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ABS TRACT.  The science needed to understand highly m igratory m arine mam m al, 

sea bird, and sea turtle species is no t adequately addressed by individual data 

collections developed for a single region or single tim e period. These data m ust be 

brought together into a com m on, global m ap based on a coherent, interoperable, 

and openly accessible inform ation system. This need was clearly articulated by the 

National O ceanographic Partnership Program  (NOPP) and the Alfred P. Sloan 

Foundation when they co-sponsored a new  effort to directly address this issue in 

2002. The result is OBIS-SEAMAP: the world data-center for m arine m am m al, sea 

bird, and sea turtle inform ation. OBIS-SEAMAP brings together georeferenced 

distribution, abundance, and telem etry data w ith tools to query and assess these 

species in  a dynam ic and searchable environm ent. In a second round  of NOPP 

support that began in  2007, the National Science Foundation is helping expand this 

effort into new  technologies and data types. To date, the OBIS-SEAMAP inform ation 

system includes m ore than  2.2 m illion observation records from  over 230 data sets 

spanning 73 years (1935-2008), and growth of this data archive is accelerating. All 

of these data are provided by a growing in ternational netw ork of individual and 

institutional data providers.

O V E R V I E W

The first step toward m ore effective 

understanding and m anagem ent of 

ocean anim al species is to gather the 

available scientific data into a coherent, 

interoperable, and openly accessible 

inform ation system. W ithout a com m on 

m ap of species observations, m ove

m ent patterns, and behavior, we cannot 

begin to resolve the m any difficult 

challenges our society faces in  under

standing and protecting these often 

threatened species. The science needed 

to understand highly m igratory m arine 

m am m al, sea bird, and sea turtle species 

has not been adequately addressed by 

individual data collections developed for 

single regions and single tim e periods. 

The need for a com m on and acces

sible repository o f high-quality, peer- 

reviewed, and professionally published 

data on protected m arine species is 

absolutely fundam ental to addressing 

future research and m anagem ent needs. 

This critical need was clearly articu

lated by the National Oceanographic

Partnership Program  (NOPP) and the 

Alfred P. Sloan Foundation w hen they 

co-sponsored a new  effort to directly 

address this issue in  2002.

The result o f this N O PP-sponsored 

initiative is OBIS-SEAMAP, the world 

data-center for m arine m am m al, sea 

bird, and sea turtle inform ation. The 

OBIS-SEAMAP nam e is derived from  

a tw o-part acronym. OBIS refers to 

the Ocean Biogeographic Inform ation 

System (Grassle and Stocks, 1999; Zhang 

and Grassle; 2002; Costello and Vanden 

Berghe, 2006), the worldwide inform a

tion  system for all m arine taxa initiated 

by the Census of M arine Life (CoML; 

Ausubel, 1999). The second part of 

the acronym, “SEAMAP,” refers to the 

specialized Spatial Ecological Analysis 

of M arine-m egavertebrate A nim al 

Populations node of this larger global 

ocean inform ation system (Halpin et a l, 

2006). OBIS-SEAMAP (http://seam ap. 

env.duke.edu ) brings together georef

erenced distribution and abundance 

data and tools to query and assess these

species in  a dynam ic and searchable 

environm ent (Figure 1). To date, the 

global OBIS-SEAMAP inform ation 

system includes m ore than  2.2 m illion 

observation records from  over 230 data 

sets spanning 73 years (1935-2008), and 

growth of this data archive is accelerating 

(Figure 2). All o f these data are provided 

by a growing international netw ork of 

voluntary individual and institutional 

data providers.

The OBIS-SEAMAP inform ation 

system directly supports research into the 

ecology and m anagem ent of im portant 

m arine megavertebrates and augments 

the public understanding of the ecology 

of these species by: (1) facilitating 

studies o f im pacts on threatened species,

(2) testing hypotheses about biogeo

graphic and biodiversity models, and

(3) supporting m odeling efforts to predict 

distributional changes in  response to 

environm ental change.

To enhance the research and educa

tional applications of this database, 

OBIS-SEAMAP provides a broad array 

of W eb-based products and services, 

including rich species profiles, as well 

as com pliant m etadata and interac

tive m apping services. This system is 

taking advantage of recent technological 

advances in  geographic inform ation 

systems (GISs), Internet data standards, 

and content m anagem ent systems to 

stim ulate a novel com m unity-based 

approach to the developm ent o f a data 

com m ons for biogeographic and conser

vation research. This publicly available 

biogeographic resource includes at-sea 

and colony-based counts and standard

ized m etrics of relative abundance, stan

dardized m etadata describing survey and 

data processing m ethods, and species 

profiles with detailed ecological and
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A d d i t i o n  o f  M a r in e  A n im a l  O b s e r v a t i o n  R e c o r d s  O v e r  T i m e
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Figure 2. Exponential increase  in m arine  anim al observ a tio n  d a ta  pub lished  

th ro u g h  OBIS-SEAMAP w ith  tim e.

taxonom ic inform ation.

The success of the OBIS-SEAMAP 

program  can be attributed to an aggres

sive outreach program  undertaken to 

attract potential data providers and 

system users by: (1) providing tools and 

services to data providers, (2) building 

and m aintaining a critical online 

data archive, and (3) dem onstrating 

the utility o f the system through new  

research applications.

OBIS-SEAMAP has successfully 

developed a m ultifunction inform ation 

system to provide critical data to scien

tists, managers, and educators under the 

N O PP program . O ur ongoing efforts 

directly support the goals o f CoML, 

the OBIS network, and the operational 

missions of m ultiple agencies, research 

efforts, and educational user com m u

nities. A recent example of applying 

OBIS-SEAMAP data to help resolve 

ocean m anagem ent problem s involves 

the use of m arine m am m al data sets to 

support ecological m odeling of m arine

m am m al habitats to assist the US Navy 

in  p lanning m ilitary readiness exercises 

in  US coastal waters (Best et a l , 2007). 

O ther example projects include ongoing 

annual global assessments o f the status 

of sea turtles and plotting the spatial 

and tem poral trends of nesting data 

(H utchinson et a l, 2005; Mast et a l , 

2006). Further works is focused on 

developing a m ore technically advanced 

and fully interoperable m arine anim al 

inform ation m anagem ent system within 

the context of em erging Integrated 

Ocean O bserving System (IOOS) efforts 

(e.g., http://ioos.noaa.gov).

E N C O U R A G I N G  DATA 

P UB L I S HI N G

The creation of a data com m ons for 

biogeographic and conservation research 

is only feasible w hen a sense of com m u

nity  exists am ong researchers, data 

holders, adm inistrators, and users of 

such a system. Sufficient benefits m ust 

be provided to encourage the different

participants to jo in  the community.

Most researchers recognize the value 

of expanding future scientific inquiry  

to questions covering larger spatial 

and tem poral scales than  an individual 

researcher can address in  isolation. 

However, in  addition to adding to 

the general progress of science, ind i

viduals also seek direct and tangible 

benefits. OBIS-SEAMAP has been 

developed w ith bo th  of these goals 

in  m ind, and it includes a wide array 

of tools and services that are attrac

tive to the research and conservation 

com m unities. More specifically, to 

enroll data providers into the system, 

we have devised three types of services:

(1) data m anagem ent, (2) value added, 

and (3) com m unity development.

Dat a  m a n a g e m e n t  services  are 

designed to facilitate the integra

tion  of the various data sets into the 

OBIS-SEAMAP database. These services 

assist with: quality assurance and quality 

control (e.g., speed filters to identify 

erroneous locations along a survey 

track); dissem ination (e.g., tools to share 

and disseminate research results w ith 

colleagues and founders); inform ation 

technology benefits (e.g., data backup in 

the OBIS-SEAMAP server); and adver

tising (e.g., h igh visibility of individual 

data sets and supporting  citations on the 

public OBIS-SEAMAP Web site as well 

as the OBIS portal and other m etadata 

clearinghouses).

Va l ue - a dde d  services  enrich the 

data sets contributed to OBIS-SEAMAP 

in a variety o f ways, including: providing 

additional ancillary data (e.g., autom atic 

Integrated Taxonomic Inform ation 

System—a taxonom ic hierarchy 

for species recorded in  contributed 

data sets); developing m etadata to
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enhance the long-term  use of the data 

(e.g., autom ated creation of m andated 

Federal Geographic Data Com m ittee 

[FGDC] m etadata; and m erging the 

biogeographic inform ation with addi

tional environm ental data sets).

C o m m u n ity  d eve lo p m e n t services 

include the OBIS-SEAMAP Web tools 

designed to give data providers and 

users the ability to add content to the 

site, the right to manage their own data 

sets, and b road exposure to the public.

In addition, users can provide access 

to groups of colleagues to prom ote 

collaborative efforts.

Persuading users to publish data 

requires devising approaches to protect 

p roprietary  data rights and to manage 

data access by the public and the scien

tific com munity. OBIS-SEAMAP has 

developed a “term s of data use” agree

m ent that protects the rights o f data 

contributors w ithout restricting the 

applicability of the system for a wide 

array o f educational and conservation 

applications. All data are m ade available 

as complete data sets w ith full citation of 

and contact inform ation for the original 

data providers. Com plete m etadata and 

the term s of use are bundled with the 

dow nload of data sets to further prom ote 

responsible usage and proper citation.

As ecological research becomes 

increasingly data intensive and global in 

scope, bio-inform atics program s need to 

reconcile diverse national and in terna

tional data access issues in  a systematic 

fashion and in  a policy arena that tran 

scends national jurisdictions (Arzberger 

et al., 2004). As a data aggregator at this 

global scale, OBIS-SEAMAP continues 

to adapt to m odern  “com m unity devel

opm ent” approaches and to encourage 

good practices by others in  this field.

C O M M O N  T O O L S  -  

C O M M O N  I NTERFACE

The tools used for storing, distributing, 

and visualizing data in  OBIS-SEAMAP 

leverage existing software, standards, and 

initiatives. Specific technologies evolve 

rapidly, but because the fram ew ork 

used by OBIS-SEAMAP relies on open 

standards and open-source products, 

the system can adapt quickly. Some 

of the m ost attractive aspects of these 

open-source technologies include their 

low cost, standards compliance, reus

ability, and customizable nature. The 

use of open standards, such as the O pen 

GIS C onsortium  (OGC) standards, is 

especially im portan t to prom ote the 

usage and interoperability o f m arine 

anim al observation data am ong different 

software platform s and Web services 

applications. The use of com m on 

m apping interfaces such as Google Maps

and Google Earth provide an ease of use 

to people from  a variety o f backgrounds 

and disciplines (Figure 3).

A N O D E  IN A LARGER 

N E T W O R K

The OBIS-SEAMAP program , and the 

OBIS netw ork in  general, are examples 

of a larger com m unity o f emerging 

ecoinformatics program s and activities. 

To facilitate the discovery and exchange 

of data between program s, the central 

OBIS facility has adopted the use of 

the D arw in Core protocol using XML 

(Extensible M arkup Language) and 

DiGIR (Distributed Generic Inform ation 

Retrieval, http://digir.sourceforge. 

net ) as a standard Internet exchange 

language and database access package for 

search and retrieval o f records between 

participating netw ork data nodes. 

OBIS-SEAMAP is participating in  the
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Figure 3. OBIS-SEAMAP allows users to  view all d a ta  using  c o m m o n  m ap p in g  in terfaces such  as G oogle  M aps an d  G oogle Earth. This figure d e p ic ts  a  view o f  sea 

tu r t le  nesting  beach  d a ta  from  th e  W ider C aribbean  Sea T urtle C onserva tion  N etw ork  (WIDECAST; h ttp ://w w w .w id ecast.o rg  ). D ata  can  be v iew ed d irec tly  o r  

accessed  th ro u g h  in te ro p e rab le  W eb services.

OBIS netw ork (http://iOBIS.org) through 

the use of DiGIRs client package, thus 

m aking its data available to the public 

through the central OBIS search inter

face. OBIS, in  turn , is a data provider 

to the Global Biodiversity Inform ation 

Facility (GBIF; http://gbif.org), which 

also uses DiGIR and XML transfer 

protocols. In addition to the OBIS and 

GBIF data centers, the Encyclopedia of 

Life (EOL; http://EOL.org) is developing 

descriptive species inform ation pages 

and links to these observation data 

centers. OBIS-SEAMAP is a significant 

contributor to each of these global efforts. 

Emerging software technologies, such

as the next generation of OBIS/GBIF 

data exchange protocols, including the 

emerging Taxonomic Database Working 

Group (TDW G) TAPIR protocols 

(TDW G Access Protocol for Inform ation 

Retrieval; http://www.tdwg.org/activities/ 

tapir/chart er), are being incorporated.

U N I Q U E  CH A L L E N G E S  F OR 

O B I S - S E A M A P

OBIS-SEAMAP data providers specifi

cally require the ability to plot sampling 

effort and vessel track  line inform ation 

(for the sam pling effort) along with their 

anim al observation data. It is often just 

as useful to know  where animals were

not observed as it is to know  where 

they were observed. M any im portant 

statistical analyses and ecological 

m odels require the explicit sampling 

effort data (e.g., ship and aircraft track 

line data) and oceanographic condition 

(e.g., Beaufort sea state) for proper calcu

lation. For aerial and ship surveys, data 

providers requested showing the cruise 

effort as line features, and for satellite- 

tracked animals, using an inferred track 

to depict travel between know n loca

tions. By m oving beyond the display 

of simple point data, OBIS-SEAMAP 

encourages the larger biodiversity 

inform atics com m unity to provide
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Figure 4. G eograph ie  d is trib u tio n  o f  species observations, (a) Ali taxa, (b ) Sea birds, (c) M arine m am m als, (d ) Sea tu rtles . Significant g eograph ic  gaps are a p p a ren t 

in th e  c u rre n t d a ta  ho ld ings d u e  to  biases in existing o bservation  effo rt a n d  d a ta  availability. A form al gap analysis is u nderw ay  to  ta rg e t fu tu re  d a ta  acquisitions.

the necessary standardized effort data 

required to estimate the distribution and 

abundance of m arine animals.

N E W  D E V E L O P M E N T S ;  

O B I S - S E A M A P 2 . 0

Recently, the NOPP program , in 

partnership with the National Science 

Foundation, sponsored a second 

round  of support to fund the second- 

generation developm ent of our program , 

OBIS-SEAMAP2.0. U nder this second 

round  of N O PP support, we are in  the 

process o f developing m ore advanced 

applications to support the needs of our 

user com munity. These applications

include a spatial and tem poral “gap anal

ysis” of existing data holdings, explora

tion  of new  data types, and developm ent 

of new  technologies and partnerships.

Spat i a l  a n d  T e m p o r a l  D a t a  

G a p  Anal ys i s

The distribution of high-quality data sets 

of m arine anim al observations is highly 

uneven in  bo th  tim e and space. Some 

areas have been surveyed extensively, 

but there are critical gaps in  the coverage 

of species, geographic regions, and tim e 

periods. The spatial distribution of data 

collected in  the initial phase of this 

p rogram  reflects existing biases in  the

density of sam pling and data acquisition 

in  N orth  A m erican and European waters 

(Figure 4a-d ). In this second phase of 

the project, we are conducting a form al 

gap analysis to identify and prioritize 

data acquisition for underrepresented 

regions and species. We are targeting 

new  data acquisitions to fill these critical 

gaps, and we are developing a direct 

reporting  process with p rim ary  data 

collection agencies to provide feedback 

for future data collection efforts.

Analysis of m arine m am m al distribu

tion  m ust directly consider the tem poral 

dim ension of data representation 

because of the dynam ic nature of the
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ocean environm ent and the mobile 

nature of these species. OBIS-SEAMAP 

provides new  tools to allow users to view 

data holdings th rough tim e as well as 

th rough space (Figure 5). For predictive 

m odeling and statistical analysis, our 

ability to provide data coverage depicting 

m arine anim al distributions in  relation 

to oceanographic conditions at precise 

seasonal and subseasonal tim e steps is 

especially critical.

An im portant difference between the 

OBIS-SEAMAP geodatabase archive 

and other biogeographic data services 

(i.e., iOBIS, GBIF, EoL) is that we record 

and distribute the original survey effort 

to allow analysis o f the spatial and 

tem poral coverage of the surveys them 

selves, not just the resulting observations.

These types of data are critical in 

accounting for potential survey bias so 

that we can look at gaps in  both  species 

observations and survey effort.

N e w  D a t a  Types  

Most data sets archived in  the current 

OBIS-SEAMAP portal are derived 

from  scientific surveys based on ship, 

aerial, and telem etry platforms. We are 

actively extending the visualization and 

analytical capacity of OBIS-SEAMAP2.0 

to support: (1) acoustic location data,

(2) photo-ID  data, (3) advanced telem 

etry (three-dim ensional dive behavior), 

and (4) integrated m odel outputs. The 

inclusion of these new data types into the 

OBIS-SEAMAP inform ation system will 

significantly enhance the capabilities of

m arine m am m al scientists and m anagers 

to m eet the challenges of critical 

species m anagem ent.

A c o u s t i c  L o c a t i o n  Da t a

To date, the OBIS-SEAMAP project has 

been very successful in  attracting high- 

quality m arine m am m al line transect 

visual survey data sets. These surveys are 

conducted prim arily during periods of 

excellent visibility and good sea condi

tions—typically during sum m er m onths, 

particularly in high latitudes. To augm ent 

these surveys, we are expanding the 

OBIS-SEAMAP data archive to include 

m arine m am m al location data gener

ated from  passive acoustic m onitoring 

systems. Acoustic location data can 

provide observations of m arine m ammals
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Figure 5. OBIS-SEAMAP fea tu res  th e  ability  to  q u e ry  d a ta  th ro u g h  tim e  as well as space. T he slider b a r a t  th e  b o tto m  o f  th e  page 
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in  tim es and areas where traditional 

survey m ethods are not possible.

We are expanding the OBIS-SEAMAP 

archive to include observations of m arine 

m am m als collected by the following 

types of acoustic m onitoring systems: 

m oored single stations, such as pop-up 

ocean bottom  recorders, for example, the 

Acoustic Recording Package and High- 

Frequency Acoustic Recording Package; 

bottom -m ounted fixed arrays; towed 

arrays; and autonom ous gliders. To make 

this archive useful, we are addressing 

the following issues: (1) how to visualize 

long-term  records obtained from  a single 

m onitoring site, (2) how  to reflect uncer

tainty in  two- and three-dim ensional 

position estimates derived from  listening 

arrays, (3) how to deal with bo th  archival 

and real-tim e m onitoring systems, 

and (4) what novel types of m etadata 

are required to describe these systems 

and their lim itations.

I n t e r a c t i v e  P h o t o - I D  

D a t a  S y s t e ms

Photographic identification (photo-ID) 

data sets are im portant for understanding 

the behavior and m igratory movem ents 

of individual m arine mammals. These 

data are different in  m any respects from  

traditional line transect surveys and are 

unique in  their association with digital 

photographs. OBIS-SEAMAP includes 

a growing num ber of data sets that are 

derived from  photographic identification 

research. At the present tim e, however, 

standard biodiversity inform ation system 

architectures are not able to display the 

identity of individual animals from  these 

types of records. We are expanding the 

capabilities o f OBIS-SEAMAP to include 

this individual-based inform ation and 

are developing a series o f new  tools that

will enhance the functionality o f the 

archive for researchers using photo-ID  

m ethods. We are also developing 

W eb-based tools that will facilitate coop

erative research across institutional and 

geographic boundaries.

O ur new  tools allow researchers to 

exchange images and data and to identify 

individual animals using a Web browser 

interface. To achieve this goal, we have 

developed an initial prototype photo-ID  

portal w ithin OBIS-SEAMAP using 

the M id-Atlantic Bottlenose D olphin 

Photo-ID  Catalog (MABDC). This 

OBIS-SEAMAP prototype photo-ID  

system (Figure 6) allows researchers 

to search for particular individuals, 

select individuals to be m atched, 

establish search criteria, search for 

potential matches, and review and circu

late potential matches.

This system provides sighting location 

and photographic images of individual 

m arine m am m als linked through 

centralized photo-ID  catalogs. Data 

contributors can m atch images and then 

examine tem poral and spatial m ove

m ent patterns of individual animals 

that occur across sites. We plan to 

expand this system to other collabora

tive photo-ID  catalogs using a com m on 

W eb-based catalog browser. Curators of 

all contributing catalogs will continue to 

be responsible for the data and images 

contributed to OBIS-SEAMAP, and 

individual researchers will continue to 

m aintain ownership of all contributed 

records and images.

A d v a n c e d  T e l e m e t r y  Da t a

The OBIS-SEAMAP data archive 

currently  m aintains an expanding 

collection of satellite telem etry data that 

describe the m ovem ents o f individual

m arine m am m als, sea birds, and sea 

turtles (Figure 7). These data sets form  

an im portan t supplem ent to observa

tions of the same species derived from  

traditional surveys. Telemetry tracking 

data allow us to answer a variety of 

different questions concerning the 

environm ental response and m igratory 

behavior of different anim al species 

(Stone et a l ,  1999). In addition to 

accepting direct publication of animal 

telem etry data sets, we also m aintain a 

partnership with the Satellite Tracking 

and Analysis Tool (STAT) system 

(http://w w w.seaturtle.org/stat/), which 

provides a com m on suite of open-access, 

platform -independent tools for data 

parsing and integration with oceano

graphic data sets (Coyne and Godley, 

2005). OBIS-SEAMAP acts as the default 

portal th rough which STAT data are 

shared w ith the larger iOBIS and m arine 

research com m unities. Finally, a signifi

cant p roportion  of the data in  STAT are 

collected and processed in  near-real 

time. The integration of “live” data 

stream s (currently averaging m ore than 

1,000 locations per day) enhances the 

predictive power of ongoing m odeling 

activities through OBIS-SEAMAP.

In addition to satellite tracking 

data, we are developing our capacity 

to absorb large and complex data sets 

generated by the latest generation of 

digital archival tags (DTAGs). We are 

focusing particularly on the current 

generation of DTAGs and new  m edium - 

term  digital GPS tags being developed 

by researchers at the W oods Hole 

O ceanographic Institution (Johnson and 

Tyack, 2003). Incorporation  of three- 

dim ensional telem etry dive data with 

tim e into OBIS-SEAMAP allows for the 

direct exchange and analysis o f anim al
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behavior in  response to environm ental 

gradients. Developing com m on pro to 

cols and m ethods for exchanging these 

data is increasing the analytical oppor

tunities to assess anim al m ovem ent 

in  four dim ensions.

O C E A N O G R A P H I C  D A T A  A N D  

E C O L O G IC A L  M O D E L S

Analysis of m arine anim al distributions 

often requires analysis of the underlying 

oceanographic conditions at the tim e of 

the observations. The OBIS-SEAMAP 

system perm its direct linkage to

com m on ocean data layers selected 

to m atch user-defined tim e periods 

(Figure 8). This linkage allows for the 

seamless fusion of observation, effort, 

and ocean environm ent data for further 

analysis and modeling.

Ecological m odels predicting the
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distribution and environm ental rela

tionships for individual species are in 

increasing dem and for environm ental 

planning and environm ental im pact 

assessments. We are building tools to 

publish continuous surfaces of density 

and habitat based on empirical models

that can be updated with the addition 

of new data and im proved m odeling 

techniques (Redfern et a l ,  2006). We 

are expanding the capabilities o f OBIS- 

SEAMAP to display the results of envi

ronm ental m odel outputs along with 

detailed m ethodological and statistical

m etadata so that users can interpret and 

appropriately use m odel outputs in  a 

responsible manner.

Given the com plexity and variety of 

m odel outputs and m ethods, we will 

develop a m etadata structure for fully 

describing the m ethods used as well
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as sum m arizing subsets o f results in  a 

m eaningful way. The environm ental 

m odeling field is experiencing rapid 

advances in  data exchange standards 

coincident with the emergence of 

enabling technologies (Argent, 2004; 

Frehner and Brandii, 2006; Raskin and 

Pan, 2005). We are using em erging 

XML standards, such as the Ecological 

M etadata Language and Semantic Web, 

for this task.

F UT U R E  T E C H N O L O G Y  T R E N D S

We are developing innovations in  six 

focus areas at this time:

1. Im proving accessibility and utility of 

geospatial and taxonom ic services to 

browsers, servers, and desktop clients 

via We b  services  technology.

2. Prom oting visibility o f data sets by 

translating m etadata into various 

form ats and p o p u l a t i n g  m e t a d a t a  

c l ear i nghouses .

3. Encouraging participation and collab

oration of data providers for multiple 

uses with refined access  con t r o l  for 

users and groups to control additional 

data fields.

4. Facilitating broader applications 

with the addition of m ore relevant 

b a c k g r o u n d  layers,  such as fishing 

effort, vessel traffic, and protected area 

boundaries.

5. Increasing the volume of OBIS- 

SEAMAP holdings with n o n r e d u n -  

d a n t  da t a  ha r ves t i ng  from  OBIS 

and GBIF and other data portals.

6. Refining the transparency and 

effectiveness of the d e v e l o p m e n t  

e n v i r o n m e n t  th rough the use of bug 

tracking, version control, milestones, 

and content m anagem ent software.

I N C R E A S E D  USE OF  

WEB SERVICES

increased access and autom ation of data 

feeds to and from  OBIS-SEAMAP will 

increase its utility and effectiveness. We 

will expand the Web services offered 

by OBfS-SEAMAP to include m ore 

geospatial, environm ental, and taxo

nom ic services. Data exchange will be 

form atted with XML and Simple Access 

Object Protocol (SOAP) using the latest 

standards (Smiatek, 2005; Frehner and 

Brandii, 2006). Client libraries for the 

m ost com m on analytical programs, 

such as ArcGIS, MATLAB, and the 

R statistical package, will be created to 

consum e these services directly from  

desktop applications.

The further developm ent of Web 

service architectures based on com m on 

standards (e.g., OPenDAP [Open- 

source Project for a N etw ork Data 

Access Protocol], OGC, SOAP, M arine 

XML, digital object identifiers) will 

perm it increased interoperability 

between the m arine biogeographic 

observation com m unity and the m arine 

oceanographic observation com m u

nity. The developm ent o f m odular 

scripts for scientific workflow m odeling 

program s (e.g., Kepler, JPL SciFlo, ESRI 

M odelBuilder) and sem antics to intel

ligently exchange across data schemes 

will facilitate easier, m ore comprehensive 

analysis of m arine animals and their 

dynam ic environm ents.

I NT E R OP E R A B I L I T Y WI T H  

I O B I S / I O O S / G E O S S

The tools used for storing, distributing, 

and visualizing data in  OBIS-SEAMAP 

leverage existing software, standards, and 

initiatives. The use of open standards, 

such as the O G C standards, is especially

im portan t to prom ote the use and 

interoperability o f m arine anim al obser

vation data between different software 

platform s and Web services applications. 

New developm ents in  OBIS-SEAMAP 

data transfer, In ternet m apping, and 

m arine m etadata will be conducted 

in  close coordination with iOBIS and 

the IOOS Data M anagem ent and 

C om m unications Steering Com m ittee 

(http://dm ac.ocean.us/index.jsp). All 

OBIS-SEAMAP data are currently listed 

in  the NASA Global Change M etadata 

D irectory (GCM D) to perm it seamless 

compliance w ith other federal programs. 

Automatically populating m etadata to 

other portals could save m uch of the 

advertising and processing burden  on 

the end user. Relevant m etadata portals 

include GeoData.gov, NBII.gov, KNB. 

Ecoinformatics.org, ConservationM aps. 

org, and GeographyNetwork.com. Each 

has its own m etadata standard (DIF for 

GCMD, FGDC for GeodData, FGDC 

with Biological Profile for NBII, and 

EML for KNB). We are building XML 

style sheet language translators (XSLT) 

to convert stored m etadata into the 

necessary formats, and we regularly 

update these m etadata clearinghouses.

I M P R O V I N G  DATA Q U A L I T Y

Recent reviews of m arine fish data 

found in  global inform ation systems 

have highlighted the need to develop 

better m ethods for data quality control 

in  contributed inform ation systems 

(Robertson, 2008). The OBIS-SEAMAP 

program  strives to provide the highest- 

quality data available in  the m ost objec

tive and transparent m anner possible.

A fundam ental quality-control design 

built into OBIS-SEAMAP is very basic: 

instead of pooling data from  potentially
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uneven sources, our system emphasizes 

the selection of complete data sets of 

know n quality and also emphasizes 

direct com m unications and collabora

tion  with the original data providers. 

Because data are published by individual 

data providers, the final responsibility 

for data quality resides with the original 

data collector. However, proactive steps 

can be taken to develop useful feedback 

systems to help continuously improve 

data quality. OBIS-SEAMAP is im ple

m enting a feedback system to return  

inform ation to data providers on quality 

control issues and publish updated 

changes to data sets when errors are 

detected. O ur first examples of interac

tive data correction and revision are 

helping to guide the way for continuous 

data im provem ent.

C O N C L U S I O N S

The creation of a seamless biogeographic 

inform ation system specifically h igh

lighting m arine m am m al, sea bird, and 

sea turtle species o f our ocean is essential 

for us to better understand these animals 

and to develop better m anagem ent deci

sions. This interoperable inform ation 

system will place species distribution 

data coupled with oceanographic infor

m ation at the fingertips of researchers, 

students, m anagers, and policy deci

sion m akers worldwide. This program  

is the direct result o f two rounds of 

N O PP support that have provided the 

catalyst. The continued success o f the 

OBIS-SEAMAP program  will only be 

achieved by continued participation, 

collaboration, and data sharing am ong 

researchers, managers, and educators 

th roughout the globe.
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