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1 INTRODUCTION

We present the preliminary results of an interview study following the Biodiversity Galiano project, a volunteer-run
citizen science initiative dedicated to documenting the flora and fauna of Galiano Island in British Columbia, Canada. In
addition to tracing howmembers of the Biodiversity Galiano project have appropriated existing technologies and created
novel ones, we focus on how this appropriation is shaped by and through interactions with other communities. Hence,
our participants are six key stakeholders across multiple organizations that are peripheral to the central grassroots
community, including a local conservancy association, a neighboring citizen science project, the developers of a
prominent data collection tool, and an international biodiversity data consortium.

This study came about after the founder of Biodiversity Galiano, Andrew Simon (AS), presented his experiences in
supporting the initiative technologically at a 2017 meeting of the inclusive design community hosted by the Inclusive
Design Research Centre at OCAD University. That interaction led to an ongoing collaboration with one of the co-
investigators, who started to volunteer some of his time to provide technical advice and co-design new tools with AS,
such as custom data visualizations for the community website. In late 2018, about a year into this collaboration, we
began an interview study to follow Biodiversity Galiano as a case of grassroots-led technology design and appropriation.

This report is structured as follows: we describe our rationale and methods for recruitment and data collection,
give an overview of the nature and activities of key organizations in the case, then present findings relevant to the
theme of sustainable appropriation of digital technologies, and finally introduce some potential discussion topics for
the workshop.
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2 METHOD

Our study started with a research interest in understanding how grassroots communities such as Biodiversity Galiano
enacted ownership of their digital tools and data. Early in the process, we noted the many ways in which AS and other
BGP contributors depended on entanglements with other communities and their technologies, particularly through
biodiversity data. These communities are connected by collaboration, data exchange, and software production and use.
This led us to wonder how the appropriation work going on was impacted by these cross-community engagements.
We decided to follow these connections, and view our case more as an ecosystem or network of communities rather
than as a clearly delimited community of practice [10, p. 98–100]. Each interview included questions to probe for other
stakeholders and contrasting perspectives. We were guided in which connections to pursue by the the tactics described
by Karasti and Blomberg in their review of ethnographic infrastructure studies. These include looking for:

• Seams: sites of incompatibility between technologies or communities;
• Breakdowns: situations where infrastructure becomes visible because it fails;
• Design interventions: actions taken to reconfigure artifacts in response to changing use situations, including
workarounds, programming, adoption of new artifacts, and so on;

• Artifact biographies: the phases of an artifact’s development, distribution and maintenance, and the associated
sites and actors [12]; and

• Data traces: data that capture some of the details of breakdowns, design interventions, artifact development, etc.

2.1 Participants

We interviewed six stakeholders (table 1) from five organizations (table 2). We recruited participants via snowball
sampling, i.e. asking each participant about other, similar and contrasting communities and stakeholders they interacted
with. In looking for participants, we focused on potential “infrastructural allies”, participants who need to understand
infrastructures as part of their daily work [3]. This led us to select participants who were actively involved in facilitating
the work of collecting, processing, or using biodiversity data, e.g. by selecting, sharing, tailoring, and developing digital
tools for themselves and their communities. We stopped recruiting when we felt that we had drawn up a substantially
wide-ranging field to show several contrasting contexts for appropriation and design around biodiversity data work.
This evaluation was also informed by external time constraints. Recruiting and interviewing happened over three
months.

2.2 Data collection

We used semi-structured interviews with predominantly open-ended questions. We used Mackay’s adaptation [11]
of Flanagan’s critical incident technique [8], where questions are intended to draw out specific instances, problems,
or highlights of their technology use. We asked participants to walk through recent or memorable examples of their
work, to explain which tools and collaborators they worked with, what specific problems arose in their work, how they
changed their procedures and technologies in response, etc. This technique encourages interviewees to give detailed
descriptions of specific situations, rather than abstract statements about their general experience.

We interviewed each participant once, except for AS, who we interviewed a second time to follow up on developments
at Biodiversity Galiano that occurred during the study. The interviews were conducted via video/audio conferencing
(using Skype1). Each interview was recorded and lasted between 53 and 116 minutes. We transcribed the recordings,

1skype.com
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Participant Occupation Interview length (h:mm)

Andrew Simon (AS) Founder and main facilitator of BioGaliano 1:25, 1:26
Kem Luther (KL) Co-founder and database maintainer at the

Metchosin Biodiversity Project
1:12

Adam Huggins (AH) Restoration Coordinator at the Galiano
Conservancy Association

1:57

Keith Erickson (KE) Executive Director at the Galiano Conservancy
Association

1:05

Dimitri Brosens (DB) GBIF Open Science Ambassador 0:53
P6 Funding and collaboration outreach at iNaturalist 1:13

Table 1. Overview of our participants. We asked participants whether they preferred to appear pseudonymously or be credited in
publications derived from the study.

Organization Location Purpose Members

Biodiversity Galiano𝑎 Galiano Island, BC, Canada Volunteer-based group that
collects biodiversity data,
organizes community events
for data collection, education,
etc.

1 main facilitator, handful of
key organizers, ~100 data
contributors, ~500 Facebook
group members

Metchosin Biodiversity
Project𝑏

Metchosin, BC, Canada Volunteer-based group that
facilitates professional biology
surveys and organizes
education events for the
public

5 organizers

Galiano Conservancy
Association𝑐

Galiano Island, BC, Canada Surveys, manages, and
restores land to protect
biodiversity

8 staff members, seasonal
student interns

iNaturalist𝑑 Distributed internationally Develops and maintain the
iNaturalist platform

9 staff members, >750,000
users across ~31,000 projects

Global Biodiversity
Information Facility (GBIF)𝑒

Distributed internationally Maintains an open-access
database of biodiversity data
and infrastructure for
exchanging biodiversity data

Has sub-organizations in 58
countries and more inside
other organizations, 38 open
data ambassadors

Table 2. Overview of key organizations. a: biogaliano.org, b: metchosinbiodiversity.com, c: galianoconservancy.ca, d : inaturalist.org,
e: gbif.org

including pauses and non-verbal interjections (laughter and exclamations), while omitting minor hesitations and false
starts.

We also collected additional data to supplement interviewees’ descriptions of their work. These data were either
shared with us by participants, e.g. copies of data files or documents participants had worked on, or found on public
web pages run by the key organizations, e.g. documentation, tutorials, user forums, and source code repositories.

Our study did not involve any on-site data collection such as observation, since all investigators were based in Europe,
while the majority of participants were in North America. This practical constraint limits our ability to capture tacit
knowledge and day-to-day patterns of activity in the studied communities. Some details of the case that we considered
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highly salient were unavailable to us, such as details of the reasoning, context, and process of some of the past design
decisions described by participants, which they could not recall or were not involved in.

3 OVERVIEW OF THE CASE

We briefly describe the organizational structure and central activities and technologies of key organizations in the
study.

3.1 Biodiversity Galiano project (BGP)

BGP is a volunteer-run citizen science initiative whose goal is to document and raise awareness of the flora and fauna
of Galiano island in British Columbia, Canada. The community organizes events such as invited presentations, nature
drawing workshops, and kayaking trips. One recurring event is a bioblitz, an intensive one-day biological survey where
participants create biodiversity data, either with their own expert tools or using the smartphone application iNaturalist.

The project was started by AS in 2016. He is a graduate student in biology and lives on Galiano island. The initiative
was motivated both by research opportunities and a desire to engage islanders with their natural surroundings. Galiano
Island is classified as a rare biogeoclimatic zone, having the highest density of species at risk in its province, and a
large majority of the land is private property, which is effectively inaccessible to independent researchers. Thus, it is
particularly amenable to documentation by citizen scientists. At the same time, many islanders identify with community
values of enjoying and taking care of a the island’s natural environment, and view learning about biodiversity and
supporting research and conservation efforts as an extension of these values.

BGP does not have a formal organizational structure, but is a loose, non-uniform community with several layers of
membership in terms of level of participation. There are around 500 Facebook group members who post pictures of the
island and talk about all topics related to naturalism, less than a hundred frequent or one-off data contributors and
bioblitz participants, and a handful of community champions who maintain the BGP by organizing events, sharing
photographs and observations on Facebook, making a sign on the harbor inviting visitors to contribute via iNaturalist
etc.

The initiative directly supports AS’s research project of organizing and extending historical data about biodiversity
on Galiano. AS has sourced historical data from private lists prepared by biologists in his professional network, a
database at a provincial university, or through contact with curators at a provincial natural history museum. He then
collates these historical data with observations gathered by BGP members in his own spreadsheet database. Progress
towards the goal of “confirming” as many historically observed species as possible with new observations is tracked on
the initiative’s website.

We describe BGP members’ technological resources in more detail in section 4.1.

3.2 Metchosin Biodiversity project (MBP)

MBP is a volunteer-run organization with similar goals to BGP, but located in the Metchosin district near Victoria,
British Columbia. Like BGP, MBP facilitates the collection of biodiversity data and organizes educational events for
locals. However, MBP does not involve the general public in data collection activities. Instead, the five volunteers who
run MBP invite professional biologists – including experts in species that require specialized skills to detect and identify,
such as algae – to bioblitzes twice a year. The data gathered on those bioblitzes are published on MBP’s website along
with photos, writing, and educational resources. In addition to supporting research and education, members see the
survey data as a way to support future conservation of the large areas of undeveloped land in the district: “[W]e have this
Manuscript submitted to ACM
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side goal, not only enumerating species in Metchosin, [but also] providing some basis, some database for future transitions

of this land.” (KL) Separately from these surveys, MBP organizes educational events and produces educational resources
for the public. KL is MBP’s local technology expert, a retired computer science professor and hobbyist naturalist. He
created and manages their website and database, a collection of Excel2 spreadsheets.

3.3 Galiano Conservancy Association (GCA)

GCA is a nonprofit dedicated to to preserving, protecting, and enhancing the quality of the human and natural
environment on Galiano island. Typical conservation projects involve surveying and acquiring land, negotiating
covenants on privately held land that legally limit its future development, and monitoring and restoring biodiversity on
land they hold. GCA also does less typical conservation projects, such as reseeding a forest with plants historically
cultivated by the Coast Salish peoples3 to create a foraging source and site for social and educational engagement with
indigenous Canadians and their culture. GCA consists of a board of directors and 8 full-time staff, who are responsible
for defining and managing projects, applying for funding, and carrying out project work such as mapping properties
and surveying ecosystems. In addition to its regular staff members, GCA relies on the labor of seasonal staff and student
interns, who might e.g. work on defining a monitoring plan for a property. GCA’s common technological resources are
several computers, some specialized devices such as GPS units and cameras, a file-sharing server, and a website. They
do not have any dedicated technological support staff or developers, and thus their artifact ecology is defined largely by
the off-the-shelf technologies its members bring with them.

3.4 iNaturalist

iNaturalist is a crowdsourcing platform for collecting biodiversity data targeted at amateur naturalists and citizen
scientists. The platform’s main components are a smartphone application for photographing plants and animals in the
wild and submitting the geo-referenced and timestamped pictures to a public database, and a web application where
users collectively identify each others’ observations by assigning formal species concepts to them. iNaturalist users may
submit and identify observations piecemeal, but often do so as part of projects, which are user-created pages dedicated
to some particular purpose, such as collecting observations of seabirds in a particular location. At the time of writing
the platform has over 750,000 users.

iNaturalist began as a student project at UC Berkeley, and is now supported and developed by a nonprofit organization
– also named iNaturalist – financed by the California Academy of Sciences, National Geographic Society, and additional
grants. The organization has nine staff members, five of whom are developers whose efforts are distributed between
various versions of the iNaturalist app, the related app Seek – which uses computer vision trained on the iNaturalist
database to automatically recognize organisms –, and management of development and operations. P6 is primarily
responsible for communication with collaborating organizations and funding sources. One example of a collaborating
organization is the City Nature Challenge4, a yearly competitive bioblitz where cities across the world compete to
collect and identify the most observations over a few days. In its latest iteration, the event spanned 159 cities.

2office.microsoft.com/excel
3Galiano and its neighboring islands are located in an area called the Salish Sea. The Coast Salish are the indigenous peoples who live along the Salish
Sea, in southwest British Columbia and northwest Washington.
4citynaturechallenge.org
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The iNaturalist apps are developed with modern web and mobile programming tools, including services operated by
the major cloud platforms. For example, they store observation photos in Amazon S35, use the Google Maps API6 to
display and interact with maps, and use Microsoft’s Azure platform7 to test and deploy new versions of their products.

3.5 Global Biodiversity Information Facility (GBIF)

GBIF is an international consortium dedicated to maintaining an open-access online repository of biodiversity data. Its
constituent organizations include national GBIF “nodes” who fund the network and have voting power over its future
development, as well as many non-voting partner organizations such as research institutions and other biodiversity
data initiatives. iNaturalist has a data-sharing partnership with GBIF, an agreement that they periodically re-publish
observations collected by iNaturalist users to GBIF’s repository.

In some cases, GBIF partners with institutions to train and support Open Science Ambassadors (OSAs). OSAs are
responsible for mobilizing data from local projects into GBIF’s infrastructure. DB is one such OSA, working at the
Research Institute for Nature and Forest in Flanders, Belgium (INBO)8. DB’s work involves finding biodiversity data
projects in his region, establishing relationships with them, and either meeting to assist them in uploading their data
through GBIF’s Integrated Publishing Toolkit (IPT) web app, or receiving an exported file and uploading it to IPT
himself.

DB and other OSAs are also members of the wider biodiversity informatics community, which has its own interest
group, TDWG. GBIF funds training workshops and international coordination meetings for OSAs, as well as their
attendance at TDWG conferences. Many of the tools that DB uses in his work are open source scripts, libraries, and
applications. These include useful scripts written in the statistical computing language R9 or for the popular data
cleaning application OpenRefine10, as well as the Darwin Core (DwC) XML file standard for biodiversity data11. These
data science tools are developed and shared across the wider TDWG community through public code repositories and
meetups.

4 FINDINGS

We describe and exemplify patterns of work to appropriate and integrate technologies across the organizations in the
case. This work includes both longer-term efforts to create common technological resources to support organizations’
activities as well as short-term responses to recurring issues, particularly to resolve technological incompatibilities.

4.1 The past, present, and future of Biodiversity Galiano’s artifact ecology

To describe how AS and his collaborators have appropriated existing technologies and created new ones, we apply
the activity-theoretic concept of personal and community artifact ecology developed by Bødker et al. [4–6], i.e. the
technologies that community members have made their own, have access to, and use. The line between members’
personal ecologies and the community’s ecology is blurry, but two guiding lines are whether the artifacts are in some
respect held in common, and whether they mediate the activities that define the community.

5aws.amazon.com/s3
6cloud.google.com/maps-platform
7azure.microsoft.com
8inbo.be/en
9r-project.org
10openrefine.org
11dwc.tdwg.org
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In its earliest form, the BGP artifact ecology consisted of a Facebook group, an iNaturalist project page, and the
beginnings of the historical data set that AS was collecting. AS credits Facebook in particular with being essential to
the initiative’s growth, because it made it exceedingly easy to reach the majority of the small island community and
promote the initiative. Similarly, iNaturalist was the key technology that enabled islanders to pick up their phone and
start contributing to the initiative. The app not only provides the tools for any smartphone owner to easily create and
publish observation data, but also neatly fits this workflow into islanders’ existing habits and technologies. It motivates
attention to the environment while out walking, directly supports the goal of learning by displaying information about
a species once an observation is identified, and also produces conversational material for social media, as observations
and images are easy to share on Facebook. As AS tells us, for the typical BGP contributor, the experience of using
iNaturalist is “just a happy thing where [community members] are going on a stroll with their kids and they find something

and they post it”.
A significant drawback of this initial arrangement was how the initiative’s work was publicly represented on either

Facebook or iNaturalist. AS wanted to build on the momentum of the community and create opportunities for deeper
and more diverse engagements with the work of documenting and understanding the local environment. For example,
he wanted to more clearly credit individual contributors, highlight contributions with storytelling, statistics, and
visualizations, and show progress towards the goal of confirming historical biodiversity survey data. By contrast, a
project page on iNaturalist displays observation data associated with the project and some simple statistics about
those observations, but has very limited options for customization, i.e. a project title, custom banner image, and short
description of the project. Beyond these concrete lacking features, AS felt that hosting BGP’s online presence within
iNaturalist led to a lacking sense of ownership for him and the community. This value of ownership relates both to the
ability to control the ongoing design of shared artifacts, but also to questions of how the community is identified in and
benefits from the products of their labor:

[W]hen you pour so much of your life into something. . . say I have a bunch of business cards printed out
[laughs] it’s a very non-lucrative business this business of documenting biodiversity, but when I meet
somebody and I pass out this business card, currently all I have is the iNaturalist link on it. But that’s a
link to a website created by, well, it’s iNaturalist, it’s not my website. So partly I’ve been motivated to
take ownership of this project as a curator and do something that’s a little bit more original and more
authentic to the purpose. (AS)

In response to this situation, AS has gradually substituted and augmented iNaturalist with additional artifacts
(figure 1). Currently, he uses a combination of the MacOS-specific spreadsheet app Numbers12 and Google Sheets13 for
the community’s data infrastructure, and has created a community website with the WordPress Content Management
System (CMS)14.

In the process of building the website, he has learned to create page templates with WordPress and data visualizations
with D315. This process has been partially self-taught, using online tutorials and tailoring example artifacts, and partially
done with the help of technology experts AS knows socially, including one of the co-investigators (Basman). Working
on the website has also been a communal activity. For example, AS has organized community photography excursions
to collect material for the site’s “place pages”, which highlight particular locales on Galiano and data related to them.

12apple.com/numbers
13google.com/sheets/about/
14wordpress.com
15A JavaScript library for programming data visualizations. d3js.org
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Fig. 1. A map of the BGP artifact ecology as of our study. Personal and communal artifacts are grouped in transparent circles around
individuals and groups. Online platforms and artifacts are grouped in grey circles around their domains. Text in ovals are activities,
connected to participating people and artifacts. AB is co-investigator Antranig Basman.

While AS feels that the website has allowed BGP to “come into a life of its own”, operating and maintaining this
custom artifact ecology also comes at a cost. For example, since community members still contribute and identify
observations through iNaturalist, AS must periodically execute an elaborate workflow to export data from their website
and transform it into his master database format. Following this, he has to copy segments of his spreadsheet to the Google
Sheets documents that represent various partial data sets that are displayed on the website as tables or visualizations,
which a WordPress plug-in on the BGP website automatically queries to render the appropriate widget.

Simultaneously, not all aspects of the extended infrastructure that BGP relies on can realistically be substituted or
remediated. iNaturalist remains an integral part of the community artifact ecology, and replacing it is infeasible and
not really desirable. The resources that AS and his collaborators have marshaled and leveraged to make their custom
tools could not be used to create anything comparable to the iNaturalist application and extended infrastructures that
support it. From one perspective, the function of the assemblage depicted in figure 1 is to a large extent to allow the
BGP community to benefit from the capacities offered by iNaturalist but to not be limited entirely by what the platform
offers. This situation is a stable compromise but there remains a low-key tension between the perceived values of the
platform and AS’s ideals. According to AS, this is a vague discontent that is tied to iNaturalist’s approach to citizen
science as crowd-sourcing:

So iNaturalist has done great things, but at the same time it’s also tied in in a similar way to the pipelining
of the data in one direction, producing a byproduct, all these benefits for the individuals who are out
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there exploring and stuff, but limiting to a certain extent the way in which those users can make use of
these data. [. . . ] Just what the purpose of iNaturalist is from their perspective, versus what I’m hoping or
desiring to do. (AS)

BGP and MBP are neighbor projects, and there are two further biodiversity documentation projects focusing on
their respective locales in their region. Members of these communities know each other through the social network of
naturalists in the region, and sometimes exchange expertise and resources, e.g. participating in each others’ bioblitzes
and sharing their data organization schemes. For example, AS and KL have done some work to reuse one of the custom
visualizations (figure 2) made for the BGP website with the MBP database that KL manages. AS has also taken a job at a
regional conservancy association to recreate some of BGP’s tools for data curation and presentation for their purposes.
AS is interested in building these occasional meetings into a regional network of biodiversity projects that can more
closely share and develop data and tools, and support larger-scale and comparative analyses of biodiversity across the
region. Each of these communities have idiosyncratic needs and resources, and it remains an open question whether
BGP’s bespoke artifact ecology will grow into a set of resources that multiple local communities can adapt to their own
needs.

4.2 Working with biodiversity data across community and technology boundaries

The predominant unit of data in our case represents an observation of the occurrence of an organism in a time and
place. Such observation data is collected in the field by professional biologists, citizen scientists, and enthusiasts using
diverse tools, from notebooks to smartphone applications. An observation may be associated with physical specimens
or samples, photographs, drawings, etc. Usually the first step in processing observation data is to identify the life form,
i.e. assigning a formal name associated with a recognized taxon, or species concept. Later on it may be processed further
to produce lists, maps, reports, and different kinds of visualizations. Observation data is used, for example, by biology
researchers to study relationships among species and environments, and by conservationists to track the presence of
rare, threatened, or endangered species.

The organizations we followed are connected through the biodiversity data that they collect, process, store, curate,
and put to use. For example:

• BGP and MBP facilitate the collection of observations at bioblitzes, and transform them into digital data through
the iNaturalist infrastructure or manual data entry.

• iNaturalist maintains a global database of its own, and also shares their data onward to the GBIF repository
through an automated process.

• GBIF funds various schemes to create data partnerships with small and large data providers, and makes these
data freely available with the primary goal of supporting large-scale biology research.

• AH has contributed to BGP, particularly by filling omissions in the community’s data, of plant species that he
knows live on Galiano but have not yet been documented by a community member.

• In turn, he has used the BGP data set as part of a GCA project: when AH wanted to reseed plants historically
significant to Coast Salish peoples in a GCA property, he looked for those plants among BGP contributions to
find out where he could go to collect propagules.

One perennial source of issues across organizations in our case is disagreements about and technical incompatibilities
among biodiversity data. The digital form of observation data is a product of situated needs and judgments, so the same
“biodiversity data” may not be equally useful or valid across different contexts. In general the structure of data, e.g. the
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columns that make up a row in a spreadsheet, says something about what is considered a valid and well-described
observation and what uses the data is expected to be put to. For example, one data set may describe that a Western Fence
Lizard (Sceloporus occidentalis) was observed in a Los Angeles yesterday, while another might pay special attention to
its coloration or observed behavior.

Even where there is agreement on the structure of data, species biologists may not agree on the content. Taxa describe
the distinct categories of species and evolutionary relationships among them, which are continuously revised as part
of the practice of biology research. For example, genetic analysis of specimens may be used as a justification to split
or merge previously held taxa. When a biologist identifies an observed organism with a certain species concept, that
identification is tied to an authoritative source defining the species concept. These taxonomic authorities are usually
curated databases that compile concepts developed in peer-reviewed research articles. Different fields of evolutionary
biology often agree on a standard reference, such as the World Register of Marine Species16 for marine biologists.
However, it is up to the professional judgment of individual biologists whether they agree with a reference on a
case-by-case basis. For example, they may disagree with the assignment of a taxon because they consider the authority
referenced to lag behind the latest research. They may also disagree with an identification because they believe the
identifier made an error, such as the case where AS came across a 1978 record of a grove of peach-leaved willows (Salix
amygdolaides) on Galiano, a species that a willow expert colleague of his assures him would not be found in that part of
North America. Multiple participants told us about instances where they had personally disagreed with or disputed an
identification on the grounds that the taxon was wrongly assigned or contextually invalid.

Furthermore, software that stores and processes data is often built with precise expectations about the structure of
data, so “foreign” data may not only be unusable or invalid to a human taxonomist, but may be entirely illegible to the
digital tools they use.

Given this situatedness of data, translation of data between local regimes is a source of ongoing labor among our
participants, and their choice of technologies has much to do with their data-related workflows. For example, while
much of the data that AS works with comes out of iNaturalist’s database, he has to manually transform it before it is
useful in the context of his research or the BGP website. His workflow involves several kinds of data that do not fit
in iNaturalist’s ontology, such as historical observations he has sourced, taxonomic identifications unrecognized by
iNaturalist, and annotations indicating whether a species has been confirmed by a BGP contributor yet. His chosen
working environment is a collection of Numbers spreadsheets. He has developed a “precise algorithm” for the work he
describes as data curation. This involves periodically querying iNaturalist for recent observations on Galiano, exporting
a CSV17 file, reducing the incoming data to the first observation of each distinct species, integrating those data with his
master spreadsheet, and cross-verifying entries with the historical record and taxonomic authorities that he and his
expert collaborators follow.

Since MBP relies on the labor of expert biologists rather than enthusiasts for collecting observations, they defer to
the preferred data collection methods of each expert. They usually follow a scientific survey approach that involves
collecting, identifying and archiving specimens, eventually producing a list of observed species. This may involve
a substantial amount of off-site labor. For example, spider and insect specialists need to analyze specimens under a
microscope to identify them. They then share their lists with KL, who enters them into the MBP spreadsheet database.
His idiosyncratic spreadsheet structure has grown and changed as new needs have come up and as he has interacted
with others who maintain similar databases, including AS. KL has decided that MBP observations should generally be

16marinespecies.org
17Comma-Separated Values, a textual representation of tabular data that is very widely supported.
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Fig. 2. The custom visualization developed for AS and reused by KL, a sunburst representation of a taxonomic tree. Observation data
contributed by community members are represented in blue. Observations from historic lists are represented in red. Taxa that contain
both types of observations are in a mixed shade that represents the proportion of each type of observation. By clicking the center and
edges of the sunburst, it is possible to zoom in and out, moving up and down the taxonomic tree.

backed by the standard taxonomic authorities in each field. Therefore, he sometimes finds that an identification made
by an expert is not valid under the relevant authority, leading to a dialog with the expert. Sometimes they reach a clear
agreement, e.g. finding an acceptable synonym to the taxon used by the expert. At other times, the expert disagrees
with KL’s preferred authority. For these cases, he maintains two identification columns, one for the collecting expert’s
opinion, and one for the “official” taxon.

AS and KL have made one foray into sharing tools between their initiatives, which necessitated work to temporarily
reconcile their data structures. This was a byproduct of our previous engagement with BGP: Basman and AS designed
and implemented a visualization that represents the extent to which BGP contributors have replicated observations of
species found in the historical corpus of data about Galiano (figure 2). Since KL is also collecting historic survey data
for Metchosin, he and AS were interested in applying the visualization to the MBP database, and in using it to compare
the species overlap between their locales, rather than between recent and historic data. Since the visualization was
programmed against AS’s data conventions, this involved finding some way to make KL’s spreadsheet similar enough
to AS’s that the visualization could process it. This involved both renaming columns and creating additional metadata
for observations in KL’s database. KL used Excel scripting for the renaming procedure, and a clever, if laborious,
workaround for the metadata problem: he found that by bulk-uploading MBP observations through the iNaturalist web
interface and then re-downloading them, he could extract the missing metadata, which iNaturalist had automatically
added. Although this process had to be executed for 1000 observations at a time, and there were still some errors due to
taxonomic discrepancies, this vastly sped up the work. While KL’s data practices changed as a result of engaging in
this process, he and AS did not work toward maintaining the established compatbility between their databases, as the
structural and taxonomic conventions of each were still well-motivated in the context of their regular project work.

DB works with academic and citizen science projects in his region to publish data they create in the GBIF repository.
One of the first steps in this process is to meet with representatives of those projects and walk through the relevant
data set in detail. During these meetings, DB and the project representative prepare the data for publication and future
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use by writing metadata such as a title and description, identifying erroneous or malformed data, and mapping the data
structure used within the project to the DwC format. Following this, DB creates a custom routine or script to clean and
convert the data, which can be reused to publish future versions of the data set. GBIF’s web application for publishing
data, IPT, provides limited support for this processing work – such as re-naming columns in a data set to ones that
are part of DwC – but in practice it requires the skills and tools of an expert data scientist. According to DB, this is
both because IPT is due for a redesign, and because “every data set is a different story”. Notably, DB cautions partner
projects about adopting GBIF’s data standards in their own databases, even if it would simplify his work, as he argues
they know better what is useful to them:

I say to people, do not use DwC to push in your data. So if you have a research project, look at the DwC
and if there are any terms which you can use in your data sets, well, that’s good, use them, but don’t try to
push everything in DwC [into your data schema] because it can really disturb your research projects. (DB)

iNaturalist’s process for republishing data with GBIF is abstractly similar, though in their case they maintain their
own translation pipeline, a script that periodically creates a DwC-formatted snapshot of iNaturalist’s data and publishes
it on the web. In both cases, the highly automated and one-way data sharing relationship limits the cost of sharing data
in terms of repeated labor and additional constraints on how each community works with data.

In addition to observation data, iNaturalist maintains its own internal taxonomic tree, a model of which species
concepts are valid and how they are related. Expert iNaturalist users sometimes dispute the validity of the taxa that are
available for assignment, and the platform has had multiple approaches to mediating these disagreements. iNaturalist
users who frequently contribute species identifications may be promoted to the status of curators. Curators are expected
to respond to flags, requests for moderation that any user can assign to taxa, observations, and comments on the
platform. Their moderation powers include the ability to introduce and update taxa. As iNaturalist has grown, this
flag-and-moderate system has come under strain, as the provenance and rationale behind a particular taxon may be
difficult to recover. This is an issue in particular because some taxonomic niches are not well-covered by any standard
reference, such as butterflies or fungi, creating the potential for frequent disputes. Recently, the developers have
introduced a more elaborate tool, Taxon Frameworks, that is intended to help “reining in the taxonomic free-for-all”18.
Taxon Frameworks are a structured format for relating taxa in iNaturalist’s database with outside references. By using
Taxon Frameworks to mediate changes to the tree, iNaturalist hopes to ensure that each change is associated with
an academic reference, limiting the frequency of disputes. This is somewhat analogous to Wikipedia’s policy that
articles should should reference external authoritative sources rather than original research done by editors, because
the encyclopedia’s goal is to describe settled facts.

From one perspective, iNaturalist and GBIF are at the top of the biodiversity data food chain, gathering and reconciling
data created across a very wide range of local contexts, including projects such as BGP and MBP. Zooming in closer,
there is a wealth of meaning and work embedded in data as they exist within these smaller communities, much of which
is erased once they enter a large repository serving a general need. We also see different relationships to the inherent
plurality of (biodiversity) data, i.e. the co-existence of multiple ways to describe the world that cannot necessarily be
reduced to one another. At the large scale of platforms like iNaturalist or GBIF, plurality must be managed by adopting
shared standards and tools for building consensus. At the small scale of AS, KL, and DB, there is a pragmatic acceptance
of data plurality, that communities should be able to preserve their data in the form that works for them, and temporary
and limited reconciliation is better than unnecessary adoption of shared standards.

18inaturalist.org/blog/19977-introducing-taxon-frameworks
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5 DISCUSSION TOPICS

We offer two prompts for discussions that connect our case to the workshop themes.

5.1 What means of appropriation should we produce?

As an HCI researcher with an interest in constructive contributions, particularly in the space of customizable software
and end-user programming, I am interested in what kind of novel technologies could increase the capacity of grassroots
communities such as Biodiversity Galiano to take ownership of digital technologies.

Considering their success with tools such as WordPress, it is tempting to imagine a similar platform for building more
elaborate interactive software, a friendly interface to the power tools of software development employed by platforms
such as iNaturalist. Bødker et al. sketch something like this in a recent paper [7], a repository of common features for
mediating tasks such as membership management, messaging, and scheduling tasks, that grassroots communities can
combine to launch a custom infrastructure. This idea might be phrased as “a platform of one’s own”. We might ask what
kind of grassroots communities have “platform-shaped” problems, and what kinds do not. One compatible example
might be the organic food cooperative studied by Bødker et al. [6], who need to distribute weekly work and mediate
commercial exchanges. A more informal or loosely connected community such as BGP might draw less benefit from
an online space where they can only talk to one another. What kind of tools might better mediate the appropriation
activity we saw in our case, which was often about finding ways to take advantage of existing infrastructures without
being constrained by them, and about finding ways to collaborate without consolidating around one’s technologies
entirely?

In previous writing following this case [2, 13], we have considered how community-scale appropriation and industrial-
scale software development can be understood as distinct practices of making software, related to Kaptelinin and
Bannon’s distinction between intrinsic and extrinsic practice transformation [9]. We have reflected that the tools of
industrial software development can distribute usable software at scale, but cannot evolve that software in response to
the myriad of diverse use patterns that emerge wherever the software is adopted. If the idea of enabling communities to
build their own platforms is to scale down software production, the missing capacity we address there is that of scaling
to difference, to enable a software landscape of many different, but interoperable tools. Basman has followed this aspect
of our case with a design proposal for new tools to enable pluralistic data ecosystems [1].

5.2 Appropriation as community building

In this paper we have focused on technology appropriation as a means to enable and ease a community’s goal-oriented
activities. As designers, we are often concerned with functionality and usability, but it is important to consider the
ways in which appropriation is more than making technologies useful.

The story of BGP’s community artifact ecology is in some respects similar to that of the organic food cooperative
studied by Bødker et al. [5, 6]. That community made its first technology choices by copying those of a similar association
that inspired the formation of their own. Their artifact ecology then developed in fits and starts alongside the community.
Similarly, BGP started out with the dominant tools of the day for amateur taxonomy and social networking, and then
built their website and database around those. In both cases, some of the factors that mediated technological choices
include the ongoing negotiating with existing technologies and habits, the establishment of a common identity and set
of values, and the development of reflexive knowledge about their practice. All of these aspects are in some sense tied
to community members experiencing life as a community before they can begin to imagine their future needs.
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Perhaps functionality or quality in an instrumental sense is often not the determining factor in whether a tool is
adopted by a community. Maybe sometimes adopting common tools is less about improved performance and more
about establishing a shared identity and values. Likewise, novel technologies for supporting appropriation may find no
uptake if the target community cannot build up the reflexive knowledge or collective identity that allows them to ideate
about and desire appropriating technologies. In view of this, how do we describe, evaluate, and predict the usefulness
of novel technologies for grassroots communities?
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