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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
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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 RS, o
consequences for the T

ecology? We got

« So...we need to understand WD %I& S
the effects of introducing / } @ 3 $
this fish into the food web Nile T11ap1a
of a typical California lake in a lake!
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ELVIS: Ecosystem Localization,
Visualization, and Information System

OOOOO

Species |
construci

Oreochromis niloticus
Nile tilapia

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.

Habitat

Study Publication

L. J. Tilly, The structure and dynamics of Cone

" 45 |Spring. Ecol. Monogr. 38(2):169-197, from p. 183 1968
N.N. S , Food | h: bogs,

I s8 Hydrob%l?;; 17475482 flom p. 179 (1964, 1961 . —
|V. S. Summerhayes and C. S. Elton, Further
16:193-268, from p. 217 (1928). - P .

r D. J. Shure, Radionuclide tracer analysis of trophic 2.970 1/ G a In In a ru S p u I ex d etrltu S
Agricultural 43(1):1-19, from p. 15 (1973). : " E : i

M. A. Mayse and P. W. Price, 1978. Seasonal ~ pane Pefla CGflUklana Baetls
east central lllinois. Agro-Ecosys. 4:387-405, from p.
1401.
developm f soyb h d ities i -~ N A4 . . .

I™ 154 Cast contral linols Agro-Ecosys. 4367405, fomp. | 197 6 0.9811/ Perla carlukiana Chironomidae
402,
Steele, Ed. (Oliver and Boyd, Edinburgh, 1970), pp. 1970
45-61, from p. 50. D o N~y 1 1
IA. Yanez-Arancibia, Taxonomia, ecologia y = o B a etl S e n Cru Stl n g a I g a e

r b i del Pacifi M . 978 ) T QORDOE H H

%7 |Gent Glene dei Mary Limnol Univ. Nal Auton Mex.| - /9022 Baetis detritus
I Brackish Publ. Espec. 2:1-306 (1978).
In a new estuary, Nile
~ — Tilapia could compete
— Capitella
.-— Crepidula : th t d
~ [f.—»Glycera WIth OStracods (green
—— 1 p-algae <« ---— Manayunkia /- e
i...-~>phytoplankton t t al Predat
H [Cstracoda] -~ _, o eat algae. Predators
‘ Z. --e>Hyperiidea
e ostracods may be
“-«-Tadora tadoma y

Study Detail - - -
D e Year Link# Certainty idx Predator Prey
(1958) 1 0.9825 |Gammarus pulex Chironomidae
[~ 62 |contributions to the ecology of Spitzbergen, J. Ecol. 1928 h' ": h' : ':‘ ":‘ G a In ln a ru S p u I eX a I g a e
[T 90 [relationships in an old-field ecosystem, Ecol. Monogr. 1973
153 development of soybean arthropod communities in 1978 - - -
1 0.4922  |Perla carlukiana Hydropsyche
M. A. Mayse and P. W. Price, 1978. Seasonal
., Inaopica ssary. n Marne Food Cnans. . i ,\ 0.995  |Perla carlukiana Simulium
estructura de las comunidades de peces en lagunas
P 10 1.5 Ecdyonurus venosus detritus
‘_.-—tFundqus heteroclitus
— Streblospi
IO - Metanitta (red) and prey (blue) of
an Honors University in Maryland



Food Web Constructor
generates possible links

POSITIVE EVIDENCE

Link#Certainty idx Predator Prey

1 5.87 bacteria detritus

2 14.83 Amphipoda detritus

3 9.9417  |Ostracoda detritus

""" Z50U] U.l<Z  uEURWUs mauenda

2381 0.7 PaglLuus- ratdan
2382 u,»aoa»?/Oreochromis niloticus d;ﬁ;’:@\
2. ) BRF Oreochromis niloticus aji?;m(_/
2. K667 |Sterna i i similis
2. Sterna forsteri Fundulus confluentus
2. Larus atricilla Bivalvia




Evidence provider gives details

Oreochromis niloticus (rank Species) is a likely predator for algae (rank Unknown)

Similar links observed between:

1 @Predator: juvenile Cichlidae (taxon Cichlidae, rank Family)
—]|4@) Prey: bottom algae and detritus (taxon algae, rank Unknown)

In habitat

River
The link is discovered in the study: G. Fryer, The trophic interrelationships and ecoloqgy of

some littoral communities of Lake Nyasa, Proc. London Zool. Soc. 132:153-229, from p.
219 (1959).

Published in: 1959 year

The study was conducted in: Country: Malawi

Link Proximity: 33.33%

UMBC
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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
UMBC predicted 47%



Evolutionary distance threshold
2 steps up and 4 steps down

precision recall
0.6 0-5
0.55 0.45
0.5 0.4
0.45 0.35
4
0.4 ‘ S3 0.3 steps
1 2 S1 1 31 down
3 4 2 3 4
steps up steps up
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Evolutionary direction penalty
not very sensitive

1

Weight, =
1 + (Distance,, x Penalty )+ (Distance,, x Penalty,,)

ancestor

descendent

~ -
~< _-
R = I I = -7
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Negative evidence discount is
sensitive

N .
, weight. .
Certaintyldx, , = E . &% (LinkValue)
~ discount
0.7
0.6
Recall
0.5 -
&
—o
0.4 -
0.3 -
0.2 I I I
0 25 50 75 100

Negative evidence discount
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Some phyla are easier to predict
than others

Recall rate
o o (@) o
o —_ N w SN

(" 2 2> > >
& & & & &
& & & S
@
v ¥
0’0’
Phylum
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How can we do better predicting links?

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.

LinkStatus,g= f(Q, size,, sizeg), f(B, stoich,, stoichg) ...

HM%Qneed more data



ETHAN
Evolutionary Trees and Natural History ontology

Animal Diversity Web
http://www.animaldiversity.org

\ JADW: Pimephales notatus:Information|= Mozilla Eirefox:

* geog raph Te range e e e
Pimephales notatus g
. (bluntnose minnow)
* habitat
a I a S I ADWEDanaus plexippuszinformation - Mozilla Eirefox: gggﬂ
» physical description

* reproduction N

File Edt View Go Bookmarks Tools Help

By Cyntf

Geog

* lifespan

streg

Mani
not

« behavior and trophic info | |-

Biogeod Geographic Range Kingdom: Animalia
nearctid Phylum: Arthropoda

] ) Danaus_plexippus ranges from North and South America and the | Clase: Insecta
° CO n Se rva IO n S a u S Habit Caribbean to Australia, New Zealand, the oceanic islands of the Pacific,  order: Lepidoptera
Mauritius, the Canary Islands of the Atlantic, and, most recently, Western

Blunt Suborder: Macrolepidoptera
occu]  Europe. Family: Danaidae
. Genus: Danaus
These 4 Habitat Species: Danaus plexippus
temper & Find in TaxonTree [Help]

D. plexippus is a predominantly open country, frost intolerant species

Aquatiqg whose range of breeding habitats is greatly dependent upon the presence

lakes ar of asclepiad flora (milkweeds). The monarch requires dense tree cover for

Physi¢ Overwintering, and the majority of the present sites in California are associated with Eucalyptus trees,
spedifically the blue gum, Eucalyptus globulus. These trees were introduced from Australia and have

This filled the role of native species that have been been reduced by logging.

—to_t3 . L.
Done Physical Description

Both male and female monarchs are bright orange with black borders and Wingspan
black veins. The veins on the female are thicker than those of the male. Male 8.60 to 12.40 cm

T n
rl I e S monarchs also have a swollen pouch on both of their hind wings. (3.39 to 4.88 in)
p Done

“Esox lucius” hasMaxMass “1.4 kg”

“Esox lucius” isSubclassOf “Esox”

“Esox” eats “Actinopterygii”

UMBC
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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, | 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.



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

I will use Google before asking dJumb questions. T will use Google before
asking dumb questions. 1 will use Google before asking dumb questions.
1 will use Google before asking dumb questions. T will use Google before
asking dumb questions. 1 will use Google before asking dumb questions.
www.mrburns.nl before asking dumb questions. T will use Google before
asking dumb questions. 1 will use Google before asking dumb questions.

1 will use Google before asking dumb questions. T will use Googlegz€nre
asking dumb questions. 1 will use Google before asking dumb qu

1 will use Google before asking dumb questions. T will use Goog

asking dumb questions. T will use Google before asking dumb oS

I will use Google before asking dumb questions. T will use Googi e

asking dumb questions. 1 will use Google before asking dumb (P‘QS

* (Google + Web) has made us all smarter LL

« something similar is needed by people and software agents
for finding information on the semantic web

UMBC
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Okay, now show Swoogle and
Tripleshop
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Swoogle Triple Shop

Account Query Dataset Run

Query Name: new query Wh at a re bOdy e

Creator: default Created Time:

Visible to Others: true Updated Time: m ass es Of_fi S h es
Description: click here Tags: th at eat fi s h es ?

SPARQL Query:
'SELECT DISTINCT ?predator 2prey ?preymaxmass ?predatormaxmass
WHERE {

?link rdf:type spec:ConfirmedFoodWebLink .

?link spec:predator ?predator .

?link spec:prey ?prey .

?predator rdfs:subClassOf ethan:Actinopterygii .

?prey rdfs:subClassOf ethan:Actinopterygii .

OPTIONAL { ?predator kw:mass_kg high ?predatormaxmass }
OPTIONAL { ?prey kw:mass_kg high ?preymaxmass }

. . . leaving out the FROM clause

Dataset Name: new dataset

[+

Creator: default Created Time:
Estimated Size: ' unknown Updated Time:
Description: click here Visible to Others: true
Tags:

UMBC
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£ umsc TripleShop Query Interface - Mozilla Firefox = | O I X I

File

Edit View Go Bookmarks Tools Help del.icio.us

~
Account QuerRun .
ww- specify dataset User: ontology
Query Name: | Create ...
Creator: Load ... Created Time:
. Save ... i
Visible to Other Updated Time:
Save As ...
Description: click here Tags:
SPARQL Query:
PREFIX spec: <http://spire.wdbc.edu/ontologies/SpireEcoConcepts.owli>
PREFIX ethan: <http://spire.umbc.edu/ontologies/ethan.owlf>
PREFIX kw: <http://spire.unbc.edu/ontologies/ethan keywords.owl#>
SELECT DISTINCT ?predator ?prey ?prevymaxmass ?predatormaxmass WHERE {
?link rdf:type spec:ConfirmedFoodWebLink .
?link spec:predator ?predator
?link spec:prey ?prey .
?predator rdfs:subClassOf ethan:Actinopterygii
?prey rdfs:subClass0Of ethan:Actinopterygii
OPTIONAL { ?prey kw:mass_ kg high ?preymaxmass }
OPTIONAL { ?predator kw:mass_kg high ?predatormaxmass }
}
Dataset Name: new dataset
Creator: ontology Created Time:
Estimated Size:  unknown Updated Time:
Description: click here Visible to Others: true
Tags:
Materialization on Disk:
Materialization on Database:
Default Graph:
I v

|Done




[ sccount query o L0@d Graph from Swoogle

Find according to terms in Query

Query Name: V
Creator: Add Constmintsl /
Visible to Others: URLs of the documents having a substring(optional): RDF dO Cuments W er e
Description: I l

, - found that might have
SPARQL Que URLs of the documents having not a substring(optional):
PrEFTx ope | | useful data i

PREFTY =t Query Strategy: find Semantic Wi'eb Documents containing
PREFIX kuw:
SELECT DIS

O Al terms that appear in the query @ ANY term that appears in the query

haximum number of retum results: 1000 ~

I Search in Swoogle I

2 ~
o | Document V]
[(]1. hitpiispire.umbe.edufontialiF oodWebStudies.owl
[] 2. hitpispire.umbe.edufontiwebs publisher.php?published study=224
Dataset Name:
Erasd [ 3. hitpiispire.umbe.edufontiwebs publisher.php?published study=231
reator:
Estimated Size: [] 4. hitp:iispire.umbe.edufontiwebs publisher.php?published study=221 =
Description: [ 5. hitp:iispire.umbe.edufontiwebs publisher.php?published study=216
e [ 6. htto:iispire.umbe eduiontiwebs _publisher. php?published study=243
Materialization on
Materialization on [J 7. hitp:itspire.umbc.edufontiwebs publisher.php?published study=252
Default Grapk [] 8. hitp:iispire.umbe.edufontwebs publisher.php?published study=237 L
[ 9. hitp:iispire.umbe.edufontiwebs publisher.php?published study=245
Il_ldﬂ leddio sl minisom sssnnle o weliilawddiinle - msslallmle @ selacea Miccclallwle = of P T Ea N !
<l L | >

|  AddSelectedto Default Graph | | SelectAll |

UMBC
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‘ b By URLs of the documents having a substrng(optional):

Query Name: Wt | |

Creator: URLs of the documents having not a substring(optional):

Visible to Others: | l

LSz Query Strategy: find Semantic Web Documents containing

SPARQL Query O Alterms that appear in the query (&) ANY term that appears in the query

haximum number of retum results:
PREFIX rdf: 1000 »

PREFIX rdfs:
PREFIX spec:l
PREFIX ethar

Search in Swoogle I

PREFIX kw: o |
SELECT pIST1 | |l Document
(] 1. htp:ifspire.umbe.edulontiallF oodWebStudies ol
[] 2. hitpiispire.umbce.edulontiwebs nubI/ ‘M e’ ll SeleCt them all A
pr D ) ) S
) 3. hitpdispire.umbc.edufontwebs puhl
?pr -
OF1] [ 4. witpiispire.umbce.edulontiwebs publ and add them tO the ]
Dataset Name: n [ 5. hitp:iispire.umbce.edufontiwebs publ| current dataset, )
Creator: [ . httn:sispire. umbc.eduiontwebs_publisheramy AU=Z53
Sl (7. hitp:iispire umbc edujontiwebs_publisher.plf A study=252
Description: - i / /
Tags: [ 8. http:iispire.umbc eduiontiwebs publlsher./ A@hed study=237
Materialization on Dis [J 9. hitp:iispire.umbc.edulontiwebs publishe/ ,4?/nublished study=245
Materialization on Dz I | BN S T T SO S S T A SIS S T T TR / v emlose Pomcolalimle m ol mdicals ™ d& :
£ 117 % | l
Default Graph:

[/; Selected to Default Graph |

UMBC
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k ) UMBC TripleShop Query Interface - Mozilla Firefox

File Edit Wew Go Bookmarks Tools Help delicio.us
<:§.I = E> v @ @ TAG Il_J http:f/spargl.cs.umbc.edutripleshop2findex.html LI @ Go I?,
Google & eBiquity Q finin ) NEWS |_) Research | ) Teaching |_) Service | ) personal | fun ) UMBC | ) Utilities | ) de.icio.us | ) toread | ) blogs >
| | UMBC TripleShop Query Interface | |_| SPARQLer Query Results
-~
Account Query Datasef Run
Run against Online URLs in Default Graph User: ontology
Query Name: new que Run against Binary materialization
e ontolcfun against Database materialization i TR
Visible to Others: true Updated Time:
inti i We'll run th
Description: click here Tags: ell ru € query
SPARQL Query: against this dataset
SELECT DISTINCT ?predator ?prey ?preymaxmass ?predatormaxmass to See If the reSUItS
WHERE {
?link rdf:type spec:ConfirmedFoodiWebLink . are as eXpeCted'
?link spec:predator ?predator .
?link spec:prey ?prey .
?predator rdfs:subClassOf ethan:Actinopterygii .
?prey rdfs:subClass0f ethan:Actinopterygii .
OPTIONAL { ?predator kw:mass_kg high ?predatormaxmass } |
OPTIONAL { ?prey kw:mass_kg high ?preymaxmass )}
b
ORDER EBEY ?pZname
Dataset Name: new dataset
Creator: ontology Created Time:
Estimated Size:  unknown Updated Time:
Description: click here Visible to Others: true
Tags:
v
Y PR A | T e » P S

| http:f/spargl.cs.umbc.eduftripleshop2/GetResult?name=result10&format=HTML

2@

NN




k ) UMBC TripleShop Query Interface - Mozilla Firefox - |E] I X I

File Edit Wew Go Bookmarks Tools Help delicio.us

<)§.I = E> v @ @ TAG Il_J http:f/spargl.cs.umbc.edutripleshop2findex.html LI @ Go I?,

Google & eBiquity Q finin ) NEWS |_) Research | ) Teaching |_) Service | ) personal | fun ) UMBC | ) Utilities | ) de.icio.us | ) toread | ) blogs
| | UMBC TripleShop Query Interface I | | SPARQLer Query Results

|» | B3| ¥

Account Query Dataset Run

User: ontology
Query Name: new query

Creator: | pesult Panel

Visible to

Result Farmat: © XML @ HTML € CSY © Excel The results can be
Query Result:

SPARQL produced in any of

Click Here to get result

PREFTY 1 several formats

SELECT
WHERE {

Descriptio

|
OF Close |
}

ORDER EBEY ?pZname

Dataset Name: new dataset

Creator: ontology Created Time:

Estimated Size:  unknown Updated Time:

Description: click here Visible to Others: true

Tags:

v
Y P P | | e » VP S

|http:Hsparql.cs.umbc.eduj'tripleshop2,fGetResuIt?name=resuItl0&format=HTML |F>Ft:1n,fa |M| Disabled |@|. - ” Q| o>




Results

predator prey predatormass preymass
Salmo_trutta Lepomis_macrochirus 2.2
Micropterus_salmoides Lepomis_macrochirus 10 2.2
Stizostedion_vitreum  Carassius_auratus 10 3
Esox_masquinongy Stizostedion_vitreum 29 43 10
Esox_lucius Stizostedion_vitreum 14 10
Ictalurus_punctatus Stizostedion_witreum 10
Micropterus_salmoides Stizostedion_vitreum 10 10
Micropterus_salmoides Micropterus_salmoides 10 10

an Honors University in Maryland



And now, the punchline.

 http://spire.umbc.edu/ontologies/InvasivesOntology.owl
* http://spire.umbc.edu/ontologies/descurainia_pinnata.owl
 http://spire.umbc.edu/ontologies/California\Weeds.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
iInclude 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.
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