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Abstract—Biodiversity data comes from many sources, 
ranging from museum specimens to field surveys to genomic 
sequences.  Domain specific standards provide vocabularies for 
many types of these data, but they do not fully support 
integrating data across methods, scales, and domains. The 
Biological Collections Ontology (BCO) was designed to bridge 
the terminology gap between traditional museum-based specimen 
collections and more contemporary environmental sampling 
methods, such as metagenomic sequencing, by providing a 
logically defined set of terms for biodiversity that map to 
standards such as the Darwin Core and Minimum Information 
for any Sequence. The BCO is expanding to encompass 
observational biodiversity data such as field surveys and 
taxonomic inventories.  A key design principle of the BCO is to 
clearly distinguish the different types of processes involved in 
biodiversity data collection along with the inputs and outputs of 
those processes. The BCO has applications to plant biodiversity 
studies for linking herbarium specimens to sequence data, 
connecting trait data to specimens, and describing survey data. 
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I. SOURCES OF BIODIVERSITY DATA AND CORRESPONDING 
STANDARDS 

For hundreds of years, information about the existence and 
location of organisms has been preserved in museum specimen 
collections. Written observations by naturalists in field 
notebooks and on specimen labels are another related source of 
data, not only for occurrences but for traits and habitat data. 
Such observations are complemented by formal taxonimic 
surveys such as plot surveys, transects, and even floras for 
entire regions.  Darwin Core (DwC) is a standardized 
vocabulary for sharing these types of biodiversity data [1, 2]. 
DwC is supported by the Biodiversity Information Standards 
organization (also known as the Taxonomic Databases 
Working Group or TDWG) [3]. DwC is intentionally simple in 
its structure and is not intended to be an ontology. The majority 
terms in DwC are metadata properties, recently formalized in 
RDF [4]. DwC properties cover areas such as taxon, location, 
identification, and geological context (important for fossil 
specimens). In addition, DwC has a small set of classes such as 
dwc:Occurrence and dwc:Location. 

With the advent of molecular biology, a new type of 
biodiversity data emerged in the form of genetic, genomic, and 

metagenomic sequences. Although sequence data are 
comprised of a standardized series of symbols and stored in 
cannoical repositories such as NCBI [5], the associated data 
about sequencing methods and the specimen from which a 
sequence was derived, is often collected in an ad hoc manner 
and not included in published reports. The Genomics Standards 
Consortium is an open-membership working body formed in 
September 2005 with the goal of promoting mechanisms that 
standardize the description of genomes and the exchange and 
integration of genomic data, including metagenomes. GSC 
published the Minimum Information for any (x) Sequence 
(MixS) [6], which, like DwC, consists of a set of shared 
properties and is now available as RDF [7]. Core MixS terms 
cover areas such as sample collection, library preparation, and 
assembly, with environmental packages that contain terms 
specific to different types of samples (e.g., soil or water).  

A third major source of biodiversity data are surveys such 
as vegetation plot surveys or regional taxonomic inventories. 
Unlike musuem specimens that generally record the presence 
of a single organism at a place and time, surveys can cover 
multiple taxa and occur over extended periods of time. Surveys 
also can provide information on the abundance or absence of 
taxa. Most surveys follow a sampling protocal, so information 
on the protocol needs to be captured along with the primary 
distribution and abundance data. Finally, any of the above data 
sources may generate data on the traits of an individual or taxa. 
Although DwC has been used to exchange survey and trait 
data, and trait data can be recorded using MixS, their relatively 
flat structure limits their ability to capture complex biodiversity 
data without loss of information. 

II. THE BCO 

A. Overview 
The Biological Collections Ontology (BCO) grew out of a 

series of workshops aimed at integrating traditional 
biodiversity data about museum specimens with more 
contemporary genetic and genomic biodiversity data [8-11]. A 
major outcome of these workshops was the differentiation 
between processes that yields specimens and processes that 
yield data (observing processes). After an initial release of the 
BCO, it was determined that the Ontology Biomedical 
Investigations (OBI) [12] already contained an appropriate 
design pattern and set of terms for specimen collection 



(http://purl.obolibrary.org/obo/OBI_0000659), and those terms 
were imported into BCO. OBI has a term for assay, which is 
the parent term for BCO observing process. BCO relies on the 
Information Artifact Ontology (IAO), which is closely aligned 
with OBI, for terms related to information and data. 

B. Integrating Darwin Core and MIxS with BCO 
Both DwC and MixS intentionally lack logical structure. 

Whereas this makes them broadly applicable, it severely limits 
the ability to make inferences or classificaitons from data 
associated with these vocabularies. BCO aims to provide a 
logical structure that is consistent with DwC and MixS, thereby 
providing an optional semantic layer.  A seemlingly small but 
crucial step to the integration of DwC and MixS annotated 
datasets was the adoption of the OBI term specimen 
(http://purl.obolibrary.org/obo/OBI_0100051) by both TDWG 
and GSC, originally spearheaded by BCO curators. When used 
outside the context of BCO, this shared identifier simply 
provides consistent vocabulary for compatability across 
sources. If annotated datasets are mapped to BCO, it allows 
additional information related to specimens to be connected via 
logical definitions for inference [10] (see next section). 

BCO imports all DwC terms and maps them to parent or 
equivalent BCO classes. For example, in BCO, dwc:Event is a 
subclass of OBI:planned process  and dwc:Identification is 
equivalent to BCO:taxonomic identification. DwC properties 
are classified as data properties in BCO. To add reasoning 
power to these, work is underway that will link these data 
properties to object properties and classes in BCO.  

As community standards adopted by multiple international 
organizaitons, both DwC and MixS must be stable and undergo 
a lengthy community review process before a term can be 
added or modified. BCO offers a more flexible proving ground 
for testing the efficacy and definitions of new terms such as  
specific subclasses of specimen or observing process. These 
new terms can then be considered for inclusion as part of a 
controlled vocabulary in MixS or DwC. 

III. APPLICABILITY OF BCO TO PLANT BIODIVERSITY 

A. Linking herbarium specimens to their sequence data 
The primary use cases for the BCO is to link museum 

specimens to sequence data derived form a specimen. This is 
illustrated in detail in figure 3 in [10]. In brief, BCO can be 
used to specify a set of planned processes, each with specified 
inputs and outputs, which can then be used to infer the original 
source of a material or data. If MixS terms are used to annotate 
the sequence, they can be connected to data about the original 
specimen in a DsC archive by sharing the OBI:specimen 
identifier. Herbaria that use DwC to share specimen data now 
have the option of using a material sample core [13] (as 
opposed to an occurrence core) that explicitly specifies that the 
basis of the record of the occurrence is a specimen.  

B. Connecting trait data to specimens 
Another important use case for BCO is connecting trait 

data to the entity that bears the trait. This is relevant not only 
for biodiversity studies for population-level studues such as 
plant breeding. This case has several additional complications. 
First, traits can be measured at the organism, population, or 

species level. Second, trait data is often compiled from 
multiple sources, such us from an organism in situ, specimens, 
a photograph of a specimen or organism in situ, or published 
species descriptions. BCO models the relations among traits, 
entities that bear traits, evidence for a trait, and the taxonomic 
identification of the entity bearing the trait. BCO can also be 
used in with the Environment Ontlogy (ENVO) [14] to specify 
data about the environment, by connecting the environmental 
parameters to a location in which a specimen collecting or trait 
measurement event takes place.  

C. BCO for describing survey data 
Arguably the most complex type of biodiversity data is data 

about biodiversity inventories or surveys. Surveys generally 
include multiple locations and times as well as complex 
sampling protocols (e.g., Fig. 1 in [10]), and capturing 
computable information about surveys in a lossless way with 
flat formats such as a Darwin Core   Archive is difficult or 
impossible. Work is underway in BCO to model this type of 
data, including the addition of  terms for taxonomic inventory 
types.  

IV. CONCLUSIONS 
The BCO is used for many types of biodiversity data, 

including data about museum specimens, sequences, traits, and 
surveys. The BCO is under development and community input 
is welcome on the issue tracker [14] or mailing list [15]. 
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