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Abstract: Arctos is an online museum collection management database that hosts data for >5 million obser-
vational and physical records of plants, animals, and artifacts from >60 institutions worldwide. For biological 
specimens, these data include geographic and temporal information, detailed parts such as tissue samples, and 
links to related specimen records (e.g., parasites) as defined by the extended specimen concept. Although some 
of the data in Arctos are accessible via aggregators such as the Global Biodiversity Information Facility, infor-
mation of high relevance for other research questions, such as host-parasite associations, can only be accessed 
using the Arctos system. These data, which are missing from aggregators, have the potential to provide rich 
context for large-scale biodiversity, ecological, and evolutionary research, but there is no automated way to 
download bulk data from Arctos. To expand access to specimen data, we developed ArctosR, an R package that 
enables users to query the Arctos database programmatically, download bulk data, and use those data in other 
R-scripted workflows. Here, we describe the package functionality and outline five use cases for ArctosR: (1) 
a search for georeferenced occurrences, (2) finding records of a host species that had nematodes, (3) finding 
tissue samples preserved in ways that are suitable for molecular exploration, (4) downloading data to explore 
patterns of Bergmann’s Rule, and (5) downloading data and using it in ecological niche modeling. Combined 
with the expanded and standardized specimen, parasite, and pathogen fields available in Arctos, ArctosR serves 
as a data bridge connecting biodiversity information to related biomedical investigations, enabling a more com-
prehensive OneHealth approach. 
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Introduction
Large-scale biodiversity research requires assembling 

information from across multiple sources to provide more 
complete, longitudinal, empirical data about a phenome-
non of interest. This task becomes more complex when 
cross-institutional data come in different standards and 
formats, such as from multiple databases or data aggre-
gators. While massive efforts in the last decades have lib-
erated a wealth of data contained in the global network of 
natural history museums (Bakker et al. 2020), limited in-

teroperability among collection databases is still a barrier 
to effectively utilizing those data. This problem is some-
what mitigated by secondary-source aggregators such as 
the Global Biodiversity Information Facility (GBIF; Te-
lenius 2011), the Global Genome Biodiversity Network 
(GGBN; Droege et al. 2016), and the Integrated Digitized 
Biocollection (iDigBio; Nelson 2014), which collect and 
standardize a subset of museum data from multiple prima-
ry sources. For example, GBIF extracts occurrence data 
and related fields, GGBN extracts tissue and molecular 
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information, and iDigBio aggregates ecology and biodi-
versity-related metadata. The main drawback of these ser-
vices, however, is that they only provide subsets of the 
total data available.

Arctos is a primary-source collection management 
software (CMS) that enables museum biorepositories to 
digitize and share specimen data using a standardized vo-
cabulary that ensures consistency across institutions (Ci-
cero et al. 2024). Unlike secondary-source aggregators, 
Arctos maintains the complete set of institution-supplied 
data, and it links related records within a Digital Extend-
ed Specimen framework (Galbreath et al. 2019; Hardisty 
et al. 2022). With data from 285 collections across over 
60 institutions (by December 2025), Arctos functions as 
a unified platform for accessing rich, relational specimen 
information that supports interdisciplinary research (e.g., 
Cook et al. 2017; Cobos et al. 2025). For instance, it al-
lows users to explore relationships such as specimen–part, 
host–parasite, or host–pathogen connections not common 
in general aggregators or other CMSs. Accessing Arctos 
directly, therefore, provides a richer picture of specimen 
data and lets users select specific fields that are most rele-
vant to their work.

Arctos provides a web interface for users to access 
data via interactive queries and an API for programmat-
ic data access (Cicero et al. 2024). The web interface is 
a user-friendly option for small queries, but pulling the 
amount of data required for large-scale research is cum-
bersome. Conversely, use of the API for programmatic 
data access presents significant technical challenges for 
many researchers. This is in part due to the complexities 
of handling paginated results and parsing hierarchical data 
structures, which highlights the need for user-friendly 
programmatic tools that streamline access to this prima-
ry-source information. An alternative way to gain access 

to bulk data is via popular programming languages such as 
R (R Core Team 2025) or Python (Python Software Foun-
dation 2025). For instance, R packages like rgbif (Cham-
berlain et al. 2018) and spocc (Chamberlain 2021) have 
substantially benefited researchers accessing GBIF data. 
A similar tool has been recently made available for iDig-
Bio—ridigbio (Michonneau et al. 2024)—and libraries for 
Python that facilitate access to GBIF (e.g., Chamberlain 
and Boettiger 2017) are popular among researchers.

Following examples adopted for other databases and 
to reduce the challenges to accessing and utilizing infor-
mation from Arctos, we introduce ArctosR, an R package 
that simplifies the bulk retrieval of data from Arctos. Our 
package enables users to request and download more data 
than is currently allowed by the web interface, making it 
practical for big-data projects. ArctosR also makes data 
requests more reproducible and sharable, providing meta-
data to replicate previous queries. As our package links 
directly to Arctos, it also facilitates appropriate acknowl-
edgement of institutions hosting downloaded records. Al-
together, the ArctosR package aims to facilitate access to 
specimen-backed information that can advance research in 
ecology, evolution, and public health, among other fields.

Package description
ArctosR was developed to simplify the process of 

building repeatable queries and downloading data from 
Arctos via its API. The package offers tools to request 
data from Arctos, transform data into a format usable in 
R, and save data and associated metadata (e.g., timestamp 
of request, request URLs used). ArctosR was designed 
with minimal dependencies and relies on three packag-
es for its core functionality: (1) curl (Ooms et al. 2025) 
for making web requests to the Arctos API over HTTPS 
(Hypertext Transfer Protocol Secure); (2) jsonlite (Ooms 

Table 1. Description of functions available in the package ArctosR.
Function Group Description

get_query_parameters Query Fetches a data frame of all possible search parameters that can be used in a query.

get_result_parameters Query Fetches a data frame of all possible columns (fields) that can be requested from a query.

get_record_count Query Returns the total number of records that match a given query.

get_records Query Primary function to perform a query and retrieve records from Arctos.

check_for_status Error checking Checks if a query object contains a failed response.

get_request_url Error checking Extracts the URL used for a request within a query object for debugging.

expand_column Data handling Processes a column containing nested JSON data into nested data frames, facilitating 
access and indexing.

response_data Data handling Extracts the main data frame of records from a query object returned by get_records()

save_response_rds Data handling Saves the entire response object as an R-native RDS file.

read_response_rds Data handling Reads in a response saved as an RDS file.

save_response_csv Data handling Saves the retrieved records to one or more CSV files, with options for handling data 
expanded with expand_column().
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2014) for parsing JavaScript Object Notation (JSON)-for-
matted responses from Arctos into R data structures; and 
(3) R6 (Chang et al. 2025) to enable development of the 
package with an object-oriented programming style. The 
streamlined set of functions in the package represents 
the most common types of requests that users send to 
Arctos and operations on responses that users may wish 
to perform (Table 1). These functions can be grouped as 
(1) query functions, (2) error checking functions, and (3) 
data handling functions. ArctosR is available from CRAN 
(https://CRAN.R-project.org/package=ArctosR), and its 
source code can be found on GitHub at https://github.com/
hrhwilliams/ArctosR.

To use ArctosR securely, users must provide an API 
key issued by Arctos in each of their requests, which 
can be obtained by following the instructions at https://
arctosdb.org/arctos-api-policy/. To abstract individual 
HTTP requests and responses and to provide a simple 
programmatic interface to Arctos, the objects in ArctosR 
are organized into Queries, Requests, and Responses. A 
Query represents a generic search in Arctos that should 
return data, such as a search to find specimens with a de-
sired property (e.g., has tissue) or a relational search using 
one set of specimens to query another set (e.g., searching 
hosts to identify parasites or vice versa). Each Query is 
performed using one or more Requests, each of which rep-
resents a single HTTP request to the Arctos web API. A 
Query is executed, and its Request(s) are sent to Arctos. 
Arctos responds to each HTTP request with data relating 
to the search, and the ArctosR package combines these 
into a single Response object representing all of the data 
pertaining to the Query.

The data returned by Arctos are initially in JSON for-
mat, which contains both flat data (e.g., scientific name, 
collection date) and nested data (e.g., tables of tissues and 
parasites associated with a specimen). The package turns 
the JSON-encoded data into R data frames. Nested data 
can be difficult to work with manually, but ArctosR han-
dles nested data by turning it into data frames within data 
frames (see Handling nested data and saving results). For 
scientific reproducibility, each query made with ArctosR 
saves metadata associated with that search, including que-
ry parameters, returned columns, the exact Uniform Re-
source Locator (URL) used for the request, and the date 
and time the request was made. 

Queries and results
An Arctos query consists of a list of query parame-

ters and user-provided values, and a list of desired return 
columns. A query parameter is a standardized name for an 
attribute of a record, such as scientific_name, and an 

example user-provided value for this parameter would be 
the Latin binomial of a species (e.g., Tamias alpi-
nus). Performing a query with that parameter and value 
would request all records from Arctos where the scientific 
name matches Tamias alpinus. Arctos returns its data in 
a table, and the return columns are the possible fields in 
that table, such as latitude (dec_lat) or longitude (dec_
long). Arctos has over 100 different parameters to use in 
queries (Table S1), and over 100 possible columns that can 
be returned for each record (Table S2).

The web interface for Arctos guides users in build-
ing a query by providing an input form, with options to 
customize both the form and which columns are returned 
in the user’s profile (Fig. 1). The equivalent interface in 
ArctosR is the get_records() function, which users 
can use to query any data available from Arctos’s catalog 
search page. To use get_records(), users must find 
relevant query parameter names and result column names, 
which they can do by calling the get_query_parame-
ters() and get_result_parameters() functions 
respectively. The get_records() function returns a 
Response object containing the data retrieved and meta-
data about the request. The data from the Response can 
be extracted by passing the Response object to the re-
sponse_data() function, which returns the query data 
as a data frame. Every parameter from the get_que-
ry_parameters() function can be used as input to the 
get_records() function to create a query, and every 
column name from the get_result_parameters() 
can be passed in as a list to specify the columns returned 
by the query (Fig. 1). 

To facilitate interoperability, many query parameters 
and return columns use a standardized vocabulary; that 
is, a restricted set of possible values that the parameter or 
column can have. Documentation for these can be found 
in the Arctos code tables, which can be accessed through 
the web portal (upon log-in to the Arctos web portal, go to 
the Search menu and select Code Tables) or via the API 
through the get_query_parameters() or the get_
result_parameters() function. For instance, the 
part preservation code table (ctpart_preservation) 
defines controlled vocabulary for specimen parts (e.g., tis-
sue, parasite), indicating whether a part is preserved in 
ethanol, formalin, RNAlater, or >30 other possible pres-
ervation modes. ArctosR also allows users to directly look 
up these parameters in R (see Example cases—Exploring 
query parameters).

Handling nested data and saving results
One challenge to the use of raw Arctos data has been 

the database’s relational complexity. Many data portals 

https://cran.r-project.org/package=ArctosR
https://github.com/hrhwilliams/ArctosR
https://github.com/hrhwilliams/ArctosR
https://arctosdb.org/arctos-api-policy/
https://arctosdb.org/arctos-api-policy/
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Figure 1. A query through the web interface and ArctosR for Clethrionomys gapperi collected in Canada and held in the Museum 
of Vertebrate Zoology mammal collection (MVZ:Mamm) with the result columns JSON parts, decimal latitude, and decimal longi-
tude. Equivalent query parameters and result columns are highlighted using matching colors. The globally unique identifier (guid) 
field is automatically attached to records obtained from a query.
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present data in the form of a table, but in Arctos, records 
can have multiple additional parts related to them, and 
some of those parts (e.g., parasites, embryos) may also 
represent separate specimen records. The information for 
parts is presented as nested tables in Arctos, which can 
be unintuitive to work with and not directly navigable in 
R. ArctosR handles these relational data by transforming 
nested tables into nested R data frames with the expand_
column() function. Additional records or parts related 
to a given record can be queried using the get_rela-
tionships() function, making it easier to explore re-
lational data.

Finally, ArctosR makes it easy for users to download 
and save data to be used later. The save_response_
csv() function saves data from a response as a com-
ma-separated values (CSV) plain text file, with the op-
tion of saving multiple CSVs for nested data. These CSV 
files can be read later with the base R function read.
csv(). The save_response_rds() and load_
response_rds() functions save and load a response 
as R-native data; when loaded, the response can be fully 
reconstructed.

Example cases
We provide five step-by-step examples of how re-

searchers might use ArctosR to acquire data. All of the 
code to accomplish these examples can be found in the 
package’s vignettes available on the package website: 
https://hrhwilliams.github.io/ArctosR/ (See menu Arti-
cles). All the examples in the vignettes are performed as 
independent routines in R to illustrate how to use func-
tions to explore parameter options and download data. 
The examples finish by displaying geospatial data using 
the ggplot2 (Wickham 2011) package to create plots. Each 
vignette begins by querying Arctos for possible query pa-
rameters and result columns to build a data query. 

Exploring query parameters and fields to be returned
Users are required to use their own API key to per-

form a query using ArctosR. Once the key is obtained, it 
can be stored in a variable and then used in later steps. 
For example, if the hypothetical key obtained is 5e5516a3-
e45f-403e-bc00, the line of code to store the key in an ob-
ject will look like this: mykey <- “5e5516a3-e45f-
403e-bc00”. All future queries will need mykey to be 
set as the value provided to the argument api_key.

All queries via ArctosR are based on Arctos’ standard 
vocabulary. The function get_query_parameters() 
helps to explore all arguments that can be defined later in 
the functions get_record_count() and get_re-
cords() to count and download records respectively. 

The output of using get_query_parameters() is 
a data frame with five columns; the column obj_name 
contains the parameters that can be used to perform a que-
ry (Table S1). For instance, to query specimen records of 
the family Ixodidae and count the total number of records, 
the line of code will be get_record_count(fami-
ly = “Ixodidae”, api_key = mykey), where 
family is one of the parameters returned by get_que-
ry_parameters(). Additional parameters can be pro-
vided to constrain the data to be retrieved. For example, 
to geographically limit the previous query to Canada, the 
code will be get_record_count(family = “Ix-
odidae”, country = “Canada”, api_key = 
mykey). Multiple arguments can be used to make que-
ries more specific; for example, locality information can 
be specified at various scales (e.g., county, province, state, 
country, etc.). Searches can also be restricted to a single 
collection (guid_prefix).

Records in Arctos can be associated with >100 fields 
(columns), which are divided into eight categories: attri-
bute, classification, core, curatorial, identifiers, locality, 
record, trait. By default, if there are no specifically re-
quested return columns, Arctos, and thus ArctosR, returns 
the columns belonging to the core category: GUID, deci-
mal latitude, decimal longitude, coordinate error, verbatim 
date, specific locality, asserted state or province, asserted 
country, and identified as. If users require specific fields, 
the function get_result_parameters() can be 
used to consult all available column name options that can 
be defined. The names of the columns to be returned can be 
passed to the function get_records() as a list() in 
R, using the argument columns. A demonstration follow-
ing the previous sequence of examples will be: get_re-
cord_count(family = “Ixodidae”, country 
= “Canada”, columns = list(“dec_long”, 
“dec_lat”), api_key = mykey).

Example 1: Species occurrence query and plotting
In this example, we would like to query for Tamias 

alpinus at the Museum of Vertebrate Zoology that were 
collected in the state of California, and plot the coordinate 
data of those records on a map. First, we call get_que-
ry_parameters() to find the names of the exact query 
parameters to pass to ArctosR for our search. This function 
provides both the variable name that the API is expecting 
us to use, and documentation about that name. In this case, 
we will need to use: (1) scientific_name, (2) guid_
prefix, and (3) state_prov. The scientific_name pa-
rameter requires that we provide a Latin binomial of our 
taxon of interest, the guid_prefix parameter should 
be the abbreviation of the collection, and state_prov 

https://hrhwilliams.github.io/ArctosR/
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should just be the name of our state of interest. Next, we 
want to return the latitude and longitude of those records, 
and to find the names of those result parameters, we call 
get_result_parameters() and find the parame-
ters dec_lat and dec_long.

Now that we know what variables to use in our search, 
we can call the get_records() function. We pass in 
all query parameters to the function directly, for example, 
as: get_records(scientific_name = “Tamias 
alpinus”), and any result parameters we want the table 
returned from Arctos to contain, we pass to the columns 
argument in a list, like: get_records(columns = 
list(“dec_lat”, “dec_long”)). (See code to 
run full example at https://hrhwilliams.github.io/ArctosR/
articles/species.html). From this exercise, we obtained 424 
georeferenced records of Alpine Chipmunks. All records 
were sampled mainly around the Sierra Nevada in the state 
of California (Fig. 2).

Example 2: Finding hosts infected with a parasite
ArctosR can query records by relation, for example, 

records of parasites recovered from hosts. In this exam-
ple, we query for all specimen records of the genus Mi-
crotus, collected in Mongolia; filter by whether they were 
screened for the presence of parasites; and map where 
parasite-screened Microtus were sampled and whether or 
not nematodes (endoparasitic roundworms) were found in 
them. The subset of Microtus records from which nema-
todes were collected will either have links to the respective 
nematode records or will have nematodes listed as parts 
associated with each host record.

To perform this example, we use the get_re-
cords() function with the genus parameter set to 
the value “Microtus”, the country parameter set 
to “Mongolia”, and filter_by set to list(ex-
amined_for = “parasite”). Once the data were 
downloaded, we filtered records in base R to determine 
which of the Mongolian vole specimens examined for par-
asites had nematodes recovered and included as a “part” 
of the host. Finally, we visualized the results on a map of 
Mongolia with returned records of Microtus, colored by 
detection of nematodes (Fig. 3). See all code to run this 
example at https://hrhwilliams.github.io/ArctosR/articles/
parasite.html. 

A total of 886 Microtus records were downloaded 
in this example as of November 2025, with most found 
in northern Mongolia (Fig. 3). Records of Microtus for 
which nematodes were detected (N = 111) do not show 
a geographic pattern; however, nematodes were notably 
not found in areas closer to the center of the country. Par-

asite preservation media details are returned together with 
specimen part information and can be used to determine 
which parasite specimens may be most appropriate for 
downstream morphological or molecular analyses. 

Example 3: Finding samples suitable for molecular 
research across taxonomic synonyms

Identifying what parts are available for each specimen 
can inform sampling and experimental design for future 
research. For example, there is a hybridization zone be-
tween northern (Clethrionomys rutilus) and southern (Cle-
thrionomys gapperi) red-backed voles in Canada (Runck 
et al. 2009; Wiens and Colella 2025). Investigations of 
hybrid dynamics in this system require molecular explora-
tions of specimens collected within the hybridization zone. 
Complicating the query, the genus Clethrionomys used to 
be named Myodes (Kryštufek et al. 2020) and that name 
change may not yet be universally reflected by all col-
lections hosting specimen data in Arctos. ArctosR can be 
used to find molecularly-suitable vole specimens by: que-
rying for specimens of both species; filtering records by 
geographic proximity to the hybrid zone; and identifying 
the subset of specimens for which molecular quality tissue 
exists (e.g., tissue preserved in -80°C, LN2, DNA/RNA 
Shield, etc.). Tissues of interest can then be loaned from 
respective collections and used in downstream molecular 
applications (e.g., whole-genome sequencing, RNAseq, 
etc.). In ArctosR, we performed independent queries using 

Figure 2. Geographic representation of records downloaded from 
Arctos using ArctosR for the species Tamias alpinus in the state 
of California.

https://hrhwilliams.github.io/ArctosR/articles/species.html
https://hrhwilliams.github.io/ArctosR/articles/species.html
https://hrhwilliams.github.io/ArctosR/articles/parasite.html
https://hrhwilliams.github.io/ArctosR/articles/parasite.html
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the get_records() function for each species. Because 
of the recent taxonomic change, we performed four que-
ries, one for each Latin binomial: Clethrionomys gapperi, 
Clethrionomys rutilus, Myodes gapperi, and Myodes ru-
tilus. Currently, Arctos tracks taxonomic synonyms, but 
those data are not exposed to their API, thus necessitating 
queries under both Clethrionomys and Myodes. We set the 
columns argument to the value list(“dec_lat”, 
“dec_long”, “parts”). Code to run this example is 
available at https://hrhwilliams.github.io/ArctosR/articles/
tissue.html.

Our download contained 15,005 records for C. gap-
peri and 11,384 for C. rutilus (Fig. 4). Combined, a total of 
10,899 of the georeferenced records had tissue suitable for 
molecular explorations of hybridization (i.e., frozen tis-
sue). The information in the column “rights” (included 
by default in query results) can be used to identify which 
institution holds the tissue of interest and the catalog num-
bers for requesting loans.

Example 4: Exploring patterns of Bergmann’s Rule
Arctos stores standard morphological measurements 

of specimens, among other metadata. These data can be 
used in quantitative analyses of species traits to explore 
patterns across geography, demographics, and time. In 
this example, we explore the idea that populations of the 
same species of vertebrate (and, generally, endotherms) in 
colder climates tend to have larger body sizes than those 
in warmer regions (Bergmann’s Rule, Bergmann 1847). 
Considering latitude as a proxy for temperature (higher 

Figure 3. Geographic representation of records downloaded from Arctos using ArctosR for the genus Microtus in Mongolia, with 
filtering steps to identify specimens for which nematodes were detected.

Figure 4. Geographic representation of records for the species 
Clethrionomys gapperi and C. rutilus, downloaded from Arctos 
using ArctosR. The records were filtered to show available tissue 
samples for the two species in a region of interest for the study of 
hybridization. The top panel shows all records in Arctos; the bot-
tom panel shows only records with tissues suitable for the study. 

https://hrhwilliams.github.io/ArctosR/articles/tissue.html
https://hrhwilliams.github.io/ArctosR/articles/tissue.html
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latitudes equate to colder temperatures), endotherms are 
generally physically larger toward the poles. Here, we use 
specimen weight as a measure of size for Virginia Opos-
sums (Didelphis virginiana), which have a broad distribu-
tion in North America. If this example follows Bergmann’s 
Rule, we expect to see a positive relationship between lat-
itude and weight.

We obtained data for D. virginiana using the get_
records() function, setting the columns argument to 
the values list(“guid”, “dec_lat”, “dec_
long”, “weight”, “age”). We filtered data by age 
to keep records of adults and those with undetermined age. 
Then, we removed records with no weight information and 
worked with the values of weight to harmonize units. We 
explored and visualized the relationship of latitude and 
weight for adult individuals or those with weights > 300 g, 
per Mammals of North America (Kays and Wilson 2009). 
Code to run this example is available at https://hrhwil-
liams.github.io/ArctosR/articles/bergmann_rule.html.

We downloaded a total of 1868 D. virginiana records, 
and retained 164 records after data filtering steps. Our 
simple exploration of Bergmann’s Rule pattern showed 
the expected positive relationship between latitude and 
weight (Fig. 5).

Example 5: Using Arctos occurrence data for
 ecological niche modeling

One common usage case of specimen occurrence data 
is for the study of species distributions via ecological niche 
modeling (ENM; Peterson et al. 2011). In these types of 
studies, occurrence data and layers of environmental vari-
ables are used to characterize conditions in which species 
can maintain populations. Models are then projected to 
geography to visualize areas with environments that are 
suitable for the species of interest. ArctosR can be used to 
download occurrence records and other packages to obtain 
environmental data, process information, and run ENM. 

In this example, we downloaded occurrences for 
the Lone star tick Amblyomma americanum using the 
get_records() function, setting the columns argu-
ment to the value: list(“guid”, “dec_lat”, 
“dec_long”). To download environmental data from 
the WorldClim database (Fick and Hijmans 2017), we 
used the package geodata (Hijmans et al. 2023). We used 
base R functions and the packages terra (Hijmans 2023) 
and kuenm2 (Trindade et al. 2026) to filter, process, and 
clean our data. Data preparation for ENM, model selection 
routines, and predictions to geography were also produced 
using the kuenm2 package. Code to run this example is 

Figure 5. Exploration of Bergmann’s Rule for Didelphis virginiana specimens.

https://hrhwilliams.github.io/ArctosR/articles/bergmann_rule.html
https://hrhwilliams.github.io/ArctosR/articles/bergmann_rule.html
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available at https://hrhwilliams.github.io/ArctosR/articles/
enm.html. 

We downloaded 220 records for A. americanum, and 
retained 95 after data cleaning (Fig. 6). Our simple ENM 
exercise predicted higher suitability close to our records 
with a clear low suitability band west of the Great Plains 
(Fig. 6). This example was intended only as a demonstra-
tion of one way to initiate data obtained with ArctosR in 
analyses with other R packages. Detailed ENM exercises 
include other steps not included here, such as spatial data 
thinning and analyses of extrapolation risks (Araújo et al. 
2019). 

Discussion
The ArctosR package greatly improves accessibili-

ty and reproducibility to primary natural history data by 
providing a streamlined and simple interface for querying 
Arctos data. This provides access to >100 fields associated 
with each specimen record, many of which are not acces-
sible through data aggregators like GBIF or GGBN. To 
our knowledge, Arctos is the only CMS that has integrated 
relational or nested queries; for example, users can search 
the database by host to find individuals that had parasites 
or search for a parasite species to find all hosts from which 
that parasite has been recovered. Arctos is also actively 
developing pathogen-related data standards, which are ab-

sent from most biodiversity data aggregators. Those fields 
include expanded microbial taxonomy for viruses, bacte-
ria, and fungi; screening methods (e.g., serology, metag-
enomics, etc.); tissue quality (e.g., poor, excellent); and 
test-associated quantitative metrics (e.g., cycle threshold/
ct values, etc.). The existing fields in Arctos and these new 
features significantly expand connections between muse-
um biorepositories and the biomedical and public health 
communities (Colella et al. 2021; de Vries et al. 2025). 

The FAIR (Findable, Accessible, Interoperable, and 
Reusable) guiding principles for data publishers aim to 
ensure that data will be reusable for future work and anal-
yses made on those data will be reproducible (Wilkinson 
et al. 2016). In the age of “big data”, pooling data from 
disparate sources remains complicated by variation in data 
standards and vocabularies, cross-platform incompatibil-
ities, and access limitations (Upham et al. 2021). Patho-
gen data derived from specimens and published openly on 
PHAROS (the Pathogen Harmonized Observatory, https://
pharos.viralemergence.org/) or FDA-ARGOS (US Food 
and Drug Administration’s dAtabase for Reference Grade 
micrObial Sequences, Sichtig et al. 2019), for example, 
are not automatically linked back to the original specimen 
record in Arctos or other museum databases, limiting in-
terdisciplinary synthesis and independent verification. 
Thus, future innovation and expanded interoperability 

Figure 6. Geographic projection of downloaded records and suitable areas for the Lone Star tick Amblyomma americanum. Records 
shown are those resulting after data cleaning steps. Higher suitability is shown in lighter colors.

https://hrhwilliams.github.io/ArctosR/articles/enm.html
https://hrhwilliams.github.io/ArctosR/articles/enm.html
https://pharos.viralemergence.org/
https://pharos.viralemergence.org/
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may spur innovation in the “circular economy” of museum 
data users/providers. Changing taxonomies similarly chal-
lenges data discovery and aggregation. In mammals alone, 
the number of recognized species has increased by nearly 
25% since publication of the last major compendium in 
2005 (Burgin et al. 2025). When names change, as illus-
trated by the generic shift from Myodes to Clethrionomys 
(Kryštufek et al. 2020) in Example 3, specimen databases, 
sequence repositories, and other data aggregators are not 
automatically or even simultaneously updated, leading to 
mismatches across resources (Garg et al. 2019; Uetz et al. 
2021). 

Arctos data are discoverable through the web por-
tal and various aggregators (GBIF, GGBN) and accessi-
ble via the web, its API, and now ArctosR. Use of code 
tables and fixed vocabulary ensures that Arctos data are 
interoperable among collections. Arctos also represents 
data as a network of relationships or interactions, which 
better accommodates cases where multiple taxonomic 
identifications are associated with a single specimen re-
cord (e.g., new species, elevated subspecies, etc.). While 
these data are currently in Arctos, they are not currently 
available for download through the API; future versions 
of ArctosR plan to add support for querying outside tax-
onomy providers such as https://globalnames.org or GBIF 
for synonyms when a user performs a query with scien-
tific_name. ArctosR further increases interoperability 
by facilitating the download of data, formatting specimen 
data as R data frames and local files (e.g., CSV text files) 
and making them immediately compatible with other anal-
yses and software. In addition, by automating the retriev-
al of datasets, the package facilitates the data acquisition 
process itself and makes it more transparent, reproducible, 
and reusable. The ability to save a complete query object 
that contains both the data and the query used to obtain 
it allows other researchers to easily replicate an analysis, 
verify its results, or build upon the work.

The Global Museum concept (Bakker et al. 2020) 
posits that when individual natural history collections are 
joined together through an interoperable digital extended 
specimen network (Lendemer et al. 2020), they become 
more than the sum of their parts, enabling interdisciplinary 
insights at a global scale. This vision of a unified, query-
able digital biodiversity network allows researchers to ad-
dress broad biological, environmental, and societal ques-
tions that transcend the specimen holdings of any single 
institution. The Arctos Consortium, which is responsible 
for the Arctos CMS and is by its very nature a collection 
of collections, embodies this principle (Cicero et al. 2024). 
The full realization of the Global Museum, however, de-

pends not just on data sharing and interoperability but on 
how accessible and usable those data are for the scientif-
ic community. By facilitating data retrieval and usability, 
ArctosR plays a crucial role in contributing to this latter 
goal.

The expanded accessibility to Arctos data enabled by 
ArctosR significantly contributes to research efforts ad-
dressing biodiversity knowledge shortfalls (Hortal et al. 
2015). Core specimen metadata support efforts to under-
stand species’ distributions and evolutionary relationships. 
Arctos also provides unique information, such as relation-
al data about the ecology of species (e.g., host-parasite and 
host-pathogen relationships), filling knowledge gaps about 
species’ interactions (i.e., the Eltonian shortfall). These 
data provide context essential for research advances in 
ecology and can be extended to public health applications 
(Colella et al. 2023). At the same time, ArctosR reduces 
barriers to accessing museum data, ensuring that diverse 
information types are findable, accessible, interoperable, 
and reusable in line with FAIR principles. By providing 
transparent, code-driven workflows that facilitate repro-
ducibility, the package advances the Global Museum’s vi-
sion of a unified biodiversity knowledge base. 
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Table S1. List of query parameters
Parameter name Description Category
began_date Earliest date/time at which an event occurred. event
chronological_extent Count of days between begin and end dates event
coll_event_remarks Event remark event
collecting_event_name Unique (within Arctos) event identifier event
collecting_method Event method event
collecting_source Event source event
ended_date Latest date/time at which an event occurred event
evtAttributeSearchTable All event attribute fields event
habitat Event habitat event
specimen_event_remark Catalog record event remark event
specimen_event_type Type of event event
verbatim_date Date as provided event
verbatim_locality Locality as provided event
verificationstatus Verification status of locality information event
family Family as provided in collection's preferred source(s) identification
genus Genus as provided in collection's preferred source(s) identification
identification Any name used in identifiation (taxon, common name, string 

values)
identification

identification_order Identification level of acceptedness identification
identification_publication "Sensu" publication title identification
identification_remarks Identification remark identification
identificationattributesearchtable Identification details and metadata identification
identified_agent Identification determiner (agent) identification
kingdom Kingdom as provided in collection's preferred source(s) identification
made_date Identification date identification
phylclass Class as provided in collection's preferred source(s) identification
phylorder Order as provided in collection's preferred source(s) identification
phylum Phylum as provided in collection's preferred source(s) identification
species Species (binomial) as provided in collection's preferred source(s) identification
subfamily Subfamily as provided in collection's preferred source(s) identification
suborder Suborder as provided in collection's preferred source(s) identification
subspecies Subspecies (as trinomial) or infraspecific term (as quadrinomial) 

as asserted by the collection's preferred taxonomy
identification

subtribe Subtribe as provided in collection's preferred source(s) identification
superfamily Superfamily as provided in collection's preferred source(s) identification
taxa_formula Identification formula identification
taxon_name Any name used in identifiation or related classification(s) (taxon, 

common name)
identification

tribe Tribe as provided in collection's preferred source(s) identification
taxonomySearchTable Taxonomic name in any taxonomy source. Taxonomy used in 

identifications: Search VALUE OF (and specify an operator), 
optionally AS RANK, optionally ACCORDING TO SOURCE

identification

anyid Catalog record Identifiers including catalog number, GUID (Dar-
winCore triplet), accession number, and part barcodes

identifier

cat_num Primary identifier assigned to catalog records identifier
custom_identifier Identifier type selected in user profile identifier
genbank_fragment LIMITED USAGE: comma-delimited lookup of GenBank frag-

ments will be slow and not recommended. Use Identifiers search 
with full URLs for best results

identifier

guid DarwinCore Triplet; primary catalog record identifier identifier
guid_prefix Collection responsible for the record. Turning this off will break 

most forms
identifier

otherIdSrchTbl All catalog record identifier fields identifier
relatedItemSrchTbl Search for records by data from identifier-linked records identifier
anybarcode Barcode for any container, including those that do not directly 

hold parts
parts

barcode Part barcode parts
condition Part condition parts
is_tissue Has tissue parts
part_container_type Container type of the container directly holding the part parts
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part_ctr_last_date Date the part container was last updated or changed parts
part_disposition Part disposition parts
part_remark Part remark parts
part_search All part and part attribute fields parts
partAttributeSearchTable All part attribute fields parts
partname Part name parts
attribute_meta_age Age drawn from lithostragraphy metadata place
attribute_meta_term Locality attributes for chronostratigraphy. Searches of a unit will 

find all units nested within it
place

continent Continent as asserted place
coordinateprecision Maximum coordinate error place
country Country as asserted by the collection place
county County as asserted by the collection place
elevationSearchTable Elevation fields (max, min, units) place
feature Feature (locality attribute) place
geog_srch_type Control how spatial data are matched. Default is contains/within place
locality_name Unique (within Arctos) locality identifier place
locality_remarks Locality remark place
locAttributeSearchTable All locality attribute fields place
map Draw a polygon on a map place
ocean Ocean as asserted place
place_term Standardized place names drawn from spatial data place
quad Quad (locality attribute) place
sea Sea as asserted place
spec_locality Locality as asserted place
state_prov State or province as asserted place
accession_agency Agent acting in an accession role record
accn_number Accession number record
archive_name Archive name record
cataloged_item_type Type of record record
collector Agent acting in a collector role record
culture_of_origin Culture of origin attribute record
culture_of_use Culture of use attribute record
description Description attribute record
entered_by Operator who entered the record record
entered_date Date the record was entered record
is_peer_reviewed Publication type record
loan_number Loan number record
loan_project_name Name of project using catalog records record
materials Materials attribute record
media_keywords Media keywords record
media_type Media type record
permit_issued_by Permit Issuer (agent) record
permit_issued_to Permit issued to (agent) record
permit_num Permit number record
permit_type Permit type record
portfolio_or_series A portfolio is a number of prints presented as a group and often, 

though not necessarily, by the same artist and based on a related 
theme. A series can be defined as more than one related work 
grouped by the artist or in some logical way. Use if there is a title 
for the portfolio or series

record

project_name Name of project contributing catalog records record
project_sponsor Project sponsor record
publication_doi Publication DOI record
publication_title Publication title record
recordAttributeSearchTable All catalog record attribute fields record
remark Catalog record remark record
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subject_matter The subject matter of a work of art (sometimes referred to as its 
content) is the narrative, iconographic, or non-objective meaning 
conveyed by an abstract or a figurative composition. It is what 
is depicted in and by a work of art. It also covers the function of 
an object or architecture that otherwise has no narrative content. 
Getty CDWA GitHub Issue Formerly subject, a topic of the 
resource. Dublin Core

record

type_status Nomenclatural type record
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Table S2. List of return columns
Parameter name Description Category
culture_of_origin Culture of origin attribute attribute
culture_of_use Culture of use attribute attribute
detected The attribute value was detected attribute
examined_for A systematic examination for the attribute value was made attribute
materials Materials attribute attribute
not_detected The attribute value was not detected attribute
not_examined_for The record was not examined for the given value attribute
reproductive_data Record attribute value(s) attribute
family Family as provided in collection's preferred source(s) classification
genus Genus as provided in collection's preferred source(s) classification
phylclass Class as provided in collection's preferred source(s) classification
phylorder Order as provided in collection's preferred source(s) classification
phylum Phylum as provided in collection's preferred source(s) classification
kingdom Kingdom as provided in collection's preferred source(s) classification
species Species (binomial) as provided in collection's preferred source(s) classification
subfamily Subfamily as provided in collection's preferred source(s) classification
suborder Taxonomic Order as asserted by the collection's preferred taxonomy classification
subspecies Subspecies (as trinomial) or infraspecific term (as quadrinomial) as assert-

ed by the collection's preferred taxonomy
classification

subtribe Subtribe as provided in collection's preferred source(s) classification
superfamily Superfamily as provided in collection's preferred source(s) classification
superorder Taxonomic SuperOrder as asserted by the collection's preferred taxonomy classification
tribe Tribe as provided in collection's preferred source(s) classification
coordinateuncertaintyin-
meters

core

guid DarwinCore Triplet; primary catalog record identifier core
country Country as asserted by the collection core
dec_lat Geographic latitude expressed as degrees with decimal fractions of 

degrees
core

dec_long Geographic longitude expressed as degrees with decimal fractions of 
degrees

core

scientific_name Identification ("scientific name") as determined by collection. Depending 
on the determination, most often genus plus species; often genus, species 
plus subspecies, but often a taxon less precise than genus

core

spec_locality Locality as asserted core
state_prov State or province as asserted core
verbatim_date Date as provided core
attributedetail All attribute data curatorial
citation_data citations curatorial
citations Citations are links between cataloged items and publications. Citations 

indicate that a cataloged item was referred to (cited) by the authors of a 
publication

curatorial

collecting_event_id Event identifier issued by Arctos curatorial
collector_agents Collector-agents (not limited to role 'collector') curatorial
entered_by Operator who entered the record curatorial
id_history All Identifications including metadata curatorial
lastpartlocation Special handler for part attribute "location." curatorial
media_tags TAGs curatorial
remove_row Keep/Remove rows; Turn this on to keep/remove rows from results. 

USAGE: Click the button on any number of rows, then requery or select 
Tools-->Keep/Remove Selected Rows

curatorial

rights Terms and licenses curatorial
AF Alaska Frozen Tissue Collection, University of Alaska Museum of the 

North, Fairbanks, Alaska
identifiers

collection_preferred_iden-
tifiers

Identifiers selected by the collection for special prominence identifiers

collector_number A value that refers to a person's field catalog. For this number to be ap-
plied to a specimen, the person has to be the first collector of a specimen

identifiers

doi DOI associated with the catalog record identifiers
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GenBank GenBank DNA-sequence accession. The Nucleotide database is a col-
lection of sequences from several sources, including GenBank, RefSeq, 
TPA and PDB. Genome, gene and transcript sequence data provide the 
foundation for biomedical research and discovery

identifiers

KT Kansas State Biorepository, Kansas Tissue Number identifiers
NK "New Mexico Karyotype Number," a frozen tissue collection number for 

the Museum of Southwestern Biology
identifiers

Organism_ID Identifier representing a DWC:Organism or individual, generally one 
comprised of multiple catalog records (which represent DWC:Occurrenc-
es)

identifiers

preparator_number A value that refers to a record in the catalog of the person listed as the first 
preparator of a specimen

identifiers

public_accn_id Part of the path to any public accession information identifiers
associated_species Other species noted in association with the collected specimens. Used in 

botanical collections
locality

began_date Earliest date/time at which an event occurred locality
coll_event_remarks Collecting Event Remarks documents nonstandard information concern-

ing a collecting event
locality

continent Continent as asserted by the collection locality
county County as asserted by the collection locality
datum Asserted datum for the coordinates assigned to a locality locality
day_collected The day in which the specimen was collected locality
ended_date Latest date/time at which an event occurred locality
event_assigned_by_agent Agent asserting the relationship between the specimen and the place-time 

data
locality

event_count Number of Events, of any type and including restricted access, attached to 
the record

locality

formation Locality attribute formation locality
georeference_protocol Protocol used to obtain the values for the coordinates and the measure of 

precision
locality

georeference_source The source of the coordinate information. Often the name of a map or 
gazetteer

locality

json_locality Locality stack in JSON locality
locality_count Number of Localities, of any type and including restricted access, attached 

to the record
locality

locality_name Assigned unique persistent locality identifier locality
locality_remarks Locality remark locality
max_depth_in_m Depth in meters locality
max_elev_in_m Maximum elevation for a locality converted to meters locality
maximum_elevation Maximum elevation of a locality locality
member Locality attribute member locality
min_depth_in_m Depth in meters locality
min_elev_in_m Minimum elevation for a locality converted to meters locality
minimum_elevation Minimum elevation of a locality locality
month_collected The month in which the specimen was collected locality
ocean Ocean as asserted by the collection locality
orig_elev_units The units of measurement used in the original reporting of an elevation locality
orig_lat_long_units The units used in the original report of geographic coordinates. For exam-

ple, degrees/minutes/seconds, degrees/minutes/decimal-minutes, decimal 
degrees, or the UTM system

locality

sea Sea as asserted locality
specimen_event_remark Catalog record event remark locality
specimen_event_type Type of event locality
verbatim_coordinates The geographic coordinates in the format in which they were reported by 

the collector. (Often absent)
locality

verbatim_locality Locality as provided locality
year_collected The year in which the specimen was collected locality
accn_number Accession number record
catalognumberint Integer component of catalog number record
collecting_method Event method record
collecting_source Event source record
collectors collector role "collector record
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copyright_holder collector role "copyright holder" record
creator collector role "creator" record
formatted_scientific_name Scientific name including code-specific data and markup record
full_taxon_name Any term in a taxonomic hierarchy record
habitat Event habitat record
id_sensu A publication which defines the parameters used to make the identifica-

tion. "This specimen is Taxon X in the sense of Publication Y."
record

id_date The date on which the identification was made record
identification_remarks Any further description of a taxonomic determination, its basis, nature or 

circumstances
record

identified_by The agent who made the identification record
identifiers All non relationship-forming identifiers and associated metadata record
individualcount record
media Media include images, digital audio, and various kinds of documentation. 

More generally, media are digital files related to specimens, publications, 
and agents

record

othercatalognumbers Identifier kind=value concatenation record
partdetail All part fields formatted as JSON record
parts Part names record
preparators collector role "preparator" record
relatedcatalogeditems Two cataloged items (usually biological individuals) may be associated 

with each other by kinship or some trophic relationship
record

remark record
sci_name_with_auth Taxonomic name followed by the name(s) of the person who originally 

published the name. Various specific conventions are dictated by nomen-
clatural commissions

record

subject collector role "subject" record
verificationstatus Verification status of locality information record
age General description of the age. See also age class and numeric age trait
ear_from_notch Length of the ear from the notch to the tip trait
hind_foot_with_claw Length of the hind foot from the back of the ankle to the end of the lon-

gest claw. A numeric value plus units
trait

life_stage Summary of values for record attribute life stage trait
sex Sex of the organism trait
tail_lenth length of tail trait
total_length Total length of the specimen. Fish: Total length (TL) is the length of a 

fish measured from the tip of the snout to tip of the longest lobe of caudal 
fin. Measurement done with caudal fin lobes compressed and measured at 
midline

trait

weight Total body or object weight trait


