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1 Introduction

The White-tailed Deer/FloridaPantherModel presentechereinis one componentof the
ATLSS family of models(AcrossTrophic L evels System Simulation for the Everglades
andBig CypressSwamp)[2]. ATLSSactvities arecoordinatedyy the NationalBiological
Suney (NBS). Thegoalof ATLSSis to provide atotal ecosystenapproacho the complex
ervironmentalsituationin SouthFlorida. One of the objectvesof ATLSS s to provide
a framework for analyzingthe effectsof alternatve watermanagemengcenariosn South
Floridaonthelong-termpopulationdynamicsof key biotic component®f thesystem.This
objective is beingaccomplishedy producinga seriesof modelsat varioustrophiclevels,
with the capabilityto integratethesemodelsacrosdevels. Modelsfor component®f the
lower trophiclevels(e.g.,periphyton,aquaticmacrophytesgetritus,zooplanktonandben-
thic insects)will be ecosystenprocessmodels. Age- andsize-structureanodelswill be
usedfor the intermediaterophiclevels (e.g.,macroirvertebrategndfish). Modelsfor the
large consumerf the systemwill be individual-based.In additionto white-taileddeer
and Florida panthey individual-basedspatially-explicit modelsare being constructedor
the Americanalligator andfor several wading bird species.Integrationof ATLSS model
componentss coordinatedy theInstitutefor EnvironmentalModelingat the University of
Tennesseayith supportfrom EvergladesNationalPark (ENP)andNBS.

A spatially-explicit modelis grid-basedwith thelandscapesubdvidedinto spatialcells.
Within this spatialgrid, individual-basednodelstrackthe statesf eachindividual within a
population.Eachindividual hasa stateconsistingof its location,gendeyage,bodyweight,
etc. Decisionrules,which are a function of the statesof eachindividual, determinehow
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individualanimalsmove acrosshelandscapeinteractwith oneanotherandrespondo their
environment. The DeerPantherModel also containsstochasticcomponentsn behaior
decision-makingFor example, whenafawn is born,thereis a 50/50probability thatit will
bemale(or female).The probabilitythattwins will bebornincreasesvith the healthstatus
of themother

Two adultfemaledeerhave the samedecisiontree of behaior rulesin the model, but
becausef differencedn individual characteristicssuchas health,reproductve statusor
locationon the landscapethey may behae differently The healthstatusof anindividual
reflectsits history of weight gainandlossduring the simulation. Two individualslocated
on differentpartsof the landscapeandthusconfrontedwith differentlocal conditionsfor
ervironmentalvariablessuchaswaterdepthandavailablebiomasswill in generabehae
differently evenif all other statecomponentof the individuals are the same. Individu-
als mateat differenttimes, consumediffering amountsof forage,andgain or lose weight
dependingonlocal forageavailability, individual bioenegeticstatus andstochastidactors.

2 Study Area

Thelandscapef SouthFloridais coveredby a complex mosaicof vegetationtypes. The
currentdataon vegetationdistribution usedin the DeerPantherModel is the SouthFlorida
portionof the FloridaDepartmenbf TransportatiofDOT) vegetationmap,whichis based
on satelliteimageryat 30-mresolution.The mapincludestwenty-two vegetationtypesand
coversabout10,000mi?. It will be updatedsoonwith a post-HurricaneAndrew vegetation
mapdevelopedby the Universityof Geogiaandthe NationalPark Service.Themodelarea
for the DeerPantherModelis currentlyrestrictedio the areafor which hydrologicdataare
available, cutting off the portionwestof U.S.29 (which includesFakahatche&trandand
the Florida PantherNational Refuge)but encompassingnostof SouthFlorida from Lake
Okeechobeeén the north to Florida Bay (about7,500mi?). Whenthe westernregion is
addedo the hydrologymodels this areawill beincludedin the DeerPantherModel.
Major areaf interestfor themodelare:

e Big CypressNationalPresere,composednainly of cypressswampmixedwith pinelands,
marsh,andhardwoodhammock(700,000acres).

e EvermladesNational Park (ENP) to the south, extendinginto Florida Bay (about
1,500,000acres). The freshwater systemsof ENPF, consistingmainly of savgrass
marshewith cypressandbayheadsarecurrentlyincludedin the modelarea.

e WaterConserationAreasl, 2,and3 (almost900,000acres).Thesearelargeatrtificial
impoundment$ormedin theearly1960sto preventflood anddroughtin agricultural
andurbanareado the northandeastof the Everglades.

The mostprevalenthabitattype is freshwater marshand forestedwetlands,occurring
throughouthe centralEvergladesandBig CypressSwamp. Thetreeislandsandhardwood



hammockswhich are interspersedhroughoutthe wetlandareasare importanthabitatfor
deerand panthersproviding beddingsitesand high groundduring the wet season.They
provide escapecover from huntersand predatordor deerand hunting cover for panthers
[6].

Theterrainof the studyareais almostflat. Elevationsrangefrom 10-min the northto
1-min the south,slopinggraduallyat a rate of only a few inchesper mile. Meanannual
rainfall in thestudyareais about55—-65inches but amountsashighas120incheshave been
recordedin wet years. Eighty percentof the rain falls during the wet seasonfrom May
to October while the dry seasorhasmoderatetemperaturesnd little rainfall. Seasonal
changesn vegetative component®f ecosystenstructureandfunctioningaredrivenmore
by rainfall thanby temperaturer photoperiod3].

3 Mode Components

The DeerPantherModel hasfour maincomponentshydrology vegetation,deer andpan-
thers. Figure 1 shawvs how thesecomponentsnteract. Hydrology inputsdrive the model,
influencingvegetationgrowth andrestrictingmovementfor deerand panthers.Deercon-
sumeavailablebiomassandsene asprey for panthers Pantherpredationis a majorfactor
affectingdeermortality.
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Figurel: PrimaryComponent®f DeerPantherModel

TheDeerPantherModelis coupledto PV-WAVE, a softwareapplicationfor visualrep-
resentatiomndstatisticalanalysisof data.Model outputscanbedisplayedduringexecution,
or statescanbe saved at specifiedtimesduring a simulationfor staticdisplayandanalysis
atalatertime. Thecurrentrun-timevisualizationpaneldisplaysfour spatialmapsshaowving



daily changesn water depth,biomass,and deerand pantherdistributions over the land-
scapeasthe simulationprogressesThe usercanspecifyadditionaloutputsfor display In
staticdisplays,the usercanchooseary two regionsfrom the map anddisplay histogram
plotsfor comparisorof deeror panthercharacteristicssuchasgenderratios,ageor weight
distributions,reproductve statusor recruitmentratesbetweerthesetwo areas.

A modelinterfaceis being developedwhich will allow the userto vary modelinput
parameterandto specifywhich outputswill be savedfrom a simulationfor lateranalysis.

3.1 Hydrology

Waterlevel inputsto the modelarederived from eitherof two hydrologymodelsfor South
Florida, developedby the SouthFlorida Water ManagemenDistrict and EvergladesNa-
tional Park [1].

1. The SouthFlorida Water ManagemenModel (SFWMM) simulatespresentday hy-
drology, with all thecanals]evees pumps.andothercontrolstructuresn place.

2. The NaturalSystemdaVodel is a versionof the SFWMM with control structurese-
moved. It givesan approximationof the hydrologicpatternsof anunmanagedEver-
gladesecosystenty simulatingoverlandflows.

Both hydrologymodelstake asinputselevationandhistoricaldaily rainfall andevapo-
transpirationdatafrom the period 1965through1989. Both outputdaily waterdepth,but
averagedveekly and monthly datahave alsobeencomputedo provide a choiceof inputs
to the DeerPantherModel. When outputsfor the two hydrologymodelsare compareda
substantiatlifferencein the quantityandtiming of flows is evident,consistentvith charac-
teristicsof the naturalEvergladeswhich hadmorewetlandareasjongerhydroperiodsand
deepepondinglevelsthanthe present-dagystent1].

The level of spatialresolutionfor elevation input andfor waterdepthoutputfor both
modelsis 2-mi. x 2-mi. This scaleis too coarseto be usefulin modelingindividual animal
movementsor predictingvegetationgrowth at the 100-mscaleof resolution. To generate
water level heterogeneityat the 100-m level of resolution,water depthoutputsfrom the
2-mi. x 2-mi. cells are redistrituted to 100-mx 100-m pixels, basedon expectedrelative
depthsfor thevegetationtypesrepresenteth each2-mi. x 2-mi. cell. Thisresultsin a 100-
m resolutionmapwhich approximateshe waterlevel at eachvegetationpixel.

3.2 Vegetation

Theshort-termobjective of the vegetationsubmodels to provide spatialandtemporalvari-
ationin availableforagefor the deerherd. Becausdhe modelareainvolvedis large, the
model emplgys habitattype mapsat two spatialscalesof resolution,500-m and 100-m
which areaggreationsof the moredetailed30-mDOT vegetationdata.Availablebiomass
valuesarealsocomputecdat thesetwo scales.



Tablel: ThreeQuality Classe®f Vegetation

Class CaloricContent| Quantity
Description (kcal/kg) (kg/ha)
1-Highquality forage 1800 2-10
2—Mediumquality forage 1200 4-40
3—-Low quality forage 800 unlimited

Threequality classe®f biomassaredefinedfor deerforagingbasedon caloric content
(Table1.) In the model,the amountof biomassin eachforageclassis updateddaily for
effectsof foragingby deerandat 1, 7, or 30 dayintervals (dependingon the updateoption
chosenyor effectsof seasonalegetationgrowth anddeteriorationDeerarevery selectve
feederd4]. They searchor plantshighin proteinandcaloric content,andeatall the high
calorieforagethey canfind beforethey turnto forageof alower quality.

Classl foragewill sustaina high demanddeer suchasa pregnantor lactatingfemale.
Class2 foragewill provide enoughenepgy for an averagedeerto maintain,but not gain,
weight. Class3 forageis unlimitedin quantityfrom the point of view of the deer but the
caloriccontentis solow thatit cansatisfyonly about80%of anaveragedeers daily enegy
needs. If only Class3 forageis available for an extendedperiod of time, deerwill lose
weightandeventuallydie.

A more complex vegetationcomponentwill be developedover the next two yearsto
provide the modelwith a greatercapabilityto predictvegetationresponseo naturaldistur
bancesand changesn hydroperiodand nutrientavailability. Separatesubmodelswill be
incorporatedo provide fine-scaledregetationresponseto fire, freeze andhurricanes.

3.3 White-tailed Deer

The white-taileddeeris the largestherbivore in SouthFlorida. Deerarea major sourceof
prey for theendangere&loridapantherandthey arealsopopulargameanimals.

Thedeercomponentf the ATLSSDeerPantheModelis drivenby hydrologyandveg-
etationinputsandis coupledto the PantherSubmodeko simulatepredatotprey dynamics
(seeFigure 2). Waterlevel and biomassdataare provided for each500-mx 500-m and
100-mx 100-mspatialcell by the hydrologyandvegetationsubmodelsat daily or weekly
internvals,dependingon thelevel of detailneeded.

At the startof a simulation,eachmemberof the deerpopulationis assignead statecon-
sistingof individual characteristicsvhich areupdateddaily throughoultits lifespan. Some
of theautecologicatharacteristicsnaintainedor eachindividual arelocationin the study
area,age,genderweight, maximumweight ever attained reproductve status,andparent-
offspring relationships.For a given simulation,the deerpopulationcan be initiated with
randomlygeneratedbcationsandpre-determinedenderandage-classatiosor with distri-
butionsandindividual statessavedfrom a previoussimulation.
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Figure2: Structureof DeerComponenbdf DeerPantherModel

Deerforagingandgrownth are modeledon a daily basis. Growth is a function of deer
weight, caloric intake, andenepgy expendituresassociateavith maintenancetravel, graz-
ing, andreproductionWeightgainor lossonagivendaydepend®nwhetherenegy intake
from foragingis greateror lessthanenegy expenditurefor the day. Reproductre success
depend®on stochastidactorsandon the healthof the female,asdeterminedy comparing
herpresenteightwith hermaximumweightever attained.

Two spatialscalescorrespondindo strateic vs. tacticaldecision-makingare usedin
themodelto simulatedeermovementandgrazing.Strateic decisionsaboutwhereto forage
on a given day presumesomeknowledge of the landscapewithin a deers activity area.
Tacticaldecisionsarelow-level decisiongrelatedto wherewithin the choserplot foraging
actuallytakesplace. Deermove and selectfeedingsitesat the 500-mlevel of resolution,
choosingthe neares{(25 hectare)pixel with high-quality vegetationfor foraging. Oncea
pixel hasbeenchosendeerforageselectvely at the 100-m (1 hectare)evel of resolution
within that pixel. The maximumdistancedeerare allowed to move in a day differs for
bucks, does,anddoeswith fawns. Deerare limited in their movementsand food intake
by waterdepth,with this restrictionalsodiffering for bucks, does,andfawns. Stranding,
an importantsourceof mortality for deerin somepartsof the Evergladesduring the wet
seasonis simulatedat the 100-mlevel of resolution.

Male fawnsdispersdrom themotherslocationat 18 monthsof age while femalesmay
staywith the motherin family groupsfor mary yearsif food is plentiful.

Mortality for deerresultsfrom stanation, predationor otherfactors.Stanationis iden-
tified by comparingeachdeers body weight daily to the maximumweight ever attained.
Deathoccurswhena deers weightdropsbelov 70% of thatmaximum. Predatiorby pan-
thersis a significantcauseof mortality in thestudyareaandin themodel. Whendeerareits



mainprey, a pantherkills aboutonedeerperweekto tendays. At this rate,40 panthersn
the studyareacouldtheoreticallykill about2000deerperyear Bobcatsanotherimportant
predatorof deerin partsof the EvergladesandBig Cypressarenot modeledasindividuals
atthistime, but areincludedin anaggreated‘other sourcef mortality”. Mortality from
roadhazardshunting,bobcatpredationjnjury anddiseasearetreatedasstochastienortal-
ity factorsin themodel. Risksfrom highway accidentandhuntingwill beassignedegion-
or pixel-specificprobabilitiesin the nearfuture whenthe addition of new maplayersfor
highways,landuse andregionalboundariegnabletheserisk probabilitiesto be assessed.

3.4 Florida Panther

TheFloridapantheroncecommonthroughouthe coastaplainsof the southeasterb/nited

States,is now an endangeredpecies. SouthFlorida containsthe last remainingpopula-
tion, estimatedat about30 individuals. Sincethe few remainingpanthershave beenso

intensiely studied,a fairly detaileddatabaseis availablefor the population. Becausehe

ATLSS DeerPantherModel is individual-basedthe panthercomponenttan make use of

muchof this autecologicalnformation,suchasthe gender age,weight, healthstatus,and

locationof eachpanther The modeloffersa choiceof optionsfor definingpanthermopu-
lation parameterst the startof a simulation. Initial conditionscanbe basedon empirical

datafor the existing population,or datafor a hypotheticalpopulationwith any pre-defined
setof characteristiceanbe used. By varying the autecologicatharacteristicef selected
individuals,theviability of differentreintroductionscenarioxanbeevaluated.

Oneof thecritical issuedor panthersurvival is theimpactof inbreedingn thesmallex-
isting population.Much is known aboutthe geneticmalkeupof individual Floridapanthers
andthedistribution of traitssuchascryptorchidismin the population.Sinceeachpantheris
simulatedhroughouits lifespan,the modelalsohasthe capabilityto includegeneticmark-
ersto simulatehereditaryphenomendor eitherthe existing or hypotheticalpopulations.
Reproductie historiesof individuals, including family treesof relationshipscanalsobe
tracedandsasedfor lateranalysis.

The panthersubmodelis coupledto the hydrology submodel,which provides water
depthsto the vegetationsubmodelwhich providescover, andto theindividual-basedleer
submodelwhich providesprey (Figure3). Pantherbehaior andphysiologyaresimulated
on a daily time step. Eachpantheris assigneda statewhich includesindividual charac-
teristics,suchas age,genderand weight; predationinformation, suchas numberof days
at adeerkill siteandnumberof dayssincethe lastdeerkill; andseveral genderspecific
variableswhich describeeachindividual’sreproductve status.

Pantheramove daily onthelandscapet the 500-mscaleof resolution basedon beha-
ioral ruleswhich specify:

e shortdistancdocal searchindor prey.

¢ intermediatescaleand long-distancanovementwhen local searchedor prey have
failed,with thedirectionof searctdependingontheindividual’s pasthuntinghistory.
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Figure3: Structureof PantherComponenbf DeerPantherModel

e remainingatakill siteuntil thedeerhasbeeneatenor hasspoiled.
e actiity of malesin searchof amate.

e dispersabf kittensfrom the natalrangeat 18 monthsof age.

Panthersare limited in their movementsand hunting effectivenessby water depth, with
differentrestrictionsfor males,females,andfemaleswith kittens. The maximumdistance
panthersareallowedto movein adayalsodiffersfor eachof thesecateyories.

To achieve a realistic distribution of panthersover the study areaand simulatesocial
interactionsamongpanthersthe modelmustincorporatea panthers avarenes®f the pres-
enceand statusof otherpanthersashe movesabouton the landscape.This canbe done
by simulatingscentmarkingby panthersasthey move. In the model,eachpanthemarks
spatialcellswith its uniquelD, sothatotherpanthergncounteringhis markcanidentify its
genderandreproductve statusfrom the mark. Movementandbehaior of eachpantheris
thenmediatedy thepresencer absencef foreignmarkers. Marksaredatedanddecrease
in poteng overtime. Theincorporationof scentmarkingin themodelstructures currently
ongoing.

Thereare no explicit movementor behaiour rulesin the model governing the size
or extent of anindividual's actvity area. Eachindividual's rangearisesnaturally asthe
resultof scentmarking, mating, and predationbehaior, which incorporatesuchfactors
aspantherpopulationdensity prey density topography hunting effectivenessand mating
considerationgto theindividual’s decision-makingprocess.

In simulating predationbehaior, the model assumeghat individual panthersknow
wherethey have beenandwherethey have huntedsuccessfullyf5]. By recordingfor each



pantherthe N-S andE-W offsetsfrom its startingpoint or centerandthe locationanddate
of deersitingsandkills, theinformationneededo incorporatehis remembrancef locality
into movementbehaior is madeavailable. Hunting successs largely a function of prey
density cover type and water depthin the 500-mx 500-m spatial cells. When deerare
available,they composeaatleast50% of thediet of mostFloridapantherg6]. Otherprey in-
cludeferal hogs,armadillos,raccoonsmarshrabbits,andoccasionallyivestock.A mother
with cubscanrequireasmuchas20,000calories/day This level of intake canbe achieved
only whena supplyof large animalsis availableasprey. Panthersrelying on smallerprey
for food are often unableto obtainsufficient caloricintake to reproducesuccessfully The
modelassumeshat, if deerarenot found, opportunistickills of otherprey will satisfythe
full enegy requirement®f a pantherd0% of thetime, with a smallerpercentagef enegy
requirementsuppliedthe remaining60% of thetime.

Eachday, the panthersenepgy balancas calculatedo determinavhetherit gains,main-
tains,or losesweight. Gainin weightis a function of currentpanthemweight,food intake,
andenegy expendituresassociateavith maintenancetravel, predation,andreproduction.
Reproductire successlependson stochastidactorsand on healthof the female,asdeter
minedby comparingherpreseniveightwith hermaximumweightever attained.

Panthermortality occursin the modeldueto stanation, intra-speciesaggressionacci-
dents,and otherfactors,suchas chemicaltoxicity and disease.As with deer stanation
is identified by comparingeachpanthers daily body weightto the maximumweight ever
attainedwith deathoccurringwhen70%of the maximumbodyweightis lost. Intra-species
aggressions a significantcauseof mortality in the SouthFlorida panthermpopulation.Pan-
thersfight over territory, sincesuitablehabitatis shrinking. Malesalsofight over accesso
femalesfor mating. Quite a few panthersarealsokilled on highways. Youngdispersing
malesoften go througha transientstagebeforethey are ableto establishtheir own terri-
tories. During this periodtheir risk of mortality from road hazardsand from inter-male
aggressiors greaterthanthatfor older, establishednales.Spatially-explicit mortality risk
from roadhazardsandfrom toxicantssuchasmercurywill soonbeaddedo the model.

4 Work in Progress

Themodelis still underdevelopment.The following capabilitiesareeithercurrentlybeing
incorporatecbr will beaddedn the nearfuture:

1. A spatialmaplayerrepresentingegionalboundariesor the publiclandsin the study
areais being added,so input parametersand outputscan be cateyorized by major
regionsin the studyarea. Thiswill facilitatethe inclusionof factorssuchasregion-
specificmanagemerpracticeshuntingregulations,andprey habitatenhancement.

2. A landusemapis beingaddedto complementhe habitatandregional information,
soareaxanbeidentifiedasagricultural,ranchlanddisturbedand, etc.

3. A highway mapoverlayfor spatially-eplicit estimationof roadhazardgor bothdeer
andpantherss beingadded.



4. Usinginformationfrom thesenew spatialmaplayers,morespatially-explicit habitat
preferencesndrestrictionsfor deerandpanthersanbeincluded.

5. A 100-mpseudo-eleationmapis beingcreatedor estimatingLO0-mresolutiorwater
depths.Thiswill replacetherelatve methodcurrentlyused.

6. Themodels capabilityto evaluatethe effectsof short-termdisturbancesuchasfire
andhurricaneswill befurtherdevelopedandenhanced.

7. Spatiallyexplicit informationon distribution of toxicantssuchasmercury which af-
fect pantherhealthand mortality will also be addedand coupledto a submodeito
analyzetoxicanteffectsonindividuals.

8. Themodelis alsobeingparallelizedon the CM-5 andthe MasRar MP-2 in orderto
decreasexecutiontime andto investigategeneralissuesinvolvedin parallelization
of individual-basedspatially-eplicit models.

The DeerPantherModel is constructedn a flexible format so that resultsof ongoing
researchnto deerandpantherecologyandbehaior canbereadilyincorporated.
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