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INTRODUCTION

Sound data management strategies include 
capacity for data discovery, organization, 
archiving, access, and analysis (Martin et al. 
2009). To address the world’s growing environ-
mental, societal, and technological challenges, 
students, educators, scientists, policy makers, 
and habitat managers need open and persistent 
access to well-described data, and the tools to 
explore, visualize, and analyze this data. Access 
to data is a critical and often over-looked com-
ponent to data management, as is the develop-
ment of tools and resources designed to explore 
and interpret the dataset. In order to truly 
understand what is affecting bird populations, 
a multi-scale view is required. 

The Avian Knowledge Network (AKN) is 
committed to these concepts, federating data 
from disparate sources into a common frame-
work (Kelling et al. 2009 unpubl. data, Salas 
et al. 2009 unpubl. data, Saracco et al. 2009). 
Visualization tools provide access to large avian 
data resources through hands-on exploration, 
inspiration of critical thinking and hypothesis 
generation, and ultimately reveal spatio-tempo-
ral biological patterns at a variety of scales that 
help target future research priorities.

An empirical understanding of complex 
biological systems requires the ability to detect 
and describe patterns in massive datasets. 
Visualization tools allow us to explore these pat-
terns across large geographic scales, fi rst reveal-
ing where data exist, and where more targeted 
analytical techniques may be applied. Data are 
not distributed evenly across the landscape, 
and knowing where they are concentrated can 
help inform analysis. Visualization tools can 
reveal simple biological patterns across space 
and time. Species occurrence, migration tim-
ing, and distribution are among the easily vis-
ible patterns. GIS technologies have allowed the 

exploration of these patterns in relation to a host 
of co-variates including climate, topography, 
land-cover, and vegetation.

VISUALIZATION TOOLS

The AKN has now federated over 47 mil-
lion observations from 43 partners over 316 000 
locations, representing ~4700 taxa across the 
Western Hemisphere. The AKN and its nodes 
host a suite of visualization tools to explore 
these resources. One of the most powerful com-
ponents of the AKN is its ability to federate 
and visualize data across large spatial scales. 
At the largest scale, the Global Biodiversity 
Information Facility (GBIF) is using AKN data 
to visualize populations of Western Hemisphere 
birds by combing these data with those of other 
partner groups from around the world. The 
AKN provides access to raw data resources in 
a variety of formats including plain text and 
Google Earth compatible fi les. Using the quick 
geographic view of raw data through Google 
Earth allows analysts to see where the data 
resources are in relation to the landscape, and 
how best to prioritize organism study.

Visualization tools that analyze checklist 
data provided by eBird (www.ebird.org) pro-
vide not only spatial information but simple 
ways to explore frequency data. For example, 
year-round frequency data for Carolina Wren 
(Thryothorus ludovicianus) can be shown by 
displaying 100-km grid squares across North 
America for all years (Fig. 1). Darker shades of 
green indicate areas of higher frequency, with 
the darkest greens indicating more than 50% 
of checklists reporting the species. While this 
is a simple metric, essentially the visualiza-
tion of occurrence, we get a clear picture of the 
Carolina Wren’s distribution in the Americas, 
and where it occurs with the highest frequency. 
Perhaps as important is the display of negative 
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data represented in gray (e.g., much of the high 
arctic and southern Mexico), where Carolina 
Wren was not detected. Importantly, this can be 
distinguished from those areas in tan where we 
simply lack data (e.g., across the Boreal Forest). 
Locations and date ranges can be refi ned to 
explore more detailed patterns including migra-
tion pathways and irruptive movements.

MODELING

Model-based predictions can be used to 
refi ne and extend many of these visualizations. 
For example, we used bagged decision trees 
(Breiman 1996, Hochachka et al. 2007 ) to model 
the relationship between relative abundance 
of Northern Cardinal (Cardinalis cardinalis), 
based on eBird traveling counts, and a suite of 
remotely sensed local-scale land cover charac-
teristics. Predictions from this model take into 
account local-scale land cover effects allow-
ing one to make more detailed predictions in 
regions lacking observations. Figure 2 shows 
estimated Cardinal abundance for February 19, 
2006 based on national land cover data.  

INFORMING MANAGEMENT DECISIONS

AKN data are now being used in tools 
designed to inform management decisions in 

real-time to solve on-the-ground conservation 
issues. An example of this new synergy is found 
in a tool developed by PRBO Conservation 
Science to “mash-up” current bird observa-
tion data with oil spill information during 
Cosco-Busan oil spill in San Francisco Bay. 
PRBO researchers were able to pull AKN data 
in near real-time together with oil spill data 
in an online mapping tool (http://data.prbo.
org/cadc2/index.php?page=127; Fig. 3) that 
showed managers both where the oil was, and 
where the birds were prior to the spill. This tool 
also allowed real-time visualizations how bird 
movements in the Bay and surrounding coastal 
areas during and directly after the spill. 

Conclusions and Recommendations

Using data visualization tools we can learn 
to explore biological patterns across multiple 
spatiotemporal scales. With more focused anal-
ysis tools we can dig even deeper, fi nding and 
exploring the factors that infl uence these pat-
terns. Ultimately a suite of tools will work in 
concert to inform each other, and to help resolve 
the fi nal piece, which is putting this information 
into the hands of those on the ground who can 
affect positive change through the conserva-
tion of birds and biodiversity. As researchers 
we can help by contributing data to large-scale 

FIGURE 1. Visualization of year-round Carolina Wren frequency across North America. The frequency of oc-
currence within 100-km blocks is shown.
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data organization efforts such as the Avian 
Knowledge Network, and as birders we can 
submit our daily observations to eBird, where 
they will be organized and networked with con-
tinental and global data management systems.
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