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Abc!-Ic-s!: we compared the probabil ity of i^roylie (Bettonqia penicil lata)

population persistence, predicted time to extinction, average population eize,

and average genetic loss caused by inbreeding among 4 management strategies

using a spatially explicit population viabil ity rnodel. In the southern jaffah

(Euca lvp tus  marq ina ta)  fo reEt ,  e i ther  po ison ing  o f  foxes  (Vu lpes .  \ 'u1pes)  tha t

eaused a 20* increase in survival rates of juvenile woylieE, or a 2o-year

prescribed burn cycle was predicted to.r6suIt in higher probabil ity of

pergi8tence, longer time unti l extinction, higher average populations, and

leEB genetj-c loEE than a 1o-year burn cycle without fox poigoning. Additional-

improvementg in the probabil ity of pereiEtence, population size, and genetic

retention were predicted if Eurvival rates of juvenile woylies increased by

40* after fox poisoning, or $rith a combination of a 2o-year burn cycle and fox

poii:onilq that increaEed Eurvival ratea,,bf juvenile woyli-ea by 2Ot. we

f,eC;[mend that foxeg be poiaoned in suitdble habitat for woylies in the

Eouthern jarrah foreEt to increase the probabil ity of woylie recovery in the

reEion, but that juvenile gurvival rates be monitored. ff juvenile survival

rateJ do not increase by 4Ot or mdre after poisoning, then l-eee frequent

burning in woylie habitat may be necesEilr:y to increaEe the probabil ity of

woylie persistence in the region.



INTRODUCTION

The rroylie (Bettonoia pcn.icll lage ) or bruah-tailed bettong now occupies

< la of itE former range and ie congidered a threatened species in western

Australia (Hall et al. 1991). It occurs- in 4 isol.ated populations in weEtern

Aust ra l ia  (Ha1 l  e t  a l .  1991) .  A  f i f th  popt l la t ion  in  the  F i tzgera ld  R iver

National Park haE not been confirmed (Hal-l et al. 1991). The largest occupied

block of habitat in western Austral, ia seems to be in and around the Perup

Fores t  (Ha l l  e t  a l .  1991) .  Th is  popu la t ion  has  pers is ted  desp i te  lack  o f  fox

(Vulpes lnllpes) control primarily becauae of the occurrence of heartleaf

EhrubE (GasLrolobium bilobum and Melaleuca viminea) that contain natural

poigons not toxic to woylies but toxic to exotic predators such as foxes

(Chr ie tensen t9AO,  K ing  e t  a I .  1981) .  Woy; ies  seem par t i cu la r ly  vu lnerab le  to

predation by foxes during the first 3-4 year6 following a fire, though the

young animals are capable of reoccupying burned areas once shrub cover haa

recovered (christensen 1980). Populations in the area remain low and

igolated, however, Eo christensen and Maisey (1987) designed a management

strategy for woyl"ieE and tarrunar wallabies (Macropus euaenii) that was based on

an extended fire frequency and a burn pattern that minimised adjacency between

recently bulned patcbes. Additional-ly, baits have been dislributed to poison

foxes in various locations elsewhere in tire jarrah forest in an effort to

increase popu la t ions  o f  med ium-s ized marsup ia ls  (c .  F r iend,  pers .  commun. ) .

The relative contribution of fox..poisoning and altered fire frequencies

to the long-term pereistence of woylie populations in the region is not clear.

where foxeg have been baited in the presence of woylies, populations seem to

have increased dramat ica l l y  (c .  F r iend,  pera .  commun. ,  P .  chr ia tensen,  pers .

obg. ,  Ha l I  e t  a l .  1991!  f igure  3) .  A lEo,  woy l ieg  have perE iEted  in  the  Perup

Forest, portions of which have been managed on prolonged fire frequencieg for

the paEt 15-20 years and, which unti l rec;ently, had not been baited for foxes

(chr is tengen and ua iBey  1987) .  The woy l ie  recovery  p lan  es tab l i shes  as  goa ls ,



control of exotic predators rthere woylie populations currently occur and

esbablishnent of 8 mainland populations consisting of a total of > 5r00o

adults (Hall et a]. L991.). Preparation and distribution of fox baits to

continually maintain low fox population6 .over large areas is relatively

inexpens ive  ($11ro00 per  year  fo r  v toy l ieE. in  western  Aus t ra l ia ,  Ha l l  e t  a l .

1991), compared to continuation of the prescribed burning Program in the

f,oreatg of weEtern Australia (- Sg mill i-on per year). Further, alteration of

fire regimea hag implications for other resources, including human Eafety

(christengen and Maisey 1.987 ) .

within the foreste of southwestern wegtern Australia, the conservation

objective of the Department of Conservation and Land l ' tanagement is to

" . . .ma in ta in  b io log ica l  d ivers i ty  a t  the  qenet ic '  spec ies  and ecosys tem leve l -

in the foreEt, with special emphaEiE on tbe protectian and conservation of

threatened, rare and uncornmon taxa and cornmunj-ties. " (Department of

conservation and Land Management 1992). uaintenance of biological diversity by

focusing conservation efforts on rare. threatened, and endangered specieg can

be facil i tated by uge of population viabil ity analyEeB (PvA, PoEsingham et al.

1993). severaL PvA modeLs also consider the implications for genetic loEE

caueed by inbreeding depreEaion in Emall populations, a concern raised in the

woy l ie  recovery  p l -an  (Hat l  e t  a l .  1991) .  we used a  spat ia l l y  exp l i c i t

population viabil ity modef (McKelvey et aL. 1994) to compare the relative

likelihood of q'oylie poputation persiatence in the southern jaffah (Eucalypcus

marqinata) forest among 4 management atrategies.

METHODS

we adapted a Bpatially explicit population viabil ity model, originally

developed for the North American northern epotted o$rt (strix occidenEalis

caurina, I itcKelvey et aI., l-994), to predj-ct v.'oylie population response to 4

management strategieE. DetailB of the model are provided by [cKe]-vey et al.

(1994). Briefly, thig modeL considerg eactt aninal's home range aE a spatially



explicit location over an area encompassing up to 150,000 home ranges

(McKe1vey et al. 1994). Further, the mode! allowa Eimul-ation of population

reapongeB on dynamic landscapes, such as thoee altered by fire and/or logging

diaturbance and habitat recovery following the digturbance (McKeLvey et al.

1994) .  we focus  on  the  re la t i ve  ga ins  or  l -osses  o f  pers is tence '  popu la t ion

Eizes, and genetic loss from inbreeding after imposing each of 4 management

Etrategieg rather than the actual predicted valueE becauEe of the uncertaj-nty

in eetimating several demographic parameters.

We followed a s-step process to predict the responses of woylies to

management over the areai l-. map habitat availabil ity over the southern jarrah

foreeti 2. produce one map for each year during a 10- or 2o-year pregcribed

burn cycle, with corregponding eetimates of habitat suitabil ity based on time

since the burni 3. regrid the map into cells that correspond to woylie home

ranges (  approx imate ly  30  ha ,  chr is tensen 1980) ,  4 .  eg t imate  the  woy l ie

demographic and movement parameters corresponding to each stage in recovery of

the poEt-burn habitatt and 5. prediet the probabil ity of extinction, t ime

until extinction, population trends for woylieB, and genetic loss over 1OO

years over the region. Each of these are described in more detail below.

Mapping Available Habitat

The Forest }lanagement Infolmation system (FMIS) ceographic Information

system (cls) was used to map habitat over a 332,200-ha portion Fo the southern

jarrah forest bounded by the 1000 mm rai-nfall isohyet in the vrest, developed

agricultural farml-and to the east, the karri forests (Eucalvptus diversicolor)

to the south, and the BLackwood River to tbe north. FMIS is a raster-based

system with 2-ha pixel size and covers forested areaa of the southwest of

western Australia. A range of themes describing administrative, physical and

biological characteristicB, together with details of compl-eted forest

operationE are Etored in the system.

Wovlie use of habitat seemE to be asaociated with the area of bare



ground between shrubs (christensen 1980). Ground cover of 50-80 percent with

20-40 percent bare ground allowe woylieE free movement through Ecrub r,thile

providing suffj-cient cover for protection from predators (christensen 1980).

Shrub cover is not a theme available within FMIS, Eo a correlate with shrub

cover waE uged to map suitable woylie habitat. In the 6tudy area' baged on

perEonal obgervations of P. chrigtensen and F. J. Bradshaw, shrub conditiona

suitable for use by woylies Eeemed to be most highfy associated with the

height class of jarrah and wandoo (Eucalyptus wandoo) forest, dependent on

rainfall zone. Shrub density is generally too high for woylies to move freely

in areas with rainfall > 1000 nm, so theee areas were considered unsuitable

habitat. where raj,nfall is 9oo-1ooo mm, Euitable habitat wae considered jarrah

and wandoo stands that averaged L5 - 24 m tall because they generally provided

adequate shrub coveri taller and shorter Etands Bupported shrub cover that was

too dense. The exception to this rul-e is that stands with a total tree cover

of < 1Og also were conEidered uneuitable habitat, again becauEe of the

associated understorey characterist ics. In southern jarrah forest areas

receiving < 90O mm of rainfall, jarrah and wandoo Etands averaging < 30 m in

height were considered guitable habitat, except thoEe Etands with < 1.0* total

tree cover which were considered unsuitable. We visually checked 12 EtandE

throughout the region to assess this association and these rules Eeemed to

reasonably estimate habitat suitable for woylies.

Mapping Burn cycles

survival rates of woylies are effected by burning, with survival and

reproduction stabil ising once stands have recovered > 4 yearE folLowing a burn

(chrigtengen 1980). consequently it was necessary to impoBe a fire mosaic over

the suitable habitat on the map for each year of a burn cycle. Nearly all

patches are prescribed burned in the region for protection from wildfires.

BaEed on burn records and burning themes in FMIS, and conEultation with the

Fire Protection Branch, CALM, most stands in the Eouthern jarrah foreet are



currently burned on a lo-year cycLe and that cyqle is l ikely to persist into

the future. Using burn recordsr we assigned each stand in the region a time of

burning based on the timing of burns that occurred in the past 10 years.

consequently 10 mapE of the area were produced, one for each year in the burn

cyeLe reflecting the dieturbanceE cauEed by burning and the Etage of recovery

(<1,  L -2 t  2 -3 ,  3 -4 t  o r  >  4  yeare  a f te r  the  burn)  (e .9 . ,  f igure  l - ) .  These maps

were cycled 10 timeE for each 100-year EimuLation of woylie population change

baEed on a 1o-year burn cyqle. similar mape were used to test effects of a 20-

year burn cyc le.

Regridding Habitat uaps

The average home rangre aLze fot woylies in the Perup ForeEt iE about 30

ha (chriEtensen 1980). conEequently, habitat mapE were regridded to 3o-ha

cellE by aagigning the cell to a stage in habitat recovery following a burn

based on the stage present at the centre of the 30-ha grid cell. Such

regridding has the potential to alter the habitat mosaic (schulz and Joyce

19921 , ea we compared the area in each stage of recovery following fire

between original maps and regridded maps using a paired g-test to determine if

the average difference between maps over a burn cycle departed significantly

from zero. Pattern of all original and regridded mapg algo wag inEpected

viaually to identify any grroEE errorE made during regridding.

Estimates of Demographic and Movement Parameters

Estirnates of the mean movement, and mean and variance of reproductive

and survival ratee in each of 5 woylie age classes in each of the post-burn

recovery BtageE were made by P. Chrigtensen based on past work (chriatengen

1980), unpublished data, and experience (Table l.). Reproductive rate

information was confirmed by c. Friend (CALM) who has worked with woylie8 in

the Battalinq population and recently in the southern forest region.

The estimates in table 1 were used to predict persistence, population



trenda, extinction time. and genetic loss in the ab6ence of fox baiting and

nith a 1o-year burn cycle. The same demographic and movement parameters were

used with simulations of a 2o-year burn cycle. Because P. ChristenEen and c.

Friend (pers. carunun., CAI,I4 ) suggested that foxes probably have the greatest

impact on juvenile gurvival- rates, we assumed that fox baiting could decrease

mortaLity in thiE age cLass and hence increase survivaL rates by 20-4Ot over

thoge eEtimated by Christengen (1980). Because we did not know what the actual

increase in survival rates of juvenileE might be following fox baiting, we

model-Ied 2 rates of increase in survival following fox baiting that

encompaesed thig range (208 and 4OB increase in juvenile survival) reEulting

i.n 5 scenarios for the 4 management atrategiess 1. no fax baiting and a 10-

year burn cycl.ei 2. fox baiting and a 1o-year burn cycle [2 scenarios], 3. no

fox baiting and a 2o-year burn cycle, and 4. a combination of fox baiting [2Ot

increaae in juvenile survivall and a 2o-year burn cycle. Estimated increases

in juvenile survival foLlowiog baiting were based on observationg of

popuJ-ation increaseE following baiting near the Battaling population (c.

Friend, pers. commun. ) and recently near the Perup Forest (N. BurrowE, Pers.

corunun. ) .  In  add i t ion ,  Ha l l  e t  a I .  (1991)  c i ted  work  conducted  by  J .  K innear

that reaulted in a g-fold increaee in woylie capture rate6 5 years afte!

poigoning of exotic predatore on the Tutanning Nature Re€erve. We conaidered a

20-40* increase in survival rates of one age class l ikely to encompass the

effects of fox bait ing.

Simulating Population Responses

Each of the 4 management strategies was simulated 100 times for l-OO

years. To init iate each Eimulation, 51"0 adults were distributed on the map

among 3 areas known to support woyliee: the Perup Forest, a patch north of the

Perup forest, and the Kingston block northwest of the Perup Forest. Based on

recent trapping records (cAlM, unpubl. data) ttris distribution and number of

individuals simulated seemed reasonable. The number of juveniles predicted to



be praduced by theEe adultE during the first year of the Eirnulation did not

d i f fe r  among the  5  scenar iog  (X  =  308t  sE =  9 .6 ;  E  =  1 .31 ;  4 ,359 d f ;  P  =

O . 2 7 ' , .

Five response variables were uged to assegs the relative value of each

treatment toward recovery of woylie populations in the region: 1. the

probabil ity of extinction during 100 years, 2. the predicted time unti l

extinction (based on the x intercept using a l inear regression of popul-ations

over time), 3. the probabil ity of the adult population achieving the recovery

plan goal of > 5,000 adults, 4. average total populations over the region, and

5. the average percent genetic loss aE a function of inbreeding. Analyeis af

variance was used to compare total populationE over the region and averaqe

percent  genet ic  loss  among the  5  scenar ios .  schef fe 's  mu l t ipLe  means

comparison teEtE were used to j-dentify differences in mean population sizes

and percent genetic loaE between all possible paj-rs of scenarios. chi-square

goodnegE-of-fit teEta were uEed to determine if percent extinctions predicted

in each management strategy differed from the percent predicted for the 10-

year burn cycle with no fox baiting, the strategy used aB the basis for

expec ted  va lues .

RESULTS

Approximately l-39,S00 ha of the 339,200-ha area represented potential

woylj-e habj-tat in some stage of recovery following a burn. The area of habitat

available in each stage of recovery aince a burn varied over eaqh burn cycle.

Regr idd ing  d id  no t  s ign i f i can t ly  1n  =  L0 ,  !  >  0 .32)  chanqe the  area

repreEented in each stage of recovery following burning. on average,

regridding overegtimated habitat area in areas burned < 3 years by 91 ha (sE =

95) ,  overes t imated areas  burned 3-4  yeara  by  73  ha  (sE =  97)  and

underestimated areas burned > 4 yearE by 140 ha (sE = 134). overestimates of

habitat which have lower gurvival probabil it ies for the reproductively active

portion of the population should have reeulted in conservative estimates af



persistence of the population.

Relative improvement in a1l reEponse variableE was gleater with either

ba i t ing  (20*  inc reaEe in  juven i le  Eurv iva l )  o r  p ro longed burn ing  ( tab le  2 ) .

Rel-atj-ve improvement was further increaged by a baiting program that increased

juvenile eurvival by 40t, or a combined baiting (2Ot increase in juvenile

survival) and prolonged burning approach (table 2). we predicted that given

the current management strategy for the region, in the absence of continued

fox baiting, woylieE rn'ould become extinct in the region in 94 years (table 2).

During the loo-year simulation period, only 298 of the simulated populationa

persisted for 100 years (table 2) and populatj-ons were predicted to remain low

throughout the 100 yearE (fiqure 2). The model predicted that either a

decreaae in the frequency of burning to once each 20 years (figure 3) or fox

ba i t ing  tha t  wou ld  inc rease juven i le  surv iva l  ra tes  by  20*  ( f igure  4) ,  wou ld

result in an increase of the probabil ity of persistence from 29t to 43 and

558, respectively. Either a 2o-year burn cycle or baiting increased the

predicted time to extinction to > 1OO years, and average populations in the

area were  pred ic ted  to  more  than doub le  ( tab le  2 ) .  In  6*  o f  the  s imu la t ions ,

populationE were predicted to exceed the population recovery goal of 5,ooo

adulta. However, if baiting resulted in increasing the survival of juvenile

woylies by 4Ot, then further increaEee in population pereistence and average

populations were predieted (table 2, fLgure 5). Predicted regpongea were

sj-milar between baiting that increaBed juvenile survival by 408 and a combined

strategy of a prolonged burn cycle and baiting that increased juvenile

eurv iva l  by  on ly  20*  ( tab le  2 ,  f igures  5  and 6) .  Of  these,  based on  pred ic ted

probabil ity of persigtence and the probabil ity of exceeding the 5,Ooo-adult

goal of the recovery plan, a fox baiting effort that increaaes juvenile

survival by 4Ot or more would seem most effective.

DISCUSSION

The reEultE of thig exercige Drovide an examDle of use of an aDDroach to
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developing a management and monitoring strategy for woylie recovery in the

southern jarrah foreBt, as wel-l as for identifying Eeveral avenues of reaearch

and additional inventory needs. clearly, the effects of fox baitj-ng on

juvenile Eurvival rateg shauld be monitored to determine if our estimate of a

20-40* increaee in juvenj-le survival folJ.owing fox baiting is correct. If

Eurvival rateg are increased by > 40c then alteration of burning regimes seems

unneceggary. secondly, monitoring of populations in areas identif ied as

potential woylie habitat in the region following adoption of a woylie habitat

management strategy for the southern jarrah forest would provide eEtimateg of

rates of dispersal of woylies into currently unoccupied habitat. current

egtimateg of dispersal rateE and movement probabil-it ie6 are based on few data

( t a b t e  1 ) .

l ie used height class of trees aE a Eurrogate for shrub cover. An F|IIS

theme of ahrub typeE, percent cover, and a model of Ehrub dynamicE following

fire would have provided more precise estimates of habitat availabil ity for

woylies. opportunities for inventory foresters to include Ehrub species and

cover during ground inventory operations in combination with use of a shrub

dynamics model would allow wide-scale prediction of shrub cover. Also, \re

assumed that shrub conditions were consistentLy poor imnediately after a burn

and that the rate of recovery of habitat quality was conaistent among all

sites, Fire intensity and resulting patchiness of post-burn shrubs needs to be

more carefully considered during mapping.

Deepite the uncertainty aseociated with survival probabil it iee in the

absence of exotic predators, with movement parameters (tabl-e 1), with actual

changes in survival fol-lowing baiting, and wj-th the actual association between

tree height classes and shrub cover, the simulations represent use of the best

information available to predict woylie responses to habitat change and to

poisoning of exotic predatorE over time. once new information becomeE

available from inventory foresters and/or research results, these simulations

can be easily rerun to more precj-sely estimate woylie responses to management
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Etrategj.es. In the meantime. relative gains resulting from propoEed management

strategies can be aaaesaed using our approach. Until new simulations can be

made with improved information, we suggest that fox baiting should be focused

on habitat areas l ikely to be occupied by woyl-ies (fiq. 1) and juvenile

surviva] rates Ehould be monitored. rf juvenile Eurvival rates do not j-ncrease

by 4Ot or more, then fire frequency in habitat patches l ikely to be occupied

by woyl-ieg in the Eouthern jaffah foregt should be prolonged up to 20 yearg,

where compatible with human safety considerations.

Expanaion of populationE into currently unoccupied habitat could be

accelerated over what we simulated if animals were relocated into these

patches fol-l,owing fox baiting and/or alteration of burning regimeB. over

S3O,OOO per year is expected to be spent in weEtern AuEtralia in woylie

relocation attemptE (Ha1I et al. 1991). We recornnend that suitable habitat be

mapped using a cls to identify high priority refocation sites, followed by PvA

model"l ing to estimate appropriate founder population sizes, thereby increasing

the  probab i l i t y  o f  re loca t ion  Euccess .

BaEed on our Eimulations, it seeme lj-kel-y that woylie populationB in the

Eouthern jarrah forest couLd be recovered fallowing control of exotic

predatorE perhaps in combination with prolonged burning cycles in some areas.

However, populations should be monitored to determine if our simulations

represent reasonable approximations of woylie responses to these management

strategies, over $12r00O per year is expected to be spent in monitoring woylie

popu la t ions  in  l les te rn  Aus t ra l ia  (Ha l l  e t  a l .  1991) .  Th is  mon i to r ing  shou ld

include collection of information on survival and movement rates to further

refine future PvA sinulations to better predict when recovery wil l be

achieved.

scope and Limitations of the study

The results of this study are based on the population characteristics

and habitat patterns that have occurred and are l ike1y to occur in the future
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in the Eouthern jarrah forest. Populations in other areas, especially with

different habitat mosaics and disturbance frequencies, intensities, sizesr and

patternE may produce very different results. The approach that we have taken

could be ueed in these other areas. The accuracy of the aimulationE are

constrained by a number of assumptions and estimates for population

demographics, movement patterns, and habitat dynamics. Research is needed to

estimate habitat-specific survival and movement rates, and shrub dynamics.

l lowever, because we ueed the only available information far the southern

jarrah foreet, we feel that the relative differences in response variables

should provide reasonable indications of appropriate management strategies.
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Figure 1. An example of the habitat patch mosaic on a portion of the

339,200-ha area used to simulate woylie population responses to 4

management strategies in the southern jaruah foreEt. Each Loo-year

eimulation coneisted of 10 naps cycled 10 timeE, or 20 maps cycled

5 times, depending on the burn cycle.

Figure 2. Predicted responses of populations

forest region based on a 1o-year burn

Figure 3. Predicted re€,ponge€, of populationE

fores t  reg ion  based on  a  2o-year  burn

Figure 4. Predicted responses of populations

fores t  reg ion  based on  a  1o-year  burn

i h - F 6 - d 6  i h  i , t u a h i  l 6  e t r r u i r , , r  \

Figure  5 .  Pred ic ted  responses  o f  popu la t lons

forest region based on a 1o-year burn

i h ^ r 6 . c 6  i 6  i t r i ' 6 h i  I a  c , ' - r ' i r ? . I  \

Figure 6. Predicted responses of populations

forest region based on a 2o-year burn

increase in  juven i le  surv iva l  )  .

of woylies in the southern

cyc le  and no  fox  ba i t ing .

of woyliea in the Eouthern

cyc le  and no  fox  ba i t ing .

of woyl-ies in the soutbern

cyc le  i ^ r i th  fox  ba i t ing  (208

of woylies in the southern

cyc le  w i th  fox  ba i t ing  (40*

of woylies in the southern

cyc le  w i th  fox  ba i t ing  (2Oc
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contents of the owLW.zP file

To use this program, copy OWLW.ZIP and PKUNZP.E)(E to a sub directory on your hard disk. From the
DOS prompt in that sub directory (e.g., C:/OWLW> ) ope : PKUNZIP OWLW.AP. Pkunzip will
extract the following files and place them on your hard disk in your sub directory:

BINDER.E)G - Bincls maps in a specified sequence for dynamic landscapes
CLASS.HG - establishes the look of maps to reflect patches ofvarious habitat quality
GIS.E)<E - GIS interface
INCBETA.EXE - population dynamics program
LAMBDA.E)G - calculates lambda
MAP.EXE -- qeate/alter a map file
OWL.E)(E - adds/deletes animals from patches on the map
RULES.EXE - create/alter suvival, reproduction, movements, and lime series parameters
SIM.EXE - simulates population responses to landscapes
EGAVGA.BGI - graphic interface
HERC.BGI - gaphic interface
SICORID.SM - ignore this one -- delete it.
WOYTEST.RIIL -- rule file used for a single simulation for 5 years -- a demonstmtion rxle set.
WOyfng.RUt -- rule file used as a baseline woylie response to landscapes
WO\aBAIT.RIIL -- rule file used to simulate woylie responses after fox baiting.
WOYLONG.RIIL -- rule file used to simulate woylie responses under 20-year burn cycles.
BAITLONG.RIIL -- rule file used to simulate woylie responses to baiting and long burn cycles.
WO\TIRE.BND -- bound maps to reflect a l0-year burn cycle.
WOYLONG.BND -- bound maps to reflect a 20-year bum cycle.
WOYFIRE.SIM -- initial simulation file for all simulations -- contains woylies in patches at time 0.
CLASS.DEF -- definitions ofpatch tlpes and shading/colours. These can be changed easily.
0.MAP - map of woylie habitat conditions at time 0, ftom FMIS.
I.MAP - map of woylie habitat conditions at time 1, from FMIS.
2.MAP- map of woylie habitat conditions at time 2, from FMIS.
3.MAP - map of woylie habitat conditions at time 3, from FMIS.
4.MAP - map of woylie habitat conditions at time 4, from FMIS.
5.MAP - map of woylie habitat conditions at time 5, from FMIS.
6.MAP - map of woylie habitat conditions at time 6, from FMIS.
7.MAP - map of woylie habitat conditions at time 7, from FMIS.
8.MAP - map of woylie habitat conditions at time 8, from FMIS.
9.MAP - map of woylie habitat conditions at time 9, from FMIS.
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Using the OWL program.

First, read the enclosed hard copy, "An introduction to the Landscape Model". To use the woylie files,
here are a few tips. First, all rules files, except WOYIEST.RUL, are set to run 20 simulations, if you just
want to run one simulation, use WOYTEST.RUL (see below).

T,?e: OWL <enter> to access tlle model. To run a simulation, select "Simulate" ftom the menu, and q?e
in the file names requested. The firs will be WOYFIRE.SIM, the second will be WOYTEST.RUL (or a
new rules file that you created), Ifyou want to use dlnamic landscapes, select "Y", ard enter
WOYFIRE.BND, then provide the name of an output file (if asked - only asked when you request > 1
simulation). Ifyou request only I simulation, it will ask you if you wart graphics displayed. Select yes,
then use the F2 key to zoom in on a part ofthe map ifyou wish. Again, refer to the hard copy guidelines
for more detail about analysing output files, binding maps into dynamic landscapes, changing the look of
the map. etc. When running many simulations, save each to an output file for later editing and
concatenation into a master file for analysis in SAS. Should the program abort because of "Too Many
Owls" (approximately 6,000), the output file will be created for all previous simulations (for instance if
the program aborts on the l9th ofthe requested 20 simulations, the output for the first 19 will still be
created). Save these output files as well. On large landscapes with tlle potential for mary animals to
accumulate. aborted runs because oftoo many animals are likelv. but these runs cal be informative as
well.



Contents of WOYDAT.ZIP

ALLLONG.DAT -- 100 simulations ofwoylie population dynamics to a 20-year burn cycle without fox
baiting.

ALLBAIT.DAT-- 100 simulations of woylie population dlnamics to a lo-year bum cycle with fox baiting
with a 20olo increase injuveile survival..

ALLBASE.DAT- 100 simulations of woylie population dtnamics to a l0-year bum cycle without fox
baiting.

ALLBOTH.DAT-- 100 simulations of woylie population dynamics to a 2o-year bum cycle wi& fox
baiting.

ALLB4O.DAT - 100 simulations ofwoylie population cfynamics to a lo-year burn cycle with fox baiting
with a 40% increase injuveile survival..

BAITTIME.DAT -- A subset of ALLBAIT.DAT listing year that the population went extinct for each
simulation.

BASETIME.DAT -- A subset of ALLBASE.DAT listing year that the population went extinct for each
simulation.

BOTI{TIME.DAT -- A subset of ALLBOTH.DAT listing year that the population went extinct for each
simulation.

LONGTIME.DAT - A subset of ALLLONG.DAT listing year that the population went extinct for each
simulation.

B4oTIME.DAT -- A subset of ALLB4o.DAT listing year that the population went extinct for each
simulation.

Contents of WOYANA.ZIP

PVA.SSD - Combined data from all 5 files above (ALL*.DAT) and saved as an SAS data set usins
WOYSSD.PRO

WOYSSD.PRO - creates the SAS data set PVA.SSD
BAITPLOT.ASC -- average populations per year for plotting based on ALLBAIT.DAT.
BASEPLOT.ASC -- average populations per year for plotting based on ALLBASE.DAT.
LONGPLOT.ASC -- average populations per year for plotting based on ALLLONG.DAT.
BOTHpLOT.ASC -- average populations per year for plotting based on ALLBOTII.DAT.
B4oPLOT.ASC - average populations per year for plotting based on ALLB4O.DAT.
TIME.SSD -- a concatenation of the *TIME.DAT data sets created by TIMESSD.PRO.
TIMESSD.PRO - creates TIME.SSD
BURNI.DAT -- Area in habitat class 1 (< I year burned) for each year in the burn cycle (from FMIS).
BURNI2.DAT -- Area in habitat class 2 (1-2 years since bumed) for each year in the burn cycle (from

FMrS).
BIIRN23.DAT -- AIea in habitat class 3 (2-3 years since bumed) for each year in the burn cycle (from

FMIS).
BURN34.DAT -- Area in habitat class 4 (3-4 years since burned) for each year in the burn cycle (from

FMIS).
BURN4.DAT -- Area in habitat class 5 (>4 years since burned) for each year in the bum cycle (from

FMIS).
BURNAREA.PRN -- Area in each year ofburn cycle for each habitat B?e at 2-ha pixel size and at 30-ha

pixel size.
BURNAREA.PRO -- Compares estimates of areas based on different pixel sizes using a paired t-test for

each habitat class t'?e.
BURNTIIVIE.PRO -- prints burn area by time step and habitat t ?e for plotting.
EXTTIME.PRO -- Compares mean extinction time among the 4 management approaches using

ANOVA.
PLOTBASE.PRO -- plots average populations over time for lO-year burn cycle and no fox baiting

scenano.
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TIMEPLOT.PRO -- Plots average populations over time for each scenario.
PVA.PRO - compares average populations at 100 years among scenarios.
WO\?EP.DOC -- MS WORD document containing an d.raft of the study.
WOYPOP.PRS - Harvard Graphics for Windows file for figures.

Data definitions for PVA. SSD

trt - The management stmtery code.
1r -- year in tlle simulation.
cl - predicted number ofindividuals in year class 0-1.
c2 - predicted number of individuals in year class l-2.
c3 - predicted number of individuals in year class 2-3 .
c4 - predicted number ofindividuals in year class 3-4.
c5 - predicted number ofindividuals in year class 4-5.
p - predicted number of reproductively active females.
tot -- total number of indMduals.
gen - rate of genetic loss.

Data definitions for ALL*.DAT

Jr - year in the simulation.
cl - predicted number ofindividuals in year class 0-1.
c2 - predicted number ofindividuals in year class 1-2.
c3 - predicted number ofindividuals in year class 2-3.
c4 - predicted number of individuals in year class 3 -4.
c5 - predicted number of individuals in year class 4-5.
p - predicted number ofreproductively active females.
tot - total number of individuals.
gen - rate of genetic loss.

Data definitions for 'i'TIME.DAT

1r - year in the simulation that the population went efiinct or the simulation ended.
cl - predicted number ofindividuals in year class 0-l at the end of the simulation.
c2 - predicted number ofindividuals in year class l-2 at the end ofthe simulation.
c3 - predicted number of individuals in year class 2-3 at the end of the simulation.
c4 -- predicted number ofindividuals in year class 3-4 at the end oftlrc simulation.
c5 - predicted number ofindividuals in year class 4-5 at the end ofthe simulation.
p - predicted number ofreproductively active females at the end ofthe simulation.
tot -- total number of individuals at the end of the simulation.
gen - rate of genetic loss at the end of the simulation.

Data defintions for TIME.SSD

trt - The management stmteg/ code.
yr -- year in the simulation that the population went e\tinct or the simulation ended.
cl - predicted number of individuals in year class 0-l at the end of the simulation.
c2 - predicted number of individuals in year class I -2 at the end of the simulation.
c3 - predicted number of individuals in year class 2-3 at the end ofthe simulation.
c4 - predicted number of individuals in year class 3-4 at the end ofthe simulation.
c5 - predicted number of indMduals in year class 4-5 at the end of the simulation.
p - predicted number of reproductively active females at the end ofthe simulation.
tot -- total number of individuals at tle end of the simulation.
gen - rate ofgenetic loss at the end ofthe simulation.
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Data definitions for BIIRNAREA.PRN

yr - the year represeniing the burn pattem contained in the map (1984-1993).
hab - rlre habitat patch t ?e code (time since buming, < l- 32,1-2= 48,2-3 =64 ,3-4:80, > 4 = 96,
unsuitable = 16).
orig - the original area estimate for the habitat patch t}?e based on 2-ha pixels.
regrid -- the estimate ofarea for the habitat patch 0?e regridded to 30-ha pizels.
pct - the percent difference between orig and regrid.
diff - the di.fference in ha between orig and regrid.

Data definitions for *PLOT.ASC

yr - tle year in the simulation.
avpop - teh average estimated popualtion after 100 simulations for that year.
lci - tie lower 95olo CI after 100 simulations for tiat year.
uci - th eupper 95% CI after 100 simulations for that year.
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Transposing FMIS ASCII data into a *.MAP file for use with the OWL model.

FMIS pixels can be regridded into new sizes. These sizes should match as closely as possible the home
ralge size of tle species ofinterest. The best way to obtain these dala from FMIS is from a regrid area
that uses only one block. If cell information is obtained by block, then some resorting will be necessary to
arrange the data in the correct order for the OWL program. When requesting regddded informatioq
request that pixels be assigned a code tlat matihes one of the 6 codes used to idefiiry habitat patch q?es
by the OWL program (e.9.,16,32,48,64, 80, or 96). You can then assign the appropriate habitat patch
t'?e to each code using the CLASS option within OWL. When you receive the ASCII file from FMIS, you
will need to delete the last series of columns that do not describe pixel information (they describe block
information). I found it easiest to read the ascii file into LOTUS 1-2-3, parse the dat4 resort the data to be
sure that tle first row ofnumbers represents the first row ofpixels in the owl map, second represents the
second row, etc., delete the last few columff that have nothing to do with pixel information, then export
the file as an ascii file (+.PRN fi16). Once you have this, simply add the following two lines to the top of
the file in a text editor:

-9999
120 120 (or whatever your matrix size is -- in this case 120 pixels by 120 pixels)

Specifically:

1. regrid the FMIS map to the appropriate home range size and save as an ASCII file.

2. Delete the first line of the ASCII file containing non-pixel information.

3. Import into LOTUS 1-2-3 as a tex1 file. Parse the data so each cell represents a code for a pixel.

4. Add a column to the worksheet that indicates the Dosition of each block in a row ofblocks from left to
right.

5. Sort entire dala set by block number (ascending ard row number (descending).

6. Sort each ROW ofblocks by line number (descending) and block number (ascending).

7. Add any codes as lines of colunms to result in a square map )e.g., ifyou need more map at the bottom,
add rows of codes at the bottom of the workheet to accomplish this).

8. Extact the columns containing the pixel codes to a text flle.

9. In a te\1 editor, search and replace FMIS codes with codes used by OWL (16, 32, 48, 64, 80 or 96). Be
careful which order you do this in so that you do not replace codes that youlejust assigned.

10. Add -9999 to the first line

ll. Enter the size ofthe matrix on the second line, be sure that it is square.

12. Save as a *.map file.

13. Read into OWL using the MAP option to see if the pattern is corlect.



DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT

From: Forest Manaqement Branch.

Our Ref: wP. l1 .7

Enquiries: F.J.Bradshaw enonet (097) 711988 sw.z (097) 712855

Subject: WOYLIE TRAPPING IN CLEARTELLED JARRAII FOREST

Attached is some data showing Woylie trappings in clearfelled jarrah coupes. The area was part of a
paired catchment study cut in 1984. It was virtually clearfelled with only a few remaining small crop
trees. Culling occurred after the cut and it was burnt ('m not sure of the date but probably 1985 or
1986).

The first trapping in these sapling stands took place in 1992 and found Woylie, bandicoot, and
chuditch. More recent limited trapping also found Woylie. I have requested Tim Foley of Manjimup
District to look at the prospect of more intensive trapping within and outside the clearfelled area to
give us more reliable data.

There is of course no data on what the animals were doing in these areas and therefore their real value
as habitat. However the same can probably be said for areas outside the coupe.

Could you please return the main map and overlays when you have finished with it.

7 lanuary, 1994
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