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Abstract

The Semantic Reef project is an -éoformatics
application that endeavours to combine multipl
environmental datasets to testological hypotheses and
derive information abouenvironmentalsystems. The solving at otherwise imossible scales With the
intention is to developan automated data processing g : f T h h
problemsolving and knowledge discovery system tobreeilcted Impact of climate ¢ a'lngle,l' andl other
better understand and managealreef ecosystems. enwro_nmentalseues, thse new crosglisciplinetoolsare

) > ) ) beconing more important.
Remote environmeritamonitoring (including sensor  Modern data gathering methods have seen the
networks) is being widely investigated and deployed fQfmergence of highly connected and efficient scientific
collectingreattime data across widely distributed areasnstruments that producevast quantities of data
As the volume of raw data increases, it is envisaged th@gmetimed er med a s dHeyiach Tredethehe | u g e
bottlenecks will develop in the data analysis pBase(03) In theearthand marinesciences, environmental
where current data processing procedures still invol&nsor networks are being deployed to gather datzain
manual manipulation that will soon become unfeasible {gne across widely distributed areafor applications
manage. This 6 d ata del udsgch aé enviBrinertad anéfiﬁﬁq’crrﬁbﬁitériﬁg‘.j Then T €S E
communities, such as the Semantic Web and Knowledgﬁegrated Marine Observing System (IMOS)Great
Represen_tation fields, througﬂne development of the garrier Reef Oceans Observing System (GBRO@GS)
technologies and the usase implementations such agne sych infrastructuréhat uses sensor networks to
described hereln an eResearch approachighly diverse  remotely monitorchosensites on theGreat Barrier Reef
backgrounds and expertise were combined effectively EGBR) (IMOS, 2008) It is expected GBROOS and
answe domainand locality specific hypothesesuch as gjmilar sensor network deploymentswhen  fully
approach streaming datérom a variety of domain specifisensors
A set of reusable ontologigesranging from light to including meeorological, chemical and biological
heavyweighthas been developes separate componentsensors The vast amount of sensed dataésessaryn
within the Knowledge Representation (KR) systenprder to produ@ the new information needed to
genercally modeling a reef ecosystem The ontology answering the multitude of questions being posethén
design aims to leverage the scalable characteristics sofentific domains This project aims testreamlire the
Semantic technologies, allowing for flexibility whendata analysisof remotely sensed data from the Great
posing hypotheses and support for future modifications Barrier Reef. A primary goal isto balance thaevitable

1 Introduction

E_coinformatics is an emerging branch ofResearch
Wherebynew IT techniquesand infrastructure are being
developed tagive ecologistdar greater scope f@roblem

the domain due to new discoveries. growth in sensed data streamaith the capacity of
Keywords Ecoinformatics, Semantic Wk, workflow, individual researchers toenefit fromthe volume of data
ontology, Climate Change, Semantic Reef available

The Semantic Reef prajeis an application of eeo
informatics where collaborations betweenmlisparate
backgrounds and expertise have beeffectively
combined Currently, a platform is being developttht
) ) ] _combines emerging Semantic Webhnd Scientific
Copyright © 2008, Australian Computer Society, Inc. ThiSyorkfiow technologies taccess and infer information
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Figure 171 Identifying any coral reefi Semantic building blocks

ontologies described hereifgr querying and deriving
inferences may provide alerting for unusual domain
specificevents.

One goal of the Semantic Reeis to improve our
capacity to generate timelyannings of environmental
conditions that are conducive ftworal bleaching A
hierarchy ofre-usablelight to heavy weightontologies
has been developed tpresentmarine scientisisfrom
around the glohe tools to test hypotheses and
probabilities throughe n | i st i ng a sem
demandd environment
or the depth of the analysiss flexible, scalable by

Th e

According to the Australian Institute for Marine Science
(Al MS) threats to Austral
categories:

natural stresses that they halved tocope with
for millions of years;

direct anthropogenic pressures, including sediment

and nutrient pollution from landrun-offs, over

exploitation and damaging fishing practices,
ter]giEeeriBgrarpd(ml;?qjlfi(éag'oQ of s@q{elines; and

| giohakclimate dhanger anul ari ty requir.
Through studying the manifestations of global climate

i aobse

an

design,andindependent of location, reef type or standinghange in coral reefs, such as increaseral bleaching

stock. The design purposefully separates

th@nd coral disease, it has become clear that many threats

functionality and relationships, which are emulated in thare closely linked and exacerbate each ofAdMS,

integratedogic systemsin particularDescriptionLogics
(DL) andPropositional logicsfrom the instance data that
make up a reef ecosystem. Thus, the modulpstynits
changes ofminor and majoentities within the modelto
be made trivially, effectively supporting future
propositions queries and even changs in the
relationshis themselves

2007) Due to its localityto us,and the close proximity

of many major reef management and research facilities,
the Great Barrier Reef (GBR) was an obvious choice as a
usecase for trialing the Semantic Reef system.
Furthermore, the oubene of a particular test, for example
forecasting a coral bleaching event or a cranfathorns
outbreak, could result in a useful tool for supporting

A description of the domain specific problems relatingnanagement decisions on the reef.

to reef systemsvill be followed by a brief overvew of

the goals and achievements of the Semantic Reef Projeod is a large canr i but or

to date Subsequently,the methodology, specific

The GBR is the largest coral reef system in the world
to Austr al

supporting fishing and tourism activities. Covering an

descriptions and justifications employed to create tharea of 348,000 square kilometres and spanning ~2300

hierarchy of ontologies, along with lessons learned akdi | omet r es

future works, is presented.

2 The Coral Reef Domain

Globally, marine ecosystems face many pressures frg

both natural and humanduced stresses and managin
these threats requires major scientifinsight and

coordinationon a global scale. Figudedepicts a domain
expert 0s opteercerp erstituentequired to

make up any coral re@Davey et al., 2008)

of Queensl andbs,
referred to as the single largest organism in the world,
althoughin reality it is made up of many billions of tiny

coral formation§GBRMPA, 2006)

.1 The Coral Bleaching Phenomenon

The impact of climate change on the GBR threatens this
iconic wonder- climate change induced warming of
ocean temperatures israajor contributor to the coral
bleaching phenomenofHughes et al., 2003) Coral
bleachingresults from astress condition ircorals that
induces a breakdown of the symbiotic relationship
between coral andheir symbiotic unicellular algae



(zooxanthellae).The survival of both organisms is reliantbeing faced by many disciplines from the onslaught of
on this symbiosis as the zooxanthellae reside in every cedist amounts of new information. Initially, the focus
of the cor alandmmichamgé @ravidirtg ia slanaie is n the field of marine biology, where the first
major food sourcefor the coral The zooxanthellae trials of the system involved hirghsting coral bleaching
produce energyich sugars for the corals via eventgMyers et al., 2007a)

photosynthesijsandalso give corals their brilliant colours  Current research inoral reef ecologgpans a diverse
from photosynthetic pigments. Reef corals are vemange of environmental arghemicalstudies. In order to
sensitive to Sea Surface Temperatures (SST) outside thest and validte the system, datasets were needed along
normal range. When the temperature elevates enough With a well researched topic The coral bleaching
cantrigger stress factors in many dominant coral speciegroblem was an obvious test case for gh@und truthing
which causes the coral to expel the zooxanthellae leaving the Semantic Reef architecture as the datasets that
the white skeleton of the coral exposed, giving theere relevant to the historic findings, and okaéobns by
bleached white appearan@®nes et al., 1998Although  experts in the field, were readéyailable.

spatially extensive, or mass, coral bleaching events have

been largely attributed to anomalously high temperature3,1 ~ The Semantic WebComponent

bleaching canalso be causedby other factors such as SemanticWeb technologies, allow for a flexible scalable
low-salinity, high-light intensity, pollutants, exposure, pHenvironment to model worldly concepts in a way that is

and eversedimentatior{Hughes et al., 2003) understandable to the machin@ntoniou and van
. o Harmelen, 2004) Ontologiesarethe foundation ofhese
2.2 The Initial Validation Test Case technologies and within the context of this paper, are

In the late summer (February and March) of 1998 angbscriptiors to representboth abstract and specific
2002, two mass bleaching events occurred in the GBRncepts. Where declarations of a domain's vocabulary
and Coral Sea off the coast of Australiahe work and anq the €rms that describe the entities within and the
studies carried out orthese events offered relevant yg|ationships they have with each other, are defined using
building blocks andnformation in which to poputa the  axjoms and restrictions that constrain the interpretation

ontologiesused herein In particular, thestress factor for yse by the computer, making the concept maehine
most commonly associatedth bleaching oklevated sea ngerstandabléGuarino,1997)

surfacetemperaturgMarshall and Schuttenberg, 2006) once data and infor mati on

so data was acquired through the Great Barrier Regferpretable by a computer, Semantic technologies
Marine Park Authority (GBRMPA) for use in thieitial  enable the machine to make intelligent decisions based on
validation test The metrics currently used to forecast cgonclusions derived through logic systems such as
possible bleaching evenitsclude among others, the SST pescription Logics (DL) and inferenaeiles (Antoniou
anomaly BST+4 and Degree Heating Days (DHD). and van Harmelen, 2004) DL are sets of logical
Where SST+ igalculatedas the number of °C above thegiatements to describe relationships and parameters of a
Long-term Mean Summer Temperature (LMS®J that  conceptand can beused to reason over classes and
location and a DHD describes _the accumulation ofjngividuals to infer assumption and subsuiopt thus
thermal stress. Wherene DHD is calculated as one 5jjowing for negation/complement of classes, disjoint
degree above the local LMST for one day and two DHDformation and existential and universal quantification.
is either two degrees above the local LMST for one dayne pL reasoning engines used in this project are Pellet
or one degree above LMST for two days and so forﬂ%l\/lindswap, 2007) Racer PRO(RacerPRO, 2007and

The validation was carried out usingeverse hypothesis pacT++ (FaCT++, 2008)as implemented through the
method vihich entailed grounttuthing the outcome of Protégé ontology editqProtégé, 2007)

inference rules which mimicked beaching indices, An environment that supports swsjtions is enabled
againstactual historical events,data and researcllom  \yith utilities such ashie Semantic Web Rules Language
the 1998 and 200ghass bleaching even(Mlyers et al., (SWRL). SWRL manages inference using hédie
2007a) rules, which is a subset of predicate logic (fseder

3 Background i The Semantic logic), and is orthogonal to description logic. The SWRL

Reef Project The Conceptual

The Semanti Reef Projectis a platform Architecture
designed as a hypothesis tool for research
on reef ecesystemgMyers et al., 2007b)
This Knowledge Representation (KR)
system will employ Semantic Web
technologiesand scientific workflow tools

to access range oflatasetfor automated Data
processing(refer Figure2). The data is
routed through the workflow and mapped
to the ontologies contained in the
knowledge basefor querying and/or
hypothesis testingUltimately, this system
may address the issue of efficient and
effective data analysis, which is a dilemma Figure 21 The Semantic Reefvorkflow .
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rules are passe® the Jess inference engifiess, 2006) 3.3 Results to Date
for inferring over the ontology instances, directly or usinga semantic reerEroject has C?volved throuah a

the O6SWRL to Jess bri dogaiofstafiRaPHageddd theRduracydt th@ hold ®
(O'Connor et al., 2005) L In order toaccomplish thisSST and community makep

The Web Ontology Language (OWL), which is theyais from the 1998 and the 2002 bleaching events were
W3Cos r ecommen ddcGuinngseand van ¢@lyl i the KR system. sidg DL to infer
Harmelen, 2004)has three dlfferent_v_arletlgs: OWL Lite, relationships for instance, between the community
OWL DL and OWL Full, each providing different levels g, ing stods (e.g. Acropora from one database is
of logical expressiveness. The logisamantics of OWL ¢, ivalent tastaghomn coral in another) érophic layers
DL (and Lite, V.Vh'Ch IS a subs_et of D!‘) are based on DL(e.g. a animal that eats both plant and animal is inferred
therefore, all inferences available in an OWe oOr {5 the omnivore class).nference rulesvere then applied
OWL DL ontology can be computed using the reasoning, getect a problematic area basedttm use ofthe two
engine. ~ Ontologies in OWL Full, however, aré o,y pleaching metricsSST+ and DHB.  The rules
decidable, and have insufient application reasoning inferred any instances of a particular reef to belong to a
support available.  Therefore, to maximise the fullyieqorised bleach watch class automatically. To
richness of using logic systems to automate the reasonijjgsrate a simplified rule, written in Semantic Web
and inference functions, the ontology design within thig, ,eq Language (SWRLYo assesthe SST anomaly and
project are maintained in OWL DL or Owl Lite. the presence ofooxanthellaein the coral species (i.e.

3.2 The Work Flow Component hermatypic) was as follows:

Environmental_Element(? x) A
In this application, we use Kepléhtkinson et al., 2007) Coral_Reef(?2) A
to automaticallyprocess raw data, and pass the results hasEnvironmentOf(?  z,? x) A
onto the ontology.Scientific workflow technologies and SST _anomaly(?x, ?anomalyTot ) ~
tools, such as the Kepler system used here, are adaptivevrib:greaterThan(? anomaly Tot, 2.5) ~
software programs to capture complex analyses in a flogrib:lessThanOrEqual(? anomTot,3 .5)
of which the datas taken through one analgdl step Coral(? y) ” hasPart(? z,? y) *
after anothefAltintas et al., 2004) It provides access to isHermatypic(? v, true) A
the continually expanding amount of geographically Y
distributed datarepositories, computing resources, and Category_ 3_Bleached_Reef(? z)

workflow libraries. , m The ability to infer a bleaching alert autonomicatligich
Currently, the processing capabilities of the expefhaiched the historic outcomes for that reef and timestamp
system are being tested to infer a coral bleach warnigified a successful te@¥yers et al., 2007a)
with Sea Surface Temperature (SST) dafae data used |t myst be noted that bleaching is not uniform, but
includes spatid data from the. National Oceanic andinstead ocas in discreet reefs across the many that
Atmospheric - Administration (NOAA) (Gleeson and comprise the GBR, not to mention other reef systems
Strong, 1995)and real time SST data being streamed, o ng the world. At present there is still only a limited
directly from the Davies Re@BROOSsite (Kininmonth nqerstanding of the causal factors of bleaching, although
et al, 2004) Each workflowstep is represented by ageq temperatures are clearly involveSince the initial
Keplerfi a ¢ 1 Anrexampleworkflow would be to create gjigation exercise, a richer set of ontologies have been
an actorto tag streaming data with a URhenmap to the  geyeloped and are described herein. These ontologies
OEnviroBmement 6, wiichtimmllidesy § |epresent the functionality and complexity of a coral reef,

6Temperchanssed wNetworkToeSremesroarhdy fify O the  composite population of the reef
and 6 jsatial Temperaturésubclasses.The actors would community human inflence contributors

then be directed topopulate the 6 Sensor  Nebdthmiks, bathometry, environmental factors,
Temper at urinstancesomtha slae/ime and 5mongmanyothers. The design is modelled in a bottem
temperaturedata type propeytvalues The workflow up fashion, from light to heawyeight ontologies;

actors wouldalso compute menial operations such agperefore, witheach level of granularity, thadividual
determining the SST anomalwhich would be passed t0 oo|ogiesaredesignedo serve anore specific purpose.
aninstance of the oNamed ggngais ndGuRr dpprofcharéulabiftySis hfBrfed,v 2 ! U

of the. appropriateroperty. , , .. where the knowledge being sought or the hypothesis
Ultimately the knowledge base will be filled with being posed will determine the choice of which
relevant data from diverse sources on real time sa“nitéfntologies to utilise.

CQ,, pH levels, bathometry information, standing stocks,

etc. Where lnowledge may then be derived from the data Ontologiesto represent anyReefEcosystem
by questioning for semantic correlation and analysis

through the utilization of logic systems, such as DL and.1 The Importance of the Open World
inference rules, from within the ontology (refer Fig@je Assumption

By inferring patterns from data, guguestions may help

to inform research scientists on many issues other th
coral bleaching events, such as rising acidity, crown

thorn starfish outbreaks, etc.

Semantic technologies can be used to better model the
W&rld as it is currently known, as there is support for
dded flexibility through theDpen World Assumption
(OWA). The OWA means what cannot be proven to be
true is not automatically false, it assumes that its


http://en.wikipedia.org/wiki/Zooxanthellae

spe W flexible modifications inlieu of new
/\ °“t°|°gy I'QUSlellty developments isery important. The

Domain task Ontologies OWA allows for a certain degree of
: Sl orinforkowiedo flexibility when applying queries
GBR.owl across domains where not all is
explicitly proven knowledge An
OWA is considered implicjtthat is,
every tuple not explicitly contained in
the ontology is implicitly assumed to
represent a fact that is unknown, rather
than false.

or reef with inf rules to p

Reef Functions.owl
Toplevel domain ontelogy defining allgeneric reef functions and relationships

4.2 The bottomup design
methodology

Concepts can be modelled through
ontologies in avariety of ways and
varying degrees of granularity. The
most common types of ontologies are
the general or common ontologies,
top-level or uppeievel ontologies,
Figure 3i The bottom-up ontology desigri from light weight to heavy domain ontologies, task ontologies,
weight. domam"task onto'loglles, me’ghod
o ontologiesand applicatin ontologies
knowledge of the world is incomple{éorrocks et al., )| serving different functions. The type of ontology to
2003)  Therefore, what is not stated is consideregyjd is determined purely by the extensibility and
UnknOWn, rather than wrong, it Slmp|y assumes the eXt@(pressiveness requir,edn Conjunction with what
information needed has not, as yet, beeneddb the jnformation or knowledge the ontology is designed to
knowledge basgRector et al., 2004) produce. The more complex thatology, the higher the

Science, in general, moves forward by maintaining agstriction on flexibility and reusabilitgGomezPerez et
OWA, that is, nothing is false until explicitly proven thus.5), 2004)

data bases are required to maintain a closed wordosystemsit became apparent the use of a singular top
assumption, that is, everything that is known about thgswn, large ecosystem ontology would not be simple to

world exists within the boundaries of the data base. Thigeate, implment nor maintain as the number of

creates a mismatch between the researchers needydfiables and mukscale relationships are immense.

remain open tonew discoveries and the currentther ef or e, a 6mix and matcho
technological capabilities for flexibility and scalability. ¢ e s j gn is adopted withThen thi s

When there is a change in relationships within @ecisionfor this design methoeimed to maximise he
conceptual world due to a new discovery or fattich is  advantages the Semantic Web technologies offers, such
quite feasible in a marine biology domamedifications zg flexibility, scalability and rich computer
to these relationships can be easily accomplished in OWjaderstandable descriptive languagdat is the main
ontologies, as they are designed with an OWA. F@jntologies within the project were segmented in a
example, describing the makeup of a particular regf b o tut podm desi gn met hododrtogy,

Reef_Trophics.owl
Heavy Weight

sa|Bojojuo ysey arendod o3 Hoduw|
Import to populate task ontologies

General

Reef.owl Light_Enviro.owlf§ Chemistry.owl J|Temperature.ow!
basic taxonomy | basic ontology basic ontology [ Basic ontology:

includes statements such as available for importation and 1esability of predefined
Davies_Ree$ 3 ontologieswithin OWL was employed The current set
hasCoraB FavitesS of ontologies shown in figure 3, consisof reef and
hasCorah Porites environmentalinstance taxonomies at the lowest layers,

Where a query of whether Davies Reef contains anwhich import to heavieweight DL trophic layer and
Acropora would return an unknown. It is assumed in agnvironmental element ontologies, for richer relational
OWA, that not all is known of the world, therefore unlesslescriptions. Complexity in relationships is adcsd
there is a statemen tiesRdefa teacle ighleri levelt thrpughl e c dpetifidonsaintask a v
hasCoral— 3 Acropor ab t he r e amntologesn a thee highésn layer. w iDependant on the
conclude there may be Acropora, it is just not assertedypothesis to be posgthese tasispecific and method
Where the same query run in an environment thahtologies will employ all, or some, of the general and
supports the closed world assumption (CWA), such @omain ontologies beneath.  Where finally, finely
relational databases, the result would the negative detailed inference rules can be written to the system, as
statement that Davies Reef does not contain Acroporaropositions, to infer conclusions about a specific issue
where in reality it does. on a particular reef, regardless of location, as the re

In the marine biology domain there is a great need fasable ontologies can be populated with instance data
multi-scalability ~ As the relationships within an pertinent only to that localée.g. coral spawning events
ecosystem can change depending on research findirgsthe Moorea Island reefs in French Polynesia coral
and/or defeasible current knowledgéhe capacity for bleaching watch othe GBR in Aistralia).
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Figure4i The i nferred relationships after c¢cl assi f

complex environmental ontmy, which explicitly

4.2.1 The light-weight ontologies defines the relationships between the elements, for
The bottom level reef ontology is designed for maximuriinstance certain domaspecific metrics such as DD
reusability. It describes a taxonomy written in O\Mte ~ This effectively separates the instance data from the
that lists the vocabulary of the coral reef domiaiboth  logical descriptions, supporting the goal of reusability, as
scientific and common names. The only comiats used the envirmmental elements will be different dependant
for this hierarchical classification level are the on time and location.
owl:equivalentClass, which explicitly states the equality . .
relationship between the phylum and family names witf}-2-2 The heavyweight ontologies
the common names. Adding in the structured scientifithere are many principles within the Semantic
names as well as the commmames will allow for technology standards that must be adhered to in order to
flexibility in the disparate datasets used to populate th&mnploy all of the complex logic levels available within
ontology with standing stock. That is, accessinthe languages and current tools. For example, in order for
prewritten species databases that are listediffierent the ontology to remain straightforward, for reasons of
perspectives (i.ecommon namesersusphylum, etc) reusability, without the added complexity of the logic
will be incansequential, as theeasoning engine will systems, it is prudent to maintain a lightweight taxonomy
subsume instances to multiple superclas§es example, (i.e. written using RDF o©OWL-Lite). This limits the
&caridaé in one databasesuch as the CSIRO Datareasoning ability by the classifierdo automate the
Centre(CSIRO, 2008)might bed p a r r i tarfothes h ibferred subsumption of classes and/or instances, as the
where upon classificatiornthe instances will belong to richer descriptions of concepts using axiomisations,
both classes automaticallyBridging different schemas quantifications available in DL, are navailable at this
imperative as anyconclusionsshould be based on all level. Therefore when describing the intricate, multi
relevant, available dataln addition the end users scale relations involved in a coral reef ecosystem, one
perspectives, needs and knowledge of the doraaththe s u ¢ h exampl e being t he 60 Hu me
types of queries and inferences requiralld be vastly ( Fi gur e 4) or the Re-Bfwadr ophi
differentor unknown, at this time. used.

The three main quantifiable environment elememés Engineering an ontology to describe ramminfluences
the temperature regime, water chemistry and light quantan coral reefs is not a trivial task, especially when
These elements amepicted in common ontologies for designing for scalability and flexibilitio allow for future
access by the Kepler workflow in order to populate witlinknown queries, propositions or additionSoral reefs
temporal instancessuch asthe SST, nitrogen levels, or can be affected by a variety of human influenegsich
pH reading at a given timestamgken from the can becategoised asbiological, physicalor chemical
GBROOS sensorandor salinity from the Australian The 6 Hu ma n _ | noftblogye was éaéhioned as a
Bureau of Me t e o r(@BROQSy #0687, mBdiriderisistingkofoccurrence and the levels of severity
BLUEIink, 2008) Upon population, lese lightweight for each of these influence typesthe main factors of
ontologies can then all be imported into the moreachinfluencetype are intensity, frequency rad extent



Figure 57 The hierarchical import methodology

which were expressed so each instance could be

categorised and subsumed to a degree of eftent 5 An Example Hypothesis

minimal to maximakeverity The capability of validating ecological hypothesises
Specifically, the ontensity) , requéncy a nadross wide geographic domairege still mostly in

61 nfl uendassesToyfpe® he 6 Hu ma development stagascToed KR system described here

ontology were crgad as enumerated classes. Whereould enable such propositional testinigy using

6l ntensityd anfiled éithringigiduasn Sgngantigweb &ules Language (SWRLerence rules.

from low to high, and thénfluence Typed ¢ | a s $he dpaain task ontologies are introduced, at the highest

filled with predefined individuals obiological, physical level, to perform tasks such as these types of queries or

and chemical Subsequentlythe minimal to maximal proposing hypotheses, for any reef, with any mix of

affectswerecr eat ed as subcl asss#anding f slogkf | eppesitien, E xhydeodypagics,

where class axioms ofnecessaryand necessary and environmental elements or exbal human influences.

sufficientconditiors wereexplicitly statedto allow for the By importing all, or a subset of, the other ontologies,
automated reasoning (Figure 4fFor example, to belong rules can be designed iasluctive, deducive, reactive or
to t h e ChericalsBiologiah Affect Bad |, pgoduction rules. For instancexploring the unknown
subclass of O6Maxi mal _Af f ecasud effe¢tse of caeprald hleachingn eveneould bee :
Chemical_Biological_Affect_Bad researchedthrough inductive reasoning. Where, by
hasHumanInfluere3 Biological_Influence posingantecedentthatare believed to be responsilfite
hasHumanInfluere3 Chemical Influence the occurrencevould produce a conclusion which would

allow for the proving or disproving of the hypothesis by
observation(Figure 5) For examplethe following basic
inference rule checks for any instances that have a higher
than average SSTsalinity level and whethethere is a
human influence involvedyhich isdredgingin this case
Coral_Reef(?z) A
Environmental_Element(? x) ~
hasEnvironmentOf(? z,? x) 7

hasHumanInfluere (Biological_InfluenceS
Chemical_Influence
hasInfluenceTyps Biological
hasInfluenceTypé Chemical
hasFrequencyGf High_Frequency
HaslIntensityOf High_Intensity

On populating the Influence class with instances

properties such as éhaslnthgﬁe%ﬁLn%qe (2 igzaefL%)a)asFreQUencyC

tude (’72 eefL

are filled dependant on the pprocessing triggers from

. SST_anomaly(?x, ?anomalyTot ) ~
:jhet Kepler dworkﬂct)r\:v (et.ig a highly fr?q(;‘e".‘t vall:;ncan IOeswrlb:g;;reaterThan(’? anomaly Tot, 2.5) ~*
etermined as the is_presented in redme). swrlb:lessThanOrEqual(? anomTot,3 .5) 7

Therefore, following classification bythe reasoning
engine all influence instances (such as a dredging,
scientific experiment, pollution, flumes, etc) will be
automatically categorised to the severity of the affect.

Coral(? y) ™ hasPart(? z,? y) *
isHermatypic(? v, true) A

hasSalinity(? X, ?salinityPcnt) »

swrlb:greaterThan(? salinityPc  nt, 42) »



