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Overview of Talk

• Introduction and background (very brief)
• ELVIS

– The Food Web Constructor and the Evidence
Provider

• ETHAN
– An ontology for evolutionary trees and natural history

• Swoogle and Tripleshop
• Back to the drawing board?
• Deep Thoughts

– Microformats, ontology engineering, etc.
• Questions/Objections/Better ideas



UMBCUMBC
an Honors University in Marylandan Honors University in Maryland

An NSF ITR collaborative project with
• University of Maryland Baltimore County 
• University of Maryland College Park
• Univeristy Of California Davis
• Rocky Mountain Biological Laboratory 
• NASA Goddard Space Flight Center
• NBII
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Invasive Species
• Invasive species cost the U.S. economy over $138 billion

per year [1].
• By various estimates, these species contribute to the

decline of 35 to 46 percent of U.S. endangered and
threatened species

• The invasive species problem is growing, as the number
of pathways of invasion increases.

[1] Pimental et al. 2000 Environmental and economic costs associated with non-indigenous species in the United States. Bioscience 50:53-65.
[2] Charles Groat, Director U.S. Geological Survey, http://www.usgs.gov/invasive_species/plw/usgsdirector01.html
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An invasive species scenario
• Nile Tilapia fish have been found in a California lake.
• Can this invasive species thrive in this environment?
• If so, what will be the likely

consequences for the
ecology?

• So…we need to understand
the effects of introducing
this fish into the food web
of a typical California lake
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Bacteria
Microprotozoa
Amphithoe longimana
Caprella penantis
Cymadusa compta
Lembos rectangularis
Batea catharinensis
Ostracoda
Melanitta
Tadorna tadorna

ELVIS: Ecosystem Localization,
Visualization, and Information System

Oreochromis niloticus
Nile tilapia

?

. . .

Species list
constructor

Food web
constructor
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The problem

• We have data on what species are known to be in the
location and can further restrict and fill in with other
ecological models

• But we don’t know which of these the Nile Tilapia eats of
who might eat it.

• We can reason from taxonomic data (similar species)
and known natural history data (size, mass, habitat, etc.)
to fill in the gaps.
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Show the ELVIS Demo, Joel.
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Food Web Constructor
Predict food web links using database and taxonomic reasoning.

In a new estuary, Nile
Tilapia could compete
with ostracods (green)
to eat algae. Predators
(red) and prey (blue) of
ostracods may be
affected
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Food Web Constructor
generates possible links
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Evidence provider gives details
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Testing the algorithm

• Take each web out of the database
• Attempt to predict its links
• Compare prediction with actual data

Accuracy   percentage of all predictions that are
correct   89%

Precision percentage of predicted links that are
correct 55%

Recall percentage of actual links that are
predicted   47%
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Evolutionary distance threshold
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Evolutionary direction penalty
not very sensitive

AB

XA XA YB

1

1 ( ) ( )
YB

Weight
Distance Penalty Distance Penalty

=
+ ! + !

ancestor

descendent

siblings



UMBCUMBC
an Honors University in Marylandan Honors University in Maryland

Negative evidence discount is
sensitive
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Some phyla are easier to predict
than others
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Trait space distance weighting

Euclidean distance in natural history
N-space

Parameterize functions from the literature that might predict
links using characteristics of taxa.  For example, size or
stoichiometry.

LinkStatusAB=  ƒ(α, sizeA, sizeB), ƒ(β, stoichA, stoichB) …

…need more data

How can we do better predicting links?
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ETHAN
Evolutionary Trees and Natural History ontology

Animal Diversity Web
http://www.animaldiversity.org
• geographic range
• habitats
• physical description
• reproduction
• lifespan
• behavior and trophic  info
• conservation status

“Esox lucius” hasMaxMass “1.4 kg”

“Esox lucius”  isSubclassOf “Esox”

“Esox” eats “Actinopterygii”

Triples



UMBCUMBC
an Honors University in Marylandan Honors University in Maryland

Ethan Requirements
• Be able to clean data, even if it comes from multiple sources.

– Are there any organisms described both as a flier and glider?
– Are there cases where the reported values for average mass of

a species do not fall within the max and the min of its family.
• Be able to query to find (distributed) data.

– Find the geographic ranges of birds (Class Aves) that chorus or
duet.

• Be able to take advantage of inheritance and aggregation.
– If I add a triple that family Corvidae is precocial (a reproductive

keyword) can all birds in this family inherit that characteristic?
– If I know that five species of butterflies have various maximum

lifespans, I want to be able to get an answer to the question,
"What isthe maximum lifespan in the family that contains those
butterflies."

• Be able to take advantage of property hierarchies.
• Be able to extend easily.
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Joel, show the people the following

• http://spire.umbc.edu/ontologies/ethan_keywords.owl
• http://spire.umbc.edu/ontologies/taxa/Gorilla_gorilla_gorilla.owl
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Swoogle: Motivation

• (Google + Web) has made us all smarter
• something similar is needed by people and software agents

for finding information on the semantic web
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Okay, now show Swoogle and
Tripleshop
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. . . leaving out the FROM clause

What are body
masses of fishes
that eat fishes?

Swoogle Triple Shop
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specify dataset
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RDF documents were
found that might have

useful data
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We’ll select them all
and add them to the

current dataset.
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We’ll run the query
against this dataset
to see if the results
are as expected.
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The results can be
produced in any of
several formats
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Results

http://sparql.cs.umbc.edu/tripleshop2/
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And now, the punchline.

• http://spire.umbc.edu/ontologies/InvasivesOntology.owl
• http://spire.umbc.edu/ontologies/descurainia_pinnata.owl
• http://spire.umbc.edu/ontologies/CaliforniaWeeds.owl
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Queries

• List unique predators and prey and their body masses
– Combine SpireEcoConcepts with the invasives lists and Ethan (for the sizes)

• Q: What taxa on a survey list are outside their known invasive range.
– Combine a survey list with invasive lists and a geographic

• Q: Who are predators of the birds (class aves) on the lists of concern?
– List unique predators and prey.
– Will combine SpireEcoConcepts with EthanAnimals and the invasives lists

• Q: What are reproductive characteristics (e.g. number of offspring) of
animals onthe invasives lists?
– List taxon, and characteristics
– Will combine Ethan taxon documents and invasive lists

• Q: What taxa are on List X but not on List Y?
– List taxaCombines different invasives lists.
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Deep Thoughts

• Some cool things require less formal semantics than we
thought.
– Mashups, etc.

• Other things require more shared, formal semantics than
we seem to be capable of.
– Is the ozone whole getting bigger or smaller?

• A little tour of flickr, fieldmarking, species microformats,
etc.
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Tripleshop is_a Work in Progress

• There are a host of performance issues
• We plan on supporting some special datasets, e.g.,

– FOAF and SPIRE data collected from Swoogle
– Definitions of RDF and OWL classes and properties

from all ontologies that Swoogle has discovered
• Expanding constraints to select candidate SWDs to

include arbitrary metadata and embedded queries
– FROM “documents trusted by a member of the SPIRE

project”
• “Qurantine” needed to handle conflicts.
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Review
• All Elvis functionality is encapsulated as web services,

and  all input and output is OWL based.
– So  Elvis integrates easily with other semantic web applications,

like the TripleShop.
• ELVIS as a platform for experimenting with different

approached to food web prediction.
• TripleShop as an integrating platform
• TripleShop allows researchers to semi-automatically

construct datasets in response to ad-hoc queries.
• Contact jsachs@cs.umbc.edu to participate.


