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Abstract

Biodiversity conservation is a global challenge that requires the integration of global and
local data. Expanding global data infrastructures have opened unprecedented opportunities
for biodiversity data storage, curation, and dissemination. Within one such infrastructure —
the Global Biodiversity Information Facility (GBIF) — these benefits are achieved by
aggregating data from over 100 regional infrastructure ‘nodes’. GBIF nodes play a critical
role by building and maintaining collaborations that support data sharing and reuse, while
also fostering local research, traditional knowledge, innovation, and engagement.
Therefore, regional-scale biodiversity infrastructures benefit scientific communities in ways
that exceed their core function of contributing to global data aggregation; yet these
additional scientific impacts are rarely quantified. To fill this gap, we characterise the
scientific impact of the Atlas of Living Australia (ALA), one of the oldest and largest GBIF
nodes, as a case study of a regional biodiversity information facility. Our discussion reveals
the multi-faceted impact of the regional biodiversity data infrastructure. We showcase the

global importance of such infrastructures, datasets, and collaborations.
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Introduction

The ongoing sixth mass extinction is a global challenge (Ceballos and Ehrlich 2018, Cowie et
al. 2022). Tackling this global biodiversity crisis requires cross-national efforts informed by
multi-dimensional data (Bisby 2000, Franklin et al. 2017, Heberling et al. 2021). Such data is
usually gathered locally, consisting of information like species occurrences, species
characteristics, environment and land use, pieced together into “big data” global datasets
and hosted on specialised data infrastructures: e.g., Encyclopedia of Life (eol.org), Ocean
Biodiversity Information System (obis.org), International Barcode of Life (ibol.org), Global
Biodiversity Information Facility (gbif.org) (Kays and Wikelski 2023). Global datasets and
infrastructure have enabled remarkable insights into the current, past, and predicted state

of biodiversity changes (e.g., Warren et al. 2018, Staude et al. 2020, Callaghan et al. 2021).

Global-level data and analyses are crucial to conservation, yet they are insufficient to
protect biodiversity on their own (Armitage et al. 2020). Achieving global biodiversity
protection requires knowledge coproduction and engagement that is socially and
environmentally just — a task that cannot be achieved using a global “one-size-fits-all”
approach. Instead, this knowledge must be built locally by developing relationships of trust
and meaningful participation (Raymond et al. 2022). The importance of integrating
knowledge from both established monitoring programs and local and indigenous
community knowledge is recognised as a global conservation priority, for example Target 19
of the Kunming-Montreal Global Biodiversity Framework (Biosafety Unit, 2023). Local and
regional biodiversity infrastructures are essential in facilitating this process (Canhos et al.
1993, 2015, Tauch and Al-Dilaimi 2019, Schulman et al. 2021, Urban et al. 2022, Peterson et

al. 2023). Any characterisation of local and regional infrastructures, however, is rare.



It is necessary to conduct in-depth impact assessment of regional biodiversity platforms
separately from the assessments of the global biodiversity infrastructures because the latter
may underplay or miss local impacts or outputs produced by non-academic stakeholders.
For example, a recent study’s assessment of 4,000 academic studies linked to Global
Biodiversity Information Facility (GBIF), one of the largest open-source data infrastructures
of global biodiversity data, did not include non-academic publications or non-publication

outputs (Heberling et al. 2021).

Although GBIF aggregates over two billion species occurrence records, it is critical to note
that much of this data comes from local and regional “node” organisations (Figure 1), which
in turn collect and aggregate contributions from hundreds of local data providers. A number
of these node organisations have become regional biodiversity and collaboration hubs,
bringing unique opportunities and benefits (Edwards 2004). These benefits can include
direct engagement with not only regional data providers but also researchers, practitioners,
policymakers, and the public. This opportunity is achieved by building customised online
platforms, digitising local specimen collections, close and personalised collaboration with
local agencies and institutions, providing training and support, and engaging local citizen
scientists and Indigenous people via collaborative projects (Brenton et al. 2018, Roger et al.
2023). Regional hubs are thus critical to aggregating standardised data that allow GBIF to
facilitate the global biodiversity syntheses (Heberling et al. 2021), but they receive limited

attention on the global stage.

A growing worldwide community of regional biodiversity infrastructures, known as “Living
Atlases”, has been enabled by the Atlas of Living Australia (ALA) (Atlas of Living Australia

2022). While the majority of the 106 GBIF nodes pass data directly to GBIF, and do not



maintain local data portals, the Living Atlases (https://living-atlases.gbif.org) use the ALA
open-source codebase to build their own data and systems before federating to the global
database. This enables them to collate, curate and link data that are specific to their own
regions, including environmental variables (spatial and historical), species profiles, images
and sounds, trait measurements, conservation status, and taxonomic information (Belbin et
al. 2021). The aim of this organisational model is to improve the value of the living atlases as
resources for addressing regional-level research, conservation and policy-related questions.
Given these aims, as well as the ALA’s enabling role in developing the ‘living atlas’ model, it
is valuable to ask to what extent the ALA has delivered direct scientific and community

impact at the regional scale, in addition to its role as a node for GBIF.

Assessing the impact of biodiversity data platforms rarely extends beyond their contents or
functionality of the underlying digital infrastructure (e.g. Vattakaven et al. 2016, Dias et al.
2017, Schulman et al. 2021). Thus, little is known about how unique data from such regional
biodiversity information hubs translate into specific outputs, such as peer-reviewed journal
articles (and their traditional measures of impact), non-peer-reviewed outputs (e.g., reports,
books, software, blogs — “grey outputs”, produced by diverse stakeholders of such
platforms), and how these outputs influence our knowledge and lives (e.g., via patents,
policies, information platforms, social media). We need to know how digital biodiversity
infrastructure can foster trust, collaborations, and broader scientific and social impact. To
achieve this, we should go beyond counting data records or academic articles. We must look
at a broader range of output types and influences, the key players, and collaborations. Such

an approach can support the idea that decentralized approaches are critical to maximising



the societal impact of the biodiversity data (Sterner et al. 2020) and, ultimately, offer

recognition to the role of regional initiatives in resolving global issues.

Our objective is to provide an in-depth and comprehensive overview the impacts of the
diverse ALA-related outputs on the scientific and non-scientific communities. We address
this main objective by characterising ALA-related outputs to answer four specific questions:
1) What can ALA-related academic and grey outputs tell us about the impacts of regional
biodiversity infrastructures and data? 2) What can we learn from the ALA about local and
global collaborations and author diversity? 3) Are the ALA-related outputs accessible to a

broad readership? 4) How impactful is the academic research facilitated by the ALA?

Gathering key information about the ALA-related outputs

The ALA was established in 2010 by the Australian Government’s National Collaborative
Infrastructure Strategy (NCRIS) and is hosted by The Commonwealth Scientific and Industrial
Research Organisation (CSIRO). It aggregates species occurrence records from government
monitoring programs, research projects, museums, herbaria, and popular citizen science
apps like iNaturalist (Di Cecco et al. 2021, Campbell et al. 2023). Via GBIF, it feeds species
occurrence records from Australia into the global system. The list of ALA-related research
outputs used in this project was manually curated over several years by ALA employees.
They set up publication alerts on the main academic publishing platforms using ALA-related
keywords, DOI, and records linked to resources on ALA platform. The list of ALA-related
research outputs is stored as a private shared library on Zotero reference management

platform and updated weekly. The Zotero database contains basic bibliographic information



on the collected outputs, such as: output type, title, authors, publication source (e.g.,
journal name), publisher, ISBN, ISSN, DOI, url, abstract, date, and automatic keywords. In
the database, manual tags are added by ALA curators to indicate how a given item engaged
with or related to the ALA: whether specific ALA-provided resources were used (e.g.,
research data or services), cited, or informally mentioned. When ALA resources and services
were used directly, the type of the resource is also coded as: species occurrences records,
species inventory lists, species profiles, climatic data, spatial portal, and modelling services.
Supplementary Material files contain additional details on data collation and coding. For
analyses, we exported the list of 3,866 bibliographic records from Zotero on 30 March 2023
as a .csv file. We used these bibliographic records as a starting point for supplementing the
records with additional data from other sources to allow for deeper analyses on the impacts
of the ALA platform. Specifically, we extracted related data from publicly available datasets
and information services (Unpaywall, Journal Citation Records, Scimago, OpenAlex,
Altmetrics), as detailed in the Supplementary Material 1. In brief, out of 3,866 items in the
original Zotero dataset we removed 92 published in early 2023, leaving 3,774 for our
analyses. We extracted and processed authorship information of the ALA impact
observations. The 3,774 ALA-related outputs had a total of 15,395 individual authors
recorded, with 9,813 unique combinations of family names and initials. We found country of
affiliation information for 8,672 authors of 1,765 journal articles from OpenAlex. We
gathered data on the open access status of 1,811 journal articles from Unpaywall. We then
retrieved academic citations counts (Crossref) for 2,039 journal articles, and Altmetric
attention scores (Altmetrics) for 1,519 journal articles. We annotated 1,543 journal articles
with information on journal Impact Factors from Journal Citation Records. Finally, for 1,886

articles, we found SClmago journal ranking position, country, region, and subject category



information. Additionally, we used GBIF API to conduct a comparison of citations that

Australian datasets get via ALA vs GBIF.

The patterns in ALA impact observations

ALA impact observations list captured predominantly peer-reviewed publications. Of 3,774
items published in 2007-2022, 2,406 (70%) were classified as journal articles, of which 2,070
had associated DOI. Among the other 15 item types (thereafter “grey outputs”, totalling
1,358 records), only 98 conference papers had DOI. Lack of DOl made it hard to reliably
integrate information from other data platforms, which reduced the scope of our analyses
of grey outputs. In terms of linguistic diversity, we were limited by lack of reliable meta-
data. Where publication language was specified, English was the dominant language (>99%),
with only 13 documents in other languages (Spanish, Portuguese, French, German, Russian,

Indonesian, Italian, Swedish, and Chinese).

Comparing the scope of journal articles and grey outputs

Our custom-curated dataset revealed the number of ALA-related outputs steadily increased
until around 2017, when direct citations of ALA appear to shift toward citations via GBIF
(Figure 2A; notably, in 2023, only 32.7% of citations of Australian data were via ALA, with
the rest coming from GBIF). This growing trend in citations over the years is mainly driven by
publication rates of journal articles (thereafter “articles”, 2,406 records), which dominate
our data set (Figure 2B). Other types of ALA-related outputs (government, organisation,

media and related items, i.e. “grey outputs”) generally also increased over time, but their



citations are harder to track and thus are not directly comparable. Next, we compared
articles and grey outputs regarding the ways of use / crediting of the ALA resources, and
differences in thematic focus between journal articles and grey output types, resulting in

four key observations.

First, journal articles are twice as likely to directly use specific ALA-provided resources
(Figure 3A), such as research data or services. They also tend to explicitly cite ALA-provided
resources more often. On the other hand, grey outputs seem to informally mention or

discuss ALA in their text more often than are journal articles.

Second, when ALA resources are used directly, all six main categories of data and services
available via ALA are represented in both output types (Figure 3B), with species occurrences
records being the main type of utilised resource. However, grey outputs tend to use more
often the “core data”, such as species occurrence records and specific species lists, rather

than more advanced services such as digital maps and models.

Third, around half of the titles and abstracts contained words that indicate that they study
Australian species or ecosystems (Figure 3C). Such words included names of Australian

states, regions, cities, and commonly studied endemic and charismatic species (e.g., koala,
platypus, kangaroo). Outputs published as journal articles tended to mention these words

more frequently than grey outputs.

Fourth, a small proportion of titles and abstracts contained words indicating an involvement

of the broader community in the research, for example, via citizen science, volunteering



and/or data crowdsourcing (Figure 3D). This proportion was comparable in journal articles

and in the grey outputs.

Authorship diversity and collaboration

Around 8% of 9,813 unique individual authors authored both journal articles and grey
outputs. Notably, the pool of unique individual authors of grey outputs (2,742) is much
smaller than the pool of authors of journal articles (7,827). Also, 11% of the grey outputs
either had no authorship captured or had a record of a group authorship only (e.g., name of
an institution, organisation, or community). This may have influenced the observation that,

on average, grey outputs typically have smaller author team sizes (Supplementary File).

Over the years, the size of the individual authorship teams increased for journal articles. In
contrast, for 1,212 records of grey outputs with listed individual authors, no clear trend for
team size could be observed. Yet, “Big Team” science outputs started appearing in the last
decade — we found 11 journal articles with more than 50 authors, and one such grey output

(with 211 individually-named authors; (Royal Botanic Gardens, Kew 2020)).

Affiliated country of journal article authors

Analyses of author country of affiliations tells us whether infrastructure is used globally and
whether research teams are international. The 2,681 authors of 1,765 journal articles
represented 54 different countries. Australia (67.8%) dominated the authorship of journal
articles, followed by the USA (8.0%), Germany (3.8%), and the United Kingdom (2.3%)
(Figure 4). The majority of these journal articles (70.0%) had all authors affiliated with the

same country (usually Australia — 58%). For articles with authors affiliating with different

10



countries, the most common collaborations of the Australian authors involved USA,

Germany, New Zealand, and UK (Supplementary File).

Publication patterns of journal articles

Analyses on publication journals can approximate geographical and disciplinary reach of the
produced knowledge. ALA-related articles were published in 753 different journals,
including 413 journals with calculated Impact Factors. Twenty of the ALA-related journal
articles were published in 10 different journals with Impact Factor larger than 15, mostly in
Nature Communications, Nature Ecology and Evolution, and Science (Figure 5A). Seven of
those articles explicitly used the ALA-collated resources, such as species occurrence records,
another seven only mentioned the ALA, three had ALA-affiliated authors and the remaining
three cited the ALA. However, the majority of the articles in our data set tended to be
published in journals with much lower Impact Factors, with the median value at 3.3. The ten
most popular journals included cross-disciplinary journals like PLOS ONE and Zootaxa, as
well as Australia-focused journals like Austral Ecology and Austral Entomology (Figure 5B).
Australia-focused journals tend to be of lower impact, as indicated by the under-
representation of the Pacific region in the top quartile (Q1) of the SCImago Journal &
Country Rank data (Figure 5C). Still, the majority (62%; 1,162 out of 1,886) of the ALA-
related articles were published in the top quartile (Q1) journals, usually associated with

Western Europe and North American readership.
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Accessibility of journal articles

For effective biodiversity conservation, it is critical that produced knowledge is freely
accessible to broad readership. Overall, more than half (63% of the articles with known
open access status) of the journal articles related to ALA have an Open Access status
allowing free access to the full article contents (Figure 6A). Gold open-access publishing
model was the most popular, followed by Green open access with preprints deposited to
public repositories such as bioRxiv and EcoEvoRxiv. Publishing openly accessible articles was

embraced early on by the authors and remained high over the last decade (Figure 6B).

Impact of journal articles

Citation counts are a traditional quantitative measure of research impact. Most ALA-related
journal articles were cited by other academic publications at least once, with a strongly
right-skewed distribution of citations (Supplementary File). While the majority of the articles
received less than 10 citations (median = 6), there were also 45 articles with more than 100
citations, and 4 articles with more than 500 citations. The latter group included three
methodological articles focused on predicting species distributions using Maxent models
(Elith et al. 2011, Guisan et al. 2013, Philips et al. 2017). In these articles, the ALA was
mentioned as an example of implementing Maxent models to facilitate the use of Maxent
for researchers and the broader public. The fourth article (Wieczorek et al. 2012) is
dedicated to Darwin Core, a widely used data standard for biodiversity information, noting

the ALA as an example of successful data integration and dissemination using this standard.
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ALA-related journal articles were also often mentioned outside the traditional academic
publications. Altmetric score (officially called Altmetric Attention Score; altmetric.com) is a
weighted count of the amount of attention received by an article from multiple categories
of information sources. Out of 1,519 articles with Altmetric data, 79 had Altmetric scores
higher than 100, and 4 higher than 1,000, indicating extreme interest. These articles tended
to be published in top-ranked journals, such as Proceedings of the National Academy of
Sciences of the USA (two articles), and Proceedings of the Royal Society B: Biological
Sciences (one article). They also tackled broad questions, such as past and future declines of
biodiversity (Cazzolla Gatti et al. 2022, Roycroft et al. 2021), or changes in populations of
specific species of high public interest (Bino et al. 2019, Crates et al. 2021). Altmetric scores
adjusted for journal context show that most ALA-related articles receive more attention
than other articles from the same journals (Supplementary File), revealing significant impact
beyond the top-ranked journals. Data on the counts broken into individual public attention
components showed that ALA-related articles are cited in policies (76 articles), patents (4),
and Wikipedia (280). Attention by news sources was substantial, comprising 3,334 mentions
for 291 articles. Seven articles received over 100 news mentions. Most of those articles
were among the set of articles with the highest Altmetric attention scores, indicating a
cascading effect of the media stories on the other types of public attention, such as social
media. The social media attention included mentions on Twitter (28,730 mentions for 1,387
articles), Facebook (848 mentions for 452 articles), and blogs (660 mentions for 347

articles).
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The implications of the ALA impact assessment for biodiversity research

Beyond collating and hosting regionally relevant data, we assessed The Atlas of Living
Australia publication output, research collaborations and public engagement locally and
globally. This can be seen in the answers to our four specific questions we discuss in turn

below.

1. What can ALA-related academic and grey outputs tell us about the impacts of regional

biodiversity infrastructures and data?

We found that the list of ALA-related outputs is dominated by journal articles, accounting
for 64% of the curated list of items. Journal articles appear to drive the increase in the
number of captured outputs across the years, and often directly use or cite data and
services provided by the ALA. In contrast, grey outputs are more likely to mention or discuss
the ALA. This result is not surprising, given that journal articles are usually research-oriented
and follow formalised citing conventions, while many of the grey outputs offer secondary
recounts of research findings or initiatives in formats that are less formalised but accessible
to the broader public, such as magazine articles, blogs, and videos (Pappas and Williams

2011).

We observed that both articles and grey outputs use the whole range of resources and
services provided by the ALA. The georeferenced species occurrence records and species
distribution maps are the core of the ALA and enabled 71% of the use cases. Climate data,
species lists, and spatial and modelling portals comprised 26% of the use cases. The

resource with the least citations was the species profile database (final 3%), likely because
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these are brief summary pages similar to Wikipedia pages. In line with our expectation, the
majority of the outcomes focus on the Australian species or ecosystems, given that at least
half mention some of the Australia-related words we searched for in the titles and abstracts.
A small but significant portion (around one-tenth) of both journal articles and grey outputs
can be linked to community contributions, clearly reflecting ALA’s role in connecting citizen
scientists, volunteers, local organisations, and researchers (Belbin and Williams 2016,

Brenton et al. 2018).

2. What can we learn from the ALA about local and global collaborations and author

diversity?

We found that almost one in ten of the captured individual authors contributed to both
journal articles and other output types. Such versatile authors are important for knowledge
transfer to other stakeholders and for forming broader collaborations. Overall, the
authorship teams were very diverse in size and level of collaboration. We observed a subset
of outputs connected very weakly via authorship, but also a large core of the outputs that
share at least some of their authors, forming collaborative networks (Supplementary File).
For the journal articles, the historical increase in authorship team sizes indicates the
increasing importance of large-scale collaborative efforts (Cheruvelil and Soranno 2018).
Such efforts can be linked with the use of Australian biodiversity data in regional studies,
but also in global studies. It may also reflect the global trend of increased co-authorship
(Thelwall and Maflahi 2022). The broad network of international collaborations includes
authors affiliated with over 50 countries. However, these connections (and publication
volumes) were dominated by developed English-speaking countries, such as USA and UK.

This observation is in line with the pattern of the strong geographic imbalance in publishing
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patterns across disciplines (King 2004), observed also within disciplines, e.g., in ecological
(Tydecks et al. 2018) and climate-science research (Tandon 2021), (but see Miao et al.

2022).

3. Are the ALA-related outputs accessible to a broad readership?

More than half (63%) of ALA-related journal articles is currently openly available as full text
under gold, brown, green or hybrid open-access schemes. This is a higher proportion than
that reported for GBIF-linked academic articles (30% overall, 38% between 2016 and 2019;
Heberling et al. 2021). Providing open access to the full contents of the articles (and other
outputs) is essential for enabling broad dissemination, assessment, and applications of the
research findings of individual studies (Bourne et al. 2008). Differences between where ALA-
linked and GBIF-linked articles are most frequently published might reflect differences in

open-access priorities in journals that publish local or global research studies.

4. How impactful is the academic research facilitated by the ALA?

The picture of the impact of ALA-related journal articles is complex but far from unexpected.
Traditional metrics of academic impact include citation counts for individual articles,
publication journal impact factor and journal rank quartile. While the majority of the
analysed journal articles gathered modest citation numbers, which may be partially
explained by many having recent publication dates, a small subset of articles received
outstanding numbers of citations, characteristic of seminal publications (Herrmannova et al.
2018). These articles introduced or elaborated on methodological innovations of global

interest, and they were published in journals with high impact factor values and broad
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readership. Most articles with fewer citations also made it into top-ranked journals,
potentially reflecting the perceived importance or quality of the work. Many of the most
popular publication journals appear to focus on research directly related to Australia, such
as characterising local species or local species distributions, which may result in smaller
readership base and lower citation rates. Nevertheless, such publications may be critical to
local conservation, planning and policy making. For example, the ALA has been used in high-
profile articles on the impact of invasive diseases on ecological niches (Scheele et al. 2023),
long-term data collection of koala individuals through citizen science (Danaher et al. 2023),
and is a resource of indigenous ecological knowledge (Belbin et al. 2021). Similarly, the
regional classification of the journals matched the results of the keyword analyses on the
article titles and abstracts, indicating strong regional focus of the articles, in line with the
core mission of the ALA (Blackburn et al. 2014, Belbin et al. 2021). Notably, the ALA-related
outputs are increasingly mentioned in the policies, patents, Wikipedia pages, news outlets
and social media; it attests to the local and global influence and interest these outputs
generate. The far-reaching influence reflects the sustained funding of the ALA from the

Australian Government through the National Collaborative Research Infrastructure Strategy.

Potential limitations of our assessment

Our work should be interpreted with six limitations in mind. First, the collected body of the
ALA-related outputs contains few items in languages other than English. These outputs are
likely underrepresented and underestimated due to the searches being conducted using
English-language platforms and keywords (Chowdhury et al. 2022), as well as frequently
missing information on the language of the item itself. Second, other information was often

missing from the bibliographic records, such as DOI, author affiliations, and abstracts, and
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author affiliations, especially for the grey outputs (e.g., 14% of journal articles did not have
an abstract, vs. 44% for grey outputs). This issue has limited the scope of possible data
integration from other sources and, ultimately, the range of analyses and the reliability of
the insights we could provide in this work. Third, we have likely underestimated Australian
context and community involvement by using a set of predetermined keywords to text mine
titles and abstracts of the ALA-related outputs, which was additionally hindered by missing
abstracts. Fourth, our analyses of author collaboration networks could be inaccurate when
author names are used as a proxy for author identity due to potential inconsistencies in
recorded author names (same person with different name variants), as well as the name
overlaps (different people with the same name). Also, 11% of grey outputs did not attribute
authorship to individuals, implying organisations or communities as the authors, which likely
affected the accuracy of our co-authorship analyses. Fifth, Altmetric scores measure
attention, not true impact, and come with many inherent limitations that warrant caution in
the interpretation of Altmetric-based indices (Konkiel 2016). Sixth, the grey outputs could
not be assessed in the same way as journal articles in terms of their impact, as Altmetric

scores, citation counts, and impact factors, are not trackable for them.

Future directions and perspectives for impact assessment of biodiversity infrastructures

Analyses of various outcomes and their impacts are always challenging due to the effort
needed for extensive data gathering, processing and analyses (Brenninkmeijer 2022). Such
projects are likely to deal with inconsistent or incomplete datasets and disparate sources of
information that are not harmonized or are accessible only under a subscription model. The
challenges related to data quality cannot be mitigated simply by the manual curation and

annotation of the records, as this task is not feasible for high data volumes. Better data
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guality requires systemic changes. For example, the DOI is a universal and the most reliable
digital output identifier when incorporating information from multiple sources, and authors
of grey outputs should ensure that they have one. Similarly, author ORCID numbers are a
simple and reliable way of recording author identities, and their universal use would greatly
aid authorship analyses. ORCID is free and easy to register for, thus, is potentially suitable
even for non-academic authors. Author affiliations are notoriously messy in the
bibliographic records, which could be resolved by the universal adaptation and reporting of
machine-readable author affiliation metadata standards, including GRID institutional
identifiers (Aspeslagh et al. 2021). It is important to consider the impact or received
attention of individual outputs beyond traditional metrics of citations or impact factors,
especially for the local-scale impacts. For example, by collecting engagement data and
feedback from the stakeholders, such as data collectors and users, with special attention to
the indigenous and underrepresented communities (Valdez et al. 2023). Also, we should
take into account disciplinary or linguistic differences when interpreting any indices. Finally,
freely accessible bibliometric information can be used for impact evaluations via platforms
such as OpenAlex, Unpaywall and Crossref. In our work, we have combined data from these
platforms with other openly available datasets to build a reproducible bibliometric research
workflow circumventing commercial interests. Similar workflows can facilitate multifaceted

impact assessments of research-related outputs across all subject areas, beyond ecology.

In terms of the contributions to our understanding of practices related to global ecology, we
stress that global research conservation cannot be achieved without examining how we
collect, use, and disseminate data locally. Thus, our work highlights new approaches to

examining outputs and impacts related to regional bioinformatics infrastructures. The ALA,
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itself, appears to live up to its ambitions by contributing growing and high-quality body of
journal articles and other types of outputs, bridging national and international

collaborations, and fostering social impacts beyond academia.

Conclusions

Overall, this work exemplifies how both academic and the social impacts can be inferred
from the body of outputs linked to a regional bioinformatics infrastructure. Our findings
show how such regional infrastructure is uniquely positioned to enable discoveries,
collaborations, and broader engagement essential to human societies and the conservation
of biodiversity. Thus, supporting over 9,000 authors and 2,406 scientific publications (up to
2023), the ALA delivers trusted biodiversity data services for Australia, supporting world-
class research and decision-making, with the impacts extending beyond the Australian

territory.

Data Availability

The study analysis was based on a collated outputs dataset provided by the Atlas of Living
Australia. Additional information was fetched from online databases or downloaded from
websites, as outlined in the Methods section. The data sets and code supporting the results
of this article are available on the GitHub

(https://github.com/mlagisz/ALA_research_weaving) and archived in Zenodo repository
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(https://zenodo.org/record/8024192; DOI: 10.5281/zen0d0.8024191 [link to be updated for

the accepted version]).
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Figure 1: GBIF (Global Biodiversity Information Facility) and its nodes, including Living

Atlases. A — conceptual representation of the relationship between GBIF and its nodes, with
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the Atlas of Living Australia (ALA) as an example of a local node. B — comparison of the
Global Biodiversity Information facility (GBIF) and the Atlas of Living Australia (ALA).
Numbers represent rounded total counts for 2023. Data from: https.//analytics-
files.gbif.org/2024-01-01/download/csv/ (download_year.csv),
https://www.gbif.org/resource/search?contentType=literature,
https://doi.org/10.54102/ala.87540. C — total counts of records of GBIF and 10 Living
Atlases accessible via the galah R package (https://galah.ala.org.au; accessed March 2023;
(Westgate et al. 2023)). Discrepancies between numbers reported in panels B and C are due

to differences in record summarisation methods between platforms.
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Figure 2: Overview of the Atlas of Living Australia (ALA)-related outputs — historical trends
and output types. A — Annual citations of the GBIF curated outputs with and without ALA

data in relation to trends in citations of Australian data via ALA only. B— Composition of the
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ALA-related outputs citing, using or mentioning the ALA up to 2023, based on the ALA-

curated records.
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Figure 3: Comparisons of the scope of the Atlas of Living Australia (ALA)-related outputs for
outputs classified as journal articles (article) and other outputs (grey). A. — The role of ALA in
the outcomes as coded by manually assigned tags. B. — Types of directly used ALA resources

or services. C. — Australian focus as indicated by the use of Australia-specific words in the
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titles or abstracts. D. — Community and citizen science focus as indicated by the use of

related words in the titles or abstracts.
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Figure 4: Global authorship and collaboration. Collaboration links between the 10 most

authorship-intensive countries. The links represent the number of co-authored journal

articles and are coloured according to the dominant country; collaborations within countries

are not shown.
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Figure 6: Accessibility of the full-texts of ALA-related journal articles. A. — Counts of journal
articles that have open access are published under a range of publishing options (open
access type), as indicated by bar colours. “no information” indicates that no record exists for
this subset of articles in the Unpaywall Open Access database. White numbers show counts
of articles in each sub-category of open access. B. — Historical changes in the proportion of
openly accessible journal articles (articles with no information on their accessibility status

are not shown, all open access types are pooled).
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Going Global by Going Local: Impacts and Opportunities of

Geographically Focused Data Integration

Supplementary Material 1

Supplementary Methods

This document section includes additional details of the methods presented in the main

text, as well as supplementary Figure S1 and Figure S2 presenting results of network

analyses included in the Supplementary File (Supplementary Material 2 — data and code alo

available on GitHub).

ALA publication tracking methods

The Atlas of living Australia (ALA) has tracked articles that use, cite, or mention the ALA
since 28 February 2018. The ALA stores these articles in a Zotero library along with article
metadata. Articles range in publication date from 2007 — 2023.

To track relevant articles, the ALA has set up email notifications from literature searching
databases. The ALA receives notifications from Google Scholar, ProQuest, Scopus, Isentia
and Web of Science (Core Collection and Data Cite Index). The ALA also receives
notifications about datasets and figures from CSIRO Mediaportal, Zenodo and Figshare.
Email notifications are sent to a specific ALA reference email address.

The ALA tracks when their name, website or DOI are used in an article. The ALA is notified
when the following key words are in an article:

e Atlas of Living Australia

e Atlas Living Australia

e ala.org.au

* 10.26197

e grid.506668.b

e https://ror.org/018n2ja79 (added 25/01/2022)

37



Data downloads made using the ALA website or the R package {galah} are minted a DOI
beginning with 10.25197, and the suggested citation for the ALA is using grid.506668.b
(before 25/01/2022) or https://ror.org/018n2ja79 (after 25/01/2022).

Articles are added to the Zotero library weekly. The publication tracking workflow was first
established by Corinna Paeper and Ely Wallis in 2018. Publication tracking is currently

maintained by Olivia Torresan, Dax Kellie, and Martin Westgate.

Manual record tagging

When an email is received, articles were manually checked to determine how the ALA was
used or discussed in the article. If a manual check can verify that the ALA was cited or
mentioned in the article, the article is added to Zotero with associated metadata and the full
article PDF (if available).

One or more tags were manually assigned in Zotero to each article to indicate the ALA’s
relevance within the article. These tags were:
Tag description:

e “1 — ALA used” - Makes use of data in a quantitative analysis (e.g., ecological niche
modelling, species distribution modelling). This can include use as supplemental data in a
main or supplementary analysis

e “2 — ALA cited” - Cites a quantitative or qualitative fact derived from data (e.g. a
statement or map of a given species’ distribution)

e “3 — ALA discussed” - Discusses ALA as an infrastructure or the use of data

® “4 — ALA acknowledged” - Acknowledges the ALA but doesn’t use or cite data

(e.g., statements like “infrastructures like the ALA”)

* “5— ALA mentioned” - Unspecifically mentions ALA or the ALA portal

* “6 — ALA published” - Describes or talks about data published to the ALA.

Additional tags were also assigned to “1 — ALA Used” articles if it can be discerned which
type of ALA data or ALA tools were used to retrieve the data (e.g., Australian Virtual
Herbarium, Spatial Portal, Species occurrence records). Whether these tags were assigned
varies by article, and there is limited documentation of how consistently they were assigned

since tracking started in 2018.
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Analyses software

For all analyses, we used R version 4.2.3 (2023-03-15) (R Core Team 2013) in RStudio
(2023.03.0 Build 386; "Cherry Blossom" Release (3¢53477a, 2023-03-09) for macOS)
(RStudio Team 2022). R packages used in data processing and plotting include: tidyverse
2.0.0 (Wickham et al. 2019), here v.1.0.1 (Mller 2020), readr v.2.1.2 (Wickham et al. 2023),
rvest v.1.0.2 (Wickham 2022a), httr v.1.4.4 (Wickham 2023), pdftools v.3.3.2 (Ooms 2023),
stringr v.1.4.0 (Wickham 2022b), tidystringdist v.0.1.4 (Fay 2019), galah v.1.5.2 (Westgate et
al. 2023), roadoi v.0.7.2 (Jahn 2022), rAltmetric v.0.7.0 (Ram 2012), openalexR v.1.0.2.9 (Aria
and Le 2023), igraph v.1.3.1 (Csardi and Nepusz 2006), bibliometrix v.4.0.0 (Aria and
Cuccurullo 2017), circlize v.0.4.15 (Gu et al. 2014), maps v.3.4.0 (Becker et al. 2022), ggplot2
v.3.3.6 (Wickham 2016), ggrepel v.0.9.1 (Slowikowski 2023), RColorBrewer v.1.1-3 (Neuwirth
2022), ggraph v.2.0.5 (Pedersen 2022a), ggmosaic v.0.3.4 (Jeppson et al. 2023), ggthemes
v.4.2.4 (Arnold 2021), ggthemr v.1.1.0 (Tobin 2020), patchwork v.1.1.1 (Pedersen 2022b).

Comparing the scope of journal articles and grey outputs

We first summarised the bibliographic records from Zotero database in terms of the number
of records overall and across the years. We aggregated sixteen values of literature type into
two main outcome types: journal articles (article) and grey outputs (grey, i.e., any outputs
that are not journal articles). We then used the two outcome types for the comparisons of
the literature properties that are applicable to both types (e.g., scope and authorship, see
below) and to create an article-only data subset for additional article-specific analyses.

We then summarised the scope of the articles and grey outputs in terms how they use or
credit ALA, using manually assigned tags described above (6 use-type tags: "1 - ALA used",
"2 - ALA cited", "3 - ALA discussed" , "4 - ALA acknowledged", "5 - ALA mentioned", "6 - ALA
published"; resource-type tags: “Species occurrence records"”, "Map" , "Modelling", "Climate
Data", "Spatial Portal", "Species lists", "Profiles"). We discarded remaining tags which were
context-specific and sparse.

We also searched titles and abstracts for words that indicate that they are focused on

Australian species, ecosystems or locations, using str_detect function from the stringr
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package with pattern = "austral|tasman|victoria|queensland|northern territiory | new south
wales |nsw|vic|qld|sunshine

coast|canberra| mudgee | pilbara|illawarra|sydney|Melbourne

| perth |adelaide | brisbane|great barrier reef|snowy mountains|murray-darling | gippsland
|aboriginal | kangaroo| koala | platypus|echidna|quoll|eucalypt". Records with positive
matches were counted as potentially being relevant to Australia. We also searched titles
and abstracts for words that indicate that broader community was involved in the work, for
example as citizen science volunteers or co-researchers, with pattern =
"citizen|volunteer|crowdsourc" (“community” was not used as a keyword as it would

mostly retrieve works related to biological communities of species other than humans).

Authorship diversity and collaboration

We processed authors names stored in Zotero bibliographic network to initialise all first
names, because majority of the names were stored in this format. We then used authorship
information to calculate the total number of authors overall, total number of unique author
names. We compared the sizes of the authorship teams (number of authors per output)
between literature and across the years and noted outputs with unusually big team sizes
(>50). We constructed the co-authorship network among the ALA-related outputs using the
igraph package. We compared connectedness of authorship networks for articles and grey
outputs by calculating indexes of node centrality, graph density, transitivity (clustering

coefficient) and modularity (relative cluster density).

Affiliated country of journal article authors

Most of the grey output bibliographic records and many of the journal articles records did
not contain author affiliation data or the data was inconsistent. For the articles with DOI, we
retrieved affiliation information from OpenAlex platform API
(https://docs.openalex.org/api) using openalexR package. We courted number of unique

author affiliation countries in the dataset and across individual articles to measure
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internationality. We noted the most frequently appearing countries in the authorship of
journal articles. We looked at the patterns of collaborations by creating the matrix of co-
authorship links among all countries using bibliometrix package. We then created a chord

diagram of collaborations among the top 10 dominant countries using circlize package.

Publication patterns of journal articles

We retrieved information on Journal Impact Factors (IF) from a “JCR-2021-Impact-Factor-
PDF.pdf” file available from Journal Citation Reports (JCR) at
https://impactfactorforjournal.com/wp-content/uploads/2022/06/JCR-2021-Impact-Factor-
PDF.pdf. We extracted text from the pdf file using pdftools package and converted the
context into a table of 10,316 journal names and IF values. We then used capitalised journal
names to merge IF values with our main bibliographic data frame of ALA-related outputs.
We then summarised the distribution of IF in the dataset and compared the list of
publication journals with IF > 15 with the list of the top 15 most frequent journals and
publishing platforms. We retrieved information on journal ranking by downloading journal
data from SCImago Journal & Country Rank (SJR) website at
https://www.scimagojr.com/journalrank.php. The resulting .csv file contained journal rank,
guantile information, region, and subject categories, among other data. We used capitalised
journal names to merge this information with our main bibliographic data frame. We
summarised journal best quartile and journal regions for our dataset as indicators of the

impact and scope of ALA-related outputs, respectively.

Accessibility of journal articles

To retrieve the data on the open access status of individual articles, we accessed Unpaywall
database API (https://unpaywall.org/products/api) using the roadoi package. We fetched
and merged the data using article DOI as the unique and universal output identifier. We

summarised the frequencies of the Gold, Bronze, Hybrid, Green, and closed publishing
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articl