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Myxomatosisin Australia

Introduction:

Highly adaptablédo its environmentthe Europearrabbitnow inhabitsevery
continentexceptAsia andAntarctica.lt is widespreadn WesternEuropeandNorthwest
Africa. It has recently been introduced to South America, North America, and most
detrimentalto AustraliaandNew ZealandIn a mostdevastatinglow to the continent,
the Europeamrabbitwasintroducedo Australiain1859by arich British landowner
named Thomas Austin. Innocently enough, longing for the hunting he missed from back
home,he bought24 rabbitsandhadthemshippedo his estatdn Australia.He setthem
loose on his grounds and proceeded to have some hunting fun.

Unfortunately for the continent, his lack of foresight brought both males and
femalesof the speciesOpengrasslandsplenty of food sourcesrapid breedingability
andfew predatoratthetime broughta wildfire effectin the spreadingof this population.

In Australia,therabbitis a pest,andit is from this effectthatvernaculaiEnglishadopted
the phrase, "breeding like rabbits."”

Because of its extremely high population--which has fluctuated, but has been
believed to reach almost a billion at one time--and indiscriminate eating habits, it has
continually decimated most of the local sheep and cattle's grass, it has turned once-
thriving sheepranchesnto wastelandsat onepoint cuttingwool productionin half.

Many otherplantspeciesandcompetinganimalshavebeendrivento the brink of

extinctionby therabbits'unstoppabl@appetite Selectivegrazingby therabbitshas

changed whole ecosystems and has contributed to soil erosion. Also, the rabbit has been
known to drive some smaller mammals (such as native mice) out of their burrows, helping
foxes (also recently introduced to Australia) catch these smaller mammals, hurting their
populationsNative wildlife hasalsobeenhurt by the poisonandtrapsleft outto catch
therabbits.

Severaimethodsf containmenhavebeenattemptedn the past150years.

Shortly afterits introductionin 1859andsubsequernpopulationexplosionwithin 50
years bountyhuntingof the Europearrabbitwasfinally implemented.

But in 1950 a highly lethal, rabbit-exclusive virus called myxomatosis was
discovered in Brazilian rabbits and was found to be lethal in European rabbits as well. The
virus waspromptlyreleasednto thewild in Australiaandeffectively spreadike wildfire
through mosquito and rabbit flea bites, and killed all but 0.2% of the rabbits.

This small percentage that survived built a resistance to the virus, bred like
rabbits,andpassedn theresistancéo the virus ontotheir offspring. The population
exploded again.

However, for a short period of time, a process called co-evolution was in place.
Therabbitpopulationbuilt up a geneticresistanceo thevirus, andthevirus evolvedinto
a less deadly form in order to preserve itself. Now, rather than killing 99% of the
population.anequilibriumeffectwasestablished Myxomatosisnow kills about50% of
susceptibleabbitsthatareinfected.

Eventually therabbitsbuilt up a muchstrongeresistanceandthe population
exploded once more as birth and survival rates increased. However, it is the temporary
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phenomenon of equilibrium that occurred that we are interested in studying and
portraying.lt showsthata populationexclusivevirus, evenonewith almost100%
fatality ratescanbe employedo dramaticallyreducean unwantedoopulationandplaceit
in a safe position without long term consequences. Even if this affect is often short lived,
asin the casewhenthe controllasteduntil themid 80's,it canbe employedto restore
equilibrium.

Thequestionalsorises,how long doessucha procesdast?

The Process of Model building:

The bare structure of this model follows the boundaries of a common epidemic
populationmodelwith a populationthatis dividedinto threeparts:thosewho are
susceptiblgo infection,thosewho havecontractedaninfection,andthosewho have
recovered from an infection, assuming that recoveries cannot be re-infected. Once this has
been created, then complications concerning resistance, varying death rates and increased
birth rates can be created in turn.

Therefore, the model began with a simple population model, which included a
birth rateanda deathrateto createequilibriumin population Assumethetotal
populationstartsat 5,000,000rabbits,just asa possiblestartingpoint. To achievethis
equilibrium, the birth and the death rate had to be set at equal values, of 5.5/12.
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survival r“at\e death rate
\ rabbits 1
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f births 1 ——~teaths 1
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Figurel: thepreliminarymodel. Whendeathrateandbirth
rate equaled each other, population reached stability

The secondstepinvolvedtheinstigationof a simplepopulationdivision basedn
stages of infection: a susceptible population, an infected population, and a recovered
population.But becausehe prospecof infectionwascomplicatedjt wasonly instituted
into the modelat smallersteps.Thereforeinfectedpopulationandits parametersvere
added first, and deaths because of infection were excluded to make sure the transfer into
infectedpopulationwent smoothly.
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Figure 2: Included infected rabbits. Death rate was reduced,
and eventually all rabbits become infected

All previous factors of birth rate and death rate remained constant, however their
contentsverealteredto compensatéor the newshiftstowardsinfected.Theresulting
graphshowedsusceptiblgoopulationtravelingtowards0 andinfectedpopulationrising
until it encompassedll of the populationthatdid not die of naturalcausesThis behavior
was correct, which therefore allowed the more complicated phase of adding recoveries,
infected deaths, and immunities.

Thesecondo laststepwasthe completedepidemicpopulationwithout levelsof
immunity factoredinto it. At this point, numberof contactsvasreducedrom 50to
thirty after more research was accumulated concerning the behavior of mosquitoes, but
thiswascompensatetbr by anincreasan transferabilitythatstill madesensewithin the
boundaries of nature. Also, because all healthy rabbits factor into the breeding population,
thetotal healthyrabbits(recoveredlus susceptiblejied backinto the numberof births,
ratherthanexclusivelythe susceptibleAs well, becausét is assumedhatthe rabbitsthat
survive myxomatosis are generally older, the death rate for recovered is set at slightly
higher.

The model still achieves a semblance of equilibrium in the short run. Total
populationdoesdeclineslowly, butfor now | overlookedhis becausét wasa very small
level of decline. The populationof susceptibleabbitsgrowssharplyatfirst, which
allows the virus to explode, sharply increasing the number of infected rabbits and sharply
decreasinghe populationof susceptibleNumberof recoveredabbitsgrowsslowly, but
once it reaches a significantly high level, all populations begin to level out at lower levels.
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Figure3: The modelis almostcomplete put the endresultis thatthe infection slowly decreases
the population.Thiswill bechangedvhengeneticresistancés addedto the model.

The matter of genetic resistance is complicated to install. Essentially, recovered
rabbitshavethe potentialto passsome of their ability to recoverthroughtheir genes,
therefore increasing th&ance that their offspring will also survive. This is significant
however. After several decades, 50% of infected rabbits survived rather than the mere 1%
attheoutbreak.

Theknowledgethatthevirus, too, decreasedh its fatality rateis complicated.
Therefore rather than include it in the time allotted, it can be included into rabbit
resistance.

Analyzethe conceptof resistancdy comparingthe numberof recoveredabbits
in the breeding population to the number of susceptible. Once the number of recovered
rabbitsreachesindsurpassethe numberof susceptibleNwhertheratiois greatetthan
1:1Na modifier to the myxomatosis death rate comes into play, slowly decreasing it as
theratio grows.By thetime recoveredgopulationreachesloublethatof susceptiblethe
myxomatosigieathrateis 90% of whatit usedto be.Whenit reacheshreetimes,the
deathratehasmovedto 50% of whatit usedto be.

resistance on myx
death rate

Suceptible Rabbits . recovered

. v S

ratio of recovered to suceptible
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Figure 4: The piece that creates the multiplier OresistanceO
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Figure5: A sectionof the multiplier graphfrom 1:1to 3:1, showinghow the effecton
Myxomatosisdeathratecausest to decreasegventuallyendingat.500

Thenextsectionwill discusghefinal productwith the additionof the multiplier.

The Finished Model and How it works

The final model works on the premise of three interacting stocks, each
representing pieceof thetotal population thosethataresusceptibldo infect, thosethat
have become infected, and those that are recovered from infection.
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Figure6: Thefinishedproduct.

Thefirst section(referto figure 6) is thatof the susceptibleThis segmenbf the
populationhasasingleinflow of births,andtwo outflows.Oneoutflow is for natural
deaths (it is assumed that some rabbits live their whole lives without getting infected by
myxomatosis, especially in the beginning and ending stages of the virusO introduction).
The other outflow includes the rabbits that catch the disease, therefore traveling from the
susceptiblgoopulationto theinfected.Whenrabbitsarefirst born,theyareautomatically
susceptiblgo the diseasethereforea birth inflow only makessensettachedo
susceptible.

Fourfactorsmakeup theinflow of birthsto the susceptiblgoopulation:the
numberof younga rabbitproducegeryear,the numberof rabbitsthatreproduce
(consistingof susceptiblglusrecoveredgopulation),andthe knowledgethatnotall
youngborninto thewild surviveinto adulthood.Thefourth factoraddressethe
assumptiorthat half the populationis female.Deathrateis simply how manyrabbits
will die per month.

New infectionsdependon four factors:therateof transferability(how virulently
the disease will pass itself from victim to victim and how able it is to take hold), the
numberof contactghatthe diseasanakesperyear,(thediseasas passedn through
mosquitoes which have a very short lifespan, therefore each mosquito is considered as a
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OcontactorO of the disease, and each contactor can only make so many contacts in one
yearwith sucha shortlifespan),the numberof infectedrabbitsto passthe diseaseand
thelikelihood thatthe contactwill bewith a susceptibleabbit.

Thoserabbitsthathavemovedinto the infectedstocknow havetwo possible
outlets,theycaneitherdie of the diseaser they canrecoverfrom it. Thesetwo thingsare
dependant of one another, obviously. Over time, the percentage that die declines, and the
percentagéhatrecoverincrease$o compensaterlhisis simpleto state but difficult to
accomplish.

Initially, the disease killed 99% of all its victims. Survivors of the disease do not
necessarily pass any kind of immunity to their offspring, but there is a greater degree of
evolutionary resistance. Implementing a resistance factor was accomplished by creating a
comparison between recovered rabbits and susceptible. Naturally, as the number of
recovered rabbits begins to outnumber the amount of susceptible, the general population
will evolve into a more resistant one, as the virus kills off the weaker rabbit.

The normal values of death and recovery were initially set at 98 and 2,
respectivelyTherefore,98 multiplied by theamountof infectedrabbitsdie, and.02
multiplied by the infected rabbits recover. A graphical multiplier converter was designed
by settingup aratio of recoveredo susceptibleThis multiplier wasinactive,setto one
until theratio of recoveredo susceptiblegabbitsbecamegreaterthanone.At thatpoint,
the multiplier decreased at an increasing rate, though very slowly at first. This multiplier
reduces the myxomatosis death percentage, and factors back into the recovery rate to
increase the number of recovered rabbits.

Finally, recovered rabbits are most likely older, and by the time they reach this
stage they are more likely to die, therefore a new higher death rate is created and attached
to the deathoutflow.

The Model Feedback & Loop Story

There are a number of feedback loops, both reinforcing and balancing at work in
this model, some working to counteract each other. Each stock in the model involves one
loop thatactsto increasat, andonethatactsto counteractt, andthusactxasa
controlling agent. The behavior of this model comes down to which loop will dominate
theother.
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-ﬁ’g Loop 3 (Infected counteracting feedbach’)
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Figure7: A primarybalancingfeedbacKoop thatactsto
counteract the growth of the infected population

As the number of infected rabbits increase, the number of new infections increase.
As new infections increase, susceptible rabbits decrease. This decrease increases the ratio
of recoveredo susceptiblewhichincreasesheresistancéo thevirus. This resistance
increases the number that recover, which acts to decrease the overall number of infected
rabbits.In this way, the processounteractstself.

However,aswith all piecesin this model,thereis anelementhatopposeshis,
onethatreinforcesthe growth of the infectedpopulation Essentially uncheckedthis
loop would attemptto causethe exponentiaincreaseof infectedpopulation.

As theinfectedrabbitsincreasesodo the numberof newinfectionssimply by
procesof interaction.More infectedbeingpresenin the systemincreaseshe numberof
contacts. But as well, the increase in infected rabbits acts to reinforce itself through other
partsof the model,asshownbelow.
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ﬁ Loop 4 (Infectad reinforcing feedback)

Infected_Rahhbits
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Figure8: An exampleof a primaryloop thatactsto reinforce
the infected rabbit population

In thisloop, astheinfectedpopulationincreasesthe numberof rabbitsthat
recover also increases. As recovered rabbits increase the total population of healthy
rabbits can produce more offspring, therefore increasing the number of births. New births
flow into the susceptiblestock,which increaseshe probability of meetinga susceptible,
which then comes back to increase the number of new infections, and following, the
number of infected.

For every stock value there are several feedback loops at work, the two described
arejust someexamplesof importantoneswithin the system.

Thesefeedbackoopsareimportantto the systemasa whole becauseheydictate
the natureof growthwithin thethreedivisionsof population.Overtime, differentloops
havedifferentstrengthsinitially, thereinforcingloop for infectedpopulationis very
strong, which is why there is such an initial climb in infections and reduction of the
overall population. But as time proceeds, the balancing feedback loops gain momentum
and overcome those that reinforce, allowing for a reasonably stable population.

By examining this feedback we can see how the initial chaos of introducing a virus
into the systemactuallyprovidedstability in thelong run. The populationclimbs
drastically,thenis decreasedrastically,but throughthe varioustypesof feedback
eventuallylevelsat anappropriateamount
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The Model Boundaries

Major Assumptions: In orderto makethis modelsensible somedatahadto be
manufactured or assumed. For example, it had to be assumed that 50% of rabbits born
into the wild die before they are reproducing age. Deviation to this number often resulted
in uncontrollable and irregular growth.

Also, the number of contacts made had to be calculated from bits and pieces of
information about the nature of disease and the nature of its carrier. Since the virus is
passed through an insect host, research was conducted analyzing mosquitoes to determine
their behavioral patterns exclusive to certain regions. In some regions mosquitos live
longer than others, therefore, assumptions had to be made about their life span, breeding,
and feeding habits.

The number of rabbits per reproducing female also had to remain very small, much
smallermostlikely thanis plausible. Otherdifficult adjustments$o deathratesand
infection rates should be made. Because of time restrictions in the creation process, | was
not ableto takeinto accountadjustmentshatwould havebeenmadeby natureto birth
anddeathratesdueto overpopulationthoughthis wasquite animportantfactor.

However, this was not the exact behavior being studied, therefore it was compensated for
by simply reducingthe birth rateto a suitablelevel. With moretime, perhapghatfactor

could be taken into account and could aid in population control, because it is quite a
realistic one.

Choice of Time: Time specsareadjustedo fit the parametersf theyear.The
virusitself wasintroducedn 1950andin approximately380 yearsit hadlostits
effectivenessHowever,for thosethirty years,the populationwasin quitereasonable
control. Therefore time specswerere-adjustedo fit thistime span.

Model Testing

Forthis modelto work effectively,it neededo showgraphicalbehaviorthatfit
expectations. Susceptible population should explode initially, and then be reduced
drastically in accordance with the sudden explosion of the infected population. Infected
however should also quickly be reduced after its initial explosion with the added effect of
a very high death rate and increasing number of recoveries. Recovered should grow very
late and very slowly, and then reach a level amount around the same time in which the
othertwo sectorsof the populationlevel. This wasaccomplishedandreaffirmedby the
graphical results:
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Figure9: Thefinal graphicalanalysisshowingthatthe modelaccomplishinghe desiredstabilization

The slight increase in population after it has reached stabilization actually makes
moresensean this case.Therabbitpopulationdid beginto reacha pointatwhichit was
out of controlaroundthetime periodof 30 yearsafterits introduction.As this graph
shows,populationgrowthratebeginsto climb justasit passeshe 20 yearmark (This
growthwill beshownandaddresseadt a laterpoint.) As well, the moresteadypatternof
growthis primarily for therecoveredopulation thereforethis newsurgein rabbit
population presents the problem Australia is now facing: once again, a large population of
rabbits,butthe diseasahatwould controlthemis losingits effectiveness.

If the average number of rabbits increased for any reason, would the growth
pattern adjust accordingly? For example, if there were any change in the environment--or
perhapsasa naturalresponséo the decliningpopulationNthegrowth patternof total

populationshouldgrow slightly, following the samepattern.
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Figure10: A sensitivityanalysisexaminingaverageyoungperfemaleof 2.0,2.1,and2.2
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The model appears to be behaving in the anticipated manner.

The Results of Modeling and Thinking

The Results: The rabbit populationvery clearly followed the anticipatedand
historically proveneventsalmostperfectly. The behaviorof populationexplosioncanbe
controlledin manyways,manyof which areinstitutedby nature but whennaturefails to
take control, the artificial introduction of a species-specific virus seems to be rather
effectiveNtemporarily. Viruses are conditioned for their own survival, therefore
particularly deadly ones, given the time, will evolve into a much less deadly form. Thus
wasthe caseof the myxomatosisirus. An initially fatal diseaseit wasa particularly
effective idea, taking into account the time available and the knowledge that rabbits are
highly adaptable. The problem exists in the evolutionary behaviors of the virus
itselfNthey weretoo strong.Self-preservationf the virus populationallowedthe rabbit
populationto grow soasto not eliminatethe hostsit dependean to survive.Thisis
combination with the high adaptability of rabbits allowed the rabbits to overcome the
stabilizingeffectof thevirus. 30 yearslater, aroundthe late 19800the populationwas
once again at a problematic level and growing.

Accuratedatashowsthatthis naturalsystemvery accuratelyfollows anexpected
pattern. Therefore, though the introduction of a virus does create an interesting co-
evolutionarystabilization,it is only atemporarysolutionfor invadingpopulationcontrol.

The final graphs: Thefinal graphis shownbelow,extendednto a 30 year

period, showing the stabilization behaviors that have been discussed and explained
throughoutthis report.
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Figurel1: Thefinal graphextendednto athirty yearperiod,noticehow the stabilizationis reasonably
effectivefor about 20 yearperiod,butit is startingto increaseaswe passbeyondthatpoint

The Key Learning From the Model Process:

- Theintroductionof avirus canwork effectively,but only from a shortperiodof time

- It isimportantto build modelsin piecessothatthe piecescanbetestingaccordingly
along the way, rather than having the final model have unknown holes that are
difficult to pinpoint.

- The interaction of balancing and reinforcing feedback loops will be what determines
the growth of the item being studied

- Several different factoraust be at work in controlling any population growth, one
single method is not effective enough on its own

Onits own, theintroductionof a virus canbe effectivein the shorttermif
monitored carefully and not allowed to completely eliminate its host. But in the long
term, alternative methods of control and the added affect of nature need to be taken into
account. This was accomplished in Australia by introducing birth control into the female
population puttinga bountyon rabbithunting,andbuilding fences. The myxomatosis
virus aidsin this processhut wassurprisinglythe mosteffectiveandimmediateway to
get the population into a more manageable level. Therefore, though this equilibrium was
not a permanent solution, it was adequate, and allowed researches in Australia time to
develop alternative methods of control.

With more time, | would have liked to include an element of natural control that
would increase the death rate when population became too crowded. Limited resources
would cause the death rate to increase dramatically after competition for survival. |
believe that with this piece | could have established a more realistic and long term analysis
of this particularpopulationmodel.
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Appendix — Documented Equations

Omitted
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