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The rise of informatics has presented new opportunities for analyzing, visualizing, and interacting with data
across the sciences, and biodiversity science is no exception. Recently, comprehensive datasets on the geographic
distributions of species have been assembled that represent a thorough accounting of a given taxonomic group of
species (e.g. birds, mammals, etc.), andwhich form critical tools for both basic biology and conservation. Howev-
er, these databases present several challenges for visualization, interaction, and participation for users across a
broad range of scientists and the public. In support of the development of a new comprehensive ant biodiversity
database containing over 1.7 million records, we developed a new client–server web-mapping application,
antmaps.org, to visualize and interact with the geographic distributions of all 15,050 ant species and aggregate
patterns of their diversity and biogeography. Our application development approach was based on user-
centered design principles of usability engineering, human-computer interaction, and cartography. The resulting
application is highly focused on providing efficient and intuitive access to geographic biodiversity data using a
client–server interaction that allows users to query and retrieve data on the fly. This is achieved with a backend
solution to efficiently work with large volumes of geospatial data. The usability and utility of the final version of
the application was measured based on effectiveness, efficiency and user satisfaction, and assessed using ques-
tionnaires, usability lab studies and surveys. While the development of antmaps.org was motivated by a partic-
ular ant biodiversity dataset, the basic framework, design, and functionality are not specific to ants and could be
used to interact with biodiversity data of any taxonomic group.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

1.1. Background

The information revolution has ushered biology into an era of big
data, presenting new challenges and opportunities for data-driven re-
search (Howe et al., 2008; Kelling et al., 2009; Reichman et al., 2011;
Marx, 2013; Arts et al., 2014). Studies and initiatives that utilize technol-
ogies for data integration, analysis and communication have increased
exponentially within the biological and ecological fields (Gonzales et al.,
2009; Paton, 2009; Ferreira et al., 2011; Graham and Kennedy, 2014).
Biodiversity science, as the study of life's variations, is an inherently
information-rich enterprise and is currently undergoing a rapid transfor-
mation due to the aggregation and synthesis of large databases and vari-
ous methods for interacting with and visualizing datasets (Guralnick and
mo).

. This is an open access article under
Hill, 2009). Biodiversity information comes in many forms, from physical
specimens to genomic sequences to field observations. While some new
sources of data, such as DNA sequences, have emerged due to technolog-
ical innovation, much of the recent advances relate to the digitization and
consolidation of vast amounts of existing information. Much of this
information that has accumulated over the last few hundred years
is distributed in countless museum collections and in (sometimes
difficult-to-access) published literature (Graham et al., 2004). Recent
efforts to aggregate, process, and utilize biodiversity information have
presented new challenges and opportunities for the field (Guralnick
et al., 2006, 2007; Guralnick and Hill, 2009; Goodwin et al., 2015).

The importance of consolidation and digitization is especially true for
a core data type in biodiversity science: records of where each species oc-
curs (or has occurred) on Earth. In the aggregate, such data gives us amap
of life on Earth and patterns relevant both for our understanding of basic
biology and for designing effective conservation efforts. For example, the
aggregation of species occurrence records in order to see overall patterns
plays a pivotal role in inferring ecological and evolutionary processes (Jetz
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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et al., 2012). While these datasets are nowhere near complete for most
groups of organisms (Meyer et al., 2015), the consolidation of large biodi-
versity datasets in vertebrates and plants has already led to insights into
the global ecology and evolution of biodiversity (Schipper et al., 2008;
Orme et al., 2005; Kier et al., 2005; Kreft and Jetz, 2007; Buckley and
Jetz, 2007), as well as served as a critical guide to global conservation ef-
forts (Joppa, 2015; Pimm et al., 2014).

Whilemethods for consolidating and curating such biodiversity data
are an important and active research area, we focus here on the problem
of visualizing and interacting with the data through the web after a
dataset is created. Our interest is driven by needs that have arisen dur-
ing the recent construction of a new database on global ant biodiversity,
the Global Ant Biodiversity Informatics (GABI) database (Guénard et al.
In preparation). In this contribution, we report on the design and imple-
mentation of antmaps.org, a new web-mapping application focused on
biodiversity data. We first discuss the database and problem that moti-
vates this new tool as well as how it relates to existing tools.

1.2. The GABI database

Comprehensive biodiversity datasets exist for birds (eBird, 2012),
mammals (Wilson and Reeder's Mammals species of the world's,
2005), amphibians (AmphibiaWeb, 2016), fish (FishBase, 2015), and
plants (GBIF, 2016, USDA and NRCS, 2016). However, comprehensive
datasets that cover the vast majority of biodiversity–terrestrial
invertebrates– remain amajor hole in our knowledge and are an impor-
tant need for both basic biology and conservation.

The GABI project is intended to be a first step towards addressing
this knowledge gap by developing comprehensive data on one ecologi-
cally important animal group: ants. Although ant biodiversity is much
less well documented than vertebrates, they are relatively well studied
compared to most invertebrates due to their ecological importance and
dominance in natural communities, their economic importance, and
their fascinating social biology (Hölldobler and Wilson, 1990). This,
combined with their moderate levels of diversity, makes them a good
choice for a representative invertebrate group.

The GABI database is a combination of museum collection data, on-
line specimen databases, andmost notably, published literature. Species
distribution data for over 8650 publications have been incorporated
into the database thus far. The full description of the methods and re-
sults of this data compilationwill be presented elsewhere in a dedicated
publication (Guénard et al. In preparation), but the basic format of the
data is species occurrences; species observed in a given location. As of
December 2015 there are 1.7 million such records in the database, and
the data is being actively used for biodiversity research (e.g. Economo
et al., 2015a, 2015b).

As collectors have only begun using latitude-longitude information
relatively recently, the majority of the older data in the database do
not have associated geographic coordinates. A long-term goal is to
geo-reference these records to increase the resolution of the data, but
as an intermediate step theGABI records are currently assigned to a sys-
tem of polygons covering Earth's surface. These polygons are chosen
practically to maximize data inclusion, and while locality information
of older collections often do not include geographic coordinates, they
can be easily assigned to political regions and (if applicable) island
names. Admin 1 (state- or province- level) was used for larger countries
(e.g. USA, China), while Admin 0 (country-level) was used for smaller
countries (e.g. Ecuador, France). In some cases a biogeographic unit
such as an island (e.g. Borneo, NewGuinea)was used even if it spanned
political regions.

To summarize, theGABI data are arranged as a set of individual records
where species names are associated with an area, geographic coordinates
(if available), and citation information. Taxonomy is standardized and
continuouslymaintained to keep pace with developments in systematics.
Native/introduced status is recorded, and introduced ants only known
from quarantine or other indoor environments are distinguished from
records of exotic establishment. In addition, the GABI participants curate
the records in a continual effort to cull errors and identify dubious records.

1.3. Existing tools for visualizing biodiversity data

Data visualization has become not only a way to present results for
specific studies, but also serve as exploration tools that researchers
can use throughout the scientific process (Fox and Hendler, 2011). Par-
ticularly, web-mapping applications are becoming increasingly impor-
tant in our daily lives as well as in scientific research (Tsou, 2011;
Zastrow, 2015) as they enable such visualization of geographically ref-
erenced data through a web interface available online. They are good
choices for presenting spatial datasets and play an essential role in facil-
itating the analysis and communication of these datasets.

Many web-mapping applications or online databases have been
designed to centralize taxon- or region- specific biodiversity data
(Flemons et al., 2007, Auer et al., 2011, Ferreira et al., 2011, Borges
et al., 2010; Janicki et al., 2014), each with their own solutions to effec-
tively serve the dataset and visualize it in an intuitive, useful manner
that is suitable for its target users.

Auer et al. (2011) developed HerbariaViz, an interactive mapping
application that visualizes a database of California's floral observation
data. Its main goals are to present solutions to address large volumes
of spatiotemporal point data and to make use of good cartographic de-
sign to create a flexible, usable client-side interface. The authors chose
to visualize their data using graduated point symbols to represent ag-
gregated count data as it enables the users to easily see the distribution
of a species while having the background as a context, and coxcombs
allow users to identify temporal periodicity of the dataset.

Another example is the GBIF-MAPA, a web-based GIS tool to explore
biodiversity data on a global scale (Flemons et al., 2007). The tool was
developed in order to effectively utilize the large amount of legacy bio-
diversity data served byGBIF. Many challenges had to be overcomedur-
ing the development of the application, from assuring fast speed of
access to handling large amount of data to building a flexible and intu-
itive mapping interface. The particular solution that is most relevant
to antmaps.org is how they optimized the effectiveness of viewing dis-
tributional data by allowing user selection of symbology for displaying
map search results and by allowing the user to view or hide base map
layers.

The Map of Life (MOL) 2016 project has provided an online applica-
tion that serves as a global, collaborative interface for storing and serv-
ing species distribution information (Jetz et al., 2012). It stores over 370
million records, visualizes species ranges and provides species lists for
different geographic areas for over 930,000 species. Its main goal is to
refine species distributional knowledge and it aims to improve quality
control of data by means of data integration and to increase the poten-
tial of data by simplifying the process of scientific exploration and anal-
ysis. The interface includes two views, species and location, each with
clear entry points for intuitive user navigation and good filtering options
to effectively handle the large dataset.

Several biodiversity web resources focused on ants are available.
In particular, both AntWeb.org (AntWeb, 2016) and AntWiki.org
(AntWiki, 2016) are multifaceted resources on ant biodiversity that in-
clude information on geographic distribution. These sites are essential
tools for myrmecologists (and are used daily by the authors of this
ms) and have significant value for outreach and education. But, neither
currently have the capability to present all the data types included in
the GABI dataset, and neither are optimized for geographic data explo-
ration given their more generalized goals.

1.4. Objectives for antmaps.org

The motivation behind the application is to support ant biology and
biodiversity research by creating a tool for researchers and other inter-
ested parties based on the GABI dataset, while drawing upon the
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knowledge of the wider community to improve the dataset. The objec-
tives are 1) to provide a framework to visualize and access information
about the distribution of species and the faunal composition of areas,
2) visualize and explore aggregate diversity patterns such as species
richness and other biogeographic patterns at different taxonomic levels
within the ants, 3) provide a mechanism for users to identify gaps and
errors in the data and provide relevant feedback, 4) achieve the above
in an application that is highly intuitive, efficient, focused, and opti-
mized for ant researchers and the taxonomic scales involved, and
5) more generally to explore new application environments and design
elements for the visualization of biodiversity data thatmay be useful for
other datasets and taxonomic groups.

To somedegree, the objectives listed above overlapwith existing ap-
plicationsmentioned in the previous section, in particular GBIF andMap
of Life. Those applications are very comprehensive in taxonomic scale
(covering all organisms), and provide a broader range of information
in addition to geographic distribution. Our application, antmaps.org is
not intended to compete with those efforts, but rather complement
them by providing an optimized framework for mapping and exploring
ant geographic data taking into account the taxonomic scale of the
group and the structure of the underlying dataset.

Themodel of a generalized resourceworking in concert with amore
taxonomically specialized resource seems toworkwell with Encyclope-
dia of Life and AntWeb.org, for example. AntWeb.org provides a highly
efficient access to species information and images in an environment
optimized for ant researchers, at the same time data is shared with
the more generalized Encyclopedia of Life so it can be easily accessed
by the broader community of biologists and the public. It is possible
that mapping applications could move in a similar direction in the fu-
ture. More generally, we feel the existence of excellent tools already de-
veloped should not preclude the exploration of new approaches and
innovation in client–server data visualization frameworks.
1.5. Design principles

An effective web-mapping application should take into consider-
ation the utility, usability and the target users of the application (Roth
et al., 2015). Understanding the user's needs and expectations of an
application and taking into consideration the user's technical ability
and domain expertise are essential for effective and transparent inter-
face design (Cooper and Reimann, 2003). User Centered Design
(Norman, 2002), the central approach taken during the development
of antmaps.org, relies upon an iterative process of interface evaluation
at all stages of development (Krug, 2000). Input was gathered from tar-
get users throughout the design process, usability problems and differ-
ent use-case scenarios were addressed, and the interface was iteratively
refined.

Cartographic design principles were also taken into consideration
in order to achieve effective web map design and create an estheti-
cally pleasing web map. Specific guidelines for usable interactive
maps were also followed: (1) Overview first, details on demand
(Shneiderman, 1996). (2) Provide map browsing flexibility (Roth
and Harrower, 2008). (3) Utilize interface redundancy. (4) Provide
interaction flexibility.
1.5.1. Overview first, details on demand
The navigation of antmaps.org was designed in accordance with

Shneiderman's (1996) information seeking mantra of “overview first,
zoom and filter, then details on demand”, a design philosophy for re-
vealing new insights into large datasets. The entry point of the applica-
tion is a global view of overall ant species richness. The user can hover
over a region to retrieve summarized information, click on a region to
retrieve more detailed information, or filter the results by selecting an
option from the dropdown menu.
1.5.2. Map browsing flexibility
Map browsing is the combination of panning and zooming of a map

that is too large or detailed to be viewed by the available screen space
(Roth andHarrower, 2008). Flexibility is the provision ofmultiple inter-
faces by the application to the user to complete a single task, allowing
for task completion through multiple paths (Cooper and Reimann,
2003, Roth and Harrower, 2008). antmaps.org was implemented to ac-
count for map browsing flexibility, and includes five map browsing so-
lutions: direct manipulation of the map, smart scroll bars, keyboard
controls, zoom and re-center under mouse click (Harrower and
Sheesley, 2005), and zoom under dropdown menu selection.

1.5.3. Interface redundancy
Redundancy refers to repetition of content in different formats, such

as using graphics as well as descriptive text. Redundancy of graphics
and words is most beneficial to accommodate individual differences in
cognitive abilities (Tindall-Ford et al., 1997). The interface of antmaps.
orgwas designed accordingly as it utilizes redundancy in various places,
for example, many icons are designed to be intuitive and reflect their
functionalities, but tooltips are also included and display the associated
text for each icon when a user hovers over it.

1.5.4. Interaction flexibility
Providing the user the ability to complete a task by taking different

paths allows for a more flexible interface. To accommodate the user
and create amore usable interface, the incorporation of interaction flex-
ibility is prioritized during the design of antmaps.org. For example, the
species range map of a particular species can be reproduced in many
ways, by selecting a species from the information panel of the Diversity
View or Region Comparison View, by typing in a species name directly
in the autocomplete box within the Species Range Maps View, or by fil-
tering using the dropdownmenus fromwithin the Species Range Maps
View.

2. Application

2.1. Application description

Antmaps.org consists of twomain panels, themappanel and the side
panel (Fig. 1). These panels are consistent across three views: Diversity
View, Species Range Maps View, and Region Comparison View.

Themap panel includes the view title, the current selection, pan and
zoom widgets, reset all and reset zoom widgets, links to AntWiki.org
and AntWeb.org for each species being displayed, base map filters,
and the central map area. A choropleth map–where numerical data for
contiguous polygons is represented by color fill (Slocum et al., 2009)–
is overlaid on top of a tiled base map that is meant to provide context
and allow for the comparison of the data with the underlying terrain.
The side panel includes buttons to switch views, dropdown menus
and autocomplete text box to filter queries, and legends for the three
views.

The Diversity View (Fig. 1) is designed to visualize ant species rich-
ness across regions, optionallyfiltered by taxonomy. The area of each re-
gion is shaded in proportion to the number of species recorded there.
The default view displays the overall ant species richness on a global
scale, and the user can either filter by subfamily or genus to visualize
the diversity pattern of the selected taxon. The user can click on a region
to retrievemore detailed information, including a list of species and the
total records and type of records of the selected taxon in that region. The
Diversity View summarizes point occurrence records to visualize the ag-
gregate diversity patterns and species richness by region, which can
provide new insights to researchers in the fields of biogeography and
evolutionary biology.

The species occurrence record is themost fundamental unit of biodi-
versity datasets (Guralnick and Hill, 2009). The Species Range Maps
View (Fig. 2) visualizes species occurrence records of a particular
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Fig. 1. The two panels and three views of antmaps.org. The Diversity View is displayed, which maps the species richness of all ants or any taxonomic subset of ants.
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species, as well as its status (native, exotic, indoor introduced, needs
verification, or dubious) in a given region indicated by color coding. It
is essential to recognizewhether a species is native, exotic or something
else in order to understand its role in a particular area, its potential
Fig. 2. The Species Range Maps View. Colors reflect different s
impacts on natural resources and the environment, and to take appro-
priate measures in terms of management or conservation. The user se-
lects a species by typing a species name into the autocomplete text box,
or by filtering through the dropdown menus. The user can click on a
tatus of the species in each area (e.g. native, exotic, etc.).

http://antmaps.org


Fig. 3. The Region Comparison View. The map displays the diversity in each area, but only displaying species present in a focal area (e.g. in this example the combined distributions of all
species in Okinawa), highlighting regions of biogeographic similarity.
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region to retrieve more detailed information including a list of records
(with accession number, type of data and short citation) and the total
records and type of records of a species in that region, or click on a
point record to retrieve its geographic coordinate and citation.

The Region Comparison View (Fig. 3) is (to our knowledge) a novel
way of visualizing data through web-mapping applications. It displays
the number of shared species between a selected region and the other
regions, providing a coarse estimate of similarity between regions glob-
ally. The area of each region is shaded in proportion to the number of
shared species found in both that region and the selected region. By
using this view, researches can find patterns of regions with similar
fauna and gain insights in questions related to biodiversity patterns
and biogeography. The user can either directly click on a region on the
map, or filter by region using the dropdown menu. The user can click
on a region to retrievemore detailed information including a list of spe-
cies and the total number of species in common between the clicked re-
gion and the selected region.
2.2. Application structure

antmaps.org uses a client–server architecture, with part of the appli-
cation running on the user's computer (the “client”), part of the applica-
tion running on a web server, and the two parts communicating over
HTTP. The client-side application renders themaps and provides the in-
terface to the user, while the server-side application handles data re-
trieval and processing.

The client side of antmaps.org is built with HTML, CSS, and JavaScript,
and the JavaScript libraries Leaflet, D3, and jQuery. Leaflet is used to gen-
erate the slippy map and the tile layer, as well as zoom and pan controls.
D3 is used to render the SVG map, and used to generate and manipulate
DOM (Document Object Model) elements. jQuery is used for DOM ma-
nipulation. The server-side part of antmaps.org is written on Python/
Django, running on an Apache server. The Django application fetches re-
cords from the database and processes them before sending the data to
the client for mapping.
2.3. Database design and performance considerations

2.3.1. Database design and implementation
The data accessible through antmaps.org is managed using

PostgreSQL, an open source relational database management system.
The database is hosted on PostgreSQL database server version 9.4. The
server is configured to be a hot-standby to the GABI database, which is
separately hosted on a different PostgreSQL server. In the hot-standby
configuration, all data available in the GABI database is continuously
replicated, through PostgreSQL Streaming Replication, and changes
are made in the GABI database with little delay. This configuration
also limits the hot-standby server to host read-only databases, thereby
prohibiting the antmaps.org web application to overwrite and change
the data available in the GABI database. Within the GABI database, any
information that can be displayed on antmaps.org is located in a sepa-
rate schema. As the data to visualize is a subset of, or is calculated
from, the primaryGABI records table,we implemented a number ofma-
terialized views to accommodate the range of tasks users can perform
on the antmaps.org frontend while maintaining fast performance and
accessibility.
2.3.2. Performance
When visualizing datasets with large number of records, there is an

inherent need for high performance in order to produce a usable and
enjoyable application. When designing tools to explore large datasets,
the natural perceptual and cognitive limitations of humans should also
be taken into consideration (Andrienko and Andrienko, 2007).

Most tools designed to visualize large collections of data involve ei-
ther data aggregation or data filtering in order to reduce the dataset to
a manageable size. Data aggregation is where data is gathered and
expressed in a summarized form. Data filtering is where only data sub-
sets that match user's queries are displayed (Andrienko and Andrienko,
2007).

Performance of antmaps.org is not only improved with good rela-
tional database structure including the use of materialized views and
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Table 1
Evaluation method and respective metrics.

Evaluation method/metric Effectiveness Efficiency Satisfaction

Questionnaire X
Usability testing X X X
Survey X X
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indexing on the database relations, but is also optimized by data aggre-
gation and data filtering on the design end.
3. Usability and utility assessment

The resulting application, antmaps.org, was assessed iteratively dur-
ing the development and design process to ensure usability (Nielsen,
1993), with the main goal being design refinement. Specifically, usabil-
ity testswere conducted to identify potential usability problems, to alter
the interface to becomemore intuitive, and to determine essential func-
tionalities for target users. The final version was also assessed prior to
the release in order to evaluate the interface success and determine
whether the performance and human experience objectives have met
their goals.

The usability of an interface can bemeasured based on (1) effective-
ness: the ability of users to complete tasks using the system and the
quality of the output of those tasks, (2) efficiency: the time consumed
in performing the tasks, and (3) satisfaction: users' subjective reactions
to using the system (Brooke, 1996).

This paper only describes the summative testing that was used to
evaluate the final version of the interface prior to its release as opposed
to the formative testing that was conducted iteratively throughout
the design process. Before its release, antmaps.org was evaluated
using two assessment methods: Usability lab studies and question-
naires. In general, both quantitative and qualitative evaluationmethods
(Montello and Sutton, 2013) should be used concurrently to comple-
ment each other. Questionnaires with Likert scale questions (quantita-
tive) can inform the user's attitude towards the interface. Usability lab
studies (qualitative) may reveal unexpected design issues or new
insights by means of user attitude, task completion and time in task
completion.
Table 2
Usability testing scenarios and tasks, with associated goals of each task.

Scenarios and tasks

Scenario 1: You are a taxonomist and you collected an ant specimen in Panama, and you k
genus Atta. You want to know what Atta species are found in Panama to compare the sp
collected to these species (Task 1).

You also want to see how Atta is distributed across the world (Task 2).

You have identified the specimen as Atta cephalotes. You want to know the geographic dist
species (Task 3).

You also want to know the total number of records for the species from Panama (Task 4).

Scenario 2: You collected some specimens of Pheidole megacephala, a globally distributed i
species, in Taiwan. You want to check Pheidole megacephala's status in Taiwan (native, e
you want to get an overall picture of the species' native range (Task 5).

You want to learn more about this species since it is one of the most problematic invasive
do so you would access the external link to AntWiki for this species from within antmap

Quickly scan over the range maps one after another of the 20 Pheidole species that come a
megacephala alphabetically (Task 7).

Since you are collecting in Taiwan, you want to see how the ant fauna in Taiwan is distrib
rest of the world (Task 8).

Suppose a species found in Taiwan is also found in Bolivia, you believe that there is an issu
since there are no other species from Taiwan that are also found in South America. You
the data issue to the antmaps.org administrators (Task 9).

Finally, given that there are many similar species found in Myanmar and Taiwan, you wou
the how the species in Myanmar are distributed globally, and then find the number of s
common between Taiwan and Myanmar, complete this task assuming you didn't know
Myanmar is on the map (Task 10).
We mix-and-matched the two assessment methods based on the
needs of our situation and evaluated the interface over two types of ses-
sions. First, five participants were asked to partake in a think-aloud us-
ability lab studies and were given the questionnaire at the end of their
sessions. Second, the same set of scenarios and tasks along with the
same questionnaire were sent out to five myrmecologists who were in
remote locations in order to gain insight from users with high levels of
domain expertise. As theywere not able to participate in think aloud us-
ability lab studies in person, theywere asked tofill out a survey on top of
the questionnaire documenting their impressions of the application
along with suggestions on interface design, map interaction and appli-
cation utility. Overall, the interface effectiveness was evaluated from
the usability lab studies and the surveys while efficiency (time con-
sumed for each task) was evaluated only from usability lab studies
(Table 1).

3.1. Means of assessment

3.1.1. Questionnaires
There are many standardized usability surveys to measure partici-

pants' preferences towards an interface. Tullis and Stetson (2004) car-
ried out a systematic comparison and concluded that the SUS (System
Usability Scale) generated the most reliable results across sample sizes
(Çöltekin et al., 2009). The questionnaires included 10 Likert scale pref-
erence questions and were provided to a total of 10 participants: Five
participants who took part in the think aloud usability lab studies
were given the questionnaire at the end of their session and five partic-
ipants whowere all myrmecologists in remote locationswere given the
questionnaire as part of the survey they completed.

3.1.2. Usability testing
Usability testing sessionswere conductedwith five participantswho

are all researchers in biological fields. The sessions followed a think-
aloud protocol (Nielson Normal Group) as the participants were asked
to continuously think out loud as they move through the user interface.
We constructed two scenarios (Table 2) intended to cover common
tasks expected from our target user community. The two scenarios
were presented in paragraph form but with individual tasks marked.
Each session started with introducing antmaps.org to the participants
(without instruction of how to use the site), who were then asked to
Goal of task

now it is in the
ecimen you

Retrieve data from a specific region (overall species, a specific
subfamily or a specific genus)

Visualizing the overall ant species richness on a global scale, or the
species richness of a specific subfamily or genus

ribution of this Visualize the range of a specific species

Retrieve information on citation, number of records and type of data
of a particular species from a particular region

nvasive ant
xotic…) and

Visualize the status of a species in a particular region

ant species. To
s.org (Task 6).

Be able to access external tools from within antmaps.org

fter Pheidole Compare subfamily or genus diversity or species ranges one after
another

uted across the Compare fauna across regions

e with the data
want to report
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work through the two scenarios that included 10 map-use tasks, and
asked to “thinking aloud” while using the interface. After task comple-
tion, discussionswere carried out and inputwas gathered on various as-
pects of the application, from interface design tomap interactions to the
utility of the application. At the end of the session, the participant was
asked to complete the SUS questionnaire.

3.1.3. Surveys for remote myrmecologists
The same set of scenarios and tasks along with the same SUS ques-

tionnaire were sent out to five myrmecologists who were in remote lo-
cations, in order to gain insight from users with high levels of domain
expertise.

3.2. Results

3.2.1. Effectiveness, efficiency and satisfaction
All participants were able to complete all of the tasks, though the

quality of task completion varied, which we were able to use to infer
the ease-of-use of the interface and make changes accordingly. Certain
tasksweremore intuitive than others across the board, while time com-
pletion of other tasks differed greatly among subjects as a result of var-
iation in domain and map-reading expertise.

User satisfaction was evaluated from the discussion with partici-
pants during the usability lab testing, from the survey that includes
questions geared towards understanding the user's attitude towards
the interface, aswell as from thequestionnaires answeredby all ten par-
ticipants. Overall, the participants seem to be very satisfied using the ap-
plication according to their comments regarding usability. This is also
evident from the SUS (System Usability Scale) scores of the participants
(Table 3). Many of the participants expressed that they found the inter-
face well-designed and found nothing particularly confusing, while
others were generally satisfied, but had some suggestions how the in-
terface could be improved, including using a different color scheme,
adding extra functionalities, changing certainmap element designs, im-
prove dropdown menu and autocomplete design, among others.

3.2.2. Release
antmaps.orgwasfirst released in June 2015 to the ant research com-

munity through announcements on social media, the authors' website,
and through an email announcement set to colleagues. From there,
the website was reposted on numerous ant-related blogs and websites,
receiving anoverall positive reception.Usage of thewebsitewas tracked
through Google Analytics. During July 2015, we had 3152 sessions and
2451 new and returning users to the site. Feedback expressed online
or directly to the authors was generally positive.

Subsequently, in August 2015, antmaps.org was mentioned in a
press release from the University of Hong Kong, and was picked up by
the international media through wire services and disseminated
through international news organizations (e.g. The Guardian, 2015),
as well as science-oriented media (e.g. Science Magazine, Normile,
2015) leading to a huge amount of traffic; 8666 sessions alone on
August 7, 2015 and 45,931 sessions and 57,108 page views between Au-
gust 1, 2015 and September 30, 2015. Thewebsite drew an unanticipat-
ed amount of interest from the general public, even though the site is
based around species names and not actual ant photographs or other
layman-friendly visual information.We attribute this to the esthetic ap-
peal of interactingwith visually pleasing, zoomable maps. The appeal of
thewebsitewas very international with users from 78 countries visiting
the site. Since August 2015, user load has stabilized a steady level of
Table 3
System Usability Scale (SUS) scores of each participant. Persons 1 to 5 are general biologists, a

Participant p1 p2 p3 p4 p5

SUS 92.5 92.5 82.5 85.0 97.5
approximately 80 sessions per day originating from around the globe,
reflecting widespread use by the myrmecological research community.

4. Discussion & conclusion

With more biodiversity data becoming available in electronic form
every year, tools that facilitate data-user interaction via the web are in-
creasingly relevant. While several excellent tools have already been de-
veloped, we pursued the development of antmaps.org both to address
the specific needs of a particular dataset/project, and to explore new en-
vironments for interacting with web databases that could be more gen-
erally useful for other data or contexts.

Biodiversity-oriented web applications must balance a tradeoff be-
tween specialism and generalism, both in taxonomic scope and in the
breadth of data and functions available. At this point it is difficult to fore-
see whether the biodiversity informatics web-ecosystem will tend to-
wards generalized or specialized, or if some symbiotic combination of
tools will emerge in the long-term.

Our application, antmaps.org, highlights what can be accomplished
with amore specialized site: it is highly focused on the problem of visu-
alizing and interactingwith a specific type of data (i.e. geographic distri-
bution) on a single taxonomic group, ants (~15,000 species) in an
intuitive and efficient manner. The iterative, user-centered design pro-
cess resulted in a framework that is easy to learn for both specialists
and non-specialists. With modest experience using the site, specialists
can quickly and efficiently retrieve some data of interest about ant geo-
graphic distributions. The application facilitates exploration of biogeo-
graphic and biodiversity patterns that can stimulate research
directions. Moreover, for the managers of the underlying database, it
provides a framework to easily and efficiently identify errors, and effi-
ciently draw upon expertise around the globe. An outlier on a map is
far easier to spot than an outlier in a data table.

There are several features of our end-design that we believe contrib-
ute to its usability, and could informdevelopment of future applications.
The first is the three views, which capture the three main perspectives
biodiversity scientists may take in approaching biodiversity data.
Users may be interested in the native and non-native distribution of a
particular species (species view), they want to look at the distribution
of whole taxonomic groups or all ants (diversity view), or they want
to investigate the fauna of a given place (region view). The first two
are very familiar to most biologists, but the third is more novel and is
particularly good at identifying clusters of biogeographic affinity. The
second feature we want to highlight is that aside from a very simple
menu that switches between views, users can essentially interact with
the dataset through themap itself. Each area is clickable and pops up ei-
ther a list of records (in species view), a list of species (in diversity and
region views). The pop-up information window can then be used to
navigate further including change modes.

The application was designed to complement existing applications
available for ant biodiversity research and education. In particular,
AntWeb.org and AntWiki.org are more comprehensive resources that
provide a range of information on ant species and higher taxa. Although
they include maps and other geographic information, this is not the
main focus and must be balanced with other information. For example,
standardized images, taxonomic information and high-quality speci-
men data are best found on AntWeb.org. AntWiki.org is a more free-
form repository of various types of information including behavior,
ecology, and non-standard images. Maps including literature records
and other curated geographic data are easily found and explored on
antmaps.org. It is possible that one web framework can absorb all of
nd 6–10 are ant biologists.

p6 p7 p8 p9 p10 Mean

97.5 100.0 92.5 85.0 80.0 90.5
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these functions and maintain efficiency, but at present it seems to us
that a set ofmutually reinforcingweb applications can bemost efficient-
ly utilized by a knowledgeable user. To facilitate the synergy between
sites, we have made prominent links that allow the user to easily
jump from a species or higher taxon map to the corresponding page in
AntWeb.org or AntWiki.org.

It is also worth questioningwhy taxon-specific sites might be useful
when generalized tools that cover all taxonomic groups are available
(Flemons et al. 2007; Map of Life, 2016). While we don't have any con-
viction that this will remain true in the long-term, at present the taxon-
specific applications facilitate more efficient interaction for researchers,
and more direct control over display and curation of the data in a way
that is tailored to the taxon of interest. This means that the menus are
focused on the taxonomic scales that are relevant for ants, and features
like the range classification (native, introduced, indoor introduced, need
verification)–that may not be relevant for all taxa–can be implemented.
At the same time, specialized sites like ours may be difficult to find for
biologists outside the ant research community or the general public,
whomay casually or occasionallywant to find information on ant biodi-
versity. The obvious advantage of a centralizedwebsite is that it is easily
discoverable. Our near-term goal is to develop mechanisms that allow
our data to sync with these other websites. This would suggest one
long-term model for the biodiversity related web-ecosystem: a hub-
and-spoke network of focused websites that are tailored to specific
taxa of interest, connected to centralized, generalized websites.

Biodiversity research is as important and pressing as it ever has
been, and not for positive reasons (Guénard et al., 2012). The relatively
new field of biodiversity informatics is poised to muster the consider-
able capabilities of modern computation and data-science just when it
is needed most. Here we introduced a novel tool that may assist scien-
tists in the study of ant biodiversity by providing efficient access to com-
prehensive biogeographic data and to visualize and discover biotic
patterns.While the antmaps.org site is tuned for our focal taxonwith re-
spect details such as the taxonomic levels of the menus, the minimalist
biodiversity-mapping framework could easily be adapted for other
groups. No doubt, the ecosystem of biodiversity-related web applica-
tions will continue to grow and self-organize in the coming years and
decades.
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