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Short Abstract: A growing body of information on vector-borne diseases has arisen as increasing research focus has been directed towards the need for anticipating risk, optimizing surveillance, and understanding the fundamental biology of vector-borne diseases to direct efforts to control and mitigation. The scope and scale of this information, in the form of data, comprising database efforts, data storage, and serving approaches, mean that it is distributed across many formats, and data types. As increasing attention is paid to creating FAIR (Findable Accessible Interoperable, and Reusable) data, simply characterizing what is ‘out there’, and how these existing data aggregation and collection efforts interact, or interoperate with each other, is a useful exercise. This study presents a snapshot of current vector data efforts, reporting on level of accessibility, and commenting on interoperability using an illustration to track a specimen through the data ecosystem to understand where it occurs for the database efforts anticipated to describe it (or parts of its extended specimen data). 




Abstract
A growing body of information on vector-borne diseases has arisen as increasing research focus has been directed towards the need for anticipating risk, optimizing surveillance, and understanding the fundamental biology of vector-borne diseases to direct efforts to control and mitigation. The scope and scale of this information, in the form of data, comprising database efforts, data storage, and serving approaches, mean that it is distributed across many formats, and data types. Data ranges from collections records to molecular characterization, geospatial data to interactions of vectors and traits, infection experiments to field trials. New initiatives arise, often spanning the effort traditionally siloed in specific research disciplines, and other efforts wane, perhaps in response to funding declines, different research directions, or lack of sustained interest. Thusly, the world of vector data - the Vector Data Ecosystem - can become unclear in scope, and the flows of data through these various efforts can become stymied by obsolescence, or simply by gaps in access and interoperability. As increasing attention is paid to creating FAIR (Findable Accessible Interoperable, and Reusable) data, simply characterizing what is ‘out there’, and how these existing data aggregation and collection efforts interact, or interoperate with each other, is a useful exercise. This study presents a snapshot of current vector data efforts, reporting on level of accessibility, and commenting on interoperability using an illustration to track a specimen through the data ecosystem to understand where it occurs for the database efforts anticipated to describe it (or parts of its extended specimen data). 
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[bookmark: _t02t0uyjzt4a]Introduction
Vector-borne diseases pose a major threat to public health and agricultural systems globally 1–3. These systems are typically complex and span multiple spatial and temporal scales. Consequently, there is often a considerable burden of data needed to conduct meaningful research in this area 4. Repositories that aggregate disease vector data from multiple sources (e.g., museums, individual research projects, or public health surveillance systems) broaden the horizon of research possibilities, in some cases alleviating the logistical constraints of novel data collection 5–7. The goal of this piece is to document the state of the ‘ecosystem’ of vector databases that we and other researchers in vector-borne disease systems may contribute to, use, and often reuse and repurpose. For the sake of simplicity, we use the term vector to denote the organism that is the route of indirect transmission for an infection or disease, across animal and plant systems. While this will largely be represented by arthropod insects, with a focus on vectors of human disease, we wanted to include as wide a breadth as possible. 

One aspect of database use, reuse, production, and augmentation is access, which can be limited to a level less than entirely open due to a multiplicity of factors. The issue of privacy of specific records can be tied to the same restrictions on identifiability of human subjects; for example if an infected vector is located at a household with a particular suite of demographic descriptors, the threshold for identifiability may be an issue 8,9. Similarly, if infected crop pests are identified at a particular location, this may violate privacy of an agricultural business enterprise. Beyond privacy for identifiability, ownership of data can be subject to contributor agreements, and the data may be generated using resources with specific intellectual property or ownership stipulations 10. These first limits to access are generally well understood and accepted, and working to create derived data products, such as data summaries, de-identified data, or explicit data use agreements, can start to lower the barriers to data access in these scenarios. Additional limits to access may include limited resources to hosting, data management, digitization, formatting, creating access portals, and other informatics related issues 11,12. In some cases, the onward utility of a database, generated for a specific project use, or a specific ongoing purpose (e.g., monitoring crop pests, vector surveillance), may not be realized as part of the value of the product or project goals. Thus these datasets may remain siloed, stored on a single computer for a bespoke purpose, even finished and shelved (or lost, corrupted, or deleted). This latter set of scenarios are less well appreciated, and constraints may include the database construction or data entry itself, and the knowledge that a dataset even exists. 

In previous efforts, we have attempted to address part of the latter access limit scenarios, though outreach to non-academic groups collating and curating vector records 13;  through creating explicit data structure and data entry primers 14; and hosting workshops for data users to think through the processes of reconciling disparate data sources and data sets, and using the feedback to recycle back into outreach and information. As an additional step to addressing some of the access limits we identified, we felt it would be useful to create a (non-exhaustive) compendium of sources, providing:

1. A short description of intent and scope (e.g. data type, taxonomic, geographic, and temporal)
2. Current repository or effort location and access point
3. Accessibility (i.e., fully accessible versus partial or limited accessibility) 

[bookmark: _tlryg5qmarkt]Fully Accessible Databases
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Global Biological Information Facility (GBIF) and aggregators
GBIF (http://www.gbif.org) is a world-wide repository for species occurrence records from across the tree of life, with over 1 billion species occurrence records.  Although GBIF is not dedicated to hosting entomological surveillance data, the repository is nevertheless an extensive data source for georeferenced vector records (e.g., there are over 1.8 million mosquito occurrence records on GBIF). This comprehensive repository relies on a network of partners, many specific to taxa or geographic region, that aggregate and feed data into GBIF. GBIF’s formal partners establish ‘nodes’, or teams designated to coordinate and manage the flow of biodiversity data, according to geographic regions or themes 15. The primary aggregator that serves data to GBIF is the United States Geological Survey (USGS) Biodiversity Serving Our Nation (BISON) program (http://www.bison.usgs.gov). BISON 16 is a federal mapping resource for species occurrence data and contributes to the US Node of GBIF, focusing on government collections and invasive species in the United States, US associated territories, and Canada. 

There are many other entities that contribute data to GBIF. The National Science Foundation (NSF) National Ecological Observation Network (NEON) monitors ecosystems across the US, providing time series and abundance data for species across the project’s field sites, which include 47 terrestrial sites. Integrated Digitized Biocollections (iDigBio, http://www.idigbio.org) is an initiative to digitize museum holdings undertaken by the National Resource for Advancing Digitization of Biodiversity Collections (ADBC) and funded by the NSF. VertNet (http://www.vertnet.org) is another NSF-funded collaboration to streamline the availability of vertebrate biodiversity data, which may include arthropods associated with records (e.g., parasites). Though not a data provider, GBIF has also partnered with the GigaByte journal, a publishing platform that supports data releases, to publish new datasets in the  ‘Vectors of Human Disease Series’, a thematic data release series that is also available on GBIF 17. 

Large community science databases also provide data to GBIF. iNaturalist (http://www.inaturalist.org), a joint initiative between the California Academy of Sciences and the National Geographic Society, solicits observations from the public that are identified by users on the platform. While the primary purpose of iNaturalist is to promote community engagement with nature, the online community also generates a great deal of georeferenced occurrence data. Data fed into GBIF meet the iNaturalist criteria for “research-grade” observations, where occurrences typically have a photo, geographic coordinates, and community consensus on identification. Similarly, BugGuide (http://bugguide.net) is a platform hosted by Iowa State University Department of Entomology, and provides community science occurrence data focused on insects, spiders, and related arthropods. It must be noted that some of these databases may only share a subset of their data with GBIF. For example, iNaturalist contains many citizen-science occurrence records, but these are not all shared as they are not considered “research-grade” research grade. 

Another aggregator of note is the Symbiota Collections of Arthropods Network (SCAN) (http://www.scan-bugs.org). They serve as a regional GBIF node specializing in providing arthropod occurrence data, aggregating records from over 225 data providers in North America. Providers include collections maintained by academic institutions, natural history museums, government agencies, and more. Collections that share data through SCAN vary considerably in focus, ranging from general entomology to specialized collections, such as medically important arthropods or agricultural pests. Although SCAN has a primarily North American focus, the data they provide is global in scope. This is the node that VectorBase uses to share data with GBIF. SCAN also aggregates arthropod occurrence data from BISON, NEON, iDigBio, iNaturalist, BugGuide, VertNet, the Terrestrial-Parasite-Tracker TCN and others. All data on GBIF are publically available.

[bookmark: _s34ff8nszeku]TPT (Terrestrial Parasite Tracker) TCN (Thematic Collection Network) 
The Terrestrial Parasite Tracker (TPT) is a new project funded by the NSF’s ADBC program to facilitate the digitization of arthropod ectoparasite and vector specimens held in natural history museums collections 18. Additionally, the TPT aims to offer support and resources for the digitization of “hidden” collections, or holdings not associated with institutional collections that are not within the purview of the iDigBio project. In addition to digitization of physical specimens and georeferenced locality data, special emphasis is placed on capturing host:parasite interaction/relationship data. An overarching goal of the TPT project is to integrate arthropod ectoparasite data into GBIF. The TPT data  are associated with the Global Biotic Interactions (GloBI) portal (http://www.globalbioticinteractions.org/parasitetracker) 19, and viewable through SCAN. 
 
[bookmark: _7cyxrk1g4d15]VectorBase
VectorBase (www.vectorbase.org) 20 has been in existence for over 17 years. VectorBase is primarily known as an extensive genomics data resource, with hundreds of datasets deposited spanning genome assemblies, protein expression data, population genetics, and data on genetically based phenotypes (e.g., insecticide resistance in vectors). However, in addition to molecular data, VectorBase has over 1,600,000 non-zero abundance records and over 25 million confirmed species absence recordings. Data providers typically share surveillance data with VectorBase as one-off or yearly data exchanges that are manually processed by VectorBase staff, or data is curated directly from published literature papers. In regards to US vector population surveillance data, this data may come from a US state level or from local authorities. Particularly rich data come from Florida, where numerous districts submit data. 

Field-collected spatial and temporal data on arthropod vectors are available to browse via a custom built web application, the MapVEu system (https://vectorbase.org/popbio-map/web/). MapVEu facilitates map-based data exploration with location and metadata search features that drive dynamically generated mapping, live graphing, and interactive display of data. This specialized mapping interface enables viewing of a variety of data including vector population abundance surveys, insecticide resistance genotypes and phenotypes, blood meal host analysis, and pathogen status. 

In 2019 VectorBase was merged with the Eukaryotic Pathogen Genomics Database Resource (EuPathDB) to form the Eukaryotic Pathogen, Vector and Host Informatics Resource 21 (VEuPathDB). As part of VEuPathDB, VectorBase remains a distinct database, but utilizes a shared web infrastructure  within the VEuPathDB project. Collectively, these resources comprise one of the two Bioinformatics Resource Centers (BRCs) for infectious diseases supported by the US National Institute of Allergy and Infectious Diseases (NIAID) and National Institutes of Health (NIH) (https://www.niaid.nih.gov/research/bioinformatics-resource-centers). All data on VectorBase are publically available. publicly

[bookmark: _ml0igj8d4i1u]VectorBiTE / VectorByte 
VectorBiTE (http://www.vectorbite.org) is a research coordination network (RCN) co-funded by US National Institutes of Health (NIH) and UK Biotechnology and Biological Sciences Research Council (BBSRC). The primary focus of the network  is to facilitate collaborations among the diverse fields studying vector-borne diseases, thus promoting the advancement of vector modeling research. In addition to fostering collaborations, VectorBiTE has several key objectives, which include improved data collection standards, statistical methods, and the development of validation datasets to aid in model development and comparison. These objectives have already yielded results, such as the minimum information standards outlined by the Minimum Information for Reusable Arthropod Abundance Data (MIReAAD) 14, a paper that was developed by collaborators in the VectorBiTE consortium. 

VectorByte (www.vectorbyte.org), the successor project to the VectorBiTE RCN, began in August 2020. The goal of the VectorByte initiative is to establish a global, open access data platform to support research on vector-borne diseases. The VectorByte data hub comprises two separate databases, VecTraits and VecDyn. VecTraits hosts curated ecological trait data for vectors and some pathogens, such as temperature-dependent growth and survival rates, fecundity, vector competence, and more. VecDyn is a population abundance database, conducive to supporting research on vector population dynamics. VecDyn incorporates data from sources involved in long term vector research,  While it presently is primarily mosquito data aggregated from other databases, it will also include data from non-human vectors such as livestock and plants. All data available through VectorByte are publically available.

[bookmark: _g97b2mdde52z]VectorMap
The VectorMap Data Portal  (http://vectormap.si.edu) holds vast amounts of well curated, high-confidence, geospatial species occurrence data for a wide variety of medically important arthropod taxa 22,23, including mosquitoes (MosquitoMap), ticks (TickMap), fleas (FleaMap), mites (MiteMap), biting midges (MidgeMap), and sandflies (SandFlyMap). VectorMap has approximately 700,000 records of vector surveillance data.  Database records are routinely added to the database from a variety of sources, which include military biosurveillance initiatives, ongoing entomological surveillance, digitization of museum collections, and datasets published in scientific literature. The VectorMap interface allows users to interactively browse and view records through dynamic mapping and search functions. In addition to occurrence records for medically important arthropods, VectorMap also holds data on blood meal analysis, hosts, and insecticide resistance, as well as exportable niche models of habitat suitability for select vector species. Vector Hazard Reports (VHRs) are another product available through the data portal, where VectorMap data are combined with other risk indicators to produce risk profiles for discrete countries or regions 24. 

To streamline the submission of entomological surveillance data, VectorMap released a best practices guide for data formatting and curation. This guide includes recommendations for formatting locality data and minimum reporting standards 25, aiding in post hoc georeferencing and increasing broader utility and usability of datasets.

VectorMap is a product of the Walter Reed Biosystematics Unit (WRBU), a partnership between the Walter Reed Army Institute of Research (WRAIR) and the Smithsonian Institution National Museum of Natural History (NMNH). All data on VectorMap are publically available.

[bookmark: _ismgntf4an1]Partially Accessible Databases
[bookmark: _l2r7vdwvnm3n]CDC ArboNET
The National Arbovirus Surveillance System (ArboNET, https://wwwn.cdc.gov/arbonet/maps/ADB_Diseases_Map/index.html) is managed by the CDC in cooperation with state health departments (https://wwwn.cdc.gov/arbonet/). The ArboNET system relies on passive surveillance, such as clinician diagnosis, testing, and reporting to local public health authorities. Reported data include human arboviral disease cases, and non-human infections from mosquito populations, veterinary cases, wildlife, and sentinel surveillance animals. The ArboNET system is provided for government-authorized use only, and users may request an account through the data portal. However, data aggregated to the county level are viewable through the CDC ArboNET Disease Maps website. Data available through the mapping platform include aggregated human arbovirus cases, neuroinvasive disease incidence, and locally acquired versus imported cases of dengue, chikungunya, and Zika. In addition to human cases, the presence of county-level infections (i.e., presence/absence data) from veterinary, sentinel animal, avian, and mosquito infections are visible for a number of established arboviruses. Data hosted on CDC ArboNET are partially accessible, as aggregated summary data are viewable online. 
[bookmark: _gni6e2r95lyo]
Ecological Database of the World’s Insect Pathogens (EDWIP)
The Ecological Database of the World’s Insect Pathogens (EDWIP) database contains associations of pathogens with insects and other arthropods. The database was largely compiled in the 1990’s, and was first described in Braxton et al. 2003 26 . The EDWIP is notable in that, in addition to naturally occurring host-parasite relationships, it also includes some data that were derived from experiments where hosts (e.g., insects) were inoculated with pathogens but did not become infected 26. Thus it contains some ‘true absences’ in the documented associations. This database also includes some ecological data associated with hosts and parasites (e.g., habitat and diet of hosts). In 2015, as part of an effort by the NSF funded Macroecology of Infectious Diseases RCN , a large portion (~ 3,000 rows) of the the database was made into an easy to read CSV file, with documentation recorded online (https://edwip.ecology.uga.edu/). In 2021, the R package insectDisease was created and stored on GitHub, to facilitate access to data and documentation (https://github.com/viralemergence/insectDisease). Although the database is available through the R package, data downloaded through the website may not be complete, and these two resources are not reconciled at the time of writing. 
[bookmark: _pefvb98med7e]
IR mapper 
IR Mapper (http://www.irmapper.com) is an online, interactive mapping tool that displays insecticide resistance testing data for Anopheles species, and two arboviral vectors, Aedes aegypti and Ae. albopictus. Started in 2012, the platform hosts data generated using CDC or WHO testing protocols for resistant phenotypes and genotypic resistance mechanisms. Data are viewable through interactive mapping functions, and are mostly obtained on a monthly basis from peer-reviewed published literature, although other sources of insecticide resistance data are also used, such as published reports. While there are functions to export mapped results of queries, data for Aedes records are accessible indirectly via cited literature for individual records, and the Anopheles mapping interface now has an option for direct data downloads 27. IR Mapper is a joint initiative between Vestergaard and the Kenyan Medical Research Institute Centre for Global Health Research.
[bookmark: _mayzn7te6n65]
Malaria Atlas Project 
The Malaria Atlas Project (MAP) (http://malariaatlas.org) is an online platform founded in 2005 that hosts interactive mapping, trend visualization tools, and data directories for malaria and associated mosquito vectors. Primarily funded by the Bill & Melinda Gates Foundation, MAP collaborates with the World Health Organization (WHO), and has been designated as a WHO Collaborating Centre in Geospatial Disease Modelling. Data on vector occurrence, malaria prevalence, and covariates are generally available as spatial layers, downloadable through the platform’s Data Explorer mapping interface. Model outputs of risk and predicted geographic vector ranges are also available through this platform as layers 28 . Although many datasets hosted by MAP are openly available, accessibility and permissions vary across datasets.
[bookmark: _3p61cx2s8dgq]
Malaria Threat Map
Malaria Threat Map (http://apps.who.int/malaria/maps/threats) is an interactive data and mapping platform produced by the WHO. This database specializes in biological challenges to malaria control and elimination, such as vector insecticide resistance and parasite drug resistance. For Anopheline vectors, insecticide resistance phenotype data based on WHO assays and maps of invasive malaria vector occurrence are viewable. Data on malaria parasites include the resistance to the drug artemisinin, a core antimalarial compound, and pfhrp2 gene deletions, which cause false negatives in rapid diagnostic tests (RDTs) for malaria. Data on Malaria Threat Map are selected via filter options in the online mapping platform. Data are downloadable after completion of an online form, where users provide contact information, professional affiliation, and a detailed description of intended data use. The availability of data varies based on permissions established by individual data contributors (e.g., member states, research institutions, scientific publications), and therefore not all data are available for download.
[bookmark: _9yqqrb4cqeun]
VectorSurv and other state repositories 
The Vectorborne Disease Surveillance System (VectorSurv) is the umbrella name for a family of state-specific branded web services for vector control and public health agencies in the US, and US-affiliated Pacific islands. This surveillance network, initially limited to California (CalSurv), began in 2006 as a partnership between public health vector control entities in the state, including the Mosquito and Vector Control Association of California, the California Department of Public Health, and the University of California Davis Arbovirus Research and Training (DART) Laboratory 29. In 2017 VectorSurv expanded beyond California, and now includes the partner states of Arizona, California, Hawaii, Nebraska, New Jersey, North Carolina, North Dakota, South Dakota, Tennessee, Utah, and Washington.

VectorSurv is a powerful system for reporting arboviral pathogen status, abundance of mosquitoes, and other surveillance indicators in partner states. The platform is unique in that it is designed for day-to-day operational data entry, as opposed to submitting processed data at the end of surveillance season or post-publication. It has numerous tools for analyzing data that would be helpful to abatement districts generating surveillance data. These include an interactive mapping interface for viewing surveillance data, VectorSurv Maps (http://www.maps.vectorsurv.org), and the VectorSurv Gateway (http://www.gateway.vectorsurv.org), an online portal that offers management solutions for facilitating data entry, geospatial analyses, virus pool testing, and calculators to estimate arboviral risk. While data requests can be made to VectorSurv, these requests require signing up for user accounts, which may be approved on a case-by-case basis. Although the VectorSurv database is not openly accessible, arboviral mosquito surveillance and partially available data, such as sentinel animal data, are freely viewable through VectorSurv Maps.
[bookmark: _vwuqgvrj5nax]
VectorNet
The European Network for Medical and Veterinary Entomology (VectorNet) (https://vectornet.ecdc.europa.eu) is a joint initiative of the European Food Safety Authority (EFSA) and the European Centre for Disease Prevention and Control (ECDC). The Project supports the collection of data on vectors and pathogens in vectors, related to both animal and human health 30. The database is closed access, but maps of surveillance efforts and mosquito distributions based on surveillance data are available online. Mapped vector distributions throughout Europe and neighboring regions are available for a number of vectors, including mosquitoes, ticks, phlebotomine sandflies, and biting midges.

Other Databases
This review has described major repositories of arthropod vector data currently online. However, this list is certainly not exhaustive as a number of additional bespoke databases exist, often specialized for a targeted audience of users, or a specific analytical purpose. Here, we describe several additional vector databases or datasets of note, which are not necessarily connected to the broader data ecosystem.

Mosquito surveillance data may be accessible directly from abatement programs or research projects. One of the largest accessible platforms for this type of data is maintained by the State of Iowa, which provides a centralized database of mosquito surveillance that is available online (https://mosquito.ent.iastate.edu) through a partnership between the Iowa State University Medical Entomology Laboratory and the Iowa Department of Public Health. Mosquito surveillance data, including mosquito population abundance data for a wide variety of species, are available from 1969 through 2021 at the time of writing 31. These surveillance data are openly accessible, though geographically restricted to Iowa. VectorMap-GR (https://vectormap-gr.com/) is a similar geographically-restricted database of mosquito populations, limited to Crete 32. It also includes such data as confirmed larval habitats and insecticide resistance assays. MosquitoDB (https://mosquitodb.io/mdb/login.php) is an African-led project to collate mosquito data, primarily from national malaria control programmes maintained by the Pan-African  Mosquito Control Association. At this time, it is closed access. Its data model is based on previously published work from the Ifakara Health Institute, Tanzania  33. ClinEpiDB (https://clinepidb.org) curates data from large (human) field trials - some of which have paired vector data  34. 

Beyond formal surveillance systems, there are efforts to produce new and accessible datastreams, adopting novel technologies and reporting chains. MosquitoAlert (http://www.mosquitoalert.com/en/) 35 is a non-profit citizen science project, whereby the public submits pictures of mosquitoes and larval sites using a mobile phone app. Data are openly accessible online and available for download through the Mosquito Alert Data Portal. Tick Report (https://www.tickreport.com/stats) is a commercial testing service to detect pathogens in user-submitted tick samples. One of the few examples of a vector database which does not exclusively focus on mosquitoes, Tick Report makes data and summary statistics from their testing program available online.

Mosquito surveillance data, which may capture presence and abundance, can be leveraged for a wide range of modeling applications. However, novel analytic techniques may require specific data inputs that are not routinely captured in existing databases. For example, WingBank (https://wingbank.butantan.gov.br) is a database of over 10,000 images of mosquito wings that could have applications for AI-driven mosquito species identification 36. Another automated species identificaiton project is Abuzz 37, which collects crowd-sourced data for vector tracking. Abuzz maintains a database with recordings of mosquito wing beat frequencies, which are used for identification 37. 

While molecular data are included in many of the reviewed databases, there are platforms that curate genetic information beyond the scope of typical molecular surveillance initiatives. The Anopheles 1000 project 38 produces whole genome sequence datasets. Started in 2014, Ag1000G aims to use whole-genome deep sequencing on large numbers of wild-caught An. gambiae to improve understanding of natural genetic variation as it relates to ecology and malaria epidemiology. The Barcode of Life Data System (BOLD) (https://www.boldsystems.org) is a storage and analysis platform for DNA barcode records and genetic sequencing data 39. Developed at the Centre for Biodiversity Genomics in Canada, the platform offers tools for management, analysis, and identification, in addition to assembly and organization of sequence data. Though not limited to arthropod vectors, BOLD provides an extensive resource for georeferenced molecular data. 
[bookmark: _73i0fn7of1mf]
Information flow and overlaps
There are varying degrees of connectivity and interoperability between the databases outlined in this review (Fig. 1), reflecting diverse pathways and purposes for data collection, digitization, and sharing. Perhaps unsurprisingly, this can lead to overlaps and redundancies in records across platforms as information is shared across different databases or consolidated by large aggregators such as GBIF and SCAN. To illustrate information flow and overlap between databases and data streams, we searched for an individual occurrence record, tied to a museum specimen with a unique catalog number. Aedes aegypti (YPM ENT 999015), is a specimen collected on Vaca Key, Florida in 2003 that was deposited into the Yale Peabody Museum (YPM) Entomology Division collection (Fig. 2). 


[image: ]
Fig. 1. Conceptual diagram showing historical connections between databases. This highlights that there are many paths for data digitization and sharing, with bold arrows indicating major data aggregators to GBIF. Note that connections indicate the availability of data products, and not necessarily direct data transfer events between platforms. 
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Fig. 2. Aedes aegypti specimen (YPM ENT 999015) collected from Vaca Key, FL, and deposited into the Yale Peabody Museum (photograph by Lawrence Gall, Yale University).

Running searches on the unique specimen number across the fully accessible databases in this review, we found that this record appears in GBIF, iDigBio, SCAN, and data associated with TPT. Although this is a clear instance of duplication across databases, it is also important to note that not all specimens are duplicated. For example, another record associated with a specimen deposited in the YPM entomology collection, Ae. aegypti (YPM ENT 683730) collected in Marathon, Florida in 1997, was retrieved from GBIF and iDigBio, but not SCAN. The degree to which databases overlap is beyond the scope of this work, and yet, is an important consideration for researchers planning to use occurrence records from multiple open data repositories. 

Specimens deposited into museum collections, which are cataloged with unique identifiers as individuals or lots, represent an ideal scenario for tracing the flow of data. Such duplications may not be so easily identifiable from other sources (e.g., aggregated surveillance data, data contributed directly from projects, etc). Formatting and cleaning steps may also vary between databases, resulting in different data headings or dropped fields that may further complicate removal of duplicates. In the absence of unique identifiers, care should be taken when choosing criteria for duplicate removal, as seemingly unique attributes may have different formats across databases. For example, the number of provided decimal places may be different for the same geospatial locations (e.g. GPS points) across different databases, and thus when spatial de-duplication scripts are run, the same point may be interpreted as two different points instead. Problems with duplication may be more or less severe depending on modeling objectives. For example, presence-only species distribution modeling may be less vulnerable to duplication errors, as under current best practices, occurrences undergo spatial duplication removal and thinning before modeling. In contrast, population or forecast modeling may be particularly susceptible to duplication errors, which may be presumed to be abundance. Ultimately, these issues can be mitigated in the future by promoting the standardized capture of complete metadata across repositories.
[bookmark: _9jgv966g7yku]
Conclusion
Efforts to increase the scope and accessibility of arthropod vector data over the past two decades has resulted in an ecosystem of online repositories that facilitate research on vector-borne disease systems. However, due to diverse approaches and intents, the scope of the types of database architectures and contents can be confusing to navigate, and as capacity and support for the multitude of data efforts waxes and wanes, so too will accessibility and utility. The increasing availability of freely accessible data promotes the improvement and development of quantitative studies on arthropod disease vectors, and by extension, potential vector-borne disease risk. Nevertheless, easily accessible and interoperable data are not without potential caveats, such as duplication across repositories. These are potential issues that may be dually addressed by establishing and following best practices for data use, and by promoting and supplying sufficiently detailed metadata to accompany downloaded products. Indeed, an argument in favor of redundancy can be made, as this can help ensure sustainability of data products. When initiatives have time-limited funding streams, distributing holdings across databases and folding into new projects ensures their prolonged availability. In this piece, we provided a snapshot of the current vector data ecosystem, with a brief overview of aspects such as accessibility, scope, and data types.  
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