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[bookmark: _Toc167881193]Abstract
Biosecurity research is focused on risks that are due to invasive species. The dissemination of biosecurity research is hampered by the following problems: first, biosecurity research is not always published, or difficult to access. Indeed, the research at the applied end of the spectrum that is valued by decision makers is most likely to be ‘grey’, characterised by inconsistent curation, description and publishing practices. Second, biosecurity participants ask questions in different ways, with terminology varying between participants and the research literature. Biosecurity amalgamates a suite of disciplines, and this only exacerbates translation issues. Third, it’s difficult to identify overlaps and gaps in the research, partly due to the first two problems of access and translation. The Centre of Excellence for Biosecurity Risk Analysis (CEBRA) addressed these problems by developing The Biosecurity Risk Research Portal (Portal). 
The Biosecurity Risk Research Portal (Portal) project designed a solution to the access and translation problems above. The Portal is a digital library system that extracts and transforms multi-domain open-access grey literature research to answer biosecurity questions. The Portal connects websites and repositories where biosecurity research is located, and harvests metadata. The metadata sources include government, industry and research institutions where open access to full text is available. The Portal leverages controlled vocabularies, some constructed as part of the Portal project within the Portal discovery layer. This report discusses progress and issues encountered throughout the Portal project and concludes with recommendations for further project initiatives.
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The Centre of Excellence for Biosecurity Risk Analysis (CEBRA) developed a digital library system (Portal), starting in 2021. The Portal aimed to support CEBRA and project sponsors (Department of Agriculture, Fisheries & Forestry; Ministry of Primary Industries) by sourcing, aggregating and surfacing biosecurity research, especially from grey literature sources. The collected research outputs would be made available via publicly searchable interfaces and analytic applications. 
The Portal works by harvesting metadata from websites, repositories and other digital libraries where biosecurity research is located, such as in government, industry and research institution domains. The Portal addresses the spread of siloed collection by connecting many sources to a single repository, with ‘pipeline’ connections that refresh content on a regular schedule.
Collected metadata is formatted and aligned with local application requirements and catalogued using controlled vocabularies (vocabularies). New vocabularies were developed as an output of the Portal project to assist with both automated cataloguing tasks and user search enhancements.
The project (registered - Kneebone, 2022a) aimed to address barriers to the establishment and spread of biosecurity research. The project defines this work as addressing two key problems:

a.	biosecurity research may be hard to access because it is either not published, or not published with conventional or consistent approaches. We will call this the Access problem.
b.	biosecurity problems and literature inherit disparate disciplinary contexts and feature different terminology to mean the same thing, so it is difficult to retrieve the right research to address biosecurity questions. We will call this the Translation problem.
Access and Translation problems contribute to a third problem class that relates to research program management: it is difficult to identify the gaps and overlaps in biosecurity research because we cannot retrieve all the research (Access problem) and for the research that we can retrieve, we cannot identify and distinguish research works well due to different terminology (Translation problem). Therefore:
c.	it is difficult to prioritise research programs. We will call this the Research management problem. 
To address the Access problem, the portal collects ‘grey literature’ biosecurity research, meaning biosecurity research that is disseminated by institutions where “publishing is not the primary activity of the producing body” (Schöpfel, 2010). The sources selected for this project included government (portfolio, statutory and regulatory), industry (commercial and professional) and research institutions where there is open access to full text. The project harmonised, transformed and stored the collected metadata in a graph database with application interfaces.
To address Translation problems, the project developed vocabularies that supported discovery features in the Portal. By vocabularies we mean controlled terms that are used to catalogue, classify or tag information resources. Vocabularies are known by different names such as subject headings, taxonomies, glossaries and thesauri. Vocabularies improve the description and discoverability of information resources in the following ways; they:
-	provide a consistent way of describing resources so that similar resources are grouped and findable using similar search methods
-	store relationships between synonymous terms so that information seekers do not need to know the ‘right term’ to find relevant content; and 
-	link terms together in hierarchies or associations so that users can navigate terms, and therefore information resources, without needing to commit new search strategies
Vocabularies capture frequently occurring concepts in collected research, and in turn are then applied to (or ‘tag’) the research. By capturing biosecurity concepts, assembling concepts into vocabularies and then applying these vocabularies to biosecurity metadata, we can mitigate Translation problems for biosecurity practitioners and researchers alike.
By linking vocabulary terms together, it is also possible to create graphical representations and reports of information resources. We can, for example, report or visualise all resources about a biological threat using scientific or common name(s); methods used to detect the threat; and names of commodities or environmental assets that the threat poses a risk to. Representing these intersections addresses the Research management problem by exposing gaps and overlaps within the biosecurity research landscape.
The outline of this report is as follows: we present key findings arising from the Portal project and make recommendations with respect to the Portal and related or future activities. We then describe the Portal methodology, including use of key questions, case studies and developed vocabularies. We then describe the structure of Portal requirements and their  interrelationship with functional modules and system architecture. We report on work towards developing applications and use cases, including where the Portal project has engaged in related work. We then present conclusions and recommendations arising out of the Portal project.
[bookmark: _Toc167881197][bookmark: _Toc24363963]Key findings 
The Key findings relate to the Portal capability to address the three research problems:
a. biosecurity research may be hard to access
b. biosecurity research is difficult due to terminology challenges
c. it is difficult to prioritise biosecurity research programs

The Portal extends access to biosecurity research metadata
The Portal accesses biosecurity research that is not found in conventional literature review platforms. Portal content extends the set of results available from academic databases. The extended results should be regarded as supplementing conventional review workflows (see section 6.3 Literature review).

The Portal provides new access to full text
The Portal project brokered access to full text research that was not previously web-indexed, and stored on a web platform that was slated to be decommissioned. In this sense, the Portal acted as a preservation archive as well as discovery layer (see section 5.2.3 Access to full text).

The Portal improves search results with controlled vocabularies
Case studies used to test Portal functionality demonstrate that relevant result sets are expanded by thesaurus-augmented search indexing (see section 3.2 Case studies).

The Portal can report information about a research program
The Portal has a modest capability to report a range of attributes from a collection of research from a given program or source. Static dashboard-type visualisations can be generated to identify gaps or overlaps in a research program (see 6.1 Research program reporting).
[bookmark: _Toc167881198]Supplementary findings
The Portal project found the following that did not directly impact Portal capability or ability to address key research problems but impacted the operation and sustainability of the project.

The Portal project aimed prematurely at delivering an enterprise-grade system
The project should have aimed at delivering local applications with bespoke technologies to deliver a demonstratable service. The project attempted to change direction to a sustainable working product, with some success (see 5.3 Non-functional requirements).

Portal content development strategy needed alignment with respect to biosecurity projects
There were differing priorities with respect to whether metadata about biosecurity projects or the outcomes of projects, meaning articles and reports, should be collected (see section 5.2.2 Project metadata). These priorities may have shifted with the commencement of related work (see section 7.1 Australian Biosecurity Research Database).

Portal non-functional requirements needed more validation
There were challenges for managing non-functional requirements. More feedback was sought from both DAFF and Unimelb on technical requirements for the Proof-of-concept system architecture (see section 5.3.1). The requirements methodology  used was probably better suited to development of an enterprise system, which was premature.
[bookmark: _Toc167881199][bookmark: _Hlk83915364]Recommendations 
Further resourcing is recommended so that the Portal may function from end-to-end. The Collection, Description and Translation modules are delivered and well managed. Interfaces are needed so that users may access the Portal. Additionally, new content sources are needed to strengthen Portal coverage of the biosecurity system.
Given the Key and Supplementary findings, the following specific recommendations are:

The Portal should extend reach to more content sources by brokering relationships with new suppliers and building more metadata pipelines. 
There remain many content sources that are as yet connected to the Portal (see section 10.1 Content register). The Content register itself should be reviewed for current and new opportunities.

Portal vocabularies should be adopted by lead agencies and maintained. 
The Biosecurity Thesaurus is a significant vocabulary that has absorbed concepts and concept relations from a broad range of inputs (see section 4.1 Biosecurity Thesaurus and 4.5 Controlled vocabulary governance) and the Portal has demonstrated that the Biosecurity Thesaurus can be integrated within discovery services (see section 5.2.5 Translation). A lead agency should also strategically locate the Biosecurity Thesaurus and Priority Pests vocabularies within the contexts of related vocabulary projects (see for example section 4.4 Related work: Plant Health Ontology Surveillance vocabularies). 

Biosecurity Thesaurus should be sponsored for inclusion in the Linked Data PID Register 
Such sponsorship assumes lead agency ownership of the Biosecurity Thesaurus (see section 4.5 Controlled vocabulary governance).

Public searchable and analytic interfaces should be developed to expose the Portal database. 
The Revised system architecture (see section 5.3.2) falls short of delivering user interfaces, and resourcing is needed to do so. A research-grade (not enterprise) system should be delivered so that an end-to-end Portal operation can be demonstrated and used in local contexts.

Portal content scope should be clarified. 
Especially given the objectives of related work in the Australian Biosecurity Research Database (see section 7.1 Australian Biosecurity Research Database), the Portal content development strategy should be clarified with respect to research project versus research output metadata.

Portal ownership should be verified.
While Portal hosting and management does not define ‘ownership’, these are closely coupled with issues of sustainability and resourcing. Ownership may not be a pressing issue under the Revised system architecture level of Portal maturity (see section 5.3.2).  

[bookmark: _Toc167881200]Glossary
	Concept
	A unit of meaning, as defined in the Simple Knowledge Organisation System. Within a Vocabulary, Concepts are sometimes referred to as ‘terms’.

	Corpus analysis
	using a body of texts to derive a set of abstract rules which govern a language, such as a vocabulary

	Module
	A group or class of requirements

	Functional requirements
	the specific actions or tasks that a system or software must be able to perform

	Graph database
	a type of database that uses graph structures to store, map, and query relationships. The relationships between objects is stored as a priority

	Grey literature
	research that is disseminated by institutions where “publishing is not the primary activity” (Schöpfel, 2010).

	Ontology
	A named set of metadata properties

	System architecture
	a plan that shows how different parts of an information system work together

	User tasks
	Those tasks that typically characterise information retrieval, and defined within the Functional Requirements for Bibliographic Records (FRBR). They include Find; Identify; Select; Obtain; Explore

	Vocabularies
	Controlled vocabularies are cataloguing or classification systems such as taxonomies or thesauri. Vocabularies assist description and retrieval of information
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Introduction
The Portal project addresses, in part, terminology issues that persist in the biosecurity domain. It’s worth exploring a brief history of the domain term itself to surface the context for these terminology issues. 
The term biosecurity was first used in the agricultural sector in the 1980s as “the sum of risk management practices in the defence against biological threats” (Renault et al, 2021). The evolution of the biosecurity concept over fifty years has seen a broadening in sectoral interests so that threat targets include not only agricultural assets (such as plant crops, fisheries and livestock), but also non-market value environmental assets (such as native species, habitats, biodiversity). Human health is also a direct target of biological threats, especially with respect to infectious diseases (for example Japanese Encephalitis), and their vectors (such as mosquitos; Van Den Hurk et al, 2010). Biological threats impact the amenity of human dwellings, work and recreation spaces, such as the Red Imported Fire Ant (Solenopsis invicta) (Hester and Mayo, 2021). Biological threats can impact built environments and infrastructure assets, such as Zebra mussels (Dreissena polymorpha) that damage power plants (Connelly et al, 2007), hydraulic structures and irrigation systems (Morales-Hernández et al, 2022). Classifying and quantifying the economic cost of biological threats is complex analytical work, which has driven development of unifying approaches[footnoteRef:2] to calculating the non-market value of impacts, such as losses to cultural, aesthetic or recreational assets. [2:  See Czucz et al, 2018 for discussion on the research uptake of the Common International Classification for Ecosystem Services approach (EEA, 2016).] 

Another way in which the biosecurity concept has evolved is by staging biosecurity activities across spatial and temporal contexts. The Biosecurity Continuum (Bland et al, 2023) divides activities across three temporal-geographical stages, namely: the pre-border stage characterised by anticipation and prevention activities; the border stage (quarantine and screening); and the post-border stage (detection and response to threats, and/or recovery from threat incursions). 
Biosecurity activities that address pre-border stage anticipate threats through surveillance beyond national borders and intelligence gathering. Assisting external jurisdictions, especially those that are significant trading partners, with biosecurity capability development is a kind of pre-border prevention. Post-border activities address threats that succeed in arriving, establishing and/or spreading: containment, asset protection and other risk mitigations that respond to the inevitable leakage in biosecurity controls.
Between the continuum of pre-border / border / post-border activities, and concerns for a wide range of asset classes including plant, animal and human health and even the built environment, biosecurity problems invite responses from a wide range of professional, sectoral, industrial and disciplinary domains. The approaches to defining biosecurity research questions and responses vary in literary style, publishing workflows presentation formats. 
Within this multi-domain and multi-sectoral context, problems for biosecurity research dissemination, translation and reuse are pressing. These challenges exist within resourcing and governance arrangements more generally, where efforts to protect national borders from biological threats are siloed along economic / environmental / human health lines. It is not surprising, perhaps, that resources are siloed, including activities and outputs within biosecurity research environments. Such problems do not go un-noticed; for example, The One Biosecurity movement seeks to find common frameworks across biosecurity-involved domains, especially so to bringing human health into equal pegging amongst biosecurity asset classes (for example Hulme, 2020). 
A wide range of viewpoints and concerns about the biosecurity system are not unexpected given this diverse domain context. It is therefore critical that any system that collects and distributes biosecurity research has sufficient inputs from the inevitably diverse information needs and terminology use of expected users. Our approach in this project was to elicit the questions that such users might have to understand such needs. 
[bookmark: _Toc167881202][bookmark: _Toc449519282]Objectives
The Portal objectives are to
1. Collect biosecurity research metadata
2. Translate research metadata with metadata and vocabularies
3. Store and manage collected metadata
4. Develop applications to render metadata 
[bookmark: _Toc167881203]Methodology
This project led a requirements-focused approach with a combination of survey data, case studies and stakeholder engagement informing requirements for Portal scope and functionality. The project:
· issued a user ‘key questions’ survey (section 3)
· classified survey results using biosecurity frameworks (section 3.1)
· developed key concepts from survey analysis (section 4)
· developed case studies based on selected questions (sections 3.2; 5.1.3)
· identified user tasks associated with case studies (section 5.1.4)
· developed functional modules that group user tasks (section 5)
· developed functional requirements grouped by functional module (section 5)
· designed system architecture to support functional modules (section 5.3)
· tested system functionality against case studies (section 6)


[bookmark: _Toc167881204]Key Questions
From early in the Portal project, validating and addressing the information needs of future Portal users was a high priority. A guiding assumption was that the most valuable information sources for addressing biosecurity questions is in grey literature, or research issued directly by participating industry, government and regulatory organisations. But what do biosecurity participants need to know from grey literature research? We issued a survey to biosecurity participants to find out. Understanding information needs early in the project supported design of 
· Collection management strategies – which institutions will we collect from? What document types will we target or filter?
· Vocabulary development – what concepts do we need to extract from / tag the literature?
· Ontology development – what metadata properties are needed describe extracted concepts and to support user retrieval tasks?
· Interface design – what features support user tasks and therefore information needs, given the biosecurity metadata context?
· Portal evaluation – testing the Portal with case study scenarios derived from collected  questions
· developing natural language question answering capability

Natural language query processing was retained as a functional requirement but little progress was made towards this ambitious search feature.
The survey invited respondents to list their most pressing questions about the biosecurity system. The survey results (Kneebone, 2022b) were analysed to draw out concepts and insights that would support better Portal design. Key question responses were uploaded into PoolParty© software application as text files. Question text was analysed using the PoolParty Corpus Management[footnoteRef:3] module. Corpus analysis[footnoteRef:4] resulted in term weighting scores, such as frequency across all questions and within question contexts, and mutualism scores (likelihood that adjacent words form a meaningful phrase). These measures were combined to give an overall relevancy score. [3:  https://help.poolparty.biz/en/user-guide-for-knowledge-engineers/advanced-features/corpus-management---overview.html]  [4:  Raw data results can be accessed: Kneebone, 2023d] 

We used relevancy rankings to prioritise terms as candidate concepts. By ‘concept’ we mean a concept as defined within the Simple Knowledge Organisation System, commonly known as SKOS (Miles and Bechhofer, 2009), where a concept is an “idea or notion; a unit of thought”. A skos:concept may be a member of a concept scheme – a skos:conceptScheme is an aggregation of concepts including links between those concepts. Promoting a term to a skos:concept and assigning a unique resource identifier (URI) is a modern prerequisite for publishing terms within vocabularies, such as in the Biosecurity Thesaurus.
[bookmark: _Toc167881205]   Question classification
Initial question classification was done without an established system – in fact question classification and analysis itself would contribute to development of the Biosecurity Thesaurus, which would eventually be used to further classify the key questions. Initially, a classification system was derived from a published biosecurity program logic model (Schneider and Arndt, 2020, p.25). This provided a starting point in identifying which concepts were pertinent to biosecurity questions and, therefore, were suitable candidates for inclusion in new vocabularies. Initial classification also ensured that case studies developed from key questions were taken from a spread of biosecurity activities and inputs, as described in the program logic model. All question coding is available  (Kneebone, 2022b).
Questions were also coded with Learning Question Classifiers scheme, developed by Li, X., & , D. (2006). These classifiers included numeric concepts such as “count”, “distance” and “period”. These classifiers helped to establish conceptual clustering of questions such as those that feature "count” concepts:
How many trees should we test for a pathogen in a wood
How many traps/lures do we need to detect pests
Likewise, questions featuring temporal dimensions could be clustered:
How long do we need to survey before we can declare pest freedom
When should I switch from eradication to control?
Question-type classification, then, was used not only as a valuable source of word stock to assist in search indexing, but also to align questions for which there may be common or even ubiquitous answers. Perhaps a resource that explicitly mentions timeframes for area freedom surveying also implicitly answers the question about when to switch from eradication to control. Likewise, questions about rates for sampling hosts and sampling traps may be answered with common resources.
[bookmark: _Toc167881206]Case studies
A sample of key questions that were representative of the preliminary classification were used as the basis of case studies. Questions classified with the following top-level concepts were selected: Biosecurity capability; Border; Control measures; Diagnostics; Pest risk; Surveillance. Questions were written into hypothetical search scenarios and used as the basis for search challenges. Search results would be used to evaluate the discoverability of resources in a proof-of-concept system.
For example, for the question “How long do we need to survey before we can declare pest freedom”, the following scenario was developed:
It is 2050, and New Zealand government is evaluating a long term policy objective to free New Zealand of invasive species. The mainstream view is that the policy has been successful – but is under evaluation. For example South Georgia Island was invaded by BMSB in 2034 – surveillance of the Island has begun, but local government is keen to declare the Island free from the pest. The government is trying to decide how long surveillance should proceed before making an area freedom declaration.
From this case study a search was conducted to find relevant information. The search index had preliminary augmentation with thesaurus relationships, such as Pest freedom USE Area freedom (therefore a search for “pest freedom” returns documents containing Pest freedom OR Area freedom). The search returned 14 results, of which eight were relevant to the case study. The proof-of-concept system performed very well for “Is there a diagnostic assay for "X"”, and poorly for “What pests or diseases are associated with a commodity?”. The latter result led to development of both a Priority Pest vocabulary and a Commodities vocabulary, both featuring synonym control and inter-vocabulary relationships between concepts where associations were already known.
Another case study was developed from the question “What pests or diseases are associated with a commodity?”. The following case study was used:
Anwar imports produce for a supermarket chain. Anwar wants to import oranges from Mexico. While weighing up the business opportunity, Anwar wants to know if there are likely pest issues for oranges, especially from Mexico. 
From this case study a search was conducted to find relevant information. We found that documents that mentioned “citrus” but did not mention “oranges” were not found. We addressed this and similar issues by constructing hierarchical relationships in the Commodities vocabulary so that a search application could infer results for oranges by using broader-narrower relationships defined in the vocabularies. 
Question testing and analysis led to various improvements to vocabularies, but also informed the collection management strategy. The question “What are the National Priority Plant Pests?” is perhaps best answered with reference to another aggregated resource such as a pest database rather than by a list of research papers. The collection management strategy was therefore broadened to include aggregated resources such as databases and websites. 
[bookmark: _Toc167881207]

Vocabularies
The Portal project invested in bespoke controlled vocabularies (vocabularies hereafter) to improve organisation and retrievability of Portal data. Vocabularies were a response to a key research problem: in the biosecurity system, people use different terms to mean the same thing (and ask the same questions in different ways). The structured approach that vocabularies such as taxonomies and thesauri have in addressing such language ambiguities was the rationale for integrating these within Portal workflows, pipelines and interfaces. 
Vocabularies support the Find and Explore user tasks defined by the IFLA Functional Requirements for Bibliographic Records (FRBR) Review Group (2018) by expanding search results and supporting navigation and visualisation systems. The Biosecurity Thesaurus and Priority Pest vocabularies were clear examples where hierarchy, equivalence and (to a lesser extent) associative relationships could improve search and navigation.
However, vocabularies may also be employed to support the FRBR tasks Identify and Select. That is, vocabulary concepts may be used to indicate that some information object has broad membership in some category. For example, the Biosecurity Continuum, a relatively small and flat vocabulary, may serve to indicate that a retrieved record relates to research that supports broadly classified biosecurity activities or phases (anticipation, detection, recovery etc). Such broad categories in themselves are less likely to be used within natural language queries, and may not serve as reliable content filters for result sets. But with other identifying elements (authors, institutions, resource type), such broad classifications may assist users to select or prioritise research from lengthy result sets. A developed Pathway vocabulary derived from the Valuing New Zealand's biosecurity system project (Kompas and Polak, 2021), which was slightly more granular and hierarchical, may have served a similar function in a production user interface.
Two vocabularies were uploaded to Research Vocabularies Australia (ARDC, 2024), with the remaining three developed or in-development and accessible within CEBRA only. The table below lists all vocabularies compiled, with status indicators and comments.

	Name
	Status
	Comments

	Biosecurity Thesaurus
	Published 
	Kneebone (2023a)

	Priority Pests
	Published 
	Kneebone (2023f)

	Commodities 
	Full draft, unpublished
	Derived from ABARES (2022)

	Biosecurity Continuum
	Full draft, unpublished
	Derived from figure (Bland et al, 2023)

	Pathway
	Draft, unpublished
	Derived from CEBRA project. See Kompas and Polak (2021)


[bookmark: _Toc167366118]Figure 1 Portal vocabularies
[bookmark: _Toc167881208]Biosecurity Thesaurus
A market scan was conducted to find and reuse / adapt an existing biosecurity thesaurus. To meet project objectives, a thesaurus needed to exhibit
· high-level topic coverage of the biosecurity continuum
· synonym control (inclusion of alternative labels, or non-preferred terms), allowing questions of the Portal to be asked with alternative terminology, and to improve text mining and auto-tagging
· hierarchical and associative term relationships to support exploration
· alignment with vocabulary standards, such as ISO 25964 (International Organization for Standardization, 2013) 
· available in machine-readable formats; and 
· reusable under license
Two existing vocabularies were found to have sufficient high-level coverage of topics: the CABI Thesaurus (CABI, 2024) and the Glossary of Phytosanitary Terms (IPPC, 2023). CABI Thesaurus combines general biosecurity subjects as well as a list of pest species into the one vocabulary. CABI aligns with thesaurus construction protocols and machine-readable formats are distributed under commercial license. A sample was requested for evaluation - 77% of concepts had English alternative labels. However, alternative labels were mostly defined as synonyms for pests (e.g. Abies kawakami used for Abies kawakamii), whereas synonyms for non-pest or general concepts (such as Pest control used for eradication) were sparse. 
The Glossary of Phytosanitary Terms is issued in document form (PDF) under a Creative Commons BY-NC-SA license. As a glossary, this glossary exhibits no hierarchical relationships between terms, and includes very few alternative labels, such as references from inverted forms (e.g. area endangered See endangered area).
Given observed shortcomings in these vocabularies, especially with respect to synonym control, the Biosecurity Thesaurus was initiated.  Standard hierarchical, equivalence and associative relationships have been included and can be used to infer similarity between concepts, including concepts occurring in questions – for example queries for ‘fisheries’ might retrieve research about ‘hatcheries’. Over two years of development, the Biosecurity Thesaurus statistics were as follows:
	Concepts (including preferred label)
	504

	Alternative labels
	479

	Hidden labels[footnoteRef:5] [5:  	Hidden labels are a subclass of alternative label – they are used to manage equivalence but are not intended for display to users (example hidden labels include common spelling mistakes).] 

	14


[bookmark: _Toc167366119]Figure 2 Biosecurity Thesaurus statistics as of May 2024

Initial inputs to the Biosecurity Thesaurus included a combination of existing frameworks, such as the Biosecurity Continuum (Bland et al, 2023) and a program logic model of the biosecurity system (Schneider and Arndt, 2020). Furthermore, other published vocabularies and glossaries were used as references to validate concept development and recorded in the Biosecurity Vocabularies Bibliography (Kneebone, 2023b). Website navigation structure such as at the Department of Agriculture, Fisheries and Forestry website (DAFF, 2023) were also leveraged in developing relationships between concepts. Together, these frameworks provided organisational warrant for new concepts, as described in the Z39.19 standard (National Information Standards Organization [NISO], 2010).
[bookmark: _Toc167881209]Priority Pests
The Priority Pests vocabulary is a mostly flat list of species identified in various ‘priority lists’ managed by government and industry associations, featuring synonym control between scientific and common names. The Priority Pests project was largely a response to early stakeholder feedback that a ‘pest focus’ was needed in the Portal. The Priority Pests vocabulary addressed this requirement by providing a vocabulary that could be navigated and used as search filters, as well as improving search by mapping synonyms (mostly common vs scientific names) and relating taxa in genus-species type relationships; so for example searching or selecting the term “leaf miners” will return content tagged with “Liriomyza huidobrensis” (or any defined synonyms such as Pea leaf miner; Serpentine leaf miner) OR “Tuta absoluta” (again, including content with matching synonyms). 

All pest concepts, where available, were mapped to the EPPO Global Database (EPPO, 2024), with EPPO codes stored in concept metadata. Where specific pests were known to threaten given commodities or commodity classes, links to the Commodities vocabulary were made using custom property CEBRA:threatens. The Plant Health Surveillance Ontology (Department of Agriculture and Water Resources, 2020) was also consulted for an appropriate means for linking pests to commodities. 

The Portal project engaged the Atlas of Living Australia (ALA) on the topic of pest lists. ALA usefully shared draft pest list work underway which helped the Portal project to fill gaps in the Priority Pest vocabulary. ALA offered useful information about authoritative priority pest work underway in Australia, including:

1. Exotic Environmental Pest List (DAFF, 2020) (https://www.agriculture.gov.au/biosecurity-trade/policy/environmental/priority-list)
2. National list of notifiable animal disease (DAFF, 2024) (https://www.agriculture.gov.au/biosecurity-trade/pests-diseases-weeds/animal/notifiable#national-list-of-notifiable-diseases-of-terrestrial-animals-at-april-2019)
3. National list of reportable disease of aquatic animals (DAFF, 2021) (https://www.agriculture.gov.au/agriculture-land/animal/aquatic/reporting/reportable-diseases)
4. National priority Marine pest list (DAFF, 2019a) (https://www.marinepests.gov.au/what-we-do/apmpl)
5. National priority plant pests list (DAFF, 2019b) (https://www.agriculture.gov.au/biosecurity-trade/pests-diseases-weeds/plant/national-priority-plant-pests-2019)

[bookmark: _Toc167881210]Commodities
The Commodities vocabulary was derived from the ABARES Agricultural, Fisheries and Forestry trade classification (Version 1) (DAFF 2022). The Commodities vocabulary accounts for the outputs of primary industries with respect to agricultural produce. These outputs might be artefacts that serve as vectors for invasive species, or as those assets that are threatened or impacted by invasive species (or both). It is useful, therefore, to provide some terminology control around commodity names and classes so that questions about vectors and assets can be unambiguously organised, queried and visualised (see for example the citrus / orange example in section 3.2 Case studies).

[bookmark: _Toc167881211]Related work: Plant Health Surveillance vocabularies
The Portal project liaised with other vocabulary initiatives, especially those supporting the Plant Health Surveillance ontology (Department of Agriculture and Water Resources, 2020). Several vocabulary projects are underway that are mandated for use with PHS properties – these drafts vocabularies are managed in GitHub (Kurrawong AI, 2023). These vocabularies overlap in part with branches of the Biosecurity Thesaurus and Priority Pests, such as “hostTypes”; “inspectionMethods”; “targetPests” and “trapTypes”. This approach tightly couples smaller focused vocabularies with specific ontological properties, e.g. the “trapTypes” vocabulary is used with phs:TrapType property. This approach presents a structural contrast with the Biosecurity Thesaurus which combines many topic focused branches within one broad-ranging concept scheme, intended to describe the general ‘aboutness’ of an information resource (such as with dcterms:subject property; see DCMI, 2020). 
Regardless of structural differences, there remain opportunities for collaboration and possibly consolidation between the PHS and Biosecurity Thesaurus projects, and this was proposed at the Vocabulary Symposium (Kneebone 2023e).  Where possible, Biosecurity Thesaurus and Priority Pest vocabularies have concept-to-concept links with PHS vocabularies using skos:exactMatch relation property (see example Lynfield trap[footnoteRef:6]).  [6:  http://vocabs.ardc.edu.au/repository/api/lda/unimelb/biosecurity-thesaurus/april-2024/resource?uri=https%3A%2F%2Fumelb-pp.poolparty.biz%2FbiosecurityThesaurus%2F21bf9287-034a-485c-bcf8-f8b65690bceb] 

[bookmark: _Toc167881212]Controlled vocabulary governance
The Portal project spanned machinery of government changes resulting in new agencies: Department of Climate Change, Environment, Energy and Water (DCCEEW) and Department of Agriculture, Fisheries and Forestry (DAFF). The functions pertaining to biosecurity are mainly carried out by DAFF, however the capability to create and manage biosecurity-relevant vocabularies, such as those mandated for use within PHS, are spread across DAFF and DCCEEW. 
Beyond the Portal project, the Biosecurity Thesaurus needs ownership if it is to continue to absorb and reflect concepts that are key to biosecurity activities and research. Ownership could continue with the host institution (University of Melbourne); other research institutions; or government agency (most likely DAFF or DCCEEW). 
Governance arrangements are needed so that Biosecurity Thesaurus can be forwarded as a candidate for government linked data URIs – that is, each concept will be allocated URIs using the linked.data.gov.au namespace and included in the Linked Data PID register (AGLDWG, 2024). 



[bookmark: _Toc167881213]Requirements and modules
The project combined a number of approaches used in information management system design, and in project management more generally:
· requirements register
· user survey, focusing on ‘key questions’
· case studies, derived from user tasks
· functional module design, a common design principle in library management systems
· user tasks, especially those reviewed by the IFLA (IFLA Functional Requirements for Bibliographic Records (FRBR) Review Group, 2018)
[bookmark: _Toc167881214] Requirements sources
 The project methodology placed emphasis on requirements management as a way of tracking and refining stakeholder priorities and concerns. Requirements were sourced from a combination of stakeholder elicitation, case study development and theoretical frameworks.
[bookmark: _Toc167881215]Key questions survey
The Key questions survey was issued early in the project and responses were used to inform the Portal content scope and functionality. 
Reponses were initially classified using a framework based on the Biosecurity Continuum (Bland et al, 2023) and Logic model and a Description of the Biosecurity System logic model (Figure ES2, in Schneider & Arndt, 2017). 
Response text was compiled as a linguistic corpus and analysed for term relevance. Corpus analysis informed development of Biosecurity Thesaurus and Priority Pests vocabularies.
[bookmark: _Toc167881216]Case studies
Case studies were derived from a sample of Key questions responses, with the logic model used to ensure cases represented a spread of biosecurity activities. 
Case studies were used to evaluate a proof-of-concept search interface, populated with four content sources. An example case study was based on the response:
What pests or diseases are associated with a commodity?
The Portal demo returned five results for a query based on this question, with two relevant results counted. From this test, the following recommendation was returned:
Recommendation 5.3: Thesaurus and search: Additional reference structures in the biosecurity thesaurus, and/or additional concept schemes may be needed to capture and control semantics in some key questions, e.g. commodities.
Portal testing with case studies yielded two following recommendations:
Recommendation 5.2: Corpus scope: The Corpus scope should be flexible enough to include non-document resources, such as databases, priority pest lists or commodity lists…
Recommendation 5.5: Natural language question processing: investigate, as an interdependent line of business, building upon ‘Question type’ classification and schemes to expand capability in addressing Key questions
[bookmark: _Toc167881217]User tasks
The IFLA User Tasks were used as a framework to interpret and match key questions and case studies to functional modules. The five User Tasks are Find; Identify; Select; Obtain; Explore. 
· Find: most key question responses related to the need to source missing information of some kind. The Find task guided development of the content development strategy, which included identifying relevant content sources and establishing trusted connections with external repositories. Thesaurus tagging also featured synonym and hierarchy control, so that user search terms would be automatically expanded to included relevant results.
· Identify: metadata attributes such as creator (author; investigator), type (article; presentation) and institution help users to identify and evaluate research. The Identify task guided the metadata approach and Description module where such attributes were prioritised and collected. A related key question response was “who is an expert in X?”.
· Select: within the context of search results, abstracts (descriptions, summaries) and keywords support users to select items. The need to collect abstracts and also augment records with tags informed requirements for both Description and Translation modules.
· Obtain: while the Portal collection strategy prioritised open access sources, there were cases where full text was not readily available. The Obtain task guided the Collection module, which included sourcing IP from the APBSF so that the Portal could hold full text documents (when the APBSF was to be liquidated and websites closed). Also, access rights metadata was collected where possible so that Portal users could easily if there were restrictions to obtaining research.
· Explore: the Portal project invested in thesaurus design work so that content could be explored using a consistent tagging system. 
[bookmark: _Toc167881218]Stakeholder feedback
Feedback from stakeholder interactions was collected throughout the project, including:
· ‘pest focus’ – the Portal should allow users to investigate content with a threat species as a starting point
· records export – the Portal should allow export of multiple selected records from a given search session
[bookmark: _Toc167881219]Atomic requirements
Requirement sources were distilled and recorded in Atomic requirements table. The Atomic requirements were structured using Volere Requirements Specification Template (Suzanne & James, 2020). 
Atomic requirements are coded and hierarchical. A functional module approach was used as the basis of high-level requirement classification. Functional module model details Portal operations, roles and data flow.
The Atomic requirements were circulated within CEBRA in late 2022. In February 2023 a workshop was proposed where Atomic requirements would be presented to DAFF stakeholders and detailed feedback elicited. The workshop was descoped.
[bookmark: _Toc167881220]Functional modules
The five modules are used to classify the Atomic requirements (see Appendix):
· Collection
· Description
· Translation
· Discovery
· Analytics

[image: Functional modules diagram. Five modules are: Collection; Description; Translation; Disovery; Analytics]
[bookmark: _Toc167366120]Figure 3 Functional modules
These modules followed a data flow pattern through business > data > application architectures, as described in The Open Group Architecture Framework (The Open Group, 2024). Each module is described below.
[bookmark: _Toc167881221]Collection
The Collection module functioned to extract metadata using machine methods from web sources. The sources varied in structure and organisation – some were themselves digital libraries or repositories, using industry-standard library applications to server web metadata. Others were websites with greater or lesser consistent metadata formatting, managed using content management systems. In three cases, sources were online citation libraries published with Zotero or EndNote. Content was harvested using R scripts – published code examples are available (Sun, 2023a; 2023b). 
See the Content register table in the Appendix for a full list of content sources used or sought for use in the Portal.
[bookmark: _Toc167881222]Project metadata
The Portal targeted research in the form of outcomes or products – that is, research articles or reports that synthesise and analyse research data arising from research activities or projects. In some cases, the Portal collected research project information. 
Within CEBRA, project metadata was valued and prioritised within Collection requirements. In the second project year, the Portal collaborated with a related project Australian Biosecurity Research Database (ABRD), which targeted biosecurity project and grant information (see section 7. Related work).  
[bookmark: _Toc167881223]Full text availability
The Portal content strategy targeted open access to full text or datasets. In some cases metadata was harvested where the complete research item was not readily available – this occurred when:
· Harvested metadata referred to content in restricted locations
· Harvested metadata referred to content available only by written request
· Hosted source locations were unstable or unsustainable
The Portal metadata strategy included access-rights markings so that users would know when records did not connect readily with full content. The Portal project negotiated rights to host full text from the Australian Plant Biosecurity Science Foundation (2024) where research hosted on websites were not web-indexed, and the associated platform was scheduled to be decommissioned. The project also worked with the Better Border Biosecurity (2023) content manager to updates rights statements with full text access information where full text was not readily available from harvested metadata. 
Grey literature content sources are rarely ‘pure grey’ in nature and usually contain a mix of publications or data that are direct outputs from the host organisation AND metadata records that refer to external databases (such as academic or commercial databases). Therefore, while the Portal supplements search and literature review, some redundancy in obtained results is somewhat inevitable.

[bookmark: _Toc167881224]Description
The description module collected metadata from extracted sources and harmonised properties under a unifying system. The description module also augmented or supplemented collected metadata with additional properties (augmentation was mostly handled under the Translation module). 
Collected metadata was stored in a local virtual machine and, in the proof of concept system architecture, table column names were harmonized using a PoolParty Unified views. In the system architecture revision, the property name harmonisation was pushed back into the extraction R scripts used in the Collection module.
Once harmonised, all table properties were then transformed into Resource Description Framework (RDF) format – that is, properties were formatted as full http URIs (for transformation script see Sun, 2024). So, the flow of extracted metadata included two transformation steps, depicted here using ‘title’ as an example:
[image: Diagram shows transformation of disparate metadata properties to a common property "title" which is then transforme to a http URI property.]
[bookmark: _Toc167366121]Figure 4 transformations to http URIs with R scripts
[bookmark: _Toc167881225]Translation
The Translation module is so named because it serves to augment metadata with controlled vocabularies that perform a translation-like function in discover and description systems. The Translation module applies vocabulary concepts to metadata records, and the concepts provide a translation between a users information need and a resources terminology via synonym and association mapping. 
Under the proof-of-concept system architecture, metadata was augmented with automatic tagging performed by PoolParty Unified views. In the system architecture revision, automated tagging was added within the extraction R scripts.
[bookmark: _Toc167881226]Discovery
The Discovery module allows public users to access Portal records in a searchable interface. 
A demonstration search space packaged with PoolParty was used throughout the project – “Graph Search[footnoteRef:7]” allowed configuration of a search index to match queries with extracted metadata (such as titles, abstracts and authors) and also augmented metadata (vocabulary terms). The Graph Search matched vocabulary term alternative labels and preferred labels alike, supporting an expansive search experience. Vocabularies were also used as left-hand navigation and filtering features within the Graph Search. [7:  https://umelb-pp.poolparty.biz/GraphSearch/public] 

Within the revised system architecture, a successor to the PoolParty Graph Search has not been identified. The project has considered content management systems available through the University of Melbourne (SharePoint; Squiz Matrix; Wordpress) and building an interface using a R Shiny.
[bookmark: _Toc167881227]Analytics
As for the Discovery module, a production interface has not been delivered. The Portal has performed an analytics function in a number of scenarios, including literature review support, key question answering and research program reporting. See Section 6 Applications below for examples. 
[bookmark: _Toc167881228] Non-functional requirements
In addition to functional requirements,  two non-functional requirement modules were managed:
· Hosting
· Management
The system architecture throughout the project included significant software components that were vendor-hosted, namely the PoolParty and GraphDB applications. Due to high costs, vendor software and hosting was abandoned towards the end of 2023-24. Alternative lower-cost designs were implemented in early 2024 and are described below.
The Portal project delivered a proof-of-concept architecture with commercial off-the-shelf (COTS) applications and invested significant effort towards delivering an enterprise-grade system with the same applications stack. The high cost of the COTS was flagged midway through the project. The Portal project responded to fiscal concerns with a cheaper bespoke system architecture but did not do so within research proposal timelines or program budget constraints. The COTS-based architecture provided a model for designing a lightweight (albeit developer dependent) system that could operate and fulfill local requirements, short of delivering enterprise-grade functionality.
[bookmark: _Toc167881229]Proof-of-concept system architecture
The initial system build was guided by the need to achieve the following tasks:
· Extraction: harvest metadata from web sources
· Transformation:
· harmonise metadata property names and value data types into a common structure
· augment metadata with additional tags from taxonomies
· transform metadata from tabular (relational data) to triples (graph data) format
· Load: transformed data available to applications via APIs
· Render: a demonstration environment where users can search, navigate and visualise the data
PoolParty software was licensed with a view to solving these system requirements. Overall PoolParty performed well in Transformation tasks, relieving the project of much development load. PoolParty also came with a ready to use demo search (‘Graph Search’) interface where data could be loaded and rendered. However, the following issues were encountered with this system architecture:
· Extraction scripts, such as those written within CEBRA in R or Python scripting languages, could not be readily integrated within the PoolParty Universal Views (UV) module. Instead, two options were trialled: a. the vendor supplied a test extraction pipeline using UV tools, which included RML (RDF Markup Language). This pipeline worked but was deemed too complicated to maintain and duplicate for other metadata sources; b. metadata would be extracted using R scripts and loaded into a pre-database, and then extracted into UV for transformation and further load tasks. Option b. was adopted
· Performance issues for the architecture were noticeable, especially for the Graph Search demo search. Speculation that search space performance was due to a European-based vendor hosting installation was never resolved. 
The vendor hosting license allowed Portal development work without the need to allocate resources for a perpetual on-site license. However, on-site licensing was investigated as a preferred option for long term Portal operation.  
[image: System architecture for the Portal including extraction, transformation and loading systems.]
[bookmark: _Toc167366122]Figure 5 Proof-of-concept system architecture
Portal on-site hosting options were investigated, with candidate hosts DAFF and Unimelb. A request for service ticket was raised within DAFF (RF728033) regarding purchase and hosting of Portal software components – this request was resolved with a decision to not host the components in November 2023. A similar process was initiated at Unimelb (RITM0667513), which was approved in early 2024. However, funding constraints meant that candidate software components could not be licensed. 
[bookmark: _Toc167881230]System architecture redesign
Following advice from DAFF that the Portal would not be funded beyond July 2024 due to cost considerations, the Portal system infrastructure was redesigned with a view to retaining capability and maintaining continuity while other funding sources were sought.
The key  system changes were to address functionality lost from the upcoming end to licenses for PoolParty and GraphDB applications. The following functionality was sourced from alternative components:
· Transformation: 
· harmonisation of varied metadata property names from multiple sources would be overwritten with standard values within R scripts
· transformation into RDF triple format
· Augmentation: tagging harvested metadata with thesaurus concepts was to be handled using updated R scripts
· Thesaurus services: thesaurus projects were previously loaded into the PoolParty Universal Views pipelines natively via neighbouring PoolParty module (Taxonomy manager) – thesaurus concepts would now be fetched via SPARQL Endpoint at Research Vocabularies Australia, where Portal designed thesauri were shared (Biosecurity Thesaurus; Priority Pests).
· Load: RDF would be loaded into a local (free) GraphDB installation, rather than the enterprise edition previously hosted as part of the PoolParty license.
[image: A redesigned system architecture with updated extraction, tranformation and loading systems.]
[bookmark: _Toc167366123]Figure 6 Portal system redesign
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[bookmark: _Toc167881231]Applications
[bookmark: _Toc167881232]Research program reporting
The Portal was used to extract concepts from CEBRA projects and, using titles, abstracts and existing manual tags, classify CEBRA projects against the Biosecurity Thesaurus, Priority Pests and ANZSRC-FOR codes. See CEBRA Project classification in the Appendix for results.
[bookmark: _Toc167881233]Key question reporting
The Portal was able to report against sample key questions, using extracted concepts found in intersecting vocabularies. For example, the colocation of ‘citrus’ and various pest species or groups was reported in simple pie charts at a CEBRA Board meeting (22 November 2023). These colocations do not rely solely on the terms ‘citrus’ and displayed pest labels, but also on commodities labels within the citrus vocabulary reference structure (e.g. oranges OR lemons OR grapefruit etc) and alternative labels for each pest (e.g. Phyllosticta citricarpa OR Guignardia citricarpa OR Citrus black spot etc).
[image: Pie graph shows break down of pests categories that are a threat to citrus food.]
[bookmark: _Toc167366124]Figure 7 What pests are associated with X?
The Portal was also able to use relationships between concepts in different vocabularies to report against key questions. For the question “Where are aquatic pests in Australia”, the concept “Aquatic pest” in the Biosecurity Thesaurus and its relationships (skos:narrowerMatch) to concepts in the Priority Pests vocabulary were collocated with States and Territories in Australia (also defined in a vocabulary and extracted from research metadata). 
[image: Pie chart shows breakdown of prevelance of aquatic pest mentions co-uccuring with australian States and Territories.]
[bookmark: _Toc167366125]Figure 8 Where are aquatic pests in Australia?

[bookmark: _Toc167881234]Literature review
The Portal database was used to find grey literature research for current CEBRA projects. 
[bookmark: _Toc167881235]Invasive Species Cost Assessment for New South Wales
The Invasive Species Cost Assessment for New South Wales (Hanea et al, 2024) project conducted a rapid review to compile a comprehensive collection of reported invasive species costs for NSW, and to produce an updatable database of cost data for future analyses. The Portal supplemented the main review (Web of Science and Scopus) with additional literature not found in the bibliographic database used in the project. 
A direct query was sent to the Portal database that obtained 24 qualified results out of a possible 5072 publications. The relevance of obtained results was evaluated with  title-abstract screening, following the same protocol and criteria used in the project to review Web of Science and Scopus records. 
Of the 23 unique records, 12 were 'included' (1 duplicate was removed). This means they were assessed to meet the review criteria or be likely enough to meet the criteria, so would continue to full-text screening.  This rate (12/23, 52.2%) is relatively high compared with the main review where 139/474 (29.3%) records were included at the title-abstract stage.
While the Portal performed well in returning relevant results, it is estimated that about half of these results were also found in the main review. This is most likely due to non-grey literature metadata harvested from some of the content sources – that is, many content sources harvested by the Portal contained a mix of direct publications as well as metadata records for externally published materials, including those managed in databases such as Web of Science and Scopus.



[bookmark: _Toc167881236]Related work
The Portal content strategy, in broad terms, was focused on the research outputs from biosecurity research originating from direction publishing, or ‘grey literature’ sources. 

Alternative content strategies were trialled as part of partnering collaborations, namely the Australian Biosecurity Research Database (ABRD) and Quantitative and Applied Ecology (QAEco). New Portal metadata pipelines were forked with updated source filtering and taxonomy tagging.
[bookmark: _Toc167881237]Australian Biosecurity Research Database
The ABRD focuses on biosecurity project description and funding information, with a view to reporting and analysing how biosecurity projects are resourced in Australia. The Portal assisted the ABRD by:
· Drafting extraction scripts for nominated sources:
· AusTender  (Department of Finance, 2024a)
· Grants Connect (Department of Finance, 2024b)
· ARC Grants database (ARC, 2024)
· GrowAG (AgriFutures Australia, 2024)
· Adjusting keyword filters 
· Deploying new taxonomies to automate tagging, including ANZSRC-FoR (ABS, 2020) and the Biosecurity Continuum (Bland et al, 2023)
· Launching a demonstration search space in PoolParty GraphSearch[footnoteRef:8] [8:  https://umelb-pp.poolparty.biz/GraphSearch/public] 


ABRD used tabular outputs from the Portal within applications such as MS Power BI to analyse the source data.
[bookmark: _Toc167881238]Biodiversity research metadata
The QAEco research group focuses on ecological and biodiversity research. The Portal trialled metadata pipelines from existing content sources with adjustments:
· Updated filters for existing extraction scripts:
· Griffith University
· Lincoln University 
· CSIRO
· Adjusted keyword filters
· Deployed Biodiversity Thesaurus to automate tagging
· Launch demo search space in GraphSearch

The Biodiversity Thesaurus is an open-source thesaurus project available in machine-readable formats. It was imported into the metadata pipeline and search space without changes.

The trial was demonstrated to QAEco team. Feedback from QAEco included advice on:
· ‘must have’ biodiversity content sources
· Keyword filtering strategy
· Prioritising third-party aggregator content sources (not just direct publishing sources)
· Interface and output delivery considerations

[bookmark: _Toc167881239]Conclusion
Towards making biosecurity research more accessible, findable and amenable to analysis, the Portal project delivered a successful proof-of-concept system that continues to feature working content harvesting and metadata processing features. In this report we have detailed how the Portal extracts metadata (and sometimes full text) from key biosecurity agencies and repositories; enhances the research and translates terminology using vocabularies; and may be applied to applications including research program analysis and conceptual visualisations. 
The Portal continues to operate on a revised cheaper system architecture than that used during the proof-of-concept phase. The current architecture is sustainable and uses non-proprietary tools and systems to operate. However, the current system needs further resourcing to build non-proprietary user interfaces. While the Portal database can be queried with developer tools to generate useful reports and insights, the Portal project has fallen short of delivering user interfaces for public access and in-depth content analysis and reporting by expected users. In our Recommendations, we have recommended that public searchable and analytic interfaces should be developed to expose the Portal database.
The Portal project should have delivered a lighter-weight system with less proprietary and high-cost components in the allocated time. More could have been done to clarify objectives, especially for non-functional requirements relating to hosting, management and product ownership. Other challenges relate to the required scope of collected content, especially with respect to research outputs vs research projects (and grants) information. We have mentioned also that while this scope was at times unclear, related work through the Australian Biosecurity Research Database was focused on biosecurity research grant data as a way of answering questions about research financing and effort.
Our Recommendations call for continued collection of research, maintenance of vocabularies; development of interfaces; and supporting resources. We believe that these proposals would position the Portal as a strong candidate for transition to a long-term enterprise system, with requisite lead agency governance and ownership.
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Content register (current May 2024).
	Name 
	Content address or protocol 
	Status 
	Extraction code 

	Australian Bureau of Agricultural and Resource Economics 
	https://daff.ent.sirsidynix.net.au/discovery-search/OAIHandler 
 
	Connected 
	https://gitlab.unimelb.edu.au/cebra/21e/21e/-/blob/8a5f0820ff494164ed8f92e8f502cffefadc24a8/abares-pubs.R

	Australian Centre for International Agricultural Research 
	https://www.aciar.gov.au 
 
	Connected 
 
	https://gitlab.unimelb.edu.au/cebra/21e/21e/-/blob/8a5f0820ff494164ed8f92e8f502cffefadc24a8/aciar-pubs.R

	Animal Health Australia 
	https://animalhealthaustralia.com.au/resources/ 
	  
	 

	Australian National University 
	https://openresearch-repository.anu.edu.au/advanced-search 
	  
	 

	Australian Plant Biosecurity Science Foundation 
	University of Melbourne server
	Connected 
	Full text harvested and hosted at Unimelb.

	Better Border Biosecurity 
	https://api.zotero.org/groups/1595276/items/%s/children 
 
	Connected 
	https://gitlab.unimelb.edu.au/cebra/21e/21e/-/blob/8a5f0820ff494164ed8f92e8f502cffefadc24a8/b3-pubs.R

	Bionet.NZ 
	https://www.bionet.nz/library/ 
	  
	 

	Biosafety clearing house 
	https://bch.cbd.int/en/ 
	  
	 

	Canadian Food Inspection Agency 
	https://open.canada.ca/data/en/dataset/0f0e5884-9c1e-4171-bd33-42bcee1f2a01 
	  
	 

	Centre for Invasive Species Solutions 
	https://invasives.com.au/our-publications/page/6/ 
	  
	 

	Centre of Excellent for Biosecurity & Risk Analysis 
	https://overview.cebra.unimelb.edu.au/research-output-searchable-database.html 
	Connected 
	 

	Community engagement 
	https://www.myendnoteweb.com/EndNoteWeb.html?app=wos&AUTHSID=EUW1ED0BF0fOsC21tGY1nOiiSiCJH 
	Connected 
	 

	Commonwealth Scientific and Industrial Research Organisation  
	https://publications.csiro.au/publications/advancedSearch 
	Connected 
  
	 https://gitlab.unimelb.edu.au/cebra/21e/21e/-/blob/8a5f0820ff494164ed8f92e8f502cffefadc24a8/csiro-pubs.R

	Department of Agriculture, Fisheries and Forestry 
	https://www.agriculture.gov.au/search?search_api_fulltext=biosecurity+%22invasive+species%22 
	Engaged 
	 

	Department for Environment, Food and Rural Affairs 
	https://planthealthportal.defra.gov.uk 
	  
	 

	European Food Safety Authority 
	https://www.efsa.europa.eu/en/publications 
	  
	 

	European and Mediterranean Plant Protection Organization 
	https://www.eppo.int/RESOURCES/eppo_databases 
  
Databases include: 
· EPPO codes – plant and pest names 
· Resistance cases 
· Q-bank (diagnostic activities) 
· Diagnostic expertise 
· Expertise database (persons and labs) 
	  
	 

	European Phytosanitary Research and Coordination Network 
	https://drop.euphresco.net/search 
  
	Connected 
	https://gitlab.unimelb.edu.au/cebra/21e/21e/-/blob/8a5f0820ff494164ed8f92e8f502cffefadc24a8/euphresco-pubs.R

	Flinders University 
	https://dspace.flinders.edu.au/xmlui/discover 
	  
	 

	Griffith University 
	https://research-repository.griffith.edu.au 
	Connected 

	 

	Grains Research & Development Corporation 
	https://grdc.com.au/resources-and-publications/all-publications 
	Connected 
 
	 

	GrowAg 
	https://www.growag.com/explore/list/research-projects 
	Connected 
	 

	Invasive species compendium 
	https://www.cabi.org/isc/ 
	  
	 

	Lincoln University 
	https://researcharchive.lincoln.ac.nz 
	Connected 
	https://gitlab.unimelb.edu.au/cebra/21e/21e/-/blob/main/lincoln.R 

	Massey University 
	https://mro.massey.ac.nz 
	  
	 

	Ministry for Primary Industries 
	https://www.mpi.govt.nz/resources-and-forms/publications/ 
	 Connected 
	 

	Murdoch University 
	https://researchrepository.murdoch.edu.au/ 
	  
	 

	National Socio-Environmental Synthesis Center 
	https://www.sesync.org/ 
	  
	 

	North American Plant Protection Organisation 
	https://www.nappo.org/ 
	  
	 

	Plant Biosecurity Cooperative Research Centre 
	https://pbcrc.com.au 
	Connected 
	 

	Plant Biosecurity Research Initiative 
	https://www.pbri.com.au/ 
	Engaged 
	 

	Plant Health Australia 
	Australian Plant Pest Database 
https://www.appd.net.au 
  
Biosecurity portal 
https://portal.biosecurityportal.org.au 
  
Pest information document database 
https://www.planthealthaustralia.com.au/resources/pest-information-document-database/ 
	Engaged 
 
	 

	Queensland University of Technology 
	https://eprints.qut.edu.au/ 
	  
	 

	RMIT 
	https://researchrepository.rmit.edu.au/ 
	  
	 

	University of Adelaide 
	https://digital.library.adelaide.edu.au 
	  
	 

	University of Auckland 
	https://researchspace.auckland.ac.nz/discover 
	Connected 
	 

	University of Canterbury 
	https://ir.canterbury.ac.nz 
	 Connected 
 
	Anton Angelo 
anton.angelo@canterbury.ac.nz 

	University of New England 
	https://rune.une.edu.au/web/index.jsp 
	  
	 

	University of New South Wales 
	https://unsworks.unsw.edu.au/home 
	  
	 

	University of Otago 
	https://ourarchive.otago.ac.nz 
	  
	 

	University of Queensland 
	https://espace.library.uq.edu.au/records/search 
	 Connected 
 
	 

	University of Sydney 
	https://ses.library.usyd.edu.au 
	  
	 

	University of Tasmania 
	https://figshare.utas.edu.au/ 
	 Engaged 
	 

	Victoria University of Wellington 
	https://researcharchive.vuw.ac.nz/advanced-search 
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	Ref
	Title
	 Description
	Field of research
	Biosecurity Thesaurus
	 Pest
	Commodity

	21B
	Biosecurity risk from changes in climate, trade and pest and disease pathways
	Climate change, increasing trade and globalisation is expected to dramatically raise the exposure of countries to pests and diseases that can have devastating economic, environmental and social impacts. In this project we will integrate global trade and climate GTAP models (Global Trade Analysis Project — a model of the world economy consisting of interactions between consumers, producers, and government) into a trading partner biosecurity threat exposure model we developed previously…. This project has three main components: Extending and improving ‘damage functions’ (used to estimate climate-driven economic losses) under various climate change scenarios, and how these will impact exports and imports; Projecting future international trade patterns under different climate scenarios for more than 120 countries, including all of Australia’s trading partners; Incorporate border screening data and threat climate suitability modelling to estimate country by commodity contamination rates hitting Australian borders, and then use these models to forecast temporal changes in threat exposure for Australia and 120 other countries.
	 410202 Biosecurity science and invasive species ecology
	Dispersal pathways; Climate; 
	None or unidentified
	None or unidentified

	21C
	Incentive-compatible biosecurity policies - a framework for regulatory design
	This project focuses on the incentive properties of rules and regulations. Incentives are inherent in all rules and regulations, whether this is deliberate or not. Getting the incentive aspect of policies 'right' is an important, but often neglected, part of designing biosecurity interventions -- detailed analysis of an intervention’s impact on human behaviour is seldom carried out. As a result, well-intentioned biosecurity interventions can cause counterproductive consequences for the environmental, economic, and societal assets they are aiming to project ie. human behaviour may actually be the opposite of what was intended by imposing the intervention. … The chosen mechanism is 'biofouling risk insurance' . Phase 2 will involve implementation of the designed mechanism, either as a permanent change to a regulation or via a field pilot. Phase 2 will also involve staff training in use of the incentive-diagnostic tool in order to facilitate implementation of incentives in regulation design as a ‘business as usual’ process.
	410202 Biosecurity science and invasive species ecology; 4407 Policy and administration; 
	Biosecurity direction; Biosecurity governance; Aquatics; Vessel; Biofouling
	 None or unidentified
	 None or unidentified

	21D
	Value added - modelling the marginal return of investment within and across pathways
	A simple resource-allocation tool (Shiny app) to optimise investment across biosecurity risk controls and pathways. Tool integrates two import pathways: containerised sea cargo & cut flowers and foliage.
	410202 Biosecurity science and invasive species ecology;  350208 Investment and risk management
	Dispersal pathways; Host plants; Vessel; 
	None or unidentified
	 None or unidentified

	21E
	A Biosecurity Risk Research Platform to inform decision-making
	The project addresses three key issues: Biosecurity research is not always published, or is not always easy to access; Different terms are used to describe and search for biosecurity information; Gaps and overlaps in biosecurity research need to be analysed and reporting. To address these issues, the project develops: a collection of biosecurity research, sourced from open access sources across the biosecurity community; taxonomies and concept scheme that describe the research, and are used to extract key concepts from the research; service endpoints that allow access for development of analytical, reporting and search interfaces
	410202 Biosecurity science and invasive species ecology; 460502 Data mining and knowledge discovery; 461008 Organisation of information and knowledge resources
	Biosecurity research
	None or unidentified
	 None or unidentified

	21G
	Import policy 'health-check' framework and tools
	This project developed a framework to strengthen the Australian department's import policy risk analysis by incorporating structured procedural steps and leveraging subject matter expertise to ensure current and effective assessments. Many Australian import policies are based on risk analyses that were conducted some period prior to the current time. In some cases, those analyses date back decades. Any such analysis may become out of date. This represents a strategic risk to the department. To achieve the consistent level of assurance required by the department, and to demonstrate confidence to stakeholders that risk analyses are ‘current’, the department needs to strengthen its processes for continual review of risk analyses. This research project tackled the challenge of designing a strengthened process.
	410202 Biosecurity science and invasive species ecology; 3509 Transportation, logistics and supply chains
	Risk analysis; Import conditions
	None or unidentified
	 None or unidentified

	21K
	Automated image analysis for identifying the biofouling risk of vessels: exploring deployment strategies and analysing video footage
	Biofouling — the accumulation of organisms on the surfaces of oceangoing vessels — is a major pathway for the introduction of non-indigenous marine species. Once introduced, they can cause severe social, environmental, and economic impacts. Current practice to manage biofouling risk uses costly, time consuming in-water inspections. Developing an automated system to identify and classify biofouling risk on vessels will enable efficient assessment of biofouling on vessels. The system developed in this project will build on previous CEBRA work demonstrating the accuracy of image analysis to automatically detect the level of biofouling in images. New innovations aim to develop a more efficient methodology for labelling biofouling imagery datasets, analyse video data, and develop a practical user-interface for marine biosecurity agency staff.
	410202 Biosecurity science and invasive species ecology; 4603 Computer vision and multimedia computation
	Image analysis; Biofouling; Aquatics; Vessel
	 None or unidentified
	 None or unidentified

	21L
	Streamlining the risk assessment process (MPI)
	Risk assessment is time consuming and often inefficient. Risk assessors currently spend around half their time searching for, identifying, compiling, assessing, and documenting information. An Import Risk Analysis (IRA) assesses the risks posed by pests or diseases associated with a commodity that a country might import. Developing an IRA takes considerable time and resources. At the same time, the demand for completed IRAs is increasing. The New Zealand Ministry for Primary Industries (MPI) has invested significant resources into clearing a backlog of risk assessment work. However, increasing demands for international trade opportunities mean that these investments are only a short-term solution. Longer term benefits require improved efficiency of IRA production beyond existing practices within MPI. Outcomes of this project are to develop systems and/or technology to streamline the way that assessors search for, identify, compile, assess, and document information for risk assessment. The expected benefits would be to significantly reduce resources required to complete risk assessments and improve the quality and timeliness of risk assessment outputs.
	410202 Biosecurity science and invasive species ecology; 3509 Transportation, logistics and supply chains; 
	Risk analysis; Import conditions
	None or unidentified
	 None or unidentified

	21M
	Value and Health of New Zealand’s biosecurity system (MPI)
	 
	410202 Biosecurity science and invasive species ecology; 
	Evaluation
	None or unidentified
	None or unidentified

	22C
	Improving DAFF's effectiveness in engaging the community about general surveillance 
	This project focuses on 'shared responsibility', and how to develop cost-effective general surveillance programmes. Understanding how to effectively and efficiently engage the community about general surveillance is essential for DAFF to contribute to meeting the shared responsibility goals of various recent reviews of Australia’s biosecurity system. While there has been progress with understanding aspects of community engagement relevant to biosecurity, there are still significant gaps in knowledge, including in relation to general surveillance.  This project aims to i) explore and articulate the challenges and opportunities that DAFF staff face when tasked with, and dealing with biosecurity engagement for general surveillance; ii) collate existing information to develop a decision support tool for DAFF staff to guide community engagement for general surveillance and ii) identify key knowledge gaps hindering effective and efficient community engagement by DAFF; some of which could be covered in subsequent research undertaken in this project.
	410202 Biosecurity science and invasive species ecology; 330405 Public participation and community engagement
	Passive surveillance
	None or unidentified
	None or unidentified

	23A
	Short-term population forecasting of the Australian Plague Locust (Chortoicetes terminifera)
	This project aims to use statistical & machine learning models parameterised using 20+ years of locust survey data to derive spatial-temporal estimates of locust abundance. This model will then be used to seed a mechanistic model that can be used to predict potential population build-ups and swarming events.
	410202 Biosecurity science and invasive species ecology; 310307 Population ecology
	Species distribution; Established populations; Terrestrial invertebrates
	Chortoicetes terminifera
	 None or unidentified

	23B
	Return on investment in international standard setting engagement - A case study on BSE status
	This project investigates the value of the department’s engagement in international standard setting (ISS) via a case study example -- the recent proposed revisions to the criteria for achieving an official BSE status. In 2022, WOAH intended to adopt revised standards that changed the criteria for achieving an official Bovine Spongiform Encephalopathy (BSE) status. A small number of countries, including Australia and New Zealand, were advised that their existing negligible risk (most favourable) status was not assured under the new standards. Using influence, networks, and the provision of substantial detailed technical information, Australia managed to delay the adoption of the standards until May 2023 after acceptable revisions were made, and an evaluation completed to confirm maintenance of our BSE negligible risk status without the need for potentially costly changes to existing industry practices.  This project will put a financial value on the range of negative outcomes which were avoided. These are likely to have been substantial and ongoing, given the impact on many elements of Australia’s cattle and meat industry. They would also have impacted Australia’s international reputation as a trusted trading partner.
	410202 Biosecurity science and invasive species ecology;   300304 Animal protection (incl. pests and pathogens); 380101 Agricultural economics; 
	Animal diseases; Area freedom
	 Bovine Spongiform Encephalopathy
	 Livestock

	23C
	Developing a comprehensive approach to consequence estimation
	This project will allow the department to update our estimate of the value of operating the biosecurity system, and how this value is spread across different assets. It will allow us to have greater confidence in our estimate of the value of biosecurity to the environment. These high-level value estimates are impactful numbers to articulate the importance of biosecurity to the Government and the Australian public.
	410202 Biosecurity science and invasive species ecology; 380105 Environment and resource economics
	Economic impact
	  None or unidentified
	  None or unidentified

	23D
	Quantitative model for assurance-based auditing of approved arrangements
	This project will develop a statistical framework to guide the frequency with which approved arrangements are audited to increase the efficiency and the value of the audit program. This will strengthen the department’s risk-based regulatory approach.
	410202 Biosecurity science and invasive species ecology; 350102 Auditing and accountability
	Audit
	 None or unidentified
	 None or unidentified

	23F
	Assessing the potential role of feral pigs in an outbreak of foot-and-mouth disease in Australia
	This project will produce a decision support tool that can assess on a national scale the potential role of feral pigs in an FMD incursion. It will extend the national AADIS-FMD model (Bradhurst et al., 2015) with estimates of feral pig distribution and abundance across time and space, and new spread pathways that simulate the transmission of FMD within the feral pig population, and spillover transmission of FMD between livestock and feral pigs. The updated model will help with understanding the potential spread of FMD in feral pigs and potential spillover between livestock and feral pigs.
	410202 Biosecurity science and invasive species ecology;  310307 Population ecology
	Animal dispersal; Animal diseases; Terrestrial vertebrates; Feral populations
	 FMD
	 Livestock




image1.png
'
cebra

Centre of Excellence for
Biosecurity Risk Analysis




image2.emf
" Data

Collector Information Web
m architect designer ‘ﬁ. scientist
<o ATy ATy Y <D
~ ] ] ) .
— H =
[TE XA ' >
— S
A1
Trust Content Concepts Find Visualise
[
Prw — m'i] -
[ N N
Access Metadata Vocabularies Explore Report
~ ~

~. N~

Business architecture Data architecture Application architecture









Collector Information

 architect

Data

 scientist

Web 

designer

Find

Explore

Visualise

Report

Trust

Access

Collection

Content

Metadata

Description

Concepts

Vocabularies

Translation

Discovery Analytics

Business architecture Data architecture Application architecture


image3.png
ﬁ:ﬂ title F F

::: 0 Title dcterms:title — nttp://purl.org/dc/terms/title

lg name





image4.png
external
database /
application

. render

Institutional PoolParty
Taxonomy

Manager

Ubuntu
20.0f1.2
.g).

repository/
website

extract

Inl push
code

search apps

relational

taxonomi
data axonomies

ontologies

PoolParty render

GraphDB
ETL tools

‘. ontotext

analytics end user




image5.png
Research
Vocabularies

Australia

Institutional
repository/

website

taxonomies

extract

transform to RDF

V —render

push
code

code library

Desktop (GraphDB

load





image6.emf
Citrus threats

\

m Citrus canker

® Asian citrus psyllid

» Xylella fastidiosa

= Karnal bunt

m Phyllosticta citricarpa

m Candidatus Liberibacter
species

m Citrus Snail

= BMSB









Citrus threats

Citrus canker

Asian citrus psyllid

Xylella fastidiosa

Karnal bunt

Phyllosticta citricarpa

Candidatus Liberibacter

species

Citrus Snail

BMSB


image7.emf
Aquatic pests in Australia

N
L

m Australia

» Queensland

= Western Australia
= Northern Territory
m Tasmania

m Victoria









Aquatic pests in Australia

Australia

Queensland

Western Australia

Northern Territory

Tasmania

Victoria


