing with large collaborative cooperative projects that you have to 

play by the rules. And the whole thing won’t work if you don’t have rules.  

iBOL was also guided by a Research Oversight Committee appointed by the board (iBOL 

2015e). Perspectives from outside of this structure were represented by the ISSC, which advised 

the Scientific Director (Paul Hebert) on research plans and deliverables. Genome Canada set the 

rules for membership on the ISSC, which included active barcoding projects, a commitment to 

the iBOL data release policy, and funding of over $250,000 for barcode research. However, there 

was no structure in place for the funding agencies themselves to coordinate policies. One policy-

maker interviewee cited this lack of coordination as a significant challenge in crafting effective 

policies. Overall, the structure of policy-making contributed to decision-making inequities and a 

lack of representation from lower income countries. One researcher explained the impact of the 

centralized organizations: 
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That’s why some people think that there should be another organization. 

Because you see, [iBOL and CBOL] are national organizations. And 

therefore probably we need a neutral one, which would then listen to 

other countries. But [Canada and the US] are now more or less being 

selfish, “Well, this is what we are doing as individual countries”. If we 

have a neutral body, then probably they will listen more to others. I think 

that they should listen more to voices from Africa, in particular. Because 

you see, there are no funding agencies [in my country] – Researcher, 

Africa 

Formal agreements to govern actions 

iBOL and CBOL have both had influence on the legal instruments that govern the 

exchange of genetic resources within the barcode commons. iBOL developed a standard MTA 

for materials (specimens, tissue samples, PCR products) that were sent to the Canadian Centre 

for DNA Barcoding. The MTA was between the Canadian Centre and the institution of the 

individual providing the specimen, and included the default provision that the material was on 

permanent loan. The MTA also contained provisions that the provider deposit the data into open 

access databases, initially requiring only sequence data and high-level taxonomic information to 

be deposited, and later all associated information including species identifiers.  

At the international level, members of CBOL have been actively involved in developing 

ABS agreements for non-commercial research. Such agreements establish how benefits and risks 

are shared between partners conducting research that accesses genetic resources, and provide 

reassurance to provider countries that there will be no un-approved commercial use of their 

genetic resources. Benefits to be shared may include requirements for collaborations and access 

to training and new technologies (Schindel et al. 2015). 

While one non-LMMC interviewee stated a preference to “not worry about the legal 

things because as soon as you get the lawyers involved then there are all kinds of issues that they 

want to deal with” (Researcher, US), most interviewees from LMMC and non-LMMC used 

MTAs to set the terms of access to and utilization of genetic resources. Several interviewees 

favoured using standard MTAs and ABS Agreements for convenience, for example, researcher 

interviewees did not want to contend with a large amount of paperwork and some preferred short 

agreements. A LMMC policy maker confirmed that standard agreements for ABS also reduced 

the burden on under-resourced countries: 
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One of the more difficult things you can do as a regulator, if you’re an 

under-resourced country, is having to negotiate case by case ABS 

agreements again and again and again. Because the people you 

negotiate with have got the money and the ability to draw in good 

lawyers, whereas here we don’t have the budget. So, it would really suit 

us to have a sort of standardized benefit sharing arrangement that wasn’t 

to be left negotiated every time – Policy maker, Africa 

LMMC interviewees emphasized that MTAs were essential for ensuring that specimens 

were not used for commercial research or research beyond the original scope of the MTA 

without permission: 

The person who is not using it as a commercial thing must sign an 

agreement to say that if it is at the stage he thinks that you want to use it 

for commercial purposes, you must come [back] to the institution for 

discussion – Researcher, Africa 

Interviewees did, however, point out that once genetic resources had been shipped, there 

was no guarantee for how they would be used, even with an executed MTA. For example, an 

LMMC researcher reported that his/her collaborator had used shared specimens for scientific 

studies outside of the original agreed-upon purpose detailed in the MTA. The recipient scientist 

had not been provided with the species names. S/he disclosed the unauthorized research when 

requesting the species names to present the findings at a conference. The providing institution 

refused to provide the species names, citing the breach of the MTA, effectively preventing the 

unauthorized work from being presented or ultimately published. The use of safeguards such as 

this in standardized agreements would facilitate other researchers from protecting their resources 

against misappropriation. 

Main action arenas within the DNA barcode commons 

The action arenas of DNA barcoding commons are any situation where participants 

interact and affect or produce outcomes. Here I detail the perspectives of interviewees regarding 

three key action arenas for DNA barcode commons: generating and sharing DNA barcode 

records; sharing genetic materials; and accessing the DNA barcodes commons databases. 
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Generating and sharing DNA barcode records 

Individuals and institutions in countries with advanced scientific infrastructure and access 

to funding sources often favour the rapid and open sharing of genetic resources, particularly data 

(Field et al. 2009). This preference is reflected in policies that iBOL has developed, and was 

largely shared by interviewees in the DNA barcode commons. Interviewees felt that the benefits 

to science outweighed the risks to individual researchers and the best way to increase the 

coverage of the DNA barcode record database was to require release of barcode records. They 

also felt the requirement for data release was justified in the early stages of iBOL, when the 

sequencing was provided free of charge by CCBD. 

While LMMC interviewees appreciated the history of data release generated by other 

large-scale genomics projects, they felt that the unique circumstances of biodiversity research 

warranted a different approach. Because of this, most did not approve of the standard for rapid, 

pre-publication release of data. Researcher interviewees pointed out that generating barcodes 

was labour intensive, and that too much emphasis was placed on where the DNA was sequenced. 

One researcher from South America said “the real hard work nowadays is not sequencing; it’s 

going to the field, collecting samples, taking the samples, preserving, shipping. All that should 

not be underestimated”. LMMC researchers also felt that they were disadvantaged by 

requirements to release data before publication. Indeed, publication timing was the most 

important factor for LMMC researchers in deciding whether to release data. A delay in release 

until after publication also served as a quality control through peer-review:  

A good number of taxonomists [are] people that are not very confident 

with molecular work. And then they think that this is the first time they 

get this kind of data, and they are very reluctant to show this data to 

other people because this data, most of the times, have some [errors]. 

And that is the fear; really, that is the fear – Researcher, Mexico 

Interviewees who produced barcode records preferred the enhanced, barcode-specific 

capabilities of BOLD over GenBank. Features they highlighted were ease of use and the ability 

to view metadata and raw sequence files. Some interviewees, however, were not able to share all 

the metadata required by BOLD for a DNA barcode record, and so appreciated the option to 

submit sequence data to GenBank,  
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In some cases you have to [submit to GenBank] because sometimes you 

get material, you are working on a phylogenetic group, you have 

systematic research but you didn’t get vouchers, specimen or pictures so 

you can’t really submit it to BOLD, so then you have to go through the 

GenBank, which is painful to submit, where BOLD is a delight – 

Researcher, South Africa 

While researchers acknowledged the value of the central databases such as BOLD and 

GenBank over local databases, LMMC researchers felt that the central databases should have 

more involvement from international stakeholders to consider the needs of contributors and users 

from lower-resourced settings. Some researcher interviewees also cited lack of trust in North 

American and European research institutions as a reason to duplicate national-level data from 

BOLD on local servers.  

Sharing biological materials to produce DNA barcodes 

As described above, the Nagoya Protocol applies to sharing genetic resources other than 

just for commercial exploitation. Proponents of DNA barcoding were concerned about the 

ramifications of the Nagoya Protocol on biodiversity research, fearing that a restrictive 

agreement for accessing genetic resources would have the unintended consequence of also 

slowing biodiversity science. They advocated for simplified ABS terms for genetic resources 

used for non-commercial research (Schindel et al. 2008), and such terms were included in the 

adopted protocol.  

Many interviewees spoke of the need for researchers to access genetic resources. They 

argued that because only the barcode would be sequenced and barcoding regions of the genome 

have no commercial value, the threat of misappropriation from DNA barcoding was overstated. 

However, many LMMC interviewees described nuanced challenges for the governance of how 

genetic resources for barcoding are accessed and shared.  

Several researchers from non-LMMC expressed concerns about countries blocking 

important biodiversity research because of fears of misappropriation. As one UK iBOL project 

participant explained: 

I think some of the representatives of developing countries don’t 

understand [that] the barcoding gene that we use is not really of any 

commercial value, because it goes everywhere and it doesn’t actually 

code for any particular product that you might want to develop 
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commercially. And that, I think, is the main driver for why many of those 

countries are resisting 

This common perspective, however, failed to acknowledge mistrust stemming from a 

long history of misappropriation of genetic resources. The interviewed LMMC researchers and 

policy makers understood that genetic resources being shared for DNA barcoding projects were 

intended for biodiversity science. However, in contrast to a barcode region PCR product, when a 

specimen or tissue sample is shipped internationally, the whole genome is made available. 

LMMC researchers and policy makers often do not trust recipients to use the materials for DNA 

barcoding only, as one African researcher explained: “The thing is that we don’t trust them. I 

mean, three years from now [BOL project leaders] will say, ‘Oh, now this is what we want to 

do.’ Meanwhile, you have given them the specimen already and you can’t prevent them from 

using it”. One interviewee mentioned that there was more protection for genetic resources when 

there was a potential for commercialization, because laws are clear on needing to prove the 

source of the materials, whereas scientific publications do not have the same requirement. 

 Some interviewees preferred to share genetic resources for barcoding only on the 

condition that the specimens and extracted DNA would be destroyed after the barcode sequence 

was generated. Other participants stated that storing specimens and DNA extracts was necessary 

to allow for quality control and future research, giving greater consideration to the value of the 

resource for research than to the potential for misappropriation: 

Creating the repository is a huge resource to the future, we don't know 

all the potential purposes. For example genome sequencing will get 

cheaper, and there may be potential research avenues we haven’t even 

thought of yet. So I think [storing genetic resources] is a really good 

idea. I would be very sad if, for example, due to concerns over property 

or potential commercialization problems that we were required to 

destroy the genetic [resources] – Researcher, Canada 

Despite willingness to export genetic resources under the right conditions, many 

interviewees felt that specimens should be stored in the country of origin. For many interviewees 

from LMMCs, this would require the development of expensive storage infrastructure. To 

mitigate this, the iBOL model enabled countries without commons infrastructure to export 

genetic resources for barcoding to countries with existing infrastructure. However, LMMC 
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interviewees were frustrated that collections from their countries were housed in foreign 

repositories, as explained by one African researcher: 

[My country] was a colony of Great Britain for some time. As a result of 

that, most of our systematic work being done on collections made from 

our country was then taken overseas, and that's where the typed 

specimens are; that's where the work was published. As a result of that, if 

I as a researcher, an expert on my fauna [expected] to deliver on my 

fauna, to do the work, I've got to now spend a lot of my time and money 

visiting, extracting from those institutions scattered around the world at 

enormous difficulty; In other words, [these are impediments] to doing the 

work that I'm required to do to satisfy national interests 

A few LMMC researchers expressed the view that the only way to develop equitable 

partnerships is to build infrastructure to conduct research and store genetic resources locally. In 

addition to enabling access to and control over specimens in LMMCs, interviewees pointed out 

that local infrastructure would help build research capacity in their countries. Capacity building 

is one form of benefit that may be returned to countries of origin in exchange for access to and 

utilization of genetic resources.  

Access to and use of the DNA barcode commons data 

Databases used to store DNA barcode records, including BOLD and GenBank, were 

purposefully designed to allow open access to data and unrestricted use, under the assumption 

that this benefits the highest number of people (Ratnasingham and Hebert 2007; Nakamura et al. 

2013). The requirement to be open access was largely informed by the standards created after the 

HGP, and enforced by Genome Canada through oversight of the iBOL project. Many 

interviewees from both LMMCs and non-LMMCs expressed their support of open access 

principles for genomics research. In the view of one Mexican researcher, “[The barcode record 

database] should stay open access. Because barcodes cannot be used to do any harm, I think. It’s 

just too little DNA”. As one Canadian research explained: “I like the idea that somebody in India 

in a third-tier university has access to my data, and they can do things that I would never have 

imagined doing with it”. 

While BOLD and Genbank are designed to encourage access and place no restrictions on 

the use or distribution of the data (Ratnasingham and Hebert 2007; NCBI 2016), many 

interviewees supported controlling access to sensitive data, such as geographic coordinates of 
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protected species or information about newly invasive species. As one Australian researcher 

explained, “There are data sensitivity issues. We have rare and endangered species; you wouldn't 

want to tell people where their precise location is”. LMMC interviewees emphasized that 

different levels of access could be granted to certain types of users, such as: scientists; data 

contributors; data users without a record of misappropriation of genetic resources; and 

individuals with a good understanding of ABS principles. 

Interviewees were divided on potential restrictions on use of data, particularly whether 

data users should be required to acknowledge or cite data contributors. Some felt that collecting 

specimens and uploading data were not activities that warranted acknowledgement or benefits 

sharing. However, other interviewees felt that individuals who used data should, at a minimum, 

acknowledge data producers. The acknowledgement of original data producers was considered 

most important for data users who did not typically collect specimens or generate data, but 

simply analysed it:  

Bioinformaticians, maybe they don’t understand the value of the 

fieldwork and making the data available. If they just instantly get the 

data and they got a publication, it’s good but they should also respect 

those who contributed to the data – Researcher, China 

Other interviewees stated their belief that there should be no restrictions on data use, even 

for commercial applications. One interviewee explained that commercial applications were the 

main benefit of having the open database:  

Once you get that [barcode record] database then, yeah, there are 

commercial applications that will be developed and there are academic 

applications that will be developed. I mean three-fourths of the 

motivation of doing a barcode database are commercial application so if 

you somehow think that that’s a bad thing then you ought not to 

participate – Researcher, US 

Patterns of interactions and outcomes of the commons 

In this section, I first describe how interviewees perceived partnerships and scientific 

collaborations within the DNA barcode commons. I then discuss (1) the pattern of collaborations 

as reflected in scientific publication outcomes, and (2) the pattern of specimen collection and 

data sharing as reflected in the outcome of deposited barcode records.  
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Collaborations in the commons 

Collaborations within the DNA barcode commons define how the commons is built, 

maintained, and used by participants. They further facilitate the entry of new participants to the 

commons. Researcher interviewees identified reciprocity as a key factor they consider when 

determining which collaborations they enter into, but the definition of reciprocity varied. While 

many interviewees mentioned mutual scientific goals and complimentary research programs in 

response to questions about how they form collaborations, LMMC interviewees placed value on 

relationships in which partners had equal opportunities to make meaningful contributions beyond 

specimen collection, “You have to treat each other as equals. You don’t want to be seen in the 

bottom of the list in small-print acknowledgement.” (Researcher, Africa).  

Both non-LMMC and LMMC researchers emphasized the importance of professional 

reputation in selecting collaborators, and in deciding on the nature of collaborative activities. 

Researchers from non-LMMC and LMMC spoke about the importance of good personal 

relationships with collaborators. One South American researcher succinctly stated his “no 

assholes” rule. However, the reliance on personal relationships can result in the exacerbation of 

inequities. Such personal connections are often developed at conferences and meetings that 

researchers in lower income countries may not have funding to attend.  

Some LMMC researchers and policy makers based decisions about undertaking 

collaborations with non-LMMC researchers on their own experience as well as historical 

experience, and preferred partnering with groups that shared their overall perspective:  

We take funding only from those kinds of organizations which share our 

kind of a world view and which will not interrupt us in our policies - 

which will not tell us what to do. But once we put in a proposal, the only 

power that they have is to ensure that we’re working according to what 

we have promised them that we will do in our proposal. So we look for 

liberal or international organizations which share our views and our 

perspectives – Researcher, India 

LMMC researchers also expressed apprehension about sharing genetic resources with 

international collaborators based on the risk of misappropriation of genetic resources. Researcher 

interviewees explained, however, that this fear was mitigated by personal relationships with 

collaborators:  
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The people don’t want [genetic resources] to be stolen by [the US and 

Canada] again. But every history is different [for] each person, no? In 

my case, for example, I have no problem because I know [non-LMMC 

Researcher], so I can work with him and no problem. But most of the 

people that are working with us [in our institution] - they don’t want to 

[share genetic resources with researchers from other countries] – 

Researcher, Mexico 

DNA barcoding publications 

Peer-reviewed publications are the primary outcome of basic research and are used as a 

metric to evaluate researchers for grants, awards, and promotions (Nelkin 1998). Publications 

indicate that authors are researching a specific topic and provide data on who is collaborating 

and at which institutions. The ability to produce publications using existing data is a key benefit 

for academic users of the DNA barcode commons. Many arguments for open access 

management structures for databases include the claim that researchers in lower income 

countries would benefit, as they would also be able to access data to produce their own research 

publications and enhance their professional profile:  

If you’re in a poor developing country, [if] a lot of the sequences of 

organisms in [your] area have all been put into the common database, 

you can actually go and get all that stuff for nothing, because someone 

else has paid for it – iBOL project participant, United Kingdom 

The number of publications referencing seminal DNA barcode papers rose sharply from 

2003 to 2011, and leveled off to around 600 publications each year from 2012-2014 (Figure 3). 

This leveling off is expected as the field matured and references to original publications declined 

(Bouabid 2011; Barnett 1992). From 2003-2005, every article in my dataset had at least one 

author from a high income country (Figure 3), which suggests that barcoding activity during this 

time was conducted exclusively by high income country researchers or in partnership with them. 

While the proportion of articles with authors from middle or low income countries has risen, the 

majority of DNA barcode publications have been produced solely by authors in high income 

countries. A small proportion of papers include low income country authors, rising above two 

percent of total papers in only two years (2005 and 2011). These data suggest that the growing 

DNA barcoding community has not expanded to include low income country researchers at the 

same pace as middle income country researchers. 
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Figure 3. The number of articles citing four seminal barcode papers, published each year 

during 2003-2014, and percent of articles with at least one author from the specified income 

group of countries. Income levels are as defined by the World Bank Country and Lending 

Groups (World Bank 2016). 

When examining the co-authorship patterns geographically, I found that co-authorship on 

barcoding publications was most frequent for researchers in high income “western” countries 

(defined by the United Nations as Canada, US, Western Europe, Australia and New Zealand 

(United Nations DGACM 2016)). Figure 4 shows the location of each author in the publication 

dataset, linked to their co-authors. The coloured lines represent co-authorships when at least one 

of the authors is not from the western country group, and displays how few co-authorship 

relationships exist between non-western country authors.  

I counted the number of articles with authors from each region, and the number with 

author sets that spanned more than one region. Over half (54%) of the 3557 articles in my dataset 

had authors only from Western countries (Table 2). Because only 2% (80/3557) of the articles 

had author sets that spanned more than two regions, I did not include these co-authorships in 

Table 2. A full table of the distribution of author sets by region is included as Appendix 3. 

Regions rich in biodiversity, such as Africa and South America, had few author sets within or 

across their regions. For example, compared to the 54% of articles with author sets restricted to 

the Western country group, only 2.5% had author sets confined to Eastern Europe, 3.9% to Latin 
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America and the Caribbean, 0.8% to Africa, and 17% to Asia and the Pacific (Table 2). Articles 

with authors from more than one region that did not include western countries only made up 

3.2% of the articles in my database. 

 

Figure 4. Co-authorship in the DNA barcoding publication database. Each node represents 

an author, and size of node indicates relative number of times the author has been mentioned in 

the database. Each line between nodes indicates that the authors co-authored a publication. Lines 

in grey indicate collaborations restricted to western countries. The coloured lines represent 

collaborations with other regions (United Nations DGACM 2016). 

Researchers are evaluated in part by the prestige of the journals in which they publish 

their work (Callaham et al. 2002). Regression results (Table 3) showed articles with authors from 

middle or low income countries had lower odds of being published in highly ranked journals 

compared to articles with only high income country authors, and that this relationship 

strengthened somewhat after adjustment for biodiversity status. The estimated ORs adjusted for 

biodiversity status showed that articles with author sets from a mix of income levels had 65% of 

the odds of publication in highly ranked journals compared to articles with author sets restricted 

to high income countries and articles with author sets restricted to middle or low income 

countries had just 8% of these odds. After adjustment for income level, articles with authors 

from megabiodiverse countries had 50% greater odds of being published in highly ranked 
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journals than articles without authors from megabiodiverse countries. While there are a number 

of reasons that lower income country authors publish less frequently or in less prestigious 

journals (Salager-Meyer 2008), my data suggest that the academic benefits received by the 

growing DNA barcoding community are not readily available to middle and low income country 

researchers. 

Table 2: Distribution (percent) of 3557 articles by geographic regions of residence of 

author sets (excluding 80 with author sets spanning more than 2 regions). Darker shading 

indicates a higher proportion of articles with some or all authors from that region. Bolded 

numbers indicate author sets restricted to that region.  

 

  West^ 

East 

Europe Latin Africa Asia+ 

West^ 
53.9 3.5 5.3 2.6 7.5 

East 

Europe 
3.5 2.3 0.4 0.0 0.2 

Latin* 
5.3 0.4 4.0 0.0 0.1 

Africa 
2.6 0.0 0.0 0.9 0.1 

Asia+ 
7.5 0.2 0.1 0.1 17.3 

^Canada, US, Western Europe, Australia, New Zealand 

*Latin American and the Caribbean 

+Asia and the Pacific 
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Table 3: Adjusted and unadjusted ORs for the association between characteristics of 

authors’ country of residence and publication in a highly ranked journal, among 3557 articles 

referencing four seminal DNA barcoding papers.  

Characteristic of authors’ 

country of residence 
N 

Unadjusted 

OR  95% CI 

Adjusted 

OR 95% CI 

Income level      
Only high income country 

authors 

2,386 1.0 
 

1.0 
 

Mix of high and middle or 

low income country authors 

615 0.76 0.54-1.1 0.65 0.45-0.92 

Only middle or low 556 0.09 0.04-0.23 0.08 0.03-0.19 

Biodiversity status  
    

Megabiodiverse country (vs 

not megabiodiverse) 

1,939 1.1 0.82-1.4 1.5 1.2-2.0 

OR, odds ratio. Models adjusted for income level and biodiversity status. 

BOLD records for exemplar species: Medicinal plants and mosquito disease vectors 

I chose two exemplars to examine the patterns of specimen collection and storage for 

DNA barcode records in BOLD: medicinal plants and mosquito disease vectors.  

I identified 17,895 published medicinal plant records in BOLD as of February 2013, of 

which 11,685 specified specimen origin (Table 4). Fifty-four percent (6,297/11,685) of published 

medicinal plant records with origin data on BOLD were collected in high income countries, 

while only 0.4% (50/11,685) were collected in LMMCs. When information about where the 

voucher specimen was stored was available (9,477), I found only 3% (280/9,477) of voucher 

specimens were stored outside of the origin country. This may indicate the unwillingness of low 

income country researchers to share genetic resources with foreign collaborators, as was 

described by interviewees. 
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Table 4: Number of published medicinal plant records in BOLD by income level of 

country where the specimen was collected 

Income level of 

country where 

specimen was 

collected (World 

Bank 2016) 

Total 

published 

records on 

BOLD 

Total records 

indicating 

voucher 

storage site 

Data mined from 

GenBank (no 

voucher storage 

information) 

Voucher is stored 

outside of origin 

country 

 

 

n (% of total 

published records 

on BOLD) 

n (% of records with 

storage site) 

Low income 50 3 47 (94%) 3 (100%) 

Low-middle 

income 
640 395 245 (38%) 33 (8%) 

Upper-middle 

income 
4,698 4,226 472 (10%) 142 (3%) 

High income 6,297 4,853 1,444 (23%) 102 (2%) 

Total 11,685 9,477 2,208 (19%) 280 (3%) 

 

I identified 17,297 published barcode records for the genera Anopheles, Aedes, and Culex 

as of May 2016 (Table 5). Relative to medicinal plants, an even smaller number of records 

published in BOLD for the three mosquito species were linked to specimens originating from 

low income countries, with only one found in my dataset. Twenty-one percent (2,521/12,243) of 

mosquito voucher specimens were stored in collections outside of the origin country, 

considerably higher than the 3% of medicinal plant specimens stored outside of the origin 

country, indicating more willingness to export mosquitoes than medicinal plants. 

As I was able to determine the number of unpublished records for the mosquito genera, I 

also compared the number of published and unpublished mosquito records on BOLD. I identified 

47,355 total records for the three genera. Of these, only 35% of Anopheles sp., 25% of Culex sp., 

and 62% of Aedes sp. records were published and therefore have been made available for anyone 

to view or download. This implies that many more individuals participate in DNA barcoding 

efforts and use DNA barcoding data infrastructure to manage their barcode data than contribute 

to the commons.  
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Table 5: Number of published Aedes sp., Anopheles sp. or Culex sp. records in BOLD by 

income level of country where the specimen was collected 

Income level of 

country where 

specimen was 

collected 

(World Bank 

2016) 

Total 

published 

records on 

BOLD 

Total 

records 

indicating 

voucher 

storage site 

Data mined from 

GenBank (no voucher 

storage information) 

Voucher is stored 

outside of origin 

country 

 
 

n (% of total published 

records on BOLD) 

n (% of records with 

storage site) 

Low income 313 1 312 (99%) 1 (100%) 

Low-middle 

income 
2,817 1,577 1,240 (44%) 88 (6%) 

Upper-middle 

income 
3,312 1,251 2,061 (62%) 944 (76%) 

High income 10,855 9,414 1,441 (13%) 1,488 (16%) 

Total 17,297 12,243 5,054 (29%) 2,521 (21%) 

 

These two exemplars suggest that individuals from high income countries are contributing 

more data and specimens to the DNA barcode commons, which is contrary to the goals of having 

a globally representative database. While many interviewees expressed the view that open access 

databases would provide the most benefits for potential users, and some emphasized the benefits 

for low income country researchers, my analysis of the patterns of interactions and outcomes 

demonstrates that global participation should not be assumed. 

Conclusions 

Limitations  

My study has a number of limitations. I mainly interviewed individuals with direct 

involvement in BOL organizations and efforts, meaning my analysis did not represent 

perspectives of those who independently participate in DNA barcoding activities. Similarly, I did 

not analyse all barcoding publications, only those that referenced seminal papers. I also only 

examined a small subset of BOLD records relevant to my two exemplars; other exemplars may 

have revealed different patterns of use. My data interpretation was limited to my own 

perspectives, and it is possible that another individual might have different views. However, my 

use of an established theoretical framework reduced the reliance on my individual interpretation 
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of data. Finally, while my findings are not necessarily generalizable to other global knowledge 

commons, the rich description of case study provides the contextual details that are necessary to 

enable transferability to future studies of global knowledge commons governance.  

Challenges and opportunities for governing the DNA barcode commons 

My case study of the DNA barcode commons examined factors that impact efforts to 

create, maintain and govern a knowledge commons comprising heterogeneous global 

participants and resources. The DNA barcode commons includes a large and continually growing 

number of open access records, and its use results in hundreds of scientific papers every year. 

However, the goal of the DNA barcode commons is not only to create a comprehensive and 

accessible repository of barcode records, but also to ensure that the commons is globally 

inclusive with respect to content and equitable with respect to contribution, access and use. As 

knowledge commons should be evaluated against all their goals (Strandburg et al. 2014), my 

study suggests that the DNA commons has not yet fully accomplished its goals. Here, I 

summarize the challenges identified by my study, and potential mechanisms through which the 

DNA barcoding community can take its heterogeneous membership into account and improve 

governance to promote global participation.  

My analysis of the DNA barcode commons action arenas identified how the factors 

outlined in the IAD framework influence governance of the DNA barcode commons (Figure 5). 

While the diverse interviewees agreed on the importance of improving taxonomic methods to 

increase the documentation of life on earth, the initiation of this work has been dominated by 

non-LMMC participants and their institutional contexts. Many of the policies related to DNA 

barcoding were influenced by other large-scale genomics projects (Collins et al. 2003), without 

consideration of how a global project that relies on flow of genetic resources across borders 

would impact all members of the community. While DNA barcoding leaders have been directly 

involved in negotiations for the Nagoya Protocol (Schindel 2010; Schindel et al. 2008), some 

members of the barcoding community, including one policy maker, were still unaware of the 

CBD and Nagoya Protocol, and their implications for barcoding policies. 
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Figure 5. The results of my case-study situated within the KC-IAD Framework. 
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The background context provided by these international legal instruments is especially 

salient for the resources that comprise the DNA barcode commons. Generating barcode records 

requires advanced scientific capacity beyond that of many researchers and institutions in 

LMMCs. Interviewees explained that even though DNA barcodes contain only a small amount of 

genetic information, the generation of these records often requires sharing the specimen. That 

specimen contains the whole genome of the organism. The history of mistrust between countries 

with differential scientific capacity, and in particular, the ability to benefit from the utilization of 

genetic resources, has made many LMMC researchers unwilling to export their genetic materials 

for barcode projects. 

The difficulty in establishing trust is also often found heterogeneous communities (Ruttan 

2006). Representative governance structures can be effective in overcoming this mistrust 

(Poteete and Ostrom 2004), and previous research on commons has demonstrated that 

governance is more successful when actors participate in crafting rules (Ostrom 2003). However, 

I found that the governance in DNA barcoding has been dominated by the norms and standards 

from high income countries. The main project, iBOL, implemented rules established by 

Canadian funding agencies. While the project governance included means to receive feedback 

from international researchers, participation required substantial funding commitments, which by 

default excluded perspectives from researchers without access to funding but with interest in 

contributing barcode records. Indeed, many of the concerns about participating in the DNA 

barcoding commons shared with me by interviewees from lower income countries were not 

reflected in the policies of the community.  

It is not surprising, therefore, that the heterogeneous interviewees in this study reported 

different behaviours in the action arenas for DNA barcoding. As behaviours in the action arenas 

are responsible for the pattern of interactions (Frischmann et al. 2014; Ostrom 2005b), the 

different behaviours interviewees described to me are likely the cause of the imbalanced pattern 

of participation in the DNA barcode commons that I observed. Notably, the proportion of DNA 

barcode papers with low income country authors has remained stagnant over the decade-long 

project. There are fewer barcode records from specimens collected in lower income countries, 

and there is evidence that data that are produced from these countries are not published into the 

barcode commons. 
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To promote wide-spread use and re-contribution of value-added data (Bubela et al. 2012; 

Schofield et al. 2009; Dedeurwaerdere 2010a), governing bodies for the DNA barcode commons 

have relied on promulgating community data-sharing norms of previous large-scale genomics 

projects (Field et al. 2009; Toronto International Data Release Workshop Authors 2009), and 

top-down rules requiring rapid data sharing (Genome Canada 2008; iBOL 2015b). These 

strategies are based on the assumption that open access and unrestricted use are the best ways to 

achieve the network effect. However, my study suggests that, in a global knowledge commons, 

open access and unrestricted use inhibit participation by global participants and therefore reduce 

the network effect. Interviewees in my study were hesitant to share data when they received 

limited benefits (e.g., scientific credit, increased capacity) in return. Setting restrictions on use, 

such as requiring citation, attribution, or an embargo period for first use of the data by the 

contributor, may enhance the release of resources into the commons and subsequently enhance 

its value. In addition, protection of sensitive information, such as geo-location data for 

endangered species, is essential. 

In addition to helping increase participation, restrictions on the use of the DNA barcode 

commons are necessary to comply with the Nagoya Protocol. Barcoding proponents have argued 

for access to genetic resources under the “simplified measures” for non-commercial use set out 

in the Nagoya Protocol (Schindel et al. 2008). Yet the barcode database does not include 

restrictions on commercial use of the records. Barcode records stored in BOLD should be 

accompanied by terms that outline restrictions on use of the data for commercial applications and 

research. 

Finally, strategies to manage whole specimens for barcoding could also be modified to 

encourage participation in the barcode commons. Destroying specimens and DNA extracts after 

the barcode sequence is produced may reassure potential barcode participants that their genetic 

resources would not be misappropriated, but would have to be balanced against the negative 

impacts on the integrity of the associated data. Supporting lower income countries in developing 

infrastructure to store and manage voucher specimens would reduce the need to store the 

specimens in foreign countries, and could be considered a potential benefit for in exchange for 

providing access to the country’s genetic resources.  
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I have demonstrated that the goal of creating a globally inclusive DNA barcode commons 

has not yet been fully achieved. My research also suggests that the risks and benefits of 

participating in the commons are not equitably shared across heterogeneous global participants. 

The newly created ISBOL can mitigate the challenges caused by its global membership through 

ensuring its governance is representative and considers restrictions on use that may enhance 

participation in the commons.
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Chapter 3: The impact of heterogeneity in a global knowledge commons: 

Implications for governance of the DNA Barcode Commons.  

Abstract 

The extent of actor heterogeneity is known to influence the outcomes in natural resource 

commons, and scholars have recently begun addressed the impact of heterogeneity on knowledge 

commons creation and sustainability. There is increasing evidence to challenge the dominant 

theory that heterogeneity is uniformly disadvantageous, but little is known about heterogeneity in 

knowledge commons. Here, I analyse heterogeneity as it applies to rules for governing a 

knowledge commons - the DNA barcode commons. DNA barcodes are short, standardized gene 

regions that can be used to inexpensively identify unknown specimens, and proponents have led 

international efforts to make DNA barcodes a standard species identification tool. The dominant 

actors in the commons are researchers in diverse fields, and the global scope of barcoding means 

these researchers work in countries with varying levels of biodiversity, research infrastructure, 

and financial resources for scientific endeavours. This cultural and wealth heterogeneity among 

actors results in challenges for constructing and governing the commons, including its supporting 

infrastructure of databases and biorepositories. I interviewed participants in DNA barcoding, and 

collected organizational documents. I applied the grammar of institutions to identify institutional 

statements, and categorized each statement based on institutional logics theory. I found that 

institutional logics theory is an effective applied research tool to study heterogeneity in 

knowledge commons. My analysis also suggested that heterogeneity is a challenge to developing 

shared expectations in global knowledge commons, but participants can design institutional 

statements to bridge gaps in expectations.  

Introduction 

Commons vary in their degree of heterogeneity; with respect to commons, heterogeneity 

refers to the cultural and financial differences between actors (Vedeld 2000). Scholars have 

extensively studied the impact of heterogeneity on successful outcomes in natural resource 

commons but have only recently addressed the impact of heterogeneity on knowledge commons 

creation and sustainability (Mishra and Bubela 2014; Frischmann et al. 2014; Bubela et al. 2012; 
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Dedeurwaerdere 2010a). Empirical studies and theoretical models of natural resource commons 

demonstrate that heterogeneity can result in collective action challenges for commons 

governance (Ruttan 2006). However, there is increasing evidence to challenge the assumption 

that heterogeneity is uniformly disadvantageous (Agrawal and Gibson 2001). Different types of 

heterogeneity may have positive or negative impacts on commons governance. For example, 

while cultural heterogeneity is often a challenge to creating suitable rules for governing 

commons (Ruttan 2006; Hayo and Vollan 2012), wealth heterogeneity may have a positive 

impact on commons outcomes, as economically advantaged individuals may be inclined to 

contribute to sustaining a collective resource for their own benefit (Ruttan 2008). Here, I analyse 

heterogeneity as it applies to rules for governing a knowledge commons - the DNA barcode 

commons. 

As a result of global promotion of DNA barcoding, the DNA barcode commons has 

evolved into a standard process for species identification, coordinated through two main 

organizations: the Consortium for the Barcode of Life (CBOL) and the International Barcode of 

Life Project (iBOL). In 2013, barcoding leaders proposed a new organization, the International 

Society for the Barcode of Life, to coordinate and promote the future activities of the DNA 

barcoding community (Castle et al. 2015). 

The DNA barcode commons has widespread support because DNA barcoding has broad 

applications, including monitoring biodiversity, identifying food market substitutions, or 

reducing cross-border smuggling of endangered species (Barbuto et al. 2010; Gross 2012). All 

uses of barcoding rely on a robust, accessible reference database of verified DNA barcodes 

linked to voucher specimens and additional information (metadata) about the species and the 

specimen.  

The dominant actors in the commons are researchers in fields that include taxonomy, 

ecology, conservation biology, genetics, and bioinformatics. The global scope of barcoding 

means these researchers work in countries with varying levels of biodiversity, research 

infrastructure, and financial resources for scientific endeavours. This cultural and wealth 

heterogeneity among actors results in challenges for constructing and governing the commons, 

including its supporting infrastructure of databases (for barcodes and metadata) and 

biorepositories (for voucher specimens and tissue samples). For example, countries with the most 
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biodiversity to contribute to the commons often have limited financial and scientific resources to 

use the commons, creating inequities. Actors and infrastructure in different countries also 

confront differing legal environments. National laws vary in the degree to which they regulate 

the export and import of biological specimens and sequence information, collectively termed 

“genetic resources”. 

The behaviours of individual actors who participate in DNA barcode commons, as in all 

commons, are determined by a mix of regulations, instructions, precepts, and principles (Black 

1962), generally referred to collectively as ‘rules’ and referred to as “institutional statements” in 

the commons literature (Basurto et al. 2010). Rules established and disseminated by an authority 

are labeled “rules-in-form”. For DNA barcode commons, these rules-in-form come from 

international treaties, such as the Convention on Biological Diversity that governs the use of 

genetic resources (including biological materials and sequence data), funding agency 

requirements, and organizations like CBOL and iBOL. However, the “rules-in-use” that 

individuals follow in their day-to-day behaviour are often different from rules-in-form, and 

institutional theorists have argued that understanding these rules-in-use is central to deeper 

institutional analysis of commons (Crawford and Ostrom 2005). 

The grammar of institutions was introduced in 1995 to facilitate analysis of human action 

within institutional settings (Crawford and Ostrom 1995). Identification of this grammar is a tool 

for systematically differentiating between types of institutional statements (Rules with 

consequences, conditional Norms, and simplistic shared Strategies1),). Scholars have employed it 

extensively to examine the institutional statements that are ‘in use’ (Basurto et al. 2010; Siddiki 

et al. 2011). However, understanding the impact of heterogeneity on what institutional 

statements are used also requires an examination of what influences individuals’ behaviours and 

their expectations of the behaviours of others. In addition to a tool for examining institutional 

statements, scholars can use other theoretical perspectives to expand their ability to study 

heterogeneity in relation to rules. To add to this toolkit of theoretical perspectives, I employ here 

                                                 

1 I have used capitalization and italics to indicate when referring to the specific Rules, Norms and Strategies as 

defined in the syntax of the grammar of institutions. Otherwise, the term rules is referring generally to any statement 

that could be understood as rules-in-form or rules-in-use. 
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theory concerning institutional logics, that focuses on the importance of overarching institutional 

orders that shape how individuals behave and expect others to behave (Friedland and Alford 

1991). Many empirical studies have drawn on the concept of institutional logics to examine and 

understand organizational behaviour (Thornton and Ocasio 2008; Thornton et al. 2012).  

Using the DNA barcode commons as a case study, my goals are twofold: 1) to examine 

empirically how heterogeneity relates to institutional statements in a global knowledge 

commons, and 2) to contribute an expanded, theoretically grounded method for the study of 

heterogeneity and knowledge commons, using the concept of institutional logics. In the next 

sections, I outline the relevant theories and the conceptual framework used to accomplish my 

aims. I first describe how rules are studied within a commons using the grammar of institutions 

developed by Elinor Ostrom and colleagues (Crawford and Ostrom 2005). The grammar sets out 

a syntax that is frequently used to study systematically institutional statements that govern 

commons (Basurto et al. 2010; Siddiki et al. 2012; Siddiki et al. 2011). I then introduce the 

concept of institutional logics to expand the understanding of heterogeneity in relation to 

institutional statements. Institutional logics are a helpful analytic tool because they are useful in 

understanding the influence of multiple or unknown forms of heterogeneity. Finally, I describe 

my case study and go on to detail the analytical framework used to examine logics in the rules 

that guide actors who participate in the DNA barcode commons. 

Literature and Background 

Heterogeneity in the commons 

Heterogeneity is an important aspect of a commons community. Broadly, it refers to the 

degree to which actors differ on characteristics. Communities can vary on any number of factors, 

making it difficult to identify which factors to empirically measure and study. Nonetheless, 

substantial research has focused on understanding the impact of heterogeneity on commons 

governance. The emerging theoretical consensus is that increased heterogeneity is a challenge for 

communities to overcome, rather than a necessary determinant of failure (Ostrom 2005). 

Evidence also suggests that institutional arrangements (defined as rules-in-use by a community 

to determine the nature of the use of and access to a resource, including how they will be 
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enforced (Ostrom 1987)) are more highly impactful on heterogeneous than homogenous 

communities (Brito et al. 1997), and the governance of commons is more successful when actors 

are involved in making their own rules (Varughese and Ostrom 2001). 

Looking beyond the question of whether heterogeneity influences outcomes, scholars 

have increasingly focused on the impacts of specific sources of heterogeneity. Most studies are 

quantitative and assess just one narrowly defined variable as a source of heterogeneity, for 

example, knowledge (Lindahl 2012), dependence on the resource (Sakane et al. 2014), social 

caste (Shiferaw et al. 2012), contributions to the resource (Burlando and Guala 2005), social 

preferences (Fischbacher and Gaechter 2006), and productivity (Brito et al. 1997). A review of 

quantitative heterogeneity studies suggested that how heterogeneity impacts a commons depends 

on the source of heterogeneity that is examined as the independent variable, and whether the 

study measured collective action or the provision of a collective good as the dependant outcome 

variable (Ruttan 2008). For example, wealth heterogeneity has been associated with the long-

term sustainability of a resource (Balooni et al. 2010), while socio-cultural heterogeneity has 

been associated with reduced collective action (Benin and Pender 2006). In expanding on this 

finding, Poteete and colleagues (2010a) demonstrated that social heterogeneity negatively 

impacted collective action because it was associated with lower levels of trust. In contrast, 

wealth heterogeneity positively affected provision of goods because wealthy actors were highly 

motivated to maintain provision of a good that provided them with benefits. 

While Poteete et al. (2010a)’s theory remains a plausible explanation for outcomes in 

commons for rivalrous (i.e. depletable) resources in natural resource settings, few studies have 

explored the relationship between heterogeneity and knowledge commons governance. 

Knowledge commons require separate study and theory development because they differ from 

natural resource commons in several key ways (Frischmann et al. 2014). One of the most 

important differences is that knowledge commons typically comprise non-rivalrous resources. 

Therefore, the goal of successful knowledge commons governance is not preventing overuse and 

ensuring sustainability, but increasing use of the resource, promoting active re-contribution of 

value-added information, and fairly distributing the costs and benefits of the resource between 

users distributed across a potentially unlimited geography. Many institutional arrangements for 

these non-subtractable resources provide free and open access. In theory, open access makes use 
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more efficient, but in practice, it creates additional challenges. Open access leaves the resource 

vulnerable to free riders - those who take from the commons without contributing to it – and free 

riding reduces trust and therefore the ability to establish shared Norms within the community. 

Thus, heterogeneity in a knowledge commons may include many different dimensions compared 

to the previously studied natural resource commons communities. Qualitative approaches have 

the benefit of avoiding reliance on assumptions about selected variables (Jansen 2010). Instead, 

the qualitative approach I employ here enables an examination of the depth and diversity of 

heterogeneity in knowledge commons.  

Grammar of Institutions 

Institutional statements are the Rules, Norms, and Strategies that are either formally 

documented (rules-in-form) or employed by actors in their day-to-day behaviours (rules-in-use). 

The grammar of institutions was developed as a common syntax to aid the empirical study of 

institutional statements (Crawford and Ostrom 1995). The focus on rules is useful because they 

are modifiable, unlike other characteristics of a commons such as its biophysical characteristics 

or the attributes of the community (Crawford and Ostrom 2005).  

The grammar of institutions includes five working parts summarized by the acronym 

“ADICO” (Crawford and Ostrom 1995). Attributes (A) refer to the subset of community 

members to which the particular statement applies, ranging from a single individual to the entire 

group. If not specified, readers can assume institutional statements apply to all actors. The 

Deontic (D) distinguishes prescriptive (must, forbidden) from non-prescriptive (should, may). 

The Aim (I) is the specific action or outcome intended by the statement. Conditions (C) set out 

the situations when an institutional statement is applied and are especially important in defining 

the situations in which a specific behaviour is permitted or forbidden. Unless specified, 

conditions include all situations. The Or Else (O) of the statement defines a consequence for the 

actor if s/he does not comply with the statement.  

Researchers can use the ADICO syntax to classify institutional statements, either written 

in organizational documents or articulated by individuals, as Rules, Norms, or Strategies. 

Strategies (AIC) are the least constraining and represent a general guideline without conditions 

that allow or forbid the particular behaviour, and without consequences for non-compliance. 
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Norms (ADIC) are more specific and lay out the conditions under which a behaviour occurs, 

although Norms do not specify the consequences for non-performance of the behaviour. Rules 

(ADICO) are enforceable statements with specific conditions and consequences. Although useful 

as an empirical tool, the ADICO syntax can also be used as a guideline when creating 

institutional statements to ensure that are enforceable rules, rather than suggestions (Crawford 

and Ostrom 2005).  

 Institutional Logics 

Institutional logics are a concept within institutional theory developed to help explain the 

influence of society on organizational behaviour (Friedland and Alford 1991). Thus, institutional 

logics are an attempt to account for society in institutional analysis by specifically considering 

the overarching organizational structures of Western society that shape how individuals and 

organizations behave within institutions. In the language of institutional logics theory, these 

organizational structures are called “institutional orders”, and they include capitalist market, 

bureaucratic state, democracy, families, and religion; each has a central logic that guides 

behaviour. In short, logics allow actors to make sense of situations by providing “assumptions 

and values, usually implicit, about how to interpret organizational reality, what constitutes 

appropriate behaviour, and how to succeed” (Thornton 2004, 70).  

Scholars have expanded the list of logics and theorized about how logics might interact 

with each other within an institution. The current framework includes seven logics: family, 

community, religion, state, market, profession, and corporation (Thornton et al. 2012). These 

logics often co-exist, although many early empirical studies focused solely on identifying a 

dominant logic (Goodrick 2002; Lounsbury 2002; Thornton 2002; Thornton and Ocasio 1999), 

largely ignoring any secondary logics. Scholars noted that the focus on dominant logics was a 

divergence from Friedland and Alford’s (1991) original work, which stated organizational are 

typically subject to multiple logics. As a result, empirical work began to focus on how multiple 

logics jointly guide behaviour.  

Initial work to explain how logics co-existed focused on mechanisms of competition for 

dominance (Hensmans 2003; Hoffman 1999), unresolved conflict requiring ‘uneasy truces’ 

between competing logics, (Reay and Hinings 2005), and various ways segmentation allowed for 
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multiple logics to co-exist without interacting (Reay and Hinings 2009; Lounsbury 2007; 

Thornton et al. 2005). However, none of these explanations allowed for the reality that multiple 

logics guide behaviour of single actors, an idea introduced by Goodrick and Reay (2011). 

Goodrick and Reay studied pharmacists, who faced pressure from four different logics: 

profession (obligation to professional standards), corporate (work within large organizations), 

market (sell product), and state (adhere to government regulations). Their analysis resulted in a 

rich description of how multiple societal level logics collectively influenced professional work 

(Goodrick and Reay 2011). 

Recent research has suggested that specific contexts can act as filters that alter how logics 

inform behaviours within an organization (Jaskiewicz et al. 2015; Lee and Lounsbury 2015). 

These filters are attributes of the organization that impact how it draws on institutional logics, 

and can help explain organizational success (or failure) in managing competing logics. For 

example, Jaskiewicz et al (2015) found that while family and market logics informed family 

businesses, how these logics informed behaviour depended on the filters of family culture and 

leadership style within each business.  

Ideal types as an empirical tool 

Empirical study of logics was grounded on the concept of ideal types (Thornton 2004; 

Thornton and Ocasio 2008), which represent how behaviour would be organized if each logic 

was the only influence on the behaviour (Thornton et al. 2012). As an analytical tool, defining 

the ideal types of logics allows researchers to systematically cluster behaviours into categories to 

facilitate comparison (Thornton et al. 2012). Prior to empirical analysis, researchers must 

identify the relevant logics for the study, and define how behaviour would be organized if guided 

solely by each logic (Reay and Jones 2016). Next, I describe four logics from the current 

framework of institutional logics that I determined were relevant to the DNA barcode commons: 

profession, state, market, and corporation.  

The profession logic is characterized by the specialized knowledge gained through 

professional education (Freidson 2001). In DNA barcoding, the main professions are related to 

taxonomy and biology, as these provide the training and expertise to create DNA barcodes and 

use them. Professionals alone determine DNA barcoding goals and standards, which are enforced 

through professional associations, such as academic journals requiring sequence data release as a 
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stipulation on publishing an article. While state actors can legislate to provide authority to 

professional associations, they are not involved in determining the standards (such as how 

specimens must be prepared) that professional associations enforce under these laws.  

In contrast, the ideal type state logic does involve direct government control through 

either legislation or state actors. State actors, including public funding agencies and regulatory 

bodies, determine the DNA barcode projects that receive resources and the standards and 

protocols to which DNA barcoders must adhere. The strategy of the government is to use DNA 

barcoding to increase public good. 

In the ideal type market logic, individuals compete in an open system free of any 

regulation, whether produced through a state agency or professional association. Any individual 

would be able to produce DNA barcodes, and user preferences determine what standards are 

acceptable quality. The strategy of the market logic is to increase efficiency and personal gains, 

either reputational or profit-based. Even in a market logic-dominated DNA barcode commons, 

professionals (biologists) would be the main actors producing DNA barcodes, resulting in some 

overlap between personal and professional reputational benefits. However, a biologist is driven 

by a market logic rather than a profession logic when the reputational benefits are derived from 

personal gains independent of professional associations, and when professional standards are 

disregarded in favour of standards which provide other personal benefits. While specialized 

knowledge may be valued, it is available to anyone and not necessarily obtained through formal 

education (Goodrick and Reay 2011). 

Corporate logics place emphasis on organizational hierarchy and administrative control 

of actions. The relevant organization in DNA barcoding is the iBOL project, which established 

rules and project targets for participants. Administration controls actions to standardize 

production, aiming for predictability and efficiency. The strategy associated with a corporate 

logic is to increase its size and diversification.  

Summary of theoretical background 

The above approach developed to study institutional logics as the basis for behaviour in 

organizations can be adapted to help understand the mechanisms through which heterogeneity 

affects rules governing behaviour in knowledge commons. The grammar of institutions provides 
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syntax to deduce institutional statements from descriptions of how individuals behave in their 

daily practices, and the concept of institutional logics provides a mechanism to identify the bases 

for these actions, and examine possible sources of conflict that might arise from a lack of shared 

logics due to heterogeneity across actors. I examine a single case study to provide an in-depth 

analysis of heterogeneity in a knowledge commons: the DNA barcode commons. 

Case Study: DNA barcode commons 

In this section, I describe the salient aspects of how the DNA barcode commons 

comprises heterogeneous actors. First, however, I briefly explain what DNA barcoding is and 

how it became a global scientific endeavor.  

The process and promise of DNA barcoding 

In 2003, a team led by Paul Hebert at the University of Guelph in Canada proposed DNA 

barcoding as a tool to accelerate documenting life on earth – a pre-requisite for the study of 

anthropogenic and other impacts on biodiversity (Hebert et al. 2003). The proposal demonstrated 

the potential to differentiate species by way of sequencing a small region of an organism’s DNA. 

Previous efforts at classifying organisms were inefficient (requiring highly specialized 

taxonomists), expensive (requiring extensive DNA sequencing), and not scalable due to lack of 

standardization (Tautz et al. 2003). Hebert et al proposed using short, highly conserved, and 

relatively ubiquitous DNA sequences. These sequence characteristics make high-throughput 

analyses possible, enabling a barcoding pipeline with attendant economies of scale.  

While DNA barcoding is promoted as a tool to help identify life on earth, the process to 

create a DNA barcode begins with taxonomically classified specimens (Figure 6). Biological 

materials, therefore, are an integral component of the DNA barcode commons. Specimens are 

collected from the field or sampled from existing collections. These specimens can be shipped to 

locations capable of performing other tasks associated with creating barcode records, including 

isolating DNA, sequencing the relevant barcode, and storing the voucher specimen. The result of 

the barcoding process is an open access, comprehensive database of DNA barcodes linked to 

metadata and a reference specimen.  
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The effort to build the DNA barcoding database quickly gained momentum not only 

because of its potential contributions to the field of taxonomy but also its enablement of a range 

of practical applications (Hebert et al. 2003). Access to such a database facilitates rapid 

identification of unknown specimens in situations where morphological identification is 

impossible. Such situations arise in many contexts, for example, where the necessary expertise to 

make identifications is unavailable, or the specimen needing identification is indistinguishable 

from other similar species, such as butchered meat or insect larvae (Costa and Carvalho 2007). 

Identifications are made by matching the DNA barcode from an unknown specimen to the 

known barcode record linked to the voucher specimen. DNA barcodes from unknown specimens 

may be generated by sending (1) the entire specimen (2) the specimen’s whole DNA extract, or 

(3) only the DNA barcode extract from the specimen to a laboratory equipped to produce DNA 

barcodes.  

 

Figure 6. The DNA barcoding pipeline. Adapted from CBOL website (Consortium for the 

Barcode of Life 2016) 

Barcoding as an organized global effort 

Creating a comprehensive database of DNA barcode records was necessarily a global 

endeavor, and scientists quickly organized to generate international participation through two 

main organizations: The Consortium for the Barcode of Life (CBOL) and the International 
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Barcode of Life Project (IBOL). CBOL was founded in 2004 at the Smithsonian Institution with 

support from the Alfred P. Sloan Foundation, and focused on promoting the DNA barcode 

system and developing global standards. In 2009, Paul Hebert led an international initiative to 

build a barcode reference library for global biodiversity; this initiative resulted in the launch of 

the International Barcode of Life (iBOL) Project in 2010. Funded through Genome Canada’s 

International Consortium Initiative, iBOL included 26 nations as iBOL ‘nodes’ partnering 

through formal agreements (iBOL 2015d). Genome Canada originally committed $25 million 

from until 2015, along with 35 international sponsors from 15 countries (iBOL 2015f). The main 

mission of iBOL was to build a publicly accessible database including 5,000,000 barcodes 

representing 500,000 species by 2015 (iBOL 2015i). The Barcode of Life Datasystem (BOLD), 

housed at the informatics unit of the Biodiversity Institute of Ontario (described in more detail in 

the next section), grew from 102 users in 2005 to over 14,000 users from 94 countries in 2015 

(Ratnasingham 2015).  

The formal governance structures of CBOL and iBOL established standards for 

participating in the DNA barcoding effort, but other overarching polices and norms influenced 

both the development of these standards and the behaviours of participants. At the international 

level, sharing genetic resources is governed by the Convention on Biological Diversity (CBD) 

and the related Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable 

Sharing of Benefits Arising from their Utilization (Nagoya Protocol). The most direct influence 

on the organizational rules of iBOL derived from Genome Canada; as with all of Genome 

Canada projects, iBOL was appointed a Board from Genome Canada to oversee and direct how 

the funding was used. The Board subsequently appointed a Research Oversight Committee that 

is independent of the iBOL but provides strategic directions on the research to ensure it achieves 

its Board-approved objectives and milestones (iBOL 2015e). 

In 2013, leaders within the DNA barcoding community proposed a new international 

coordinating organization to sustain the functions of CBOL and iBOL (Li et al. 2013). The 

organization, named the International Society for the Barcode of Life (ISBOL) was launched in 

2015 at the 6th International Barcode of Life Conference in Guelph, Ontario. The authors of the 

Kunming Declaration and representatives from key regions and organizations formed an Interim 
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Governance Council to develop a governance structure for the new organization and establish its 

practices.  

The heterogeneous DNA barcoding community 

The DNA barcode commons comprises actors from a set of countries that differ in their 

ability to support equal participation. To participate independently in barcoding, a researcher 

must have access to specimen collections, DNA extraction and sequencing equipment, and 

infrastructure to store voucher specimens and to process and share data. Many of the countries 

that possess the greatest amount of biodiversity within their borders (Australian Government 

2008) have few resources for biodiversity research, including The Congo, Madagascar, India, 

Colombia, and Venezuela. 

To address disparities among participating countries in scientific infrastructure, iBOL 

established regional and central nodes. The aim of regional and central nodes was to provide 

scientific infrastructure and support to national nodes that lacked the necessary resources (iBOL 

2015d). Canadian national and provincial funders supported additional infrastructure - the 

Canadian Center for DNA Barcoding (CCDB) housed within the Centre for Biodiversity 

Genomics (CBG) at BIO in Guelph. CCBD is the largest contributor of DNA barcode records, 

and CBG includes operating units to manage biological collections, production of genomic data, 

informatics, international development, and education and outreach (Centre for Biodiversity 

Genomics 2016).  

Despite available resources, however, national laws and institutional policies may limit 

the extent to which researchers can share the genetic resources required to produce barcodes, 

including both the biological specimens and the DNA barcode sequences. Many biodiverse 

countries have implemented the Nagoya Protocol through national legislation on access and 

benefit sharing (ABS) that protects sovereignty over genetic resources (United Nations 2010), 

with the intent of preventing misappropriation of resources. In contrast, high income countries 

like Canada, the United States (US), and Australia have not. Researchers from countries with 

ABS laws may not be allowed to send specimens or biological samples out of country or deposit 

DNA barcodes into databases.  
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Actors also vary in their ability to influence BOL efforts. The two main BOL 

organizations that create standards and protocols for creating and sharing DNA barcodes, iBOL 

and CBOL, are based in Canada and the US. While iBOL included an International Scientific 

Steering Committee, participation was limited to individuals who had secured large amounts of 

local funding for BOL projects (iBOL 2015e). 

Finally, the ability to benefit from an open-access barcode database varies substantially. 

Researchers and regulators in countries with better scientific infrastructure are more likely to be 

able to utilize a barcode database (Yancy et al. 2008). Professional benefits are also more likely 

to accrue to researchers with training in bioinformatics, access to computers and broadband 

internet connections, English language competence for publications and presentations, and 

funding to travel to scientific venues for developing collaborative networks. 

Summary 

Actors in the DNA barcode commons, an exemplar global knowledge commons, are 

highly heterogeneous. Commons resources comprise multiple forms of data, metadata and 

biological materials, the sharing and utilization of which are governed by a complex web of 

rules. Both iBOL and CBOL established formal institutional arrangements for participating in 

the DNA barcode commons, however, these groups represent a small subset of the community 

largely centralized in North America. Such institutional arrangements have the potential to 

encourage collective action to create and maintain the commons, but collective action may be 

impacted by socio-cultural and wealth heterogeneity among actors. Current empirical approaches 

to study the impacts of heterogeneity fail to consider multiple forms of heterogeneity, or provide 

insight on which institutional arrangements might best overcome the problems arising from 

heterogeneity, especially that which arises from a global context. My empirical analysis 

addresses the study of heterogeneity through combined use of the grammar of institutions to 

identify rules-in-use, and institutional logics necessary to understand the relationship between 

heterogeneity and collective action within the global DNA barcode commons. 
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Methods 

My empirical work aimed to broaden research on heterogeneity and rules-in-use beyond 

the impact of single variables. I employed a mixed-methods approach to combine theoretical 

frameworks and data analysis methods to analyse a single case study, using multiple data sources 

(Poteete et al. 2010b). 

Data sources 

My data derived from two sources: key informant interviews and organizational 

documents. This research received ethical approval from the University of Alberta Research 

Ethics Board – Health Panel (Appendix 7). I, along with the assistance of a research assistant, 

interviewed 35 individuals DNA barcoders, iBOL and CBOL administrators, and key individuals 

in the international barcoding community who were engaged in policy discussions. I selected the 

number of interviewees based on a combination of resources available to attend events to recruit 

participants, ability to recruit appropriate interviewees, and an ongoing review of data to 

determine if additional interviews were needed to explore emerging themes. The country 

affiliations of the interviewees were: Australia, Canada, China, Colombia, Ghana, India, 

Indonesia, Kenya, Mexico, New Zealand, South Africa, United Kingdom, and the US. I 

conducted most interviews in person at International Barcode of Life conferences in 2011 

(Adelaide, Australia), 2013 (Kunming, China) and 2015 (Guelph, Ontario), with the rest 

occurring over the phone or in person at other locations by myself or a research assistant. We 

followed a semi-structured interview guide that queried about research collaborations, sources of 

genetic resources, views on the national and international frameworks governing ABS for 

genetic resources, and participation in DNA barcode commons (Appendix 4). I used a paid 

service to transcribe each interview verbatim and verified each transcription against the original 

interview recording. 

I analyzed organizational documents and statements developed by the two main BOL 

organizations: IBOL and CBOL. I collected documents and policy statements that described their 

purpose or the governance approaches, or provided instructions to project participants. The 

formal documents were: the biological materials transfer agreements; iBOL data release policy; 
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microplate and data submission instructions; iBOL Node Memorandum of Understanding; iBOL 

Node MOU Appendix; Data Standards for Barcode Records; the Banbury Report on Taxonomy, 

DNA, and the Barcode of Life; and Guidelines to Authors of Barcode Data Release Papers. I 

obtained these documents either by downloading them from the BOL websites or directly from 

the BOL project administrators. I included one document not produced directly by BOL 

proponents or actors, The Fort Lauderdale Report on Sharing Data from Large-scale Biological 

Research Project, because other BOL documents referenced it as a guiding principle for data 

sharing. In addition, I accessed informal project descriptions from iBOL.org of global iBOL-

supported barcode projects, DNA barcoding, and the iBOL governance structure (iBOL 2015i).  

Data analysis 

I developed a framework to guide analysis of each interview transcript and document. 

This framework integrated qualitative and quantitative approaches for systematic identification 

and characterization of institutional statements about DNA barcoding activities in the interviews 

and documents. I used NVivo qualitative analysis Software (QSR International Pty Ltd. Version 

10, 2012) to facilitate data organization and analysis. 

I developed the list of DNA barcoding behaviours based on project descriptions on the 

iBOL website (iBOL 2015i), and the workflow required to produce and share barcodes (Figure 

7). The actions to participate in barcoding include: setting the scope of barcoding activities; 

collaborating with others to conduct a barcode project; collecting, sharing, and storing biological 

specimens (including whole specimens, tissues, and purified genetic material); generating, 

sharing, and storing data associated with biological specimens (including barcode sequences and 

meta-data such as sample locations and voucher specimen pictures); and accessing the barcode 

commons. I read each transcript and document and marked each instance of these behaviours 

(Figure 7a). 

Using NVivo software, I focused my analysis on the text surrounding the identified 

behaviours. Individuals do not usually express institutional statements explicitly (Crawford and 

Ostrom 2005), thus researchers must examine texts to assemble the statements from impartial 

references contained in larger blocks of interview transcripts (Figure 7b). Each behaviour I 

identified was a potential aim in the grammar of institutions, and I examined the surrounding text 
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to identify other components of the syntax. I then re-organized the statement to produce a 

simplified version (Figure 7c), and coded them based on what type of institutional statement they 

were (Strategy, Norm, or Rule). 

  

 

Figure 7. Analytical workflow for identifying institutional statements and the logics that 

influence each statement. 

I and a research assistant then coded each institutional statement based on which of the 

logics appeared to influence it (Figure 7d), determined by comparing the statement to 

descriptions of ideal types (Table 6) and the general characteristics of the logics. Multiple logics 

could influence a single statement, and any statements that appeared to be influenced by logics in 

addition to or other than the four I defined were coded as “other”.  

I compared the coding by each independent coder. We agreed on 67% of our initial 

coding. We discussed each disagreement to come to a consensus about which logics were 

influencing each statement. Although we did not blind ourselves to the participants’ country 

affiliation, we did not link institutional statements to participant attributes and we organized the 

statements randomly when coding for logics. This reduced the likelihood of systematic errors 

based on the country of participants. Table 7 gives an example of statements coded as each 

behaviour and logic type. 
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Table 6: Descriptions of DNA barcoding behaviours as determined by each of the four 

identified ideal logic types 

 Corporation Market Profession State 

Setting the 

scope of 

barcoding 

efforts 

BOL 

administration 

assigns commons 

participants 

species to 

barcode 

Any individual 

can decide what 

species they will 

barcode  

Researchers 

decide what 

species they will 

barcode 

State agencies 

determine what 

species are 

barcoded 

Collaboration 

Setting (who is 

included and 

excluded from 

collaborations) 

BOL 

administration 

determines who 

will collaborate 

and how 

collaborations 

function 

Any individual 

can decide who 

they will 

collaborate with 

and how 

collaborations 

function 

Researchers 

decide who they 

will collaborate 

with and how 

collaborations 

function 

State agencies 

determine who 

will collaborate 

and how 

collaborations 

function 

Standard 

setting 

(creating 

commons) 

Collect 

specimens 

BOL mandates 

credentials and 

standards for 

specimen 

collection 

Any individual 

can set their own 

standards for 

specimen 

collection 

Researchers 

decide on 

credentials and 

standards for 

specimen 

collection 

State agencies 

mandate 

credentials and 

standards for 

specimen 

collection 

Store 

specimens 

BOL mandates 

standards for 

specimen storage 

Any individual 

can set their own 

standards for 

specimen storage 

Researchers 

decide standards 

for specimen 

storage 

State agencies 

mandate 

standards for 

specimen storage 

Share 

specimens 

BOL determines 

who can share 

specimens when 

Any individual 

can decide who 

they will share 

specimens with 

and when 

Researchers 

decide who can 

share specimens 

when 

State agencies 

determine who 

can share 

specimens when 

Generate data BOL 

administration 

mandates data 

quality standards 

Any individual 

can set their own 

data quality 

standards 

Researchers set 

data quality 

standards 

State agencies 

mandate data 

quality standards 

Store data BOL 

administration 

mandates data 

storage 

requirements 

Any individual 

can determine 

their own data 

storage 

requirements 

Researchers 

determine data 

storage 

requirements 

State agencies 

mandate data 

storage 

requirements 

Share data BOL 

administration 

determines who 

releases data 

when 

Any individual 

can decide when 

they release their 

data 

Researchers 

decide who 

releases data 

when 

State agencies 

determine who 

releases data 

when 
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 Corporation Market Profession State 

Access data 

(use commons) 

BOL 

administration 

determines who 

can access the 

data 

Any individual 

can decide who 

can access their 

data 

Researchers 

decide who can 

access the data 

State agencies 

determine who 

can access the 

data 
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Table 7: Examples of institutional statements shared by interviewees coded for each ideal logic type and barcoding behaviour.  

 

 Corporation Market Profession State Other 

Set scope of 

project 

iBOL Nodes should 

have a steering 

committee to guide 

the scope of the 

project 

 

Individuals 

contribute data based 

on their own agenda 

Researchers make 

barcode databases 

broad enough for 

their own projects 

Researchers collect 

the number of 

specimens that is 

required by their 

funding agency 

No examples 

Start 

collaborations 

iBOL Project 

Leaders should 

emphasize the legal 

and ethical issues 

faced by some 

countries 

participating as 

Nodes 

 

Individuals form 

contractual one-off 

arrangements to 

avoid ongoing 

responsibilities 

Researchers 

collaborate when 

projects will have 

impact or are 

novel 

State agencies should 

not allow participation 

in international 

projects when 

researchers are 

required to house their 

specimens in another 

country 

Developing country 

researchers negotiate 

collaborations when 

they seek to receive 

benefits from sharing 

specimens 

Collect 

specimens 

Individuals may use 

museum collections 

when they are bona 

fide researchers 

Any individual is 

permitted to collect a 

specimen for 

barcoding 

Researchers find 

work-arounds 

when they cannot 

fulfill specimen-

collection permit 

requirements 

Individuals should not 

ignore state laws and 

process in the 

utilization of genetic 

resources for 

commercial or non-

commercial purposes  

 

Researchers may 

collect specimens from 

foreign institutions that 

house their national 

specimens, if they 

have the time and 

resources to do so 
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 Corporation Market Profession State Other 

Share 

Specimens 

Repositories should 

backup duplicates of 

materials by sharing 

with other 

repositories  

Individuals share 

samples with project 

collaborators for the 

purpose of joint 

publication1 

Researchers share 

specimens when 

they meet at 

conferences 

Researchers share 

specimens in 

accordance with State 

laws and process, 

including export 

permitting. 

Researchers from 

countries concerned 

about sharing whole 

specimens may instead 

send the amplified 

PCR product of the 

barcode region for 

sequencing 

 

Store 

specimens 

Repositories store 

DNA extracts for 

quality control 

purposes only, when 

the materials were 

sent to them for 

barcoding 

Customers paying 

for DNA barcoding 

services may choose 

to not store their 

specimens 

 

Researchers store 

DNA materials 

when the quality 

is good. 

Institutions should not 

store specimens 

outside the country 

when it is in their 

national interest to 

house them  

domestically 

 

Developed nation 

institutions should not 

be the default location 

to store specimens for 

developing nations 

Generate data Database managers 

enforce data 

generation standards 

through pre-

submission data 

validation  

Any individual may 

contribute data to 

barcoding efforts 

Researchers 

should contribute 

data to barcoding 

efforts and 

perform quality 

control 

Researchers may 

generate barcode 

sequences from their 

specimens when the 

have the proper 

permits to access 

genetic information 

 

 

Researchers who are 

not allowed to export 

materials can access 

training programs to 

develop in-country 

barcodes2 

                                                 

1Coded as market and profession 

2 Coded as state and other 
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 Corporation Market Profession State Other 

Share data Researchers must 

agree to release 

sequence data to 

GenBank when they 

are part of the iBOL 

project 

Individuals use open 

access databases 

when they want to 

allow scrutiny 

Researchers 

release data after 

publication in a 

scientific journal 

Researchers release 

data to the public 

domain when 

government funders 

require it 

Researchers do not 

release data when the 

species is medicinal 

Store data Barcode sequencers 

put barcodes into 

BOLD 

Individuals should 

store their data 

where it can be 

retrieved easily at 

any time by anyone 

Researchers store 

their own data 

and materials to 

have ownership 

over their 

research direction 

Countries develop 

mirror sites to store all 

data domestically3 

Researchers create a 

mirror site in their own 

country when people 

do not want their data 

on foreign servers 

only4 

Access data Database managers 

should not release 

specimen location 

coordinates 

Individuals 

accessing public 

databases should use 

discretion when the 

information may not 

be validated 

Professionals 

should have 

access to data 

Everyone should have 

access to data 

Database managers 

should provide levels 

of access to data, 

highest levels going to 

those who respect the 

rules 

                                                 

3 Coded as state and other 

4 Coded as state and other 
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I classified interviewees based on the location of their main work affiliation at the time of 

the interview, and placed them into two groups: Like-Minded Mega Diverse countries (LMMC) 

and non-LMMC. LMMC is a group of countries established in 2002 to promote their similar 

interests in protecting biodiversity (South Africa Department of Environmental Affairs, 2016). 

The LMMC group included China, Colombia, Ghana, India, Indonesia, Kenya, Mexico, and 

South Africa, and the non-LMMC group included Australia, Canada, New Zealand, United 

Kingdom, and the US. Despite not being a member of the official LMMC group, I included 

Ghana in the LMMC group because, as a lower income country in Africa, it more closely aligns 

with countries like Kenya and South Africa than Australia and the USA.  

I used SPSS v. 19 to calculate odds ratios (ORs) and 95% confidence intervals (CI) as 

measures of association between the institutional statements that non-LMMC interviewees stated 

and LMMC interviewees. I described the number of logics influencing BOL organization 

documents using proportion estimates. 

I also conducted an in-depth thematic analysis of statements influenced by “other” logics. 

After selecting each section of transcript that we coded as “other”, I identified explicit themes in 

the text. I linked the text with a description of the theme, and grouped similar themes together. I 

then separated the text into interviewee categories (LMMC and non-LMMC) to identify 

dominant themes within each category.  

Results 

My analysis revealed the type and distribution of institutional logics that influenced the 

institutional statements. Overall, the types of logics represented in statements varied depending 

on the source of the statement, and the DNA barcoding behaviour to which the statement referred 

(Table 8). Here, I detail the institutional statements and logics, describing organizational 

documents first followed by interview transcripts. 

Institutional Statements in BOL organization documents 

I identified 64 institutional statements in the twelve BOL documents (Table 8). Most 

statements were Norms (44) or Strategies (19). I identified only one Rule statement in the 

documents. The statements focused on behaviours related to building the commons (Figure 8), 
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including 21 statements about storing data, 15 statements about sharing data, and 12 statements 

about sharing specimens.  

 

Figure 8. Logic types represented in institutional statements for each barcoding behaviour. 

Numbers indicate the total number of statements. Note that more than one logic type could 

influence each statement. As a result, the sum of logic types across behaviour type could be more 

than the number of total statements. 

The most common logics that influenced institutional statements were profession (n=40) 

and corporation (n=37). The profession logic was a prominent influence on statements about 

sharing specimens, and generating and storing data (Table 8). The corporation logic most 

prominently influenced statements about the scope of projects, and data generating and sharing. 

The state logic had little influence on the institutional statements in organizational documents, 

except for specimen collection.  
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Table 8: Frequency of institutional logics influencing institutional statements by barcoding 

behaviour and statement source. 

Statement influenced by: Corporation Market Profession State Other 

  
Statement 
source* 

n  n % n  %  n % n  % n  % 

Setting the 
scope of 
projects 

non-LMMC 6 4 67% 0 0% 0 0% 2 33% 0 0% 

LMMC 8 1 13% 1 13% 7 88% 2 25% 0 0% 

Documents 5 5 100% 0 0% 0 0% 1 20% 0 0% 

Starting 
collaborations 

non-LMMC 18 1 6% 9 50% 16 89% 3 17% 2 11% 

LMMC 21 2 10% 4 19% 18 86% 1 5% 4 19% 

Documents 2 1 50% 0 0% 1 50% 0 0% 0 0% 

Collecting 
specimens 

non-LMMC 12 1 8% 2 17% 5 42% 5 42% 1 8% 

LMMC 17 2 12% 0 0% 4 24% 15 88% 1 6% 

Documents 2 0 0% 0 0% 1 50% 1 50% 0 0% 

Sharing 
specimens 

non-LMMC 21 10 48% 1 5% 9 43% 5 24% 2 10% 

LMMC 31 7 23% 1 3% 11 35% 17 55% 2 6% 

Documents 12 3 25% 1 8% 10 83% 0 0% 0 0% 

Storing 
specimens 

non-LMMC 14 3 21% 4 29% 12 86% 3 21% 0 0% 

LMMC 9 2 22% 0 0% 3 33% 3 33% 1 11% 

Documents 0 0 - 0 - 0 - 0 - 0 - 

Generating 
data 

non-LMMC 11 4 36% 2 18% 6 55% 1 9% 1 9% 

LMMC 5 1 20% 1 20% 2 40% 1 20% 0 0% 

Documents 3 1 33% 1 33% 3 100% 0 0% 0 0% 

Sharing data 

non-LMMC 35 9 26% 3 9% 14 40% 9 26% 2 6% 

LMMC 33 2 6% 2 6% 19 58% 11 33% 5 15% 

Documents 15 10 67% 1 7% 4 27% 6 40% 0 0% 

Storing data 

non-LMMC 6 2 33% 0 0% 5 83% 0 0% 0 0% 

LMMC 9 1 11% 0 0% 7 78% 2 22% 2 22% 

Documents 21 17 81% 0 0% 17 81% 2 10% 0 0% 

Accessing 
data in the 
commons 

non-LMMC 10 0 0% 5 50% 0 0% 6 60% 1 10% 

LMMC 8 0 0% 1 13% 0 0% 6 75% 1 13% 

Documents 4 0 0% 0 0% 4 100% 0 0% 0 0% 

*Statement sources include: interview transcripts from non-likeminded megadiverse country 

interviewees (non-LMMC), interview transcripts from likeminded megadiverse country 

interviewees (LMMC), and BOL organization documents (documents). 
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Institutional statements articulated by interviewees 

The 35 interviewees expressed 274 institutional statements about DNA barcoding 

behaviours. Only five statements were Rules; most were Norms (127) or Strategies (142). 

LMMC and non-LMMC interviewees expressed a similar number of institutional 

statements (141 and 133, respectively), distributed similarly across behaviours (Figure 9, Table 

9). However, there was variation in the pattern of logics that influenced the institutional 

statements given by each interviewee type (Figure 10). Compared to LMMC interviewee 

statements, non-LMMC statements had 2.3 and 3.0 times the odds of being influenced by 

corporation and market logics, respectively, and 53% of the odds of being influenced by state 

logics (Table 9).  

Table 9: Relative odds of statements types comparing interviewees from non-likeminded 

megadiverse countries to the reference group of interviewees from likeminded megadiverse 

countries.  

  OR 95% CI 

Behaviour         

Setting the scope of projects 0.79 0.27 - 2.3 

Starting Collaborations 0.89 0.45 - 1.8 

Collecting specimens 0.72 0.33 - 1.6 

Sharing specimens 0.67 0.36 - 1.2 

Storing specimens 1.7 0.72 - 4.1 

Generating data 2.5 0.83 - 7.3 

Sharing data 1.2 0.68 - 2.0 

Storing data 0.69 0.24 - 2.0 

Accessing data 1.4 0.52 - 3.5 

Logics         

Corporation 2.3 1.3 - 4.4 

Market 3.0 1.4 - 6.6 

Profession 0.97 0.60 - 1.6 

State 0.53 0.32 - 0.88 

Other 0.61 0.26 - 1.4 

    OR, odds ratio 
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Figure 9. The distribution of DNA barcoding behaviour types across articulated 

institutional statements, by interviewee status. 

 

 

Figure 10. The distribution of logic types influencing institutional statements by interviewee 

status.  

 

 

0

5

10

15

20

25

30

Se
tt

in
g 

th
e

sc
o

p
e 

o
f

p
ro

je
ct

s

St
ar

ti
n

g
C

o
lla

b
o

ra
ti

o
n

s

C
o

lle
ct

in
g

sp
ec

im
en

s

Sh
ar

in
g

sp
ec

im
en

s

St
o

ri
n

g
sp

ec
im

en
s

G
e

n
er

at
in

g 
d

at
a

Sh
ar

in
g 

d
at

a

St
o

ri
n

g 
d

at
a

A
cc

es
si

n
g 

d
at

a

%
 o

f 
In

st
it

u
ti

o
n

al
 s

ta
te

m
en

ts
LMMC (n=141)

non-LMMC (n=133)

0

10

20

30

40

50

60

Corporation Market Profession State Other

%
 in

st
it

u
ti

o
n

al
 s

ta
te

m
en

ts

LMMC (n=141)

non-LMMC (n=133)



105 

 

Next, I examined each of the barcoding behaviours separately to provide an in-depth 

depiction of the logics underlying the institutional statements.   

Setting the scope of DNA barcoding activities 

Only 14 statements were about scope setting behaviours. Different logics influenced the 8 

LMMC statements and the 6 non-LMMC interviewee statements. Corporation (4) and state (2) 

logics influenced non-LMMC, expressed as fulfilling iBOL project targets for barcoding and 

undertaking projects that create public good. The profession logic most frequently (7) influenced 

LMMC statements about scope-setting statements, citing considerations such as academic 

interests and project feasibility. 

Collaborating for DNA barcode projects 

LMMC and non-LMMC statements about collaborations were largely influenced by the 

profession logic (21 and 18 statements, respectively), with frequent referrals to the professional 

benefits that could be gained through collaborations with some overlap with non-professional 

personal considerations like relationships, personalities, and trust (Figure 11). Non-LMMC 

interviewee statements had 3.4 times the odds (Table 10) of being influenced by the market logic 

(e.g. Researchers collaborate when they like the person). 

  

Figure 11. The distribution of logic types influencing institutional statements about 

collaboration behaviours for barcode projects, by interviewee status.  
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Collecting, sharing, and storing specimens 

Different logics influenced LMMC and non-LMMC statements on collecting, sharing, 

and storing specimens. More statements focused on specimen sharing (52) than collection (29) or 

storage (23). 

Collecting specimens  

Both interviewee groups expressed statements about collecting specimens that were 

largely influenced by the state logic (Figure 12), although non-LMMC statements had 13% of 

the odds of being influenced by the state compared to LMMC statements (Table 10). While both 

groups focused on permitting and state policies, LMMC interviewees were more specific about 

the requirement to adhere to state policies. 

 

Figure 12. The distribution of logic types influencing institutional statements about specimen 

collection behaviours, by interviewee status. 
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Table 10: Relative odds of statements pertaining to behavior types within categories of logics type comparing interviewees from 

non-likeminded megadiverse countries to the reference group of interviewees from likeminded megadiverse countries. 

 Corporation Market Profession State Other 

Behaviour OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

Setting the scope of 

projects 
14 0.94, 208    0.13 0.02, 0.78 1.5 0.15, 15 -   

Starting Collaborations 0.56 0.05, 6.7 3.4 0.81, 14 0.58 0.11, 3.0 4.0 0.38, 42 0.75 0.11, 5.1 

Collecting specimens 0.68 0.05, 8.5 -   2.3 0.47, 12 0.13 0.02, 0.86 1.5 0.08, 26 

Sharing specimens 3.1 0.94, 10 1.5 0.01, 25 1.1 0.36, 3.5 0.29 0.09, 1.0 1.5 0.20, 12 

Storing specimens 0.95 0.13, 7.2 -   7.3 1.1, 48 0.55 0.08, 3.6 -   

Generating data 2.3 0.19, 28 0.89 0.06, 13 1.8 0.21, 15 0.40 0.02, 8.1 -   

Sharing data 5.4 1.1, 27 1.5 0.23, 9.3 0.70 0.27, 1.8 0.69 0.24, 2.0 0.34 0.06, 1.9 

Storing data 4.0 0.27, 59 -   1.4 0.10, 20 -   -   

Accessing data -   7.0 0.61, 80 -   0.50 0.07, 3.8 0.78 0.04, 15 

“-“ indicates that ORs could not be calculated due to low numbers 
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Sharing specimens 

LMMC and non-LMMC statements about sharing specimens had similar odds of being 

influenced by the profession logic (Figure 13). However, non-LMMC statements had 3.1 times 

the odds of being influenced by the corporation logic, and 29% of the odds of being influenced 

by the state logic (Table 10).  

 

Figure 13. The distribution of logic types influencing institutional statements about specimen 

sharing behaviours, by interviewee status. 
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storing specimens domestically to protect national sovereignty over genetic resources.  

Generating, sharing, and storing data 

A variety of logics also influenced LMMC and non-LMMC statements about generating, 

sharing, and storing. Many more statements focused on data sharing (68) than generation (16) or 

storage (15). 

0

10

20

30

40

50

60

Corporation Market Profession State Other

%
 in

st
it

u
ti

o
n

al
 s

ta
te

m
en

ts

LMMC (n=31)

non-LMMC (n=21)



109 

 

Generating data 

Interviewees expressed few statements (16) that described behaviours related to 

generating data. There were no dominantly influential logics on LMMC statements (Table 8). 

There were 11 statements about data generation from non-LMMC interviewees, most influenced 

by profession (6) and corporation (4) logics. These statements focused on maintaining and 

improving data quality. 

Sharing data 

Institutional statements about sharing data were the most frequently identified, with 68 

statements (Table 8). The state logic influenced data sharing statements at a similar frequency for 

both LMMC and non-LMMC interviewees (Figure 14). The profession logic was the most 

common influence on LMMC statements, with interviewees emphasizing the need to make their 

own judgements about what data to share based on their needs, including the ability to make 

professional contributions (e.g., publications). Non-LMMC statements had 5.4 times the odds of 

being influenced by the corporation logic (Table 10). Interviewees often expressed this as the 

requirement to release data when using iBOL sequencing facilities to produce DNA barcodes.  

 

Figure 14. The distribution of logic types influencing institutional statements about data 

sharing behaviours, by interviewee status.  
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Accessing data in the commons 

Eight LMMC statements and ten non-LMMC statements about accessing data behaviours 

were influenced by the state logic (Table 8). LMMC statements emphasized that specific types of 

data should be accessible for the public good, such as information that would help the public 

understand biodiversity. Although the estimate is imprecise, non-LMMC interviewees had 7.0 

times the odds of being influenced by market logics (Table 10). 

Global inequities as a filtering effect on logics 

I identified 38 institutional statements that had apparent influences beyond the four logics 

I defined for my study (27 from LMMC interviewees and 11 from non-LMMC interviewees). 

Many of these statements related to historical tensions between developed and developing 

countries, and persistent inequities that have resulted. LMMC statements often related to an 

imbalance between rich and poor countries and institutions, and the historical imbalances that 

continued to affect the ability of developed countries to participate in research endeavors as 

equal partners. Interviewees mentioned: problems with accessing materials housed in foreign 

institutions, the desire to store project resources domestically (both data and specimens), an 

imbalance between capacity to participate in barcode projects, the need to protect sensitive data 

from misappropriation (especially traditional knowledge associated with genetic resources), and 

the need for all DNA barcoders to be aware of rules for access and benefits sharing of genetic 

resources. One interviewee stated:  

I think [they will not store Mexican specimens in a foreign repository] 

because the people firstly will think to develop locally. You see, they are 

angry because the server with the BOLD system is in Canada - that is 

why we are going to create a mirror in Mexico because they don’t want 

even the information to be in a server that is outside the country – 

Researcher, Mexico 

Most of the non-LMMC statements influenced by “other” logics also acknowledged 

imbalances, although much more vaguely. These statements acknowledged the need for capacity 

building in lower income countries, suggested options to ship PCR products or store specimens 

in the country of origin when concerns about shipping materials exist, and favoured negotiated 

agreements to ensure developing country participants benefitted from specimen sharing. As one 
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interviewee stated, “Institutions in the [global] north are going to have to get used to being more 

open and more careful about documenting where they got specimens from, who they lend 

specimens to, all that has to be rethought and made much more transparent and accountable” – 

Researcher, USA.  

I also noted that interviewees expressed logics differently depending on whether they 

were from LMMC or non-LMMC. The focus of state logics in particular varied depending on 

whether LMMC or non-LMMC expressed the statement. When LMMC interviewees discussed 

sharing specimens, they emphasized sovereignty over genetic resources, whereas non-LMMC 

interviewees focused on exporting and permitting. Non-LMMC interviewees emphasized the 

importance of open-access data to produce public benefits, whereas LMMC interviewees 

emphasized the need for state control of sensitive information. 

Discussion 

The DNA barcoding community is a global and heterogeneous network of individuals 

and organizations in different countries that work collectively to build and maintain 

infrastructure and resources for rapid species identification in support of biodiversity research 

and other applications. To date, organizations based in Canada and the US have led the 

international coordination of the DNA barcode commons. Various Rules, Norms and Strategies 

influence expectations for how individuals participate in the commons. These range from 

undocumented and unenforceable scientific community standards to organizational and funder 

policies to national and international laws. However, individuals participating in DNA barcoding 

do not necessarily share expectations, nor do these expectations necessarily align with the 

commons and its supporting Rules, Norms and Strategies. As efforts continue to institutionalize 

the commons with the establishment of the ISBOL, it is timely to consider which expectations 

participants share and do not share. Such understanding can inform the development of 

institutional governance, its policies, and appropriate incentives for participation. Such 

incentives should encourage contributions of resources to the commons, and distribute the risks 

and benefits in a manner that builds trust among the heterogeneous participants. 

Here I discuss the implications of heterogeneity in the DNA barcode commons; current 

gaps between rules-in-use of participants and the rules-in-form; which behaviours are 
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underpinned by shared expectations; and what types of rules could be implemented to bridge the 

gap in expectations of participants.  

Implications of heterogeneity for the DNA Barcoding Community 

The relationship I identified between logics and rules-in-use suggests that the 

heterogeneity of the DNA barcoding community contributes to governance challenges. The 

challenge arises because, like previous work has suggested (Ruttan 2006; Varughese and Ostrom 

2001; Hayo and Vollan 2012), this heterogeneous community is made of individuals with 

different expectations for what constitutes appropriate behaviour, and different ideas about which 

rules should govern behaviour. While appropriate institutional arrangements can mitigate a lack 

of shared expectations among participants (Varughese and Ostrom 2001), I also found that 

formal institutional arrangements in the community were insufficient. These statements 

identified in organizational documents were more influenced by corporation logics than the 

LMMC interviewee statements, and failed to provide consequences for incorrect actions. 

Because of its global nature, the DNA barcode commons manifests multiple forms of 

heterogeneity, including cultural, historical, geographical, technical, and financial differences. 

While studies have identified challenges resulting from many of these forms of heterogeneity 

(Lindahl 2012; Ruttan 2006; Vedeld 2000; Poteete and Ostrom 2004), wealth is one relevant 

type of heterogeneity that has been shown to be favourable in specific contexts like sustaining 

natural resource commons (Rattan 2005). Rattan hypothesized this was possible because wealthy 

actors with a stake in the resource could use their wealth to ensure the continued availability of 

the resource. Researchers categorize this sustainability as a positive outcome, regardless of how 

equitably actors used or contributed to the resource (Ruttan 2006). However, the characteristics 

of a successful knowledge commons are very different from natural resource commons, and are 

more dependent on collective action to establish the resource (Ostrom 2005a; Frischmann et al. 

2014).  

A robust DNA barcode commons relies on collective action to coordinate distribution of 

the resources needed to build the commons, which in turn is dependent on participants trusting 

that they will be able to derive equitable benefits from the created resource. Relying on collective 

action makes a knowledge commons more susceptible to problems associated with establishing 
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shared expectations. While participants from high income countries may provide the financial 

resources to develop a knowledge commons, they are unable to obligate participations from 

people in lower income countries. Stimulating this collective action requires effective rules; 

otherwise, potential contributors of DNA barcodes from lower income countries may not be able 

(or willing) to add their resources to the commons.  

In cases such as DNA barcoding in which it is difficult for participants to engage actively 

in creating effective governance (Ostrom 2005), hierarchy and “legitimate authority” can have a 

positive impact on establishing shared norms (Schweik and English 2012; Fleischman et al. 

2014). For the DNA barcoding community, the impending development of the International 

Society for the Barcode of Life (Castle et al. 2015) offers an opportunity to establish legitimate 

authority that represents the diverse interests of the community, and ensures that LMMC 

perspectives are also included in the development of an enforceable governance structure.  

Identifying appropriate institutional statements for the DNA Barcoding Community 

LMMC and non-LMMC interviewees and BOL organizational documents had a similar 

distribution of statements across behaviour types, suggesting a shared perspective about which 

behaviours require institutional arrangements. However, the logics influencing those statements 

varied across interviewees, BOL documents, and behaviour types. Institutional statements that 

reflect the expectations of commons participants are more likely to be viewed as legitimate, and 

therefore, followed (Tyler 1990). I observed the most conflicts between logics that influenced 

controversial behaviours: collecting specimens for research, sharing specimens, and sharing data. 

Establishing enforceable institutional arrangements for these behaviours should be a priority for 

the ISBOL. Based on conflicts between logics influencing BOL documents and the interviewees, 

I suggest guidelines for institutional statements for DNA barcoding in Table 11.



114 

 

Table 11: Suggested guidelines for institutional statements for DNA barcoding based on the grammar of institutions ADICO 

syntax 

Behaviour Suggestion Justification 

Setting the scope 

of activities 

Establish Aims that relate to professional 

targets as well as corporation goals 

 

LMMC interviewees were not influenced by corporation logic, 

despite participation in BOL organizations 

Collaborating Set out Conditions to limit how 

participants extract personal benefits 

from collaborations 

 

Non-LMMC interviewees were more likely to be influenced by 

market logic, indicating a potential need to mitigate the impact of 

seeking personal gain within barcoding partnerships  

Collecting 

specimens 

Conditions should be used to indicate 

Aims for collecting specimens are only 

permitted when abiding by state policies 

that apply to where the specimen is 

being collected from, or when 

individuals receive training on laws that 

govern collection 

 

Interviewees did not share expectations for collecting specimens. 

Given sensitivities with respect to specimen collection, BOL 

organizations should specify that actors are expected to abide by 

state policies, and should develop an educational course for potential 

DNA barcoders to learn about relevant laws and ABS standards  

Sharing 

specimens 

Conditions should be used to indicate 

that Aims for sharing specimens are only 

permitted when abiding by appropriate 

state policies 

 

Interviewees did not share expectations. Given the sensitivity toward 

sharing specimens, organizations need to specify that actors are 

expected to abide by state policies, and facilitate enforcing 

compliance 

Storing 

specimens 

Aims should focus on storing collections 

in the country of origin, possibly 

including Conditions under which 

storage in foreign repositories is 

permitted 

 

Interviewees shared expectations about storage for data quality, 

while the different expectations of where to locate storage facilities 

could create conflicts 

Generating data Aims should follow guidelines of 

professional organizations for barcode 

data standardization 

Interviewees were most influenced by profession logics and would 

respect standardization 
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Behaviour Suggestion Justification 

Sharing data 

 

 

Aims should emphasize the professional 

goals of increasing visibility and use of 

data, and Conditions should indicate 

which kinds of sensitive data can be 

omitted from barcode record 

requirements 

The large number of BOL organization rules about data sharing did 

not influence participants’ behaviours. Many individuals indicated 

they would feel more comfortable sharing less sensitive information.  

Storing data Aims should emphasize the professional 

requirement to maintain data quality and 

backups 

Interviewees shared expectations about storing data to maintain 

quality, but existing organizational documents were based on leaders 

of the organization enforcing their expectations on individuals who 

participate. 

Accessing data in 

the commons 

Aims should consider public access and 

efficiency, but with Conditions that 

specify when permissions to access the 

commons may be revoked 

Interviewees did not share expectations about accessing data; more 

specific institutional statements could facilitate sharing data 
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Overall, new institutional arrangements for the DNA barcode commons could calibrate 

expectations across actors. This will require explicit recognition of the lasting effects of historic 

inequities, and the implications of this history for current international partnerships. There were 

no institutional statements that took global inequities into account in any BOL documents. As 

long as participants remain influenced by inequities across countries, institutional arrangements 

need to reflect the inequities to avoid the risk that potential contributors will view the 

organization as illegitimate. Even though many aspects of a DNA barcode commons are non-

rivalrous, many of the inputs, such as research funding, are rivalrous. The ‘leveling of the 

playing field’ is not about making the outputs freely available, but about equalizing the cost at 

which contributors get equivalent benefits (Frischmann et al. 2014). 

Conclusions 

Contributions to methods 

Research on heterogeneity in communities that engage in knowledge commons has 

focused on selecting a particular source of heterogeneity, and quantifying the impact that the 

selected heterogeneous variable has on a measured outcome. Outcomes in studies of the impact 

of heterogeneity on knowledge commons are usually selected measures of the quality of the 

resource or the level of collective action (Ruttan 2008). While these methods have identified that 

heterogeneity has a measurable impact on important outcomes, they fail to illustrate how 

heterogeneity produces the outcome, or suggest how to mitigate undesired outcomes. The 

analytical framework I developed that combines the grammar of institutions and institutional 

logics helps identify where participant expectations and actions conflict with each other and with 

formal policies. This approach identified which behaviours would benefit from direct 

institutional arrangements without requiring a priori knowledge of or guesswork about which 

type of heterogeneity was salient in the knowledge commons of interest. 

While my framework does not quantify or model the impacts of heterogeneity, it is useful 

for understanding the mechanism through which heterogeneity affects a commons. Previous 

work has suggested that heterogeneity impacts collective action because of a lack of shared 

expectations and common ground (Ruttan 2006). Characterizing institutional statements using 
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logics helps pinpoint expectations of behaviours that participants do and do not share. This 

understanding can improve: 1) quantitative evaluations by providing more sophisticated inputs 

for quantitative models and 2) a community’s ability to overcome heterogeneity challenges by 

identifying behaviours that lack shared expectations and may generate conflicts. In the case of 

DNA barcoding, my approach identified which behaviours will likely require more precise 

institutional statements based on a lack of shared expectations. Individuals can create 

institutional statements to establish shared expectations that might otherwise naturally exist in a 

more homogeneous group.  

Limitations 

This study has a number of limitations. I interviewed participants over several years, and, 

therefore, responses may have been influenced by factors that changed over time. However, the 

overall structure of DNA barcoding governance did not change during the course of data 

collection. Individual behaviour might also depend on experience and length of time a participant 

has engaged in barcoding efforts, and I did not account for these potential differences between 

interviewees. I also was the only researcher who interpreted the data regarding the “other” logics. 

While it is possible that another researcher may have drawn different conclusions, my use of 

qualitative software to track my analytical decisions enables confirmability of my findings.  

Contributions to theory 

Knowledge commons 

Scholars suggest that all basic attributes of a knowledge commons, including resources, 

community, goals, and objectives, are heavily dependent on the history of the commons 

(Frischmann et al. 2014). My data supported this perspective, given actors’ explicit references to 

the negative history of genetic resource misappropriation by the biodiversity research community 

as influences on their institutional statements.  

My data also demonstrate that institutional statements reflect the heterogeneity of 

participants. While many studies of heterogeneity have focused on measuring specific impacts 

on outcome variables, my study demonstrates the utility of examining how heterogeneity broadly 

influences decisions that participants make in a commons. Studying institutional arrangements is 

appealing because, unlike many characteristics of commons, institutional statements can be 
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modified (Crawford and Ostrom 1995). While the grammar of institutions allows researchers to 

demonstrate where institutional statements are too vague or weak to be enforceable and therefore 

effective, logics analysis enables recommendations about how institutional statements could 

mitigate the negative effects of heterogeneity. 

Institutional logics 

My study demonstrated the practical utility of using ideal types of logics as an analytical 

tool, and further supports the conceptualization that multiple logics simultaneously influence the 

behaviours of individuals within organizations (Goodrick and Reay 2011). My study also makes 

one main contribution to institutional logics theory: it demonstrates how filters modify the 

impact of institutional logics, suggesting that global inequities are an important filter in 

organizations that span both high and low income countries. 

Research examining institutional logics has failed to develop robust theories for how 

overarching societal orders might change when considered in an international context. Although 

I found evidence that institutional logics are universal and found across countries and cultures, 

often showing quite similar patterns, I also found evidence that global inequities may act as a 

filtering mechanism through which logics exert influence. I identified global inequities much less 

frequently than each logic I included in my analytical framework, and global inequities never 

appeared to be a dominant influence on any behaviours. Nonetheless, I identified the theme of 

global inequities consistently throughout statements pertaining to each behaviour. I recommend 

that researchers explicitly consider global inequities as a filter mechanism in subsequent studies 

where it may have an impact, especially when researchers expect state logics to be an important 

influence.
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Chapter 4: DNA barcoding in the media: Does coverage of cool science reflect 

its social context? 

Abstract 

Paul Hebert and colleagues first described DNA barcoding in 2003, which led to 

international efforts to promote and coordinate its use. Since its inception, DNA barcoding has 

generated considerable media coverage. We analysed whether this coverage reflected both the 

scientific and social mandates of international barcoding organizations. 

We searched newspaper databases to identify 900 English-language articles from 2003-

2013. Coverage of the science of DNA barcoding was highly positive but lacked context for key 

topics. Coverage omissions pose challenges for public understanding of the science and 

applications of DNA barcoding; these included coverage of governance structures and issues 

related to the sharing of genetic resources across national borders. 

Our analysis provided insight into how barcoding communications efforts have translated 

into media coverage; more targeted communication efforts may focus media attention on 

previously omitted, but important topics. Our analysis is timely as the DNA barcoding 

community works to establish the International Society for the Barcode of Life. 

Introduction 

DNA barcoding is a taxonomic system that uses short, conserved genetic sequences of 

animals (Hebert et al. 2003), plants (Hollingsworth et al. 2009), or fungi (Schoch et al. 2012) as a 

standardized marker for identifying species. Paul Hebert and colleagues first formally described 

barcoding as a large-scale system in 2003 (Hebert et al. 2003). The Consortium for the Barcode 

of Life (CBOL) was subsequently launched in 2004 to develop DNA barcoding as a global 

standard (Consortium for the Barcode of Life 2015b), and the International Barcode of Life 

(iBOL) Project launched in 2010 to extend the coverage of the barcode reference library 

(Stoeckle and Hebert 2008). Both organizations bring together multi-sectoral, multi-national 

stakeholders to promote the uptake and use of barcoding by scientific, regulatory, and lay 

communities. Regulatory uses for barcoding include product testing for consumer protection and 

rapid identification for illegal trafficking of endangered species. IBOL, in partnership with 
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CBOL, also actively promotes the use of the system by citizen scientists, including school 

children, to understand and contribute to broader knowledge of local biodiversity (e.g.: the 

School Malaise Trap Program (Biodiversity Institute of Ontario 2013)). The DNA barcoding 

community’s mission therefore includes public outreach and communication through education 

programs and media (iBOL 2015c). As a result, both DNA barcoding and Barcoding of Life 

(BOL) initiatives have received considerable media coverage.  

While outreach communications raise the profile of the science of barcoding, such 

communications also enable public discussion of biodiversity policy, climate change, human 

impacts on biodiversity, and other societal implications of barcoding (Costa and Carvalho 2007). 

An important component of biodiversity policy is the sharing of barcoding data and the specimen 

material from which barcodes are generated; such sharing is fundamental to BOL initiatives. 

Collectively, data and materials are termed genetic resources, and sharing these resources is 

governed at the international level by the Convention on Biological Diversity (CBD) and the 

Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits 

Arising from their Utilization (Nagoya Protocol). These international laws are specifically 

implemented at the national level, especially in the biodiversity-rich countries of the Southern 

Hemisphere and Asia. But the sharing of genetic resources across national borders is 

controversial internationally, because of the fear of biopiracy, and national laws may be highly 

restrictive (Bubela and Gold 2012; Schindel et al. 2015). Biopiracy references the concerns of 

many biodiversity-rich, but research-infrastructure poor, countries that their genetic resources 

will be exploited for commercial gain without appropriate return of benefits, monetary or 

otherwise, to the country of origin.  

We analysed English-language print media coverage of DNA barcoding and BOL 

initiatives and organizations. In addition to fulfilling a key objective of the iBOL project (iBOL 

2015h), characterizing DNA barcoding media coverage is timely as the community plans the 

establishment of an International Society for the Barcode of Life (Castle et al. 2015). An analysis 

of media coverage provides scientists and administrators with insight into how their 

communications efforts are portrayed. We analysed general coverage of DNA barcoding and, 

specifically, whether media coverage reflected the breadth of the scientific and social mandates 

of BOL organizations– what is covered well, and what is omitted? 
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Methods 

We searched media databases LexisNexis, Factiva, and Canadian Newsstand for English 

language articles and limited our search to print and online newspaper coverage. These language 

and print medium constraints represent limitations of the study. However, newspapers remain a 

key tool for public outreach related to policy efforts even though non-traditional media sources 

on the Internet or television content are also important sources of news (Nisbet et al. 2002). 

Indeed, newspaper content is often online, as well as in print sources, and newspapers have an 

agenda-setting role over Internet and television content, with content mirrored in later, derivative 

media (Caulfield 2004).  

We searched publications in iBOL partner nations (iBOL 2015d) from January 2003-Dec 

2013; 2003 was the publication year of the first paper formally proposing DNA barcoding as a 

large-scale, standardized system for specimen identification (Hebert et al. 2003). We designed 

our search algorithms to capture articles with iterations of “Barcode of Life” or “DNA 

barcoding” found anywhere in the article (Appendix 5). We manually excluded duplicated 

(identical publications obtained from more than one database) but not syndicated articles 

(similar/identical articles published in more than one newspaper under one management or 

derived from a paid service subscription, such as a newswire service), and non-print articles (for 

example, newswires that were not published). We also excluded a small number of articles in 

which DNA barcoding referred to activities other than the differentiation of species using a 

standardized short DNA sequence. For example, we excluded articles in which “DNA 

barcoding” described methods used to track an individual animal from farm to market.  

We developed a priori codes (Appendix 6) for content analysis of each article based on 

descriptions of the iBOL Project and DNA barcoding from the iBOL website and other 

publications (iBOL 2015g; Hebert et al. 2003; Stoeckle and Hebert 2008), including: article 

characteristics, iBOL missions and working groups, barcoding science, and genetic resource 

sharing. A single researcher (EC) read each article and assigned it codes. We assessed the 

reliability of this data collection method by having a second researcher (JG) code a subset of the 

articles (n=183) to estimate inter-rater agreement. Our acceptable level of agreement ranged 

from 70-99% for each category used in our analysis, and the average agreement was 87% 

(Stemler 2004). 
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Additionally, for reasons of sample size, we only included articles in our comparative 

analyses that were published in the top five countries/regions by frequency. We examined 

associations between media coverage and country/regions using Pearson’s Chi Square 

(SPSSv19). The greater coverage in Canada allowed a more detailed examination of media 

coverage in that country over time. We grouped Canadian media coverage into three time 

periods: 2003-2007, during the emergence and early diffusion of DNA barcoding and prior to 

iBOL; 2008-2009, when the iBOL project was securing funding and community support to 

launch internationally; and 2010-2013, when the system and iBOL were well established (2010-

2013). We examined associations between media coverage and the three time periods using 

Pearson’s Chi Square (SPSSv19). 

Results and Discussion 

General Content of Newspaper Articles on DNA Barcoding 

Like other genetic technologies (Caulfield and Bubela 2005; Bubela et al. 2009), DNA 

barcoding has received considerable media attention, especially in Canada where the system and 

iBOL originated. Our search identified 900 unique English language articles, the majority 

published in five countries/regions: Canada (304), USA (159), United Kingdom (145), India 

(89), and Australia/New Zealand (81). The remaining 122 articles were in publications from 

China, South Africa, France, Kenya, Germany, Netherlands, and Pakistan. 

Indicative of the prominence of newspaper articles is length of the article, the type of 

article (e.g., general news item or editorial), position in the newspaper (e.g., front page), and the 

key information sources – other publications or interviewees (Bubela and Caulfield 2004). The 

articles in our set were short; they averaged 580 words (median 491) (Table 12), which is similar 

to other estimates (Pellechia 1997). The majority of articles (86%) were current news articles, 

and only 8% were in-depth investigative pieces. Some articles featured prominently within the 

publication, with 24% in the front page/general news section. The DNA barcoding system itself 

was the main focus of 16% of the articles, and was mentioned only in passing in 15% (Table 12). 

The total number of articles increased over time, with only Canada showing a distinct peak in 

number of articles in 2008/2009 (Figure 15). Studies of science journalism show that peaks in 
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media coverage tend to coincide with important events (Nisbet and Lewenstein 2002). In 

Canada, this peak coincided with the funding of iBOL by Genome Canada Funding in 2008-

2009. Similar peaks in media coverage did not occur in other countries, despite the prominence 

of other organizations like CBOL and the international reach of iBOL (Table 13).  

 

 

Figure 15. Number of newspaper articles per year for each country/region and all regions 

combined. 
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Table 12: Prevalence of variables representing the general content of newspaper articles on DNA barcoding, and comparison 

between major regions 

 All 

articles 

(n=900) 

Australia/NZ 

(n=81) 

Canada 

(n=304) 

India 

(n=89) 

United 

Kingdom 

(n=145) 

USA 

(n=159) 

Other 

regions 

(n=122) 

Chi-

square*  

(p value) 

Average page length (words) 580 499 582 436 580 785 470 n/a 

 n % n % n % n % n % n % n %  

Front Page/general news section 215 24 15 19 109 36 1 1 38 26 30 19 22 18 51.53 (0.000) 

Article Format                

Latest news 775 86 68 84 267 88 86 97 116 80 125 79 113 93 19.44 (0.001) 

In-depth investigation 68 8 8 10 15 5 1 1 15 10 24 15 5 4 21.69 (0.000) 

Opinion piece or commentary 34 4 3 4 13 4 0 0 11 8 3 2 4 3 - 

Article Focus on DNA Barcoding                

Barcoding is main focus 143 16 19 24 46 15 9 10 33 23 25 16 11 9 9.74 (0.045) 

Barcoding mentioned in passing 133 15 18 22 24 8 25 28 30 21 25 16 11 9 29.68 (0.000) 

Research publication mentioned 205 23 10 12 68 22 7 8 18 12 42 26 60 49 21.76 (0.000) 

Any regulatory agencies and 

government departments 

116 13 7 9 63 21 4 5 13 9 27 17 2 2 23.08 (0.000) 

Food and drug agency† 93 80 3 43 58 92 1 25 10 77 20 74 1 1 - 

Environmental protection or agricultural 

agency† 

33 28 2 29 14 22 3 75 6 46 8 30 0 0 - 

Sources cited in article                

Scientists 629 70 58 72 254 84 44 49 104 72 115 72 54 44 43.09 (0.000) 

Government representative 60 7 8 10 24 8 7 8 13 9 5 3 3 3 5.63 (0.229) 

Industry 38 4 2 3 15 5 3 3 3 2 14 9 1 1 9.40 (0.052) 

Environmental group 21 2 0 0 9 3 0 0 2 1 9 6 1 1 - 

*Chi-square is the result of comparing the five major regions: Australia/New Zealand, Canada, India, United Kingdom, and United States of 

America 

† Proportions of types of regulatory agencies and government departments are calculated out of articles with any mentioned 
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Table 13: The frequency of barcoding and BOL categories in Canadian newspaper coverage 

over three time periods. 
 2003-2007 

(n=78) 

2008-2009 

(n=117) 

2010-2013 

(n=109) 

Chi-square 

(p value) 

 n %  n %  n %  

Building the reference library 59 76  34 29  45 41 42.13 (0.000) 

Methods or evaluating barcoding 5 6 9 8 6 6 0.44 (0.801) 

Frame         

Science description or celebration 74 95 80 68 73 67 22.70 (0.000) 

Public accountability 0 0 12 10 14 13 10.30 (0.006) 

Scientific reference 27 35 23 20 18 17 9.38 (0.009) 

Barcoding not explained 54 69 95 81 79 73 4.20 (0.379) 

Main theme is basic science  61 78 42 36 38 35 42.75 (0.000) 

Main theme is barcoding applications 1 1 49 42 31 28 39.75 (0.000) 

Barcoding theme in body of article        

Basic Science 75 96 57 49 57 52 51.83 (0.000) 

Monitoring invasive species 14 18 20 17 18 17 0.07 (0.968) 

Food systems 13 17 73 62 50 46 39.67 (0.000) 

Bioconservation 28 36 33 28 31 28 1.58 (0.454) 

Forensics 3 4 16 14 7 6 6.77 (0.034) 

Import/Export Monitoring 5 6 17 15 18 17 4.38 (0.112) 

Medically relevant species monitoring 11 14 12 10 14 13 0.72 (0.698) 

Citizen engagement 0 0 29 25 4 4 38.78 (0.000) 

Any application of barcoding* 35 45 98 84 79 73 34.14 (0.000) 

Regulatory agencies and government 

bodies 

9 12 35 30 19 17 10.74 (0.005) 

Type of agency (n=63)        

Food and Drug† 8 89 33 94 17 90 0.54 (0.765) 

Agriculture or Environment† 2 22 10 29 2 11 2.32 (0.313) 

Sources cited in article        

Scientists 63 81 104 89 87 80 3.97 (0.137) 

Government representative 2 3 10 9 12 11 4.57 (0.102) 

Industry 0 0 4 3 11 10 - 

Environmental group 0 0 7 6 2 2 - 

Partnerships mentioned 13 17 49 42 33 30 13.92 (0.001) 

Vague reference to teams (n=95) 9 69 40 82 14 42 13.63 (0.001) 

BOL organizations 2 3 18 15 23 21 13.11 (0.001) 

Project funding sources mentioned 18 23 29 25 23 21 0.43 (0.806) 

*Themes combined to create these variables include monitoring invasive species, food systems, 

bioconservation, forensics, import/export monitoring, and medically relevant species.  

† Proportions of types of agencies are calculated out of articles with any agency mentioned 

 

In keeping with the focus of newspaper articles on the science of barcoding, scientists 

were cited as sources or directly quoted in most articles (up to 84% in Canada, but as low as 49% 

in India) (Table 12). Media articles on science often reference research publications (Caulfield 
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and Bubela 2005), and we observed this most commonly in the USA (26%) and Canada (22%), 

possibly because researchers in these countries published many of the early publications that 

promoted and defended barcoding (Hebert et al. 2003; Stoeckle and Hebert 2008; Schindel and 

Miller 2005; Hebert and Gregory 2005; Miller 2007). Regulatory agencies and government 

departments were mentioned most frequently in Canada (21%) and the USA (17%) (Table 12). 

Of the articles mentioning regulatory agencies or government departments, 80% referenced food 

and drug regulators. Despite bioconservation being an important goal of DNA barcoding efforts, 

environmental protection or agricultural agencies were referred to much less frequently than food 

agencies, representing only 28% of agencies mentioned. Few articles (7%) included quotes or 

source information directly from government representatives, and even fewer quoted or sourced 

anyone from industry (4%) or environmental groups (2%) (Table 12). 

Themes covered in newspaper articles: Basic science versus application? 

Each article may have more than one theme, but the “main” theme or topic corresponds 

to that encountered in the first paragraphs of the article where reader attention is concentrated 

(Tewksbury and Althaus 2000). Not surprisingly, given the search strategy, the main theme in 

64% of articles was explicitly related to DNA barcoding (Table 14). Canadian articles showcased 

DNA barcoding as the main theme the most frequently, which was also not surprising because of 

the prominence of Canadian researchers in the DNA barcoding community. The most common 

DNA barcoding themes were descriptions of the basic science underpinning the barcoding 

system and its taxonomic applications (Table 14), followed by other applications of DNA 

barcoding.  

Applications of DNA barcoding co-occurred in most articles as a theme with the basic 

science of DNA barcoding, although the latter was the main theme in more articles (Table 14). 

The most common applications appearing as the main theme were related to food systems (Table 

14). While not a common main theme, bioconservation applications were frequently mentioned, 

most commonly in mega-diverse Australia and highly endemic New Zealand (Table 14).  

Canadian coverage of the basic science of DNA barcoding decreased over time, from the 

main theme in 78% of articles in 2003-2007 to 35-36% in 2008-2013 (Table 13). Mentions of 

basic science also decreased from 96% of articles in 2003-2007 to only 49-52% in later time 
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periods (Table 13), while mentions of barcoding applications rose from 45% of articles to 73-

84% (Table 13). Food system applications were found frequently in later years as well, included 

in 62% of articles in 2008-2009. These patterns mirror trends in scientific reporting at major 

barcoding conferences, notably an increase in presentations on the socio-economic applications 

of DNA barcoding in later years (Adamowicz 2015). Other barcoding application themes such as 

bioconservation, invasive species monitoring, and forensic applications did not change over time 

(Table 13). The rise in coverage of food system applications is likely due to the number of 

scientific publications on the utility of DNA barcoding for monitoring seafood labeling fraud 

(Barbuto et al. 2010; Wong and Hanner 2008), illegal bushmeat sales (Eaton et al. 2009; Dalton 

and Kotze 2011), and the general appeal of such projects to the public.  

The theme of citizen engagement was one of the least common themes, represented in 

only five percent of total articles. Most of these articles were from Canada and the USA, with an  
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Table 14: Proportions of articles with various themes in newspaper articles 
 All 

articles 

(n=900) 

Australia/NZ 

(n=81) 

Canada 

(n=304) 

India 

(n=89) 

United 

Kingdom 

(n=145) 

USA 

(n=159) 

Other 

regions 

(n=122) 

Chi-

square*  

(p value) 

 n %  n %  n %  n % n % n % n %   

Main theme anything related to barcoding 573 64 48 59 227 75 38 43 81 56 88 55 91 75 40.34 (0.000) 

Basic science 370 41 31 38 141 46 29 33 51 35 54 34 64 53 11.04 (0.026) 

BOL-project 17 2 2 3 5 2 1 1 3 2 1 1 5 4 1.72 (0.787) 

Monitoring invasive species 9 1 3 4 2 1 0 0 0 0 0 0 4 3 - 

Food systems 114 13 7 9 65 21 1 1 15 10 22 14 4 3 29.30 (0.000) 

Bioconservation 13 1 2 3 3 1 1 1 2 1 2 1 3 3 - 

Forensics 9 1 2 3 1 0 0 0 2 1 1 1 3 3 - 

Import/Export monitoring 3 0 0 0 0 0 0 0 0 0 1 1 2 2 - 

Medically relevant species 31 3 1 1 9 3 1 1 8 6 6 4 6 5 - 

Citizen engagement 16 2 0 0 8 3 0 0 3 2 5 3 0 0 - 

Any application of barcoding† 186 21 15 19 81 27 8 9 27 19 33 21 22 18 14.34 (0.006) 

Themes mentioned anywhere in article‡                

Basic science 590 66 60 74 189 62 64 72 96 66 98 62 83 68 6.76 (0.149) 

BOL-project 95 11 11 14 43 14 3 3 13 9 5 3 20 16 20.32 (0.000) 

Monitoring invasive species 84 9 6 7 52 17 4 5 8 6 4 3 10 8 35.12 (0.000) 

Food systems 264 29 22 27 136 45 9 10 34 23 53 33 10 8 47.48 (0.000) 

Bioconservation 301 33 40 49 92 30 27 30 51 35 54 34 37 30 11.06 (0.026) 

Forensics 93 10 12 15 26 9 4 5 24 17 9 6 18 15 16.45 (0.002) 

Import/Export monitoring 115 13 13 16 40 13 6 7 20 14 17 11 19 16 4.48 (0.345) 

Medically relevant species 130 14 12 15 37 12 10 11 24 17 23 15 24 20 2.23 (0.694) 

Citizen engagement 49 5 0 0 33 11 0 0 3 2 13 8 0 0 27.47 (0.000) 

Any application of barcoding† 588 65 66 82 212 70 43 48 92 63 112 70 63 52 24.55 (0.000) 

*Chi-square is the result of comparing the five major regions: Australia/New Zealand, Canada, India, United Kingdom, and United States of 

America. A dash indicates that expected values are too low to calculate. 

†Themes combined to create these variables include monitoring invasive species, food systems, bioconservation, forensics, import/export 

monitoring, and medically relevant species. 

‡Coding is not mutually exclusive, and one article may have contained multiple DNA-barcoding related themes 
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additional two articles from the UK, and most of the Canadian articles were published 2008-

2009.  

The pattern of coverage in Canada (Table 13) could be a result of specific outreach 

efforts by iBOL project leaders. Earlier efforts likely focused on promoting the science of DNA 

barcoding at a time when the proponents were attempting to elicit support for the science. Once 

the scientific premise was more generally accepted (Frézal and Leblois 2008), media outreach 

shifted to promoting real-world applications of DNA barcoding in an effort to attract the 

attention of potential users of the system and more diversified sources of funding.  

Framing 

Media analyses focus not only on the quantity, article type, and prominence/placement of 

coverage, but also on the framing of that coverage (Gamson and Modigliani 1989). Frames can 

influence how issues are perceived and understood (Kahlor and Stout 2009). They represent 

interpretive schema to help make sense of and discuss an issue and are used by journalists to 

condense complex content into appealing news reports (Scheufele 1999; Nisbet and Scheufele 

2007). Frames examined by other media studies of genetic technologies include: a general 

description of a scientific topic, celebration of progress in the context of human 

research/ingenuity; controversy; risks; economic prospects; public accountability; and human 

interest (Bubela and Caulfield 2004; Nisbet 2009a). Genetic research, especially that with benign 

or medical applications, is commonly framed as a celebration of progress (Bubela and Caulfield 

2004). Similarly for DNA barcoding, we found that the majority of articles (87%) were either 

neutral descriptions of the science or framed as a celebration of scientific progress (Table 15). 

This result highlights that the majority of articles were news items rather than investigative 

journalism, and focused on the science of barcoding. 
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Table 15: Prevalence of frames used in newspaper coverage of DNA barcoding 
 All 

articles 

(n=900) 

Australia/NZ 

(n=81) 

Canada 

(n=304) 

India 

(n=89) 

United 

Kingdom 

(n=145) 

USA 

(n=159) 

Other 

regions 

(n=122) 

Chi-

square*  

(p 

value) 

 n %  n %  n %  n % n % n % n %   

Description of 

science or 

celebration of 

progress 

781 87 76 94 227 75 87 98 136 94 139 87 116 95 

52.51 

(0.000) 

Controversy 
5 1 0 0 4 1 0 0 0 0 1 1 0 0 - 

Risks 
64 7 5 6 40 13 1 1 3 2 13 8 2 2 

24.10 

(0.000) 

Public 

Accountability 30 3 0 0 26 9 0 0 3 2 1 1 0 0 
30.62 

(0.000) 

*Chi-square is the result of comparing the five major regions: Australia/New Zealand, Canada, India, 

United Kingdom, and United States of America. A dash indicates that expected values are too low to 

calculate. 

In Canada, early articles framed barcoding as a positive scientific advance (95%) (Table 

13). This framing largely continued into later periods, but 12-14% of articles used the “public 

accountability” frame from 2008-2013. This frame represented calls for public control or 

participation, for example, coverage of a study on food mis-labeling combined with an 

explanation of how DNA barcoding could be used as a regulatory/consumer protection tool to 

address the problem. This shift in Canadian media frames coincided with an increase of coverage 

of regulatory applications for barcoding, which followed an evaluation of DNA barcoding by the 

United States Food and Drug Administration (FDA). The evaluation determined that barcodes 

were a suitable marker with broad practical applications. Applications included the FDA 

Regulatory Fish Encyclopedia used to identify species substitution; substitution can result in 

adverse health outcomes and economic fraud (Yancy et al. 2008). 

In the political arena, the most common framing by media is controversy (Nisbet 2009a). 

In the realm of science, this framing is apparent when science and politics converge, for example 

in the coverage of climate change (Nisbet and Mooney 2007; Nisbet 2009b), agricultural 

biotechnology (Nisbet and Huge 2006), and human embryonic stem cell research (Nisbet and 

Goidel 2007; Nisbet et al. 2003). Given that barcoding raises elements of social controversy in 

the context of utilization of genetic resources, it is surprising that only five articles were so 

framed. While controversial issues over the utilization of genetic resources are far less prevalent 
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in developed countries, and lack of such framing reflects the prevalence of English-language, 

developed country articles in our sample, none of the 206 articles from middle income or 

developing countries referenced either the CBD or the Nagoya Protocol.  

Controversy in science coverage may also arise in the context of controversy over the 

science itself. For example, media coverage of climate science is often criticized for over-

representing a small amount of dissent in the scientific community (Boykoff and Boykoff 2007). 

In contrast, the media has so far ignored debates about DNA barcoding in the scientific literature 

(e.g., (Ebach and Holdrege 2005; Dupuis et al. 2012; Will and Rubinoff 2004)). The cytochrome 

C oxidase I mitochondrial gene region was the first barcode region described, chosen as a 

standardized marker for animals because of increased phylogenetic signal relative to other 

mitochondrial genes, reduced problems of frame-shifting as caused by insertions and deletions in 

ribosomal genes, and the ability to use robust universal primers (making high-throughput 

analyses feasible) (Hebert et al. 2003). However, opposing taxonomists were concerned that 

focusing on fast identifications using a single mitochondrial gene would divert funds from 

traditional taxonomy (Ebach and Holdrege 2005), overly simplify and incorrectly characterize 

the complex relationship between genes and species (Dupuis et al. 2012), and result in incorrect 

species identifications (Will and Rubinoff 2004). These debates were not reflected in the media 

coverage beyond a few opinion articles and letters-to-the-editor submitted by the opposing 

scientists themselves (Table 12). 

What the media miss: Errors of omission versus commission 

Studies on media reporting of genetics research report few errors of commission (Bubela 

et al. 2009) – where facts are reported, they are generally accurate, especially when articles 

report on a scientific publication. However, errors of omission – what is not reported– are 

common (Caulfield and Bubela 2005). The public engagement mandate of iBOL provided the 

organisation with funding and infrastructure for media outreach. The main goal of these outreach 

and engagement activities was to inform about the science of DNA barcoding, facets of which 

were discussed in most articles. Articles from Australia/New Zealand and India were most likely 

to include the theme of barcoding science (74% and 72%, respectively, Table 10). Conversely, 

very few articles (7%) explained basics of the process of barcoding, information that is needed to 
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understand the legal and social issues relevant to barcoding (Table 16). This is surprising given 

the high percentage of articles that cited or quoted barcoding researchers.  

Another issue largely omitted from coverage was the core mission of iBOL to add 

500,000 species to a publicly accessible reference database by 2015. Only 53% of articles 

mentioned adding barcoding data to the reference database, and only 12% of articles detailed the 

specifics of the goal (Table 16). Only 45% of Canadian articles mentioned adding barcodes to 

the reference database (Table 16), even though the database, Barcode of Life Data Systems 

BOLD (Ratnasingham and Hebert 2007), is housed at the University of Guelph (Biodiversity 

Institute of Ontario 2012). 
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Table 16: Prevalence of important DNA barcoding topics that were largely omitted from media coverage 
 All 

articles 

(n=900) 

Australia/NZ 

(n=81) 

Canada 

(n=304) 

India 

(n=89) 

United 

Kingdom 

(n=145) 

USA 

(n=159) 

Other 

regions 

(n=122) 

Chi-square*  

(p value) 

 n % n % n %  n % n % n % n %  

Scientific process of DNA barcoding                23.46 (0.003) 

Not described at all 691 77 58 72 228 75 77 87 124 86 112 70 92 75  

Explained briefly 148 16 17 21 55 18 11 12 9 6 35 22 21 17  

Explained fully† 61 7 6 7 21 7 1 1 12 8 12 8 9 7  

Adding barcodes to reference library                

Specifics of iBOL core mission 

included 

105 12 8 10 36 12 9 10 25 17 16 10 11 9 4.96 (0.292) 

Non-specific mention of adding 

barcodes 

478 53 54 67 138 45 56 63 94 65 68 43 68 56 31.43 (0.000) 

Any funding sources mentioned 152 17 13 16 70 23 21 24 12 8 26 16 10 8 16.67 (0.002) 

Governments‡ 50 33 2 15 29 41 12 57 4 33 3 12 0 0 14.26 (0.007) 

National Science agencies‡ 16 11 0 0 11 16 1 5 1 8 1 4 2 0 5.83 (0.213) 

Private foundations‡ 26 17 1 8 8 11 1 5 2 17 14 54 0 0 27.75 (0.000) 

Partnerships mentioned 263 29 20 25 95 31 17 19 51 35 43 27 37 30 8.68 (0.70) 

Vague reference to teams§ 160 61 12 60 63 66 9 53 29 57 26 60 21 57 1.96 (0.743) 

Specific partnerships between 

developed countries§ 

59 22 4 20 22 23 2 12 19 37 9 21 3 8 6.52 (0.163) 

Specific partnerships between 

developing and developed countries§ 

13 5 0 0 0 0 2 12 3 6 1 2 7 19 - 

Partnerships between or led by 

developing countries 

17 7 0 0 0 0 4 24 2 4 1 2 10 27 - 

Sample locations different from 

media source locations|| 
169 36 11 22 61 39 6 17 28 41 34 40 29 38 11.71 (0.020) 

Commercial utilization of genetic 

resources 

3 0 0 0 1 0 0 0 0 0 0 0 2 2 - 

CBD or Nagoya mentioned 1 0 0 0 0 0 0 0 0 0 1 0 0 0 - 

*Chi-square is the result of comparing the five major regions: Australia/New Zealand, Canada, India, United Kingdom, and United States of 

America. A dash indicates that expected values are too low to calculate. 
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†Articles were coded as “explained barcoding fully” if they included that barcodes were short, standardized gene regions that must be compared to 

a reference database of known species 

‡Proportions of types of funders are calculated out of articles with any funder mentioned 

§Proportions of types of partnerships are calculated out of articles with any partnerships mentioned 

|| Calculated from articles with both locations of sample collections and media sources (n=471) 
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Large-scale, international research initiatives, such as CBOL and iBOL, require equally 

ambitious funding commitments. However, a minority of articles mentioned or discussed 

funding sources (Table 16). Of the articles that included funding sources, the most frequent 

reference was to unspecified government sources, common in Canada and India. National 

science funding agencies, such as Genome Canada, were rarely mentioned despite their 

substantial financial contributions. Funding from private organizations (e.g., Alfred P. Sloan 

Foundation) was the most common type of funding mentioned in the USA. Omission of funding 

sources is common across media reporting of science, and is frequently recommended to 

improve coverage in light of assessment of credibility of research and potential conflicts of 

interest (Cook et al. 2007; McComas and Simone 2003). 

Omissions also occurred in newspaper coverage of the social mandates of barcoding. 

Despite the emphasis of the iBOL website on its partnerships (iBOL 2015a), these were only 

mentioned in 29% of articles (263 articles). Of these 263 articles, 61% made vague references to 

teams, 22% mentioned specific partnerships between partners in developed countries in the 

Northern Hemisphere, and only 5% mentioned partnerships between researchers or research 

institutions in developed and developing countries (Table 16). A further 7% mentioned 

partnerships solely between researchers in developing countries, or led by a developing country 

partner. The omission is surprising because research institutions in Canada, the USA, and the UK 

are intended to function within iBOL as central nodes, providing support to other countries with 

less scientific capacity (iBOL 2015d).  

Canadian funders, in particular, require partnerships with biodiverse, developing 

countries to meet the species targets for the reference library, although none of the Canadian 

articles in our dataset described such partnerships (Table 16). In Canada, partnerships and teams 

were more frequently mentioned in years when barcoding proponents were applying to Genome 

Canada as part of the International Consortium Initiative, for which iBOL was funded in 2009 

(Table 13). However, partnerships between developed countries were only detailed in 23% of 

Canadian articles that mentioned partnerships (Table 16). 

Major DNA barcoding initiatives like CBOL, iBOL, and BOL sub-projects (such as 

PolarBOL), were the main theme in only 2% of articles (Table 14). These initiatives were also 

mentioned in a minority of articles (Table 14) – 14% in Canada and Australia/NZ, 9% in the UK 
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(9%), and 3% in both USA and India. Canadian articles had the most coverage of BOL projects, 

with the highest frequency of coverage coinciding with the official launch of iBOL in 2010 

(21%). Although iBOL itself is a Canadian initiative, other major BOL projects are based in 

other countries. CBOL is based in the USA and led many of the early DNA barcoding initiatives 

(Consortium for the Barcode of Life 2015b). Yet, only one of the USA articles had a BOL 

project as a main theme, and BOL projects were mentioned in only five additional articles (Table 

14). 

Political/Social Context of DNA Barcoding and Genetic Resources 

 DNA barcoding, developed a decade after the CBD entered into force, has both the 

potential to help achieve the objectives of the CBD and to run counter to its premise of national 

sovereignty over genetic resources. The core objective of the CBD is the conservation of 

biological diversity, and DNA barcoding is a useful system to document and monitor 

biodiversity (Hebert et al. 2003). However, the process of generating the barcode library often 

requires genetic resources to traverse national borders, because many countries lack the 

infrastructure to generate DNA barcodes. The large-scale barcoding initiatives require barcode 

sequences to be placed in the public domain, along with meta-data that describes the sample 

(including its collection site) and the storage of a reference specimen. While the DNA barcode 

itself represents a short sequence with minimal utility beyond species identification, the 

reference specimen and/or material from which the DNA barcode is extracted represents the 

entire genome of the specimen. This raises concerns over the potential for the misappropriation 

(use other than for barcoding) of genetic resources, in other words, biopiracy (Schindel et al. 

2015). The issue is even more contentious when the specimens originate in areas inhabited by 

indigenous peoples, even when the resources are accessed by domestic researchers (Beas-

Rodrigues 2012). Thus, like other forms of non-commercial research, DNA barcoding initiatives 

have been slowed or stopped entirely because of national laws and regulations over access to 

genetic resources, utilization of genetic resources, and the return of benefits to the country of 

origin (Vernooy et al. 2010). These legal frameworks are collectively referred to as Access and 

Benefit Sharing (ABS). 
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As part of CBOL’s main functions, the organization has advocated to the CBD for 

reduced restrictions on non-commercial science, such as DNA barcoding (Consortium for the 

Barcode of Life 2015a). Barcoding proponents have argued reduced restrictions are essential 

when the primary goal of that science promotes the main goal of the CBD – the protection of 

global biodiversity (Schindel 2010; Schindel et al. 2015). Indeed a core working group objective 

for iBOL was to develop equitable use of genetic resources in the context of DNA barcoding 

(iBOL 2015c). Despite the international prominence of debates over ABS, and the participation 

of DNA barcoding researchers and practitioners in those debates, the topic was virtually absent 

from media coverage (Table 16). Only one Canadian article mentioned commercial utilization of 

genetic resources, and only one USA article mentioned the CBD. No articles mentioned the 

Nagoya Protocol. However, our analysis did not examine coverage in non-English speaking, 

biodiversity-rich countries, where interest in the protection of national biodiversity may be 

higher.  

The lack of reporting on ABS issues appears to be limited to the sharing of benefits and 

not access to genetic resources. Many articles (169) described barcoding projects or research 

using internationally sourced genetic materials (Table 16) but did not go on to discuss the 

surrounding policy context or debate. The majority of articles in Canada and USA described 

projects that used genetic materials not collected in those countries (Figure 16). Only in Australia 

and India did a majority of articles mention genetic materials that were collected in those 

countries. The majority of Canadian articles mentioned foreign genetic resources, but later 

coverage included more domestic resources (Figure 17). The lack of coverage of genetic 

resources and ABS issues therefore represents a major gap in the coverage of the social mandate 

of DNA barcoding and its supporting organizations.  
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Figure 16. Percentage of articles that mentioned each sampling location, from articles that 

did so (n=536, 60% of 900 articles). Error bars indicate 95% confidence intervals. 

 

 

Figure 17. Percentage of articles that mentioned each sampling locations, from articles that 

did so (n=165, 54% of 304 Canadian articles). No articles mentioned sampling locations in 2003. 
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Conclusions  

The iBOL project included a core objective of media research to understand how its 

science and technology is perceived in the context of avoiding an “undernourished environment 

for wider public discussion of the project’s results” (iBOL 2015c). BOL initiatives and DNA 

barcoding have received considerable coverage in print media, and coverage continues to 

increase across regions. This continued interest in DNA barcoding and its applications offers an 

opportunity to enrich public understanding and debate over the applications of the science and its 

governance, as well as to contribute to broader understanding of issues related to biological 

diversity. 

The major gap we identified between media coverage and the mandates of BOL 

organizations was the sharing of genetic resources within international partnerships. Since such 

sharing is regulated by national legal frameworks that implement the now-in-force Nagoya 

Protocol, publics need to be made aware of the existence of these frameworks. Information is 

also needed on other regulations that restrict the collection of specimens for barcoding, including 

permitting and collections within National Parks. Such awareness is particularly important in the 

context of projects, like LifeScanner (http://www.scientificamerican.com/citizen-

science/lifescanner/), that aim to engage the public in biodiversity monitoring through specimen 

collection and barcoding. Scientists would similarly benefit from enhanced discussion and 

understanding of ABS issues, because partnership-based research, led by institutions and 

researchers in developed countries, can still be colonial in nature when partners exist in 

developing regions (Waterton et al. 2013). A lack of understanding of the history of exploitation, 

and related concerns about biopiracy, leaves international research projects vulnerable to a lack 

of cooperative goal-setting, which can hinder the development of trust (Bagshaw et al. 2007). 

Trust is essential to the establishment and maintenance of international research partnerships 

and/or consortia. 

The lack of media coverage on social and political implications of barcoding is one 

indication that discussions on these topics are not prominent within the barcoding community 

and its outreach efforts. The development of the International Society for the Barcode of Life as 

a governance organization for future DNA barcoding efforts provides the opportunity to redress 

the balance in public outreach: to reflect both barcoding’s scientific and its social mandates. 

http://www.scientificamerican.com/citizen-science/lifescanner/
http://www.scientificamerican.com/citizen-science/lifescanner/
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Future research can support this effort through examining the effectiveness of specific media 

outreach methods, such as press releases. 
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Chapter 5: Conclusions 

Summary of empirical findings 

I sought to contribute to theory and practice of governing knowledge commons through a 

case-study of the DNA barcode commons. While knowledge commons scholarship has 

increasingly accounted for the context of international research environments (Dedeurwaerdere 

2006; Dedeurwaerdere 2010b; Mishra and Bubela 2014), my research adds a perspective on how 

such commons function in a heterogeneous global research environment.  

In addressing my first research question, “How do factors identified by the Institutional 

Analysis and Development (IAD) framework influence effective governance of a global 

knowledge commons?”, I found that the factors relevant to the DNA barcoding commons created 

challenges for the collective action required for effective governance. While the DNA barcode 

commons has functioned to generate and share barcode records, the strategy to openly share data 

and materials has not yet produced a globally representative barcode resource. To achieve this 

goal, governance structures should promote an equitable distribution of burdens and benefits for 

contribution, access, and use.  

These findings relate closely to my second research question: “How does heterogeneity 

inform the rules used by actors to govern their behaviours?” I found that the rules in use were 

based on a variety of logics, with a pattern that suggested a lack of shared understanding for 

crafting rules between participants from the like-minded megadiverse countries (LMMC) and 

non-LMMC stakeholders. National laws that govern access and benefits sharing in LMMCs were 

a prominent factor in determining how researchers in LMMCs participated in DNA barcoding, 

yet these laws were sometimes disregarded by researchers and policy makers in high income 

countries, like Canada and the US, who have driven barcoding efforts. Nevertheless, my research 

points to mechanisms that could develop enforceable rules for participation in a global 

knowledge commons based on shared expectations in contexts where the heterogeneous 

participants might otherwise choose rules that drive conflicting behaviours.  

My findings from my final research question (“How are topics and issues relevant to 

governing the global DNA barcode commons presented in newspaper coverage”) provided 

insight into how the factors that inhibit collective action in the DNA barcode commons are 
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represented in public discourse, namely the print media. I concluded that critical issues, such as 

fair and equitable access and benefits sharing, were omitted from public barcoding discourse in 

countries where influential policies and guidelines are being developed. The considerable media 

coverage focused on positive aspects of barcoding science. There exists an opportunity, 

therefore, for leaders of the barcoding community to generate more awareness of the social and 

policy context of DNA barcoding activities and their conservation/regulatory goals. 

Limitations 

My research has a number of limitations. I primarily interviewed individuals with direct 

involvement in BOL organizations and efforts, and, therefore, I likely missed the perspectives of 

those who participate in DNA barcoding activities independently. I also interviewed participants 

over several years, and, therefore, responses may have been influenced by factors that changed 

over time. However, the overall structure of DNA barcoding governance did not change during 

the course of data collection. Individual behaviour might also depend on experience and length 

of time a participant has engaged in barcoding efforts, and I did not account for these potential 

differences between interviewees. My data interpretation was limited to my own perspectives, 

and it is possible that another individual might have different views. However, my use of an 

established theoretical framework reduced the reliance on my individual interpretation of data. 

In my bibliometric analysis (Chapter 2), I only examined DNA barcoding publications 

that referenced seminal papers. This method was selected for simplicity and efficiency, because 

an initial attempt to identify barcoding articles through topic-based searches yielded an 

unacceptable percentage of irrelevant articles. However, references to the seminal papers started 

leveling off in 2012. This suggests that I may have missed some later publications if they did not 

reference early work, yet were still about DNA barcoding. Also, I did not differentiate between 

articles that were either critical or positive towards DNA barcoding. 

In the second exemplar in Chapter 2, I selected a very small subset of BOLD records that 

were representative of specific topics of interest: those that had potential public health 

applications (disease-carrying mosquitos) and those that were more likely to have restrictions on 

specimen exporting (plant-based medicines). The pattern of the records I chose are likely not 

representative of other groups of DNA barcode records (such as endangered species or those 
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with limited applications beyond taxonomy and bioconservation). Finally, I had limited access to 

information about unpublished records. A larger analysis that includes more information about 

unpublished records might reveal different patterns of data and specimen sharing within the 

DNA barcode community. 

My research also has limitations inherent from my case-study approach, as I only 

examined a single global knowledge commons. I cannot estimate how generalizable the findings 

are to other global knowledge commons. However, my analytical approach and interpretations of 

my data were grounded in a well-established framework. The use of this framework adds 

transferability, as the key contextual factors that define cases within this framework are 

determined not by my work, but by the previous work of others. Other examples of knowledge 

commons that share the characteristics outlined in the IAD framework will likely find the results 

from my study applicable. 

Theoretical contributions 

Despite its limitations, my research has demonstrated the importance of distinguishing 

between international (i.e. participation simply spans multiple countries) and global (i.e. 

outcomes depend on global participation) knowledge commons when describing principles for 

effective governance. The key difference between such commons is whether or not achieving the 

goals of the commons requires participation from actors in countries that differ on relevant 

factors. Previous work on knowledge commons for research has not explicitly accounted for this 

distinction (Contreras 2014; Bubela et al. 2012; Dedeurwaerdere 2010b), although work on other 

knowledge commons has emphasized the importance of being attentive to the social organization 

of participants (Madison 2014). There are some similarities between global and international 

knowledge commons, which may have made distinguishing between them less apparent in 

previous work. For example, other work has demonstrated that researcher motivations to 

participate in commons are dominated by reputation and social identity influences in the 

scientific community (Dedeurwaerdere et al. 2016). Similar motivations that I identified were 

tempered by the negative history (colonialism and resource misappropriation, resulting in wealth 

and power inequities) of the commons, a factor that previous scholars have suggested is 

important when studying all types of knowledge commons (Frischmann et al. 2014).  
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While many previous studies of heterogeneity among actors in knowledge commons have 

focused on measuring specific impacts on quantifiable outcome variables, my research 

demonstrated the utility of examining how heterogeneity broadly influences participant 

behaviours in a commons. Studying institutional arrangements is appealing because, unlike many 

characteristics of commons, institutional statements can be modified (Crawford and Ostrom 

1995). While the grammar of institutions allows researchers to demonstrate where institutional 

statements are too vague or weak to be effective, logics analysis enables recommendations about 

how institutional statements could mitigate the negative effects of heterogeneity without needing 

to precisely define or measure it. 

My research made three contributions to institutional logics. First, it demonstrated the 

practicality of using ideal types of logics as an analytical tool. Second, it supported previous 

evidence that multiple logics simultaneously influence the behaviours of individuals within 

organizations (Goodrick and Reay 2011). Finally, it demonstrated how filters modify the impact 

of institutional logics and suggested that global inequities are an important filter in organizations 

that span high and low income countries. 

Overall, my research demonstrated the value of using multiple and mixed methods and 

theoretical perspectives to approach studying knowledge commons. My in-depth interviews 

provided rich data about individual experiences and behaviours in the commons. My quantitative 

analysis of the outcomes of the commons, however, provided an important context for 

understanding the perspectives of interviewees. Using the IAD framework provided a 

theoretically grounded foundation for understanding how the factors of a global knowledge 

commons influenced governance. However, previous research on heterogeneous commons 

governance relied on precise characterizations and modeling the effect of a single aspect of 

heterogeneity on specific quantifiable outcome variables. Incorporating institutional logics 

allowed me to study heterogeneity in my case study as a broad concept, without having to 

identify in advance the salient factors to measure. 

Summary of Recommendations for the DNA Barcoding Community  

During the 6th International Barcode of Life Conference in August 2015, barcode 

community members participated in a workshop to establish the International Society for the 
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Barcode of Life (ISBOL). The Society would “coordinate completion of the [barcode] registry, 

to facilitate the development of barcode applications and to communicate with stakeholders at all 

levels” (Castle et al. 2015). Membership was automatically granted to all registrants of the 

conference, but is open to all interested parties. A governance council to initiate ISBOL, 

comprised of the authors of the Kunming Declaration on the Promotion of DNA Barcoding and 

Biodiversity Science (Li et al. 2013) and representatives from key regions and organizations, was 

proposed as an interim measure. The council will seek feedback on proposed structure and 

governance from the broader DNA barcoding community. 

The findings of the empirical research presented in this thesis point to several 

recommendations for the new ISBOL and other BOL organizations, funding agencies that 

support DNA barcoding efforts, and individuals participating in the DNA barcoding community. 

Although there are limitations to my data and analysis, for the sake of clarity I have written my 

recommendations as definitive statements for the barcoding community to consider. Here, I 

outline those recommendations and their justifications: 

ISBOL and other BOL organizations: 

1) The Interim Council for the International Society for the Barcode of Life (ISBOL) should 

ensure that (a) the governing body of ISBOL is representative of the diversity of the 

barcoding community; and (b) mechanisms are put in place to solicit input for policy 

development that is also representative of the diversity of the barcoding community. 

Justification 1: Perspectives that represent the diversity of the DNA barcoding 

community have not been adequately accounted for in the governance of BOL 

organisations, an inadequacy that impedes the development of effective rules, 

norms and strategies. 

2) The Interim Council for ISBOL should not require barcoding project funding as a 

prerequisite for individuals to participate in DNA barcoding governance. 

Justification 2: Requiring funding commitments precludes the participation of 

individuals who may only be able to contribute non-financial but nevertheless 

valuable resources (e.g., collected samples) to barcoding efforts.  
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3) BOL organizations should a) develop governance documents that explicitly consider and 

comply with the legal and policy frameworks of global sharing and utilization of genetic 

resources, including the Convention on Biological Diversity and the Nagoya Protocol; 

and b) promulgate educational materials for the community on the legal and policy 

context of DNA barcoding activities to enhance understanding and compliance. 

Justification 3: Current barcoding governance documents have not adequately 

referenced international legal instruments or national laws, nor have the rules 

expressed in these documents reflected the intent of these laws. Furthermore, the 

diversity among barcoding participants in the application of laws that govern 

genetic resources may lead to conflict between participants due to a lack of shared 

expectations about access, utilization and equitable distribution of benefits. 

Improved compliance with the legal framework for genetic resources would allay 

concerns of LMMC participants, in particular, and facilitate their participation in 

barcoding efforts. Enhanced education about the legal framework would help 

researchers understand why it is necessary to govern barcoding activities in a 

manner that respects LMMC concerns about access to and utilization of genetic 

resources.  

4) BOL organizations should implement barcode database access and use requirements that 

a) encourage the community to contribute to and use barcoding databases while 

respecting community concerns, such as restricted access to sensitive data, a reasonable 

embargo period to enable publication, and acknowledging the originators of the data; and 

b) restrict data access to non-commercial use.  

Justification 4: Researchers are concerned with unrestricted access to and use of 

their data. At a minimum, members of the barcoding community expressed a 

desire for restrictions that protect sensitive data, a reasonable embargo period to 

enable first publication, and acknowledgement of the contributor of the data. It is 

common for open access databases to impose such conditions of use to encourage 

community participation. Additionally, unrestricted use allows data to be used in 

ways that may preclude barcoders from accessing genetic resources under 
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“simplified measures for non-commercial research” under the CBD, and Nagoya 

Protocol, and national laws. 

5) BOL organizations should develop advisory guides for the development of Materials 

Transfer Agreements (MTAs) that address community concerns about sharing materials 

(such as requiring specimen destruction after the generation of the barcode or restriction 

of the use of the specimen to generating a barcode sequence). 

Justification 5: Researchers are concerned that materials shared for the generation 

of DNA barcodes may be used by recipients for purposes they would not wish to 

support. In addition, technology transfer offices that mediate exchanges of MTAs 

may not have capacity to draft MTAs that are compliant with the legal framework 

for genetic resources. Capacity may be lacking in LMMCs with respect to funding 

for and staffing of technology transfer offices, and capacity in non-LMMC 

institutions may be lacking due to lack of knowledge or understanding of this 

legal framework. Guidance on the drafting of MTAs that respect international and 

national laws for the sharing and use of genetic resources is therefore needed. 

6) To fulfill their goals related to effective public engagement, BOL organizations should 

create media communication strategies on how to report social, cultural and political 

issues relevant to DNA barcoding activities. 

Justification 6: To date, media coverage of DNA barcoding has largely omitted 

topics relevant to the social, cultural and political mandates of BOL organizations. 

BOL organizations can facilitate inclusion of these topics in media coverage by 

providing guidance on key media messages. 

Funding Agencies 

7) Funding agencies interested in increasing barcode activities should support infrastructure 

for storing biological materials (including specimens and DNA extracts) in LMMC 

countries. 

Justification 7: LMMC researchers may be more hesitant to participate if they are 

required to store specimens outside of their country. 
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8) Funding agencies should work with each other and BOL organizations to 1) coordinate 

use-of-funds policies for international barcoding projects; and 2) ensure adequate funding 

is provided for long-term sustainability of barcode infrastructure. 

Justification 8: If funding agencies do not coordinate funding policies, they risk 

implementing policies that are in conflict with each other. Additionally, the 

specialized infrastructure needed for the DNA barcode commons will be 

unsustainable without provisions to ensure continued funding (for example, 

through cost-recovery fees or ongoing funding commitments). 

DNA Barcode Researchers 

9) Researchers should seek learning opportunities regarding the CBD and Nagoya Protocol, 

and, in particular, invite their LMMC partners to provide training on these topics. 

Justification 9: Implementing effective governance will be difficult in a 

community where some members are unaware of these legal instruments. Inviting 

LMMC partners to train non-LMMC researchers and staff would increase the 

equity of partnerships that include LMMC and non-LMMC members by 

providing LMMC partners with professional benefits. 

10) Researchers should learn and comply with the legal requirements of their academic 

institutions and other relevant institutions in the countries where they work. 

Justification 10: Not all researchers are compliant with legal requirements, and 

they must be for the DNA barcode commons to function successfully. 

11) Researchers who use the resources of the DNA barcode commons should contribute back 

to it, and they should acknowledge the contributions of resource providers. 

Justification 11: Acknowledgements and re-contribution will help encourage 

other researchers to participate, and increase the value of the DNA barcode 

commons. 
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Knowledge translation 

Knowledge translation for this project includes engagement with the DNA barcoding 

community, dissemination of preliminary findings, and the collaborative production of reports or 

other materials for knowledge users. 

I actively sought input and feedback from the DNA barcoding community beyond their 

participation in formal interviews. In May 2012, I visited the Biodiversity Institute of Ontario 

(BIO) to learn about the facility and its workflow for producing barcode records. I traveled to 

three International Barcode of Life conferences, in 2011, 2013, and 2015, where I attended many 

sessions on diverse barcode topics and interacted closely with barcode participants. I presented 

preliminary findings at two international DNA barcoding conferences (Geary and Bubela 2015; 

Geary et al. 2013; Bubela et al 2015) and invited feedback from conference attendees and 

interviewees from our study. I participated in a workshop in February 2013 that included 

discussions of medicinal plant barcoding and issues related to sharing genetic resources. The 

workshop resulted in a publication with leaders in the barcoding community (Schindel et al. 

2015). I published the findings from my media analysis in a special DNA Barcoding edition of 

the journal Genome to reach an audience of DNA barcode researchers and decision makers. 

I have built relationships with key DNA barcoding leaders, and I am working with them 

to disseminate findings from Chapters 2 and 3. I have been discussing my findings with the 

Chair of the IBOL Governance and Knowledge Mobilization Working Group to ensure my 

dissemination strategies and communications are appropriate for the DNA barcoding 

community. The 7th annual International Barcode of Life conference is in South Africa in late 

2017, and while I may not attend, I will work with DNA barcoding leaders to develop key 

messages to be incorporated into other presentations at the conference. I will develop summaries 

appropriate for the IBOL Newsletter (Barcode Bulletin) and the iBOL website. In addition to 

empirical papers that I aim to publish in the International Journal of the Commons, I will also 

seek to publish a summary of my findings in a journal that is read by DNA barcode researchers 

and other stakeholders. I will also prepare other dissemination materials if my discussions with 

the DNA barcoding community reveal additional communication strategies. 
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Future research 

Based on the findings of my research, there are several areas of future research I suggest. 

Overall, more research is needed to understand how governance of global (i.e. outcomes depend 

on global participation) and international (i.e. participation simply spans multiple countries) 

knowledge commons are different. Subsequent research should explicitly differentiate between 

these scenarios.  

Our understanding of the DNA barcode commons would also benefit from additional 

research. Currently, we know little about individuals who complete DNA barcoding projects but 

are not interested in contributing materials or data to the barcode commons. Future research that 

examines why these individuals choose to not participate may provide more insight for 

improving governance. Further in-depth bibliometric analysis of barcoding publications would 

improve our understanding of how DNA barcoding has diffused across disciplines and regions. 

Future research should also examine how the DNA barcode commons shifts after its transition to 

governance by ISBOL. Researchers should examine how the characteristics of the new 

organization might impact media coverage, participation in barcoding projects, contribution of 

biological materials and data to the barcode commons, and co-authorships/partnerships within 

the DNA barcoding community.  

Conclusion 

My empirical research aimed to inform best practices for the governance of global 

knowledge commons. I have outlined several strategies based on the exemplar DNA barcode 

commons. Through facilitating representative governance, collective rules-making, and 

consideration of the complex social and policy context, global knowledge commons can enhance 

partnerships between researchers in higher and lower income countries with benefits for all 

involved.  
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Appendices 

Appendix 1: Interview guide for chapter 2 

Researcher 

I. Biography / Attributes / Conditions  

 

1. Can you please tell me about your research programs? [PROMPT: how funded (public 

research grant, industry, other?, in kind contribution)? Scale and scope]  

2. Can you please describe your past and current research activities in the field of [INSERT 

PERSONALISED FIELD OF EXPERTISE]?  

 

II. Research Partnership/Collaborations  

3. Do you have any current and/or future research collaborations?  

i. If yes:  

a. Please describe your current collaborative projects (PROMPT: with whom 

you collaborate; institutions, individuals, industry) 

b. Where are they located? 

c. What is the nature of collaboration?  

d. What factors did you consider when you enter into the collaboration? 

(PROMP: trust, reciprocity, previous collaboration relationship, social 

learning)  

ii. If no: 

e.  Is there any specific reason for not participating in any collaborative project? 

4. Why do you collaborate with other organizations and individuals? 

5. What are the costs and benefits of participating in international collaborative projects? 

6. What do you expect when you enter into a collaborative research project?  

7. What did you learn from your past collaborative work in terms of the management of 

research project and knowledge sharing? 

 

III.  Source of Genetic Resources and Equity  

8. Where do you get genetic resources from? (PROMPT: Who collects and how? How the 

material reaches you, and in what form?)  

9. What legal agreements such as Material Transfer Agreements do you enter into to access 

genetic resources? 

10. If yes, what have your experiences been with Material Transfer Agreements (PROMPT: 

Positive or Negative?) 

11. Do you have any framework and mechanism to share royalties with communities or 

organizations that provide you with genetic resources?  

12. Do you have any research partnership with the communities that provide you genetic 

material? How do you see them and their knowledge about genetic material? 

 

IV. IP and Marketing Strategies 

13. Have you ever sought to commercialize any of your research? Please explain.  
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[How did you do it? Did you go through your Technology Transfer Office? Were 

you successful?]  

 

14. Have you ever been blocked in any of your research endeavors by intellectual property? 

Please explain.  

15. Do you share genetic material with other researchers in your collaborative team? (local, 

national, foreign?) If yes, on what conditions? If no, why? Please explain. 

  

V. Genetic Resources and the Convention on Biological Diversity 

16. How do you perceive and understand regulations that govern access to genetic resources 

and benefit-sharing under the Convention on Biological Diversity (CBD)? 

17. What do you think of the national implementation of CBD, and how do you compare it 

with the pre-CBD era and its implications for your R&D activities? Please explain. 

 

VI. The Genetic Resource Commons: Efficiency, Sustainability and Equity  

18. What are your perceptions and understanding of biomaterials repositories and databases? 

Please explain.  

19. Do you think developing large-scale, international biomaterials repositories and databases 

is desirable or feasible in your field of research? If yes, how? If no, why? 

20. What do you think the overarching objective of a large-scale, international biomaterials 

repository or database should be?  

21. What are the costs and benefits of large-scale, international repositories and databases to 

the participants? Please explain. [Prompt on whether the repositories and databases would 

benefit all participants equally] 

22. What do you think are the main non-science challenges in setting up large-scale, 

international repositories and databases? Please explain (PROMPT: regulations, 

sustainability of funding, legal barriers, access to material, cultural barriers in terms of 

willingness to contribute materials or data) 

23. What incentives and safeguards would you require to deposit your materials and data in 

large-scale international repositories and databases?  

24. What kind of regulatory framework should be put in place for the effective and 

sustainable functioning of a biomedical repository? 

i. Who should and should not be allowed to participate? Or, what are the criteria of 

participation?  

ii. What kind of administrative structure should be developed?  

iii. What kind of institutions and infrastructure should be developed, and who should 

perform what actions for the establishment of a biomedical repository? 

(PROMPT: management structure, common ground/ rules, common language) 

iv. What mechanism should be developed to decide on what kind of information 

must, may, or must not be shared, and how?  

v. What kind of incentive and benefit-sharing model would work effectively for a 

biomedical repository?  

vi.  What do you think are the best methods to handle differences (institutional, 

socio-cultural, geopolitical) among various partners? 

25. Is there anything else you would like to add?
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Policy Maker 

Interview Guide (Policy Makers) 

VII. Biography / Attributes / Conditions  

1. Can you please tell me about your department/institution and its activities? [PROMPT: 

scale and scope of your organizational activities] 

2. Can you please describe your role within your organization and your past and current 

activities in the field of [INSERT PERSONALISED FIELD OF EXPERTISE]?  

 

VIII. The Genetic Resource Commons: Efficiency, Sustainability and Equity  

3. What are your perceptions and understanding of biomaterials repositories and databases? 

Please explain.  

4. What biomedical repositories you support? Why do you support? 

5. What are the basic criteria to fund a biomedical repository? 

6. What kind of measures you think would sustain biomedical repositories? What do you 

think are the major barriers to the sustainability of biomedical repositories? 

7. What do you expect from biomedical repositories? Who do you think are the 

beneficiaries of biomedical repositories? 

8. Do you think there should be some policies to govern data and biomaterial sharing? If 

yes, please explain. If not, why not? Please explain.  

9. What kind of institutional mechanism you think should be developed to allow 

stakeholders to provide their input for policy formulation, implementation and 

evaluation?  

10. How do you perceive and understand regulations that govern access to genetic resources 

and benefit-sharing under the Convention on Biological Diversity (CBD)? 

11. What do you think of the national implementation of CBD, and how do you compare it 

with the pre-CBD era and its implications for R&D activities? Please explain. 

12. Do you think developing large-scale, international biomaterials repositories and databases 

is desirable or feasible in your field of research? If yes, how? If no, why? 

13. What do you think the overarching objective of a large-scale, international biomaterials 

repository or database should be?  

14. What are the costs and benefits of large-scale, international repositories and databases to 

the participants? Please explain. [Prompt on whether the repositories and databases would 

benefit all participants equally] 

15. What do you think are the main non-science challenges in setting up large-scale, 

international repositories and databases? Please explain (PROMPT: regulations, 

sustainability of funding, legal barriers, access to material, cultural barriers in terms of 

willingness to contribute materials or data) 

16. What incentives and safeguards would you require to deposit your materials and data in 

large-scale international repositories and databases?  

17. What kind of regulatory framework should be put in place for the effective and 

sustainable functioning of a biomedical repository? 

a. Who should and should not be allowed to participate? Or, what are the criteria of 

participation?  

b. What kind of administrative structure should be developed?  
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c. What kind of institutions and infrastructure should be developed, and who should 

perform what actions for the establishment of a biomedical repository? 

(PROMPT: management structure, common ground/ rules, common language) 

d. What mechanism should be developed to decide on what kind of information 

must, may, or must not be shared, and how?  

e. What kind of incentive and benefit-sharing model would work effectively for a 

biomedical repository?  

f.  What do you think are the best methods to handle differences (institutional, 

socio-cultural, geopolitical) among various partners? 

18. In your opinion, what is the mission of universities and public research centres? How do 

you understand the public and private partnership in research and development? 

19. How do you understand the co-management of resources by community, industry and 

researchers? Are there any best practices of co-management? Please explain.  

20. Do you suggest any other mechanism or process that can strike the middle ground 

between commercialization and public access?  
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Appendix 2: Author name disambiguation methods 

Authors: Luth W, Geary J, Bieber M. 

We identified unique author names in our database of DNA barcoding papers using a 

multi-step unsupervised author clustering system. Current supervised cluster methods are more 

precise, however, they require trained human annotation of author records (Ferreira et al., 2010). 

In datasets as large as ours, supervised cluster methods are unfeasible (Ferreira et al., 2010). 

Therefore, we developed an unsupervised author clustering system that uses existing unique 

author identification numbers in Scopus and an existing disambiguation tool.  

We addressed the lack of metadata available for authors by doing keyword searches on 

the web for departments and institutions. We then used a geolocation algorithm to generate 

country affiliations for all putative authors. For putative authors in Canada, the United States, 

and Australia we also collected state, city, and postal code data. 

We organized authors by last name, first name, middle name (where applicable). We 

created author clusters based on matching last names and first initials (Ferreira, Gonçalves & 

Laender, 2012), which is the minimal name information in citations (Han et al. 2004).  

We then disambiguated the ambiguous combinations of last name and first initial. The 

first step of this process was to use Scopus IDs. If author names had the same Scopus ID, they 

were considered the same, as the Scopus Author ID has been shown to reliably disambiguate 

authors (Kawashima & Tomizawa, 2015). If author names did not have unique Scopus IDs, we 

used the Harvard Disambiguation to disambiguate author clusters based on matching PubMed 

IDs.  

We used metadata linked to each author name, including institution, country, and co-

author data, to identify matching authors in the remaining clusters. We considered the author 

names remaining after this step to be unique. Using Reijnhoudt et al.’s (2014) calculation of the 

accuracy of Scopus Author IDs, our author disambiguation process has a recall of 95.5% and 

precision of 87.2%. With Kwashima and Tomizawa’s (2015) Scopus Author ID calculations, the 

recall and precision of our author disambiguation process are 97.5% and 98.8% respectively.  
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Appendix 3: The number of articles with authors from each of the five world 

regions, and combinations of the regions. 

# of Regions Region Number of Articles % Total Articles 

1 West Europe and Others (W) 1,917 53.9 

1 Asia Pacific (AP) 616 17.3 

1 Latin American and the Caribbean (L) 141 4.0 

1 Eastern Europe (E) 83 2.3 

1 Africa (AF) 32 0.9 

2 W, AP 266 7.5 

2 W, L 188 5.3 

2 W, E 125 3.5 

2 W, AF 91 2.6 

2 AP, E 8 0.2 

2 AP, AF 5 0.1 

2 AP, L 3 0.1 

2 E, AF 1 0.0 

2 L, AF 1 0.0 

3 W, AP, E 22 0.6 

3 W, AP, AF 13 0.4 

3 W, AP, L 11 0.3 

3 W, L, E 11 0.3 

3 W, L, AF 7 0.2 

3 W, E, AF 6 0.2 

4 W, AP, L, AF 3 0.1 

4 W, AP, L, E 2 0.1 

4 W, AP, E, AF 1 0.0 

5 W, AP, L, E, AF 4 0.1 
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Appendix 4: Interview Guide for Chapter 3 

 

I. Biography / Attributes / Conditions  

 

1. Give a brief history of your career up until now, leading in to how you first got involved 

in IBOL and DNA barcoding efforts?  

PROMPT: how work is funded, scale and scope,  

 

II. Source of Genetic Resources and Equity  

 

2. Where do you get genetic resources (data, specimens, DNA) from? Describe how you use 

genetic resources from the process of collecting samples to creating and analyzing data. 

3. Do you have any type of agreements (legal?) such as Material Transfer Agreements to 

guide accessing and using GR?  

 PROMPT: If yes, describe the process of entering into an agreement 

4. How do you perceive and understand regulations that govern access to genetic resources 

and benefit-sharing under the Convention on Biological Diversity (CBD)? 

 PROMPT: Does the CBD apply to your work? Why or why not? 

5. Do you have any framework and mechanism to share benefits with communities or 

organizations that provide you with genetic resources?  

PROMPT: What type of benefits would you be able to share? What type of 

benefits should be shared?  

IF: How do you think the community you partner with understands GR and 

benefits? 

 

III. Research Partnership/Collaborations  

 

6. Do you have any research partners that you share GR with?  

a. If yes:  

a. Please describe your current collaborative projects (PROMPT: with whom you 

collaborate; institutions, individuals, industry) 

b. Where are they located? 

c. What is the nature of collaboration?  

d. What factors did you consider when you enter into the collaboration? (PROMP: 

trust, reciprocity, previous collaboration relationship, social learning)   

b. If no: 

e.  Is there any specific reason for not participating in any collaborative project? 

7. Why do you share GR with other organizations and individuals? 

8. What are the costs and benefits of sharing GR in collaborative projects? 
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IV. The Genetic Resource Commons: Efficiency, Sustainability and Equity  

 

9. What is your main motivation for contributing to a resource like BOLD?  

10. What do you think the goals of iBOL are? Do you think these are feasible? If yes, how? 

If no, why? What should the goals be?  

11. What incentives and safeguards would you require to deposit your GR in large-scale 

international repositories and databases?  

12. What kind of regulatory framework should be put in place for the effective and 

sustainable functioning of BOLD and material repositories related to iBOL? 

a. Who should and should not be allowed to participate? Or, what are the criteria of 

participation?  

PROMPT: management structure, common ground/ rules, common language) 

b. What mechanism should be developed to decide on what kind of information 

must, may, or must not be shared, and how?  

c. What kind of incentive and benefit-sharing model would work effectively for 

BOLD and material repositories related to iBOL?  

d.  What do you think are the best methods to handle differences (institutional, 

socio-cultural, geopolitical) among various partners? 

13. Is there anything else you would like to add? 
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Appendix 5: Search algorithms used to identify articles on DNA barcoding or 

Barcode of Life projects 

LexisNexis 

(dna W/5 (barcod! OR bar code!)) OR (gene w/5 (barcod! OR bar code!)) OR (genes w/5 

(barcod! OR bar code!)) OR (genetic w/5 (barcod! OR bar code!)) OR (life W/3 (barcod! OR bar 

code!)) 

 

Factiva 

(dna near5 barcod*) OR (dna near5 "bar code") OR (dna near5 "bar codes") OR (dna 

near5 "bar coding") OR (gene near5 barcod*) OR (gene near5 "bar code") OR (gene near5 "bar 

codes") OR (gene near5 "bar coding") OR (genes near5 barcod*) OR (genes near5 "bar code") 

OR (genes near5 "bar codes") OR (genes near5 "bar coding") OR (genetic near5 barcod*) OR 

(genetic near5 "bar code") OR (genetic near5 "bar codes") OR (genetic near5 "bar coding") OR 

(barcod* near3 life) OR ("bar code" near3 life) OR ("bar codes" near3 life) OR ("bar coding" 

near3 life) 

 

Canadian Newsstand 

(dna N/5 barcod*) OR (dna N/5 "bar code") OR (dna N/5 "bar codes") OR (dna N/5 "bar 

coding") OR (gene N/5 barcod*) OR (gene N/5 "bar code") OR (gene N/5 "bar codes") OR (gene 

N/5 "bar coding") OR (genes N/5 barcod*) OR (genes N/5 "bar code") OR (genes N/5 "bar 

codes") OR (genes N/5 "bar coding") OR (genetic N/5 barcod*) OR (genetic N/5 "bar code") OR 

(genetic N/5 "bar codes") OR (genetic N/5 "bar coding") OR (barcod* N/3 life) OR ("bar code" 

N/3 life) OR ("bar codes" N/3 life) OR ("bar coding" N/3 life) 

 

We limited results from each search to only include the targeted date range, countries, 

and language. 
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Appendix 6: Categories and options used to code newspaper articles. 

Newspaper section of article 

 Front page/general news 

 International News 

 National News 

 Local News 

 Commentary/Focus 

 Debate 

 Consumer 

 Editorial Page 

 Culture 

 Business 

 Science & Technology 

 Health & Medicine 

 Environment 

 Letters to the Editor 

 Entertainment 

 Sport 

 Lifestyle 

 Other, please indicate 

 Unknown 

News Format  

 Article with latest News 

 Investigation, reportage, background 

 Interview (mainly) 

 Opinion Piece 

 Editorial (from the paper's editor) 

 Commentary from other people 

 Letters to the editor 

 Review of books, films etc. 

 Other  

How prominently does DNA barcoding feature in the article? 

 Mentioned only in passing 

 Small and unimportant component of article 

 Large and integral component of overall story that includes other topics 

 Main focus of article 

Is a scientific publication referenced? 

 No 

 Yes (specify** reference) 

Are any national laws or regulatory agencies referenced? 

 No 

 Yes (specify** laws or regulatory agencies) 
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Whose voices are represented in the article (either directly quoted or 

mentioned as sources) 

 Researcher 

 General Public 

 Government 

 Industry 

 Environmental Group 

 No Sources are specified 

 Other (specify others) 

Frame of article 

 Descriptive (a purely descriptive account of basic scientific research) 

 Progress (a celebration of new development) 

 

Economic prospect (economic potential; prospects for investment and 

profits) 

 Ethical (call upon ethical principles) 

 Risks before the Event (call for restraint in the face of unknown risk) 

 Risks after the Event (fatalism after the innovation) 

 

Public accountability (call for public control; participation; public 

involvement; regulatory mechanisms) 

 

Globalization (call for global perspective; national competitiveness within 

an economy or isolationism) 

 Profile/Human Interest Story 

 Controversy  

Main theme of article* (topic prominently placed first in article) 

 Monitoring invasive species 

 Verifying food labelling or monitoring food systems 

 Bioconservation efforts 

 Forensic investigations 

 Barcode of Life project or collaboration (iBOL, FISHBOL, etc) 

 

Monitoring species that impact human health (disease vectors, traditional 

or plant medicines) 

 Science (taxonomy, biology, genetics, etc) 

 Other, not related to DNA barcoding or iBOL 

Is the process of DNA barcoding described? 

 No, it is mentioned but not described 

 

Partially, there is some description of the process of using DNA barcoding 

as a tool, but it’s incomplete 

 

Yes, DNA barcoding is described as using short regions of DNA to 

identify species through comparison to a reference database  

Type of DNA barcoding projects mentioned 

 Contribute records to the barcode database 

 Use records from the barcode database 

 Develop methods or evaluate barcoding as a tool 
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Are funding sources mentioned? 

 No 

 Yes (specify** funding sources) 

Are partnerships mentioned? 

 No 

 Yes (specify** all partnerships mentioned) 

Does the article present the removal of genetic resources for commercial 

development in another country? 

 No 

 Yes, positively as bioprospecting 

 Yes, negatively as biopiracy 

 Whose ownership rights are emphasized? 

Are any international treaties mentioned? 

 No 

 Yes, CITES 

 Yes, CBD 

 Yes, Nagoya Protocol 

 Yes, other (specify other) 

Is the location where genetic resources used for barcoding were collected 

included? 

 No 

 Yes (specify** all locations mentioned) 

  

 

*Main theme was coded as “other” unless the topic was specifically related to BOL 

organizations or DNA barcoding. The same topics were also recorded if they were present 

anywhere each article, reported separately.  

** Author JG coded questions that required adding more specific information after the initial 

data collection, and determined relevant categories based on the data collected. We estimated 

percent agreement based on the a priori coding categories presented in this table.  
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Appendix 7: Ethics approval 

 

 

 


