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ABSTRACT Discovering and recording dwbc data is the most problematic. It

is particularly difficult to find ways that users camcord

Morphbank an online collection of museuruality biological oL .
associations among objects

images, is an NSF funded project designed to facilitate tHmen

collaboration of biologists from around the world [3]. Our primary - As |ong as data is well formatted and constrained to the database

areuseful in phylogenetic research. Morphbank users are activelywye v e di scovered, there is no pr

collaborating on the creation of information that represents the jnformation a scientist may wish to store with a particular
associations among images and related biodiversity data ObjeCtSspecimen. Most of the knowledge is contained in the memory of
This paper describes the Morphbank annotation tool and dataghese scientists or in hand written notebooks. Although it is
modds and gives examples of how users create structuredrecognged that manual annotation is expensive and time
information in the system. Schematized annotation provides consuming it is nevertheless still essential in documenting

biologists with a flexible framework to create semanticaitip collaborative knowledge in biological systems [2]. Translating
annotations using their own data models. and storing this knowledge in a searchable form is the challenge.
Keywords 2. BACKGROUND

Annotation, association, biogrsity Morphbank is an open Web repository of images serving the

biological research community. It is currently being used to
1. INTRODUCT_I_ON . . ) document specimens in natural history collections, to voucher
The discovery, identification, and documentation of biological pNa sequence data, and to share research results in disciplines
e_ntltles are time consuming anq tedious tasks. _The subtlegch as taxonomymorphometrics, comparative anatomy, and
differences between similar species may be so minute as toppyiogenetics. Morphbank can serve as a virtual reference
require the collaboration of several experts to identify. Each gjiection of named organisms or a resource for comparative
taxonomic grap has many experts who can assist in the mghnojogical study; new use cases are continuously added [7].
identification of specific organisms. However, with the increase in g5qh image in the database iscaiated with fully searchable set
the number of new organisms that have been discovered and @ text information. Additionally images can be downloaded in
decrease in number of senior specialists, identification and geyera| different formats [3]. Understanding the background of
curation of data have beme more difficult. Often, it involved the Morphbank is important to understanding the complexity of the

need for scientists to travel to the location of the specimens or foryqpiem of collaborating with othecientists on the identification
specimens to be sent to the scientists for first hand examination g curation of biodiversity data.

This is still standard practice among most biologists today.
Morphbank cordins information about organisms. Each image in 2.1 MQRPHBANK OB‘]ECT_S . ) i
the system is associated with one or more specimens. EactFach object in the Morphbarsystem is uniquely identified and

specimen is a representation of information about an organism.ncludes a set of standard fields that assist us in cataloging the
Specimens are in turn associated with localities, contributors,!0¢ation and type of each object, the identification of the user who

taxonomic conceptsnda variety of annotations. addec_i t_he object, the_ date and time o_f creation, an optional
description of the objéc and the last time the object was
The design and development of the Morphbank system identified modified. These attributes allownyone accessing Morphbank
several challenges in discovering and creating information aboutsufficient information to find and catalog data and associate
images and their related objects. related objects. Each object is externally identified by a Life

Finding images and specimens associated with a specificSCIence |dentifier (LSID) [13].

species and genus, 2.2 MORPHBANK OBJECT
Finding and recordingnformation about that image and its RELATIONSHIPS

related objects, and Since each Morphbank object is uniquely identified, any object
The discovery and recording of -Adc associations among can be the target of a stored reference. A single column within a
the various objects. Morphbank table holding a foreign key may refer to several an
object of any type. Thus a collemt object can be heterogeneous.
For instance, an annotation object may define an association
1Supported by NSEontract DB{0446224 20052008 among images, specimens, locations, users, or even other
WWW 2007May 8-12, 2007, Banff, Canada. annotations.



This flexibility allows for the creation of complex collections of made digital annotations somewhat cumbersome. The increased
objects that can be slear with other users of the Morphbank use of Javascript, higher speed communications, improved Web
system. Although there are a series of predefined relationships ininterface standards, and increased browser capability have made
Morphbank, the use of unique identifiers allows users to define anWeb-based digital amotations more of a reality. However, there is
unrestricted set of complex relationships of objects within the still no convenient method for making annotations on the sides of
confines of the systa. Web pages as you would on paper documents [8].

Figure 1 shows the result of searching for images that are relatedrhe problem of biodiversity annotation is that biologists have
to the taxon with id 30244, the species asclepias amplexicaulusincreased the number of speciraghey can gather but have not
The search looks through the known associations between objectincreased their ability to catalog, identify, and study them.
to find the proper set. Each image in the set is assatiwith a Collaborations still include the exchange of physical specimens
specimen which is associated with the proper taxon. The structureand the manual annotations of the images using indexed cards and
of these predefined associations allow the search to be bothpaper documents. At the function&vel, many users have
effective and efficient. The information about the images in developed their own specific but proprietary solution to this
Figure 1 comes from the image, its related specimeni@nd problem. Through the use of Morphbank and a Web based
related taxon. annotation tool, we can solve most if not all of these problems.

3.1 MORPHBANK OBJECT ANNOTATION

A variety of annotatin technologies allow users to add value to
images by creating associations between those images, text and
other digital objects. Morphbank takes this one step further by
making the associations into first class objects that can themselves
be annotated andssociated with other objects. Morphbank also
allows associations to take on specific semantic characteristics
that constrain their meaning and thereby improve searching and
understanding.

Image annotation is available in a variety of image management
Web sites. The simplest annotations are found in systems that
support attaching tags to images and other media. Flickr.com and
YouTube.com, e.g., allow users to add text attributes (tags) to
images and use those tags to support searching. FotoTagger.com
amorg others,goes a step further and allows the tags to be
attached to specific locations on images.

Blogging is another form of image annotation in which text
Figure 1. The result of searching for images for a particular passages are linked to images, Web pages and other digital
taxon objects. A blog entry creates an asatebetween its own text and

3. BIOLOGICAL ANNOTATION the finked objects.
REQUlREMENTS Annotea.org supports the creation of RDF attributes for image

The users of the Morphbank database system have identifiedtags.gpgsefattributesf(_:an be used_ to_ provide search inference
several requirements for image and object annotation to be used2P@ liies for users of image repositories.

by authoized users of the syem. These requirements are Another annotation strategy involvethe development of
consistentwith the Specifications For Image Annotation On The laboratory notebooks such as those under development at the
Semantic Welas described W3C in their draft document [5]. A United States Department of Energy, National Collaboratories
major restriction placed oMorphbankdevelopment was that the  under the guidance of Dr. Jim Myers [11]. These miduhee
annotation softwarenust be accessible through the use of a Web products present researchers, applications, prebbtbrimg
browser without the need to download an extensive set of clientenvironments (PSE), and software agents with a layered set of
based applications. This requirement was estadlidtecause application services that provide a finite set of capabilities for the
research biologists frequently travel from one location to another creation and management of metta, the definition of semantic
and many times onllave access to a Web browser. Additionally, relationships between data objects, and the devaopnof
annotations must be made in rdate and directly to the actual  electronic research records [10Users are able to record
data source to avoid update anomalies associated with multipleassociations between digital objects across and among projects.
copies of the data. Updates and annotations made by one scientist

must be readily ailable to other colleges for collaboration in a Morphbank seeks to conme these ideas by allowing
timely manner. incorporating an extensible annotation type system and by

systematically eganding the scope of associations by including
There has been considerable effort put into the development ofany objects referenced by globally unique IDs (GUID)
general purpose Wellased annotation tool sets over the past
several years. In their paper on Web annotations, Venu
Vasudevan ah Mark Palmer [15] described an approach 6 years
ago on the development of a Web based annotation tool that coul
be used to annotate documents over the Internet with just the us
of a Web browser. However, they discovered several limitations
in the use ofVeb browsers and of HTML as layout languages that

Morphbank was designed to allow users to take advantage of Web
service products to gain access to the data by conforming to
dndustry practices and standarbut maintain the ontology of the
griginal data. Users will browse or search the Web site for
Morphbank objects using a variety of tools provided through the

Web site.



