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Abstract—The Tast 20 .years has witnessed the collection,
documentation, and storage of massive quantities of biodiversity
data. However, interactive networks between species that define
and characterize the world’s ecosystems have largely been
ignored, Continued development of ecoinformatics is critical to
species interaction research. Many interactions exist among
species including predafor-prey, competition, host-parasite,
synibiosis and others. Knowledge of these interactions within an
ecosystem context allows us e predict the consequences of changes
in biodiversity, e.g. trophic cascades. We report on progress
toward development of a model database of one type of interaction
— predator/prey. Our model ecosystem is the Gulf of Mexico.
Trophic data for the Gulf will be exfracted from published and
unpublished sources and contributed databases. Mefadata “lite”
has been collected for ~720 irophic references, ~650 have been
geocoded and habitat information has been digitized fox ~420
references. We anticipate wusing this nefwork of species
inferactions fn the context of a dynamics geographic information
system (GI5) to link biodiversity data collections together jn time
and space. In addition, creation of an ecosystem based trophic
database will have applications toward further development of
food web theory, ecosystem-based fisheries models, and directed
neiwork research.
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CMECS, database, ecoinformatics, Gulf GAME

1.  INTRODUCTION

Collection, documentation and storage of massive quantities of
biodiversity data, including archiving of museum specimens
and biodiversity data has evolved and amplified over the past
20 years, yet species interaction networks have largely been
ignored {1]. To date, species interaction networks have been
studied with small databases in the context of a very low
taxonomnic, spatial and temporal resolution [2, 3]. However, as
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larger databases are generated, ecoinformatics research will be
critical o advancing the understanding of interactions among
species and between species and the environment.

Museum  specimen  databases (e.g. FishNet2 [4],
Ormithological Information System (ORNIS) [5] and others),
global biodiversity databases (e.g. FishBase [6], SealifeBase
{71, Encyclopedia of Life {EOL) [8] and others), and projects
facilitating the use of biodiversity data (c.g Knowledge
Network for Biocomplexity (KNB) [9], Global Biodiversity
Information Facility (GBIF) [10], Census of Marine Life
(CoML) [11] and others) provide a limited amount of species
interaction dafa. The Interaction Web Database [12] and Webs
on the Web [13] are species interaction databases for select
ecosystems with only presence/absence data for that doés not
include interaction strength, habitat, environmental, spatial or
temporal data. NOAA’s Food Web Dynamics Program
(FWDP) at Woods Hole, MA [14] and Resource Ecology and
Bcosystem Modeling (REEM) in Seaitle, WA [15], who’s
missions include collection, analysis and modeling of trophic
interaction data, each have large collections of food habits data
on slightly more than 100, mostly commercial, fish species.

Ecoinformatics emphasizes conceptual and practical tools for
the understanding, generation, processing and dissemination of
ecological data and information [16]. High performance
computing, biologically inspired computation, object orfented
data, and the internet frame informatics for ecological
modeling to integrate climate, environmental, community,
phenotypic and genomic data [17, 18]. Ecoinformatics
explicitly recognizes the heterogeneous nature of ecological
data and seeks to develop tools that consider simultangously
the high resolution and heterogeneity of the data and create
added value to large volumes of data at multiple biological
levels and spatial scales. Informatics research has resulted in
the development of BioGeomancer [19], Lifemapper [20],




Aquamaps [21], Webs on the Web (WoW} [13], Interaction
Web Database [12] and Ocean Biodiversity Informatics (OBI)
221.

Advances in ecoinformatics depend fundaméntally wpon
database architectures that can represent entities involved in a
system and the system structure across mulfiple taxonomic,
spatial, and temporal resolutions, Key challenges posed by
trophic dynamics data provide excellent ecological cases for
database architecture development. The proposed research will
build a trophic database for the Gulf of Mexico (GoM) to
support theoretical advances in trophic dynamics. Despite the
fact that many data are collected at a high level of spatio-
temporal resolution (i.e., individual or size class level in each
specific habitat) food web studies are not detailed, and most
theory has been developed at species level (or higher) in
homogenecus environments [2, 3]. This has inhibited the
development of unified datasets and fools to aid development
and testing of flexible, first principle, individual-based models
able to explore consequences of individual variability and
spatio-temporal heterogeneity of raw data which will advance
the understanding of ecosystems. :

If. DEVELOPMENT OF THE PROPOSED DATABASE

A, Database Architecture and Development

A spatio-temporal database architecture for ecological
interactions will be designed to account for the heterogeneity
of trophic data. The complexity and diversity of the data
creates challenges in building an ecoinformatics database.
Because our approaches to data representation and
organization will center on complex system processes and
ecological interactions, as well as account for data
heterogeneity, the database architectures developed will be
transferable to other ecological domains.

We will adopt Hierarchy Theory to develop database
architectures that address common ecological issues, such as
grain and scale, identification of entities, levels of dynamics,
and distirbances [23]. Hierarchy by definition imposes
ordinations, as from smaller to larger, or from simpler to more
complex. These concepts from Hierarchy Theory are central to
many complex systems, including ecological systems and
weather systems [24]. Database architectures built upon these
concepts will provide rich grounds for data mining and
knowledge discovery of higher level concepts [25].

Database architectire includes two components: (1}
representation of reality; and (2} organization of data. The fiest
component concerns what concepts or objects need to be
represented in the database and how to most effectively
represent theseé concepts or objects in database models.
Because our proposed research aims to integrate spatial and
temporal information for ecological interactions, we need to
represent spatial and temporal characteristics of the identified
concepis or objects. The second component addresses how
different sets of data, such as species, habitat, sea surface
temperature, management zones, efe, should be organized in
the ecoinformatics to support modeling efforts that relate
multiple variables to derive new understanding or forecasting.
Both components of data represertation and data organization
need to account for complexity and diversity of ecological
systems and the nature of potential data sources.

B.  Data Sources, Acquisition, and Quality Assurance

This project will encompass the marine and estuarine waters
of the GoM, along the United States, Mexico and Cuba.
Species that inhabit the Gulf region and its waters for af least
part of their life cycle will be included, eg. taxonomic groups
listed in Table 1. Habitats covered include estuaries and
continental shelf as well as the pelagic, mesopelagic,
continental slope, and abyssal realms.

TABLE 1, TAXONOMIC GROUPS TO BE INCLUDED IN THE GOM TROPHIC DATABASE AND THE CURRENT STATUS OF IN-HAND AND
PERCEIVED REFERENCES ADDRESSING FOOD HABITS.

Taxonomic Group Number of Estimated References Total Species Currently
References in Hand Available Cited with Dief Data

Marine Mammals 3 25 E I

Sea Turtles ) 9 10-15 3

Fishes 721 740 ~G50

Sea and Shore Birds 4 100-200 4
Crustaceans 19 25-50 58
Mollusks 3 25 45
Polychaetes ~25 100-200 99
Ctenophores : 5 10 2
Cnidarians 5 10 6




Figure 1. Schematic of the GoM trophic database workflows, links and oulputs.

The following categories of data will be extracted from each
source, when provided: Geopolitical location, Geospatial
areas, Habitat, Geographic location, Time, Physico-chemical
data, Collection method, Taxonomy, Specimen data, Food
description, Stable isotopes and Source. Draft mefadata fields
as well as data and function requirements analysis will be
developed. The database schema will follow the Ecological
Metadata Language (EML) [26], an Extensible Markup
Language (XML)-based metadata specification, and QBIS
schema to ensure we structure marine data properly (Fig. 1).
As part of this process, we will coniribute metadata standards
for trophically related data.

Data will be extracted from peer reviewed articles,
government reports, dissertations/theses, abstracts, conference
proceedings, electronic databases and unpublished data. Our
data eniry system will have error checking routines built into a
data eniry interface. Data available in electronic document will
be extracted with wrappers. When feasible, tabular numeric
hard copy data will be scanned with optical character

recognition (OCR) sofiware and converted to an electronic .

format for manipulation and extraction. Graphical data will be
scanned into digital format, Data quality will, to some extent,
be maintained through users reporting errors, similar to The
Paleobiology Database [27] and other community-based
cyber-infrastructure. Spatial context of the data will be

preserved, through maps, names, coordinates or descriptions
of sampling locations. Spatial data will be documented with
the Federal Geographic Data Committee (FGDC) Biological
Profile [28] and metadata made available with the FGDC
Clearinghouse mechanism. Metadata will provide the user
adequate information to make an assessment of the quality to
ensure informed use of the data.

C.  Informatics Tools

To access, process and credte value-added analyses,
informatics tools will be developed or links provided to
websites with existing tools. We will create an interactive,
spatial analyst tool for accessing, analyzing, visualizing, and
production of distribution maps of predator and prey and other
spatiaily based graphic displays of diet data. Users will select
and access physico-chemical, habitat, geo-political, or other
variables relevant to the study of predator-prey relationships.
Temporal data will be used to evaluate the effects of
environmental and climate change on trophic dynamics and
evolutionary processes. In addition, these data will be useful
for: assessing bioaccumulation and trophic transfer of historic
and newly emerging contaminants [29], joining large
biodiversity datasets together for better trophic ecosystem
models [30] and drawing various inferences on the ecological
Tanctioning and fisheries impacts {31].




Figure 2. Map showing the location of individual sampling sites for
~520 food habits studies in the GoM.

A metaweb, using the raw datza without any a prioxi
aggregation, will be flexible, (i.e., individual based to species
level, homogeneous to heterogencous space, ctc.} to explore
consequences of individual variability, and spatio-teruporal
heterogeneity of the raw data, and level of taxonomic, spatial
and temporal aggregation for understanding of ecosystems.
Fuzzy kriging techniques [32] will incorporate beth crigp
(certain) and fuzzy data to estimate categorical regions (such
as abundance or average) of species distributions or trophic
relations. Self-organizing maps (SOM) [33] will be developed
to measure similarity of frophic structures in different habitats.
A SOM will show clusters of habifats based on their trophic
characteristics. Other informatics tools include qualitative
reasoning models for trophic interactions among populations
[34], senetic algorithms to predict food habits of fishes in
unstudied habitats [35] and adaptive agents to simulate food
webs [36].

D, Web Applications

Data will be publically available through a multi-lingual
website with relational database and geographic information
system (GGIS) entry pertals. Dafa will be available on the
website in two formats: 1) {able format; and, 2) EML formais
for the purpose of information exchange with other databases.
To exchange data with other databases, server software such
as Distributed Generic Information Retrieval (DiGIR)} or
Taxonomic Database working Group (TDWG) Access
Protocol for Information Reirieval (TAPIR) will be adapted to
send/retrieve data on the Imternet. Links will be provided fo

Figure 3. Map showing the centroid location of ~52¢ food habit
studies and the number of fishk species examined for fead habits.

relevant database and informatics websites [5, 6, 7, 8, 9, 10,
11, 12, 13, 18, 20, 22 and others].

E. Challenges

Creating and using the proposed GoM irophic database
presenis several challenges. The various studies were
conducted under a wide variety of objectives and methods,
requiring units and methods be standardized fo the extent
possible. Data are reported in a wide array of graphic and
tabular formats, which will need to be converted to a single
database format. The spatial and taxonomic distribution of the
species is clumped (Fig 2), requiring the use rarefaction and
interpolation where feasible, While these issues present
challenges in analyzing these data, they also identify
opportunities for further research,

III. RESULTS AND DISCUSSION

A, Geo-Coding References

We began by capturing the spatial information for the studies
{(i.e., station locations, and locations and names of systems
where the studies were conducted) and display the resulis in a
GIS (Fig 1). Study collection points, polygons, and eentroid
points (derived from the study polygons) have been created for
~650 of the ~720 references at the University of Oklahoma
and the Florida Fish and Wildlife Research Institute.
Attributes of these points, polygons, and centroids inclnde the
study’s author, study location, number of species studied (Fig
2 and 3), and associated metadata,




B.  Coding the Coastal and Marine Ecological Classification
Standard (CMECS)

A pilot study was conducied at the University of Oklahoma to
unify codification of habitat data in the numerous trophic
references using CMECS {37]. Approximately 60% of the
references in hand at the time the project was undertaken were
coded. This entailed extracting all relevant habitat information
reported in the document and adapting those descriptions to
the CMECS terminology. The CMECS system first classifies a
habitat into one of two systems, and then up to five
components (Water Column, Benthic Biotic, Surface Geology,
Sub-benthic, GeoForm) can be used to provide detailed
information.

C.  Metadata and Gulf Geospatial Assessment of Marine
Ecosystems (GAME)

Metadata records were created for 690+ peer-reviewed papers
organized in a Food Habits of Fishes Bibliography for
estuarine and marine environments of the Guif of Mexico [38].
Metadata were generated using the Gulf GAME survey tool
that allows records to be entered through a user friendly
interface. These records were incorporated into the Gulf
GAME catalog and are available online for search and
retrieval [39]. The catalog stores metadata “fite” (i.e. only
primary elements are captured) and the records are FGDC
compliant. The importance of this work les in that it allows
archival for long-term persistence of information that
previously had no attendant metadata. Also, it makes the
information  discoverable since the majority of the
Bibliography studies are not available online,

IV. CONCLUSIONS

The trophic informatics system for the GoM will be designed
to be compatible and extensible to extant database projects and
programs. Coordination and collaborative promises have
already been achieved with FishBase {6], SealifeBase [7] and
EOL {8]. This will allow for data and format sharing so that
the maximum accessibility and usefilness of the trophic data
are achieved, and that value is added to the existing databases
through pre-planned links. The vision is that the structure,
methods, and tools will be extensible to other large marine
ecosystems. The extensibility and transportability of the model
is important to support the development of similar databases
globally. Toward this end, this database will prove invaluable
in forthering research on dirccted networks, ccosystem
fisheries models and food web theory.
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