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SIMI"]LACTÓN DE LA PERSISTENCIA DE LA
POBLACIÓN DE HUEMULES (H ippocamelus bisulcus)

PARA DISTINTOS ESCENARIOS DE TISO DE SUELO EN LA
REGION DE ATSEN.

RESUMEN

El diseño de planes de conservación a gran escala, para especies en peligro de extinción,

está frecuente¡nente limitado por la falta de información biológica para estas especies,

especialmente de cómo ellas responden a los cambios en el paisaje. Una forma en la que

esta lir¡itación ha sido superada es con el uso de modelos poblacionales espacialmente

explícitos y basados en individuos (SPMI, sigla en inglés). Desarrollamos un SPMI pa(a

un ciervo en peligro de extinción, el huemul {Hippocomelus bisulcus), del sw de Chile y

Argentina. El propósito del rnodelo fue sintetiza¡ la mayor cantidad de la infonnación

biológica disponible de esta especie y proyectar la dinámica poblacional para diferentes

escenarios futuros de desarrollo en la región de Aisén. El primer escenario se caracterizó

por un arrmento del 50% en la densidad de ganado y el segundo por la sirnulación de la

constnlcción de cinco embalses hidroeléct¡icos. Un tercero fue e1 escenario actual, él

que mantiene las condiciones presentes de la región. El modelo sirnuló la localización,

edad y estatus general de todos los indiüduos de una población y del paisaje en el que

viven. El paisaje fue caractenzado por nueve capaz de información: uso del suelo,
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ecotonos de bosques, hidrografía, pendients, altitud, exposición, caminos, cenfos

poblados y densidad de ganado. Los individuos se movieron en celdas de 500x500 m

cada ulta sernana, siguiendo un algoritmo de movimiento obtenido de datos de

telemetría. Probabilidades de muerte debidas a la edad y a las características del paisaje,

se aplicaron individualmente, cada semana. La reproducción ocurrió estacionalmente.

Debido a la incertidurnbre en el tamaño y localización de la población actual en la

región, lireron considerados cuatro tamaños iniciales (100 a 1.200) y tres patrones de

disfibución espacial inicial. Cada simulación fue de 50 años y para cada escenario se

realizaron 20 replicaciones. A pesar de la alta sensibilidad del modelo a parámefros

como la probabilidad de muerte semanal y [a escala de percepción del paisaje, hubo una

tendencia general de crecimiento poblacional, lo que concuerda con datos no formales

sobre esta especie. La rnayoria de las sirnulaciones que partieron con 100 individuos

tcndieron a la extinción de la población, esto sugiere la existencia de tamarlo crítico para

la viabilidad. Los dos escenarios futtros evaluados tnvieron un bajo impacto en la

dirrárnica y persistencia de la población, pero la no consideración de algunos factores

asociados a estos escenarios (ej. Cambios en el uso del suelo vecino a los ernbalses),

puede hacer que se esté subestimando el impacto real sobre la especie. El efecto del

tarnaño y localización inicial de la población sobre la persistencia reflejan la importancia

de estos datos básicos para el manejo y la recuperación de esta especie.
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SIM tr LATION OF HU EMUL (Hipp ocamelus bis u lcus) POPULATION
PERSISTENCE FOR DIFFERENT LAND USE SCENARIOS IN

AISEN REGION

ABSTRACT

The design of large-scale conservation plans for endangered animal species is often

lirnited by the lack of biological infonnation, particularly on how they respond to

landscape changes. One way in which this limitation has been mitigated is with the use

of spatially explicit population models based on individuals (SPMI). We developed a

SPMI for tlre endangered Huemul deer (Hippocamelus bisulcus) of southern Chile and

Argentina. The goal of the model was to synthesize most available information on the

species and to project the population fajectories under different future development

scenarios in the Aisén region of Chile. The first scenario was characterized by a 50%

increase in livestock densis and tlie second simulated the building offive hydroelectric

reservoirs. A third "nonnal" scenario t¡aintained present conditions in the region. The

model sirnulated the location, age and general status of all individuals in the population

and the landscape in wl:ich they lived. The latter was characterized by nine diff'erent

layers: land use. forest ecotones, hydrography, slope, aspect, altitude, roads, towns and

livestock density. Individuals moved between 500x500m cells in l-week time steps

following a movement algorithm derived ftom telemetry data. Age-dependent and

landscape-related mortality probabilities were applied weekly to each individual-



Reproduction took place seasonally. Due to uncertainty regarding the actual population

size in the region four initial population sizes (100 up to 1.200) and tlree spatial

aggregation patterns were used. Each simulation cornprised a period of50 years, and for

each scenario a total of 20 replicates were conducted. Although the model was very

sensitive to parameters such as weekly mofality rate and individual landscape

perception scale, the general fend was that of a positive population growth, which

agrees with anecdotal infonnation on the species. The fact that most simulations stafing

with 100 individuals resulted in the extinction of the population suggests the existence of

a population viability threshold. Both studied potential scenarios had minimal irnpacts

on population persistence and dynamics, but failure to incorporate all elements

associated to such scenarios (e.g. land use changes in the vicinity of reservoirs) may

have underestimated üeir real effect on the species. The important effect that initial

population size a¡d spatial aggregation had on persistence highlights the relevance that

population estimates may have on building the basis for the species management and

recovery.



INTRODUCTION

One of the $eatest challenges for conservation biology is providing solutions for

endalgered species in modern landscapes, wlrere Inuch prime habitat has been altered

and many species occur mostly in small nonviable populations (Palomares et al. 1999;

With & King 1999; Schadt et al. 2002b). These human dominated landscapes are

characterized by a high level of habitat disturbance and fragrnentation which have been

identified as major factors behind the decline of threatened species (Soulé 1986; Forman

1996; With & King 1998; Wiegand et al. 2004á)

I-andscape changes can alter population dynamics due to changes in the availability and

spatial distribution of resources important to the species (Monison et al. 1992, Wiens et

al- 1993; Fahrig & Meniam 1994), changes in species interactions (Ewers & Didham

2005) and the alteration of population dispersion pattems (Sutherland 1996; With &

King 1999). SLrccessñrl dispersal of individuals and estabhshment ofpopulations in new

areas are key factors in the dtnamics of spatially structu.red populations as they

influence the vulnerabrlity of a population to local extinction (With & King 1999; King

& With 2002; Revilla et al. 2004). Therefore, the degree of landscape connectivity and

the availabili§ ofgood quality sites (Wiegand et al. 1999) are tvvo elements that strongly

influence population persistence (Handson I 991).



The design of anirnal conservatioll plans at Jarge scales is oiien lirnited by the lack of

relevant biological rnformation on the species (Schadt et al.2002; Krar¡rer-Schadt et al.

2004; Wregald et a1. 200,1ó), in particular empirical infonnation on how species respond

to landscape structurc (Turner et al. 1995; Lima & Zolhrer 1996). This limitation is

particularly severe in developing countries where the lack ol rcsources restricts tlte

potential for even basic ecological research.

One way in which these limitations have been mitigated is with the use of simulation

models. This approach to research is being increasingly used in applied ecology and in

parlicular in conservation biology (Wiegand et al. 2003). The use of "spatially explicit

population models based on individuals (SPMI)" has been useful in understanding how

landscape structure influences dispersion of indiüduals in the landscape and in studying

interactions betrveen habitat configuration and demographics (Baft 1995; Durming, et al.

1995; Wiegand et al. 1999; Kramer-Schadt et al. 2005; Melbourne et al.2004; Wiegand

et al.2004a). This has allowed rnanagers to anticipate and minimize the irnpact of

landscape changes (Aheam et al. 2001; Cramer & Portier 2001 ).

lndividual baserl models describe population dynamics by sirnulating the behavior of

each individual in a population (Wiens et al. 1993). They inte$ate the life-history

inforrnation and behavioral rules on dispersal and habitat selection ür a meaningful way

because the basic urodeling unit, the rndividual, is also the biological unit of observation

(Wiegand et al. 1999). The rules are exfacted directly frorn the species' biological



information (Wiegand et al, 1 999; Krarner-Schadt er al. 2004b; Revilla et al. 2004), and

much of the model orüput is dírectly comparable to field data, and can be analyzed in

tlrat way (Wíegand ef al. 2004a). Spatially explicit population models often use

geogr-aphical infbruration systerns to compile rnaps on habitat quality allowing a better'

understanding of the inlluence of landscape change over population dynamics (Wiegand

et a1.2004a).

Sorne important advantages are that these models allow the integration of empirical

biological information of differing quality (Schadt et al. 2002a; Schadt et al.2002b;

Wiegand et al. 2003). The latter can be particularly useful in developing countries,

where most of the available information for some species comes from observers such as

park rangers or settlers who are in dirsct contact with the species and thek habitat.

Mechalistic rnodeling of populations can also help to identify variables of particular

interest to the system and thus prioritise ftrture research (Wiegand 2004a), and to

efficiently rnanage hurnan and economic resources for the generation of effective

conservation plans (Palomares et al. 1999; Schadt et al.2002b: K¡arner-Schadt et al.

2004). These simulation models can also help to overcome some of the fundamental

problems involved in obtaining reliable empirical data at the large temporal and spatial

scales required for the study ofthe effect of landscape changes on populations (Gu et al.

20021 Hargrove & Pickering 1992).



SPMIs have been a powerful tool in the assessment of species conservation plans and

the influeuce of land use on species suwival (Aheam et al. 2001; Cramer & PoÍier

2001;Schadtetal.2002a;Schadt,etal.2004b;Kramer-Schadtetal.2004;Wiegandet

al. 2004a). They also have been used to detennine irnportant biological parameters

related to population persistence ald landscape composition (Wiegand et al. 1998;

Revilla et al. 2004),

Tlre lrtremul (Hippocantelus bisulcus) is a mediurn sized deer endemic to southeln Chile

and Argentina. Prior to the colonization by Europeans (1800 a.c.), huemules were

distributed between the 34" to 53'S in Chile and between the 40'to 52'S in Argentina

(Aldridge & Montecinos 1998; Smith-Flueck 2000). Nowadays, the majority of the

Chilean population is concentrated south of the Aisén region (44'S). A few isolated

populations persist rn Nevados de Chillán (36"30'5, Bío Bío region) (Aldridge &

Montecinos 1998).

Dtre to the strong decrease in its geographical distribr"rtion, the huemul has been

classified as an endanllered species (IUCN, 1990-present). The cited causes of its

decline have been habitat destnrction, illegal hunting, disease from domestic animals,

and dog attacks (Povilitis 1984; Sinonetti 1995; Aldridge & Montecinos 1998; Frid

2000; Srnith-Flueck 2000).

hl Chile, most info¡mation regarding the huetnul is in the hands of the National Pa¡k

Sewice (CONAF). This information includes census data and a radio telemetry study



both conducted in the Tarnango National Reserve. Other studies inohlde general biology

and reproductive strategies (Povilitis 1983; Povilitis 1984; Smith-Flueck 2000),

mortality patterns (Smith-Flueck & Flueck 2001), sexual segregation and habitat

selection (Povilitis 1998; Frid 1994; 1999;2000; Smith-Flueck 2000), home range

(Povilitis 1984; Aldridge & Montecinos 1998), group size (Poviliris 1983; Frid 1994;

1999; Smidr-Flueck 2000) and interactions with cattle (Povilitis 1989; Frid 2000).

Huemules have home ranges that vary from 36 to 450 hectares (AJdridge & Montecinos

1998; Gill et al. 2008). Habitat selection depends on age and phenology (Frid 1994;

Smith-Flueck 2000), but in general, durrng the summer the species prefers grassland,

rvetlands or periglacial areas, whereas during the winter they use forests and open areas

in the same proportion. They also prefer low altitude with nortll to north-eastern facing

slopes (Aldridge & Montecinos 1998; Frid 1992; Smith-Ftueck 2000). During the

breedirrg season l'emales seek protected areas with greater slope, altitude or high

vegetation and they also move fartlier away from the group. During heat season, males

chster in open areas and fights are frequent but mofalis is low (poülitis 1984; Srnith-

Flueck 2000). Observed group size is six or seven individuals (Smith-Flueck 2000), but

the basic group structlre is an adult male and female with the newborn calf (poülitis

1983). The effect of cattle on huemul survival has been less well studied, although

research has shown that huemules tend to avoid areas where caltle are present (povilitis

1989; Frid 2000). Although knowledge of huemul biology is more detailed than that of

most of the other Chilean mammals, preüous to this study, this info¡mation had not



been cornpiled for the purpose of making population forecasts or understanding the

relationshrp between landscape structure and survival.

The goal of the present study was twofold. First we tried to synthesize all available

infbrmation for the species with the help of a spatially-explicit individual-based

sir.nulation model. Second, using the model we explored the population trajectories of

the species under nvo ñüure development scenarios for the Aisén region in southem

Chile. The first scenario rs clnracterized by a significant increase in livestock densities

dre to potential government incentives (CORFO, 2007; INDAP, 2007). Even though

there are not studies that detail the impact of the coexistence of bovine livestock and

huemul populations rn the Aisén region, observations of changes in habitat use patlerns

due to the presence oflivestock (Frid 2000), the transmission of diseases (Povilitis 1984,

Simonetti 1995), and several records of attacks by dogs associated with livestock (park

rangers, pers. cornrn.), suggest that this factor can have an important effect on huernul

survival. Although competition for food has not been documented, this common effect

of livestock on large wild herbivores (Kie et al. 1991 ; Loft et al. 1991; Loft et al. 1993),

and it is reasonable to assume that such an effect might exist on huenules as well.

The second scenario is the buílding of five hydroelectric dams that will create two

reservoi¡s in Baker river and three in Pascua river. Both of these areas are documented

huemul habitat (Vila et al. 2004). Althouglt the environmental impact assessment of

these projeots did not address the effects tirat such reservoirs rnight have on big

mammals, drere is a potential for a reduction in landscape connectivity as these'large



floodcd arcas nray dislupt the capacity of huemules to rnove fieely. Huemules have been

seer su'inrnriirg ciistances of Lrp to 80 nr u,ithout problerns but the potelltial I,or drorvniue

over longer distances niay sausc thetn to avoid large reservoirs.



DATA AND METHODS

The siniulation vvas conducted over an area of41,184 km2 located in the Aisén Region

of southem Chile (latitude 46030'S to 49'00'S, Fig. 1). This area encompasses most of

the known huernr.rl population i¡ Chile. The region has a diverse geomorphology due to

a lrigh tectonic, volcanic and glacial activity (Faúndez et al.2002). Climate is considered

extreme, with an average precipitation over 1500 mm (a significant proportion as snow)

and an average annual tempefature of 9oC (Burgos et al. 1991). Settlement lias

concentrated in the valleys and coastal areas.

Donrinant vegetation tlpes are Nothofugus forests, deciduous scrub and steppes.

Deciduous forests (dominated by N, pumi.lio) are located on high hillsides of the Andes,

with an altitude between 900 and 1200 m high, whereas evergreen forests (dominated by

II. betuloides, with presence of Drinys winlei and Podocarpus nubigena) are located

between 100 and 900 m altitude, mostly on the east side of Northern Ice Field (Fig. 1)

and tlie west side of the Andes Mountains (Luebert & Pliscoff 2004).

Decidnous scrul¡ is dorninated by M anlqrclica, and is located at the upper vegetation

lúnit (800 ur), in pcri-glacial areas and at the ecotone benveen forests and steppes,

rnainly in low hilisides of the east side ofthe Andes (Luebert & Pliscoff 2004), Steppes



are l;esluco pdllescens, Acaena :;plenden,s' and Mulinum sp¡nosum (Luebert & Pliscoff

2004)

Geographic information sources

Land use information was obtained from the National Native Forest Inventory (scale

t:100,000t CONAF-CONAMA-BIRF, 1999). Information on towns and roads car¡e

from the Aisén Regional Developrnent Plan (scale 1:50,000; SEREMI MINVU, 2004).

Hydtology and elevation (contour) maps were obtaüred fi'otr digital 1:50,000 charts

(Instituto Geográfico Militar, 2002)

Information on livestock density was obtained from dre 2005 Livestock Regional Census

(Servicio Agrícola y Ganadero, Aisén Region, unpublished data). For the study area this

census included 740 points associated to different properties but only 6770 of the latter

,uvere georeferenced. Data for each point included numbers of cows, horses, goats, sheep

y carnelids, but fbr the analysis they were transformed into Anirnal Units (Ai-l

(Holecheck et al. 1995, Herve & Balochi 1995, see "landscape layers").

Telemetry data

'feleureh-y data used for the developrnent of the movement algoritlrm was obtarned frorn

tlre prqect "Investigación sobre la ecología del huemul (Hippocamelus bisulcus) como

contribución a su conservación en el sur de Chile " (see acknowledgments). The data set



la)

used iüciLrdcd tire location of l5 rndivrduals (11 in 'l'arlango Natiolal Reserve and La

[Saguala arers, and 4 ill Caudonga a lbrest private land c]ose to llio Castillo National

Reserve) fi'our September 2000 to November 2002, with a total of 475 locations and an

average (SD) ürterval of 9.96 (SD-11.9) days between pornts.

Landscape layers

Geographic inlbrnration r.vas usctl to cre¿rte eight Iandscape laycrs: land use, ecotones

(betrveen lorests and otber land uses), hvdrograph-v, slope, aspect, altltude, roads, towns

and livcstock densitv (Table l). Although most data were treated as vectors durürg

proccssing, dunng sinulation all layers were expressed in a raster fbrmat using a 500 x

500 m grrd (see "Cell size").

Iicotone la1,er was built by creating an influence area of 250 meters both sides fi'om the

edge of fbrest polygons (land use map). Siope, altitude and aspect iayers were obtained

iiom a Digital Elevation Model (DEM), built fiom the contour map. Because to',vns

lvere reprcscnted as points they *,ere transformed into areal data assigning an influence

area o12000 ha to cities and 300 ha to snialler towns.

A iivestock clensi¡, la.ver u,as built using a rnodel to transform the porut data on AU into

ar ai'eai erprcssion of livestock ¿üundance. For that purpose tl¡e model dtstributed all

the AUs assocrated to a point among the neighborrng cells consrdering tluee ¡estrictions:

a habitat-specific carrying capacity (0.5 UA/ha fcrr grasslands, steppes and other
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herbaccous habitats, and 0.25 U,4,ha for forests and skub lands, Scheu et al. 199g,

Crllces et al 1999), topography (slope < 500/o and altitude < 800 rn) and continuity (i e.

all AU fol a point *,ere dtstributed in a single continuous patch).

Cell size

ccll size rvas set to be slightly smaller than tlic size of a 'small" home range for an

individue.l 1\liegand et aI.200,1a). Because the Fluemul homc ranges vary f'r.om 40 to

'100 ha (Smith-Flueck 2000), a ccll of 500 x 500 m (25 ha) was chosen. l'herefore, with

this pSain rlost home ranges \\'ere co*posed of tu,o to eight cells, allorvi,g for the

dcscription of landscapc efrects over movement pattern (Krarnmcr-schat et al. 2005). A

basic assrunption of this lnodel is that indivicluals funcrionally percerve their

enviro inent as being horloeeneous instde a given cell (Wiegand et al. 1999).

Movement data

Telernerr' data was used to obtain the probabrlity of individuals moving fi.onr a cell to

another duling a 1-rveek period, considering land use of both the departure and amival

ccils isec movelnent srtb rnodel). Data on indivrdual lt¡cations rvere intcrpolaterl i¡ order

to generate spatr:rl locations in j-week interyals. Onl1, real locations separatecl by less

than J3 davs were irterpolated, this processes generated 662 registers in total,37g for

R.N 'famango, 183 tbr La Baguala and I 0 I lor Candonga. The movement probability

inatrix (MPM ln lable 2, see movement sub model) rvas built rvith interpolated data.



Available infonnalion allowed for the estimation of movement probabilities for only

five land use categories (those present in the area where telemetry data was obtained).

Probabilities for other land uses were estimated from the literature (Povilitis 1984;1986;

Aldridge & Montecinos 1998; Frid 1994;1999;-2000; Smith-Flueck 2000).

Movcments to and from Argentina were nlade possible only through "passes"

connecting areas with suitable habitat in l¡oth countries (Vila et al. 2004) and with

altitudes lower than 1200 m. Annually, the program balanced the movements among

countries by introducing the same number of individual immigrants as there were

ernigrants.

Surryival data

No formal studies on survíval have been conducted fbr the species. However, park

rangers have been rnonitoring huemul populations for more than fourteen years and have

recorded the deaths of several known individuals. With that data along with the known

maximum longevity for the species (14 years) age-specific annual mortality rates were

estir¡ated (Table 3). This mortality included different causes such as: natural mortality,

huntíng and dog attacks.

t2.



l3

The model

The rnain purpose of the model was to describe the dynamics and, particularly, the

viability of huemul populations under different development scenarios in the Aisén

region. The rnodel simulates the movements, reproduction and deaths of individuals

during a 50-year period through tlree sub models: movement, mortality and

reproduction (Fig. 2). There are two basic matrices in the model: the first is a collection

of individuals (the population) and their attributes and the second, a rastef representation

of the landscape.

All individuals are characterized by the following state variables: identity number, sex,

age, and spatial locadon. Age is assigned randomly (3-14 years, uniforrn distribution) to

all individuals at the beginning of the simulation. Newborns are 0 years old. Age is

increascd by one at the end of the year. Spatial location of individuals is detennined by

the movenlent sub model (see Sub models), or druing the initialization process (see

Initialization). Fanrily group forrned each year with a maximum number of three, one

male and two fernale. Individuals less than one year old are considered fawns. Males one

to lwo yea.rs old ale considered juveniles, and males more than two years old and

females tnore than one year old are ref'erred to as adults- Twins are not allowed by the

model.

Randomness in the rnodel operates at two hierarchical levels, seasonality and indiüdual

behaüor. Seasonality includes the simulation of processes and events related to change
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in a seasonal fashion, such as reproductive behavior and general movement and habitat

selection patterns. The processes are male mt, reproductive season, winter movement

and birth season. Movement patterns are represented by a normally distributed frurction

cotnposed by biological information fiorn the literature (Aldridge y Montecinos, 1998;

Srnith-Flueck, 2000), and are calculated every year with a random variation of initial

week and length of period to include sor¡e differences, in climate condition that exist

betrveen years (Table 4). Individual behavior rrcludes movement and mating decisions.

Initialization

lnitial population size ¿rnd general location pattern of indivrduals are parameters that arc

defined before the beginning ofthe sü¡ulation. At initialization individual state variables

are assigrred values. Following the general location pattern (see Experiments)

indrviduals are located randomly in grid cells containing appropriate habitat conditions

(excluding lakes, rivers, ice, roads, towns, and liveslock). Family groups are fonned by

gouping individuals at 8 kilometers distances or less.

Submodels

Mc¡vemenl lub mr¡del: This sub rnodel defines the location of rndividuals through time

based on a'tnovement probability matrix (MPM" containing the relative probabilities

of rveekly rnovements among grid cells with different land uses (see "moven.rent data,,)

plus a series of rnodiliers derived from seasonality, sedentariness and landscape featrues.
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Seasonality effect refers to changes in general movement pattern associated to seasons.

Sedentariness is cornposed of three factors: maximum distance of weekly movements,

male attraction to mates, and home range tendency. Maximum distance of weekly

movement defines the maximum number of cells that an individual can move in one

,'veek. Male attraction defines the male tendency to move close to his present mate(s).

lJome rangc leudency is deflned by the tendency of an individual to move towards a

"graviry- certer" and it is governed by fwo parameters: "memory span" referring to the

number of previous spatial locations that are saved in memory to calculate the gravity

center, and "gravity" that defines the influence of the gravity center on the ftlture

position.

Landscape attributes, movement probabilities are eventually rrodified by rnformatron

regarding landscape features such as ecotones, hidrography, slope, altitude, aspect,

toads, towns and livestock and conspecific density (Table 5). The effects of most of

these vanables on hLremul movernent were estimated fiom biological information on the

species (Povilitis 1984;1986; Aldridge & Montecinos 1998; Povilitis 1989; Frid 1994;

1999; 2000; Srnrth-Flueck, 2000). The effects of livestock and conspecific density were

estilnated fi'om literature on otlier deer species (Kie et al. 1991; Loft et al. 1991;Kie et

al. 1996; Abbott et al. 1991 Kieetal.2002).

The movsment algorithm starts when an indiüdual randomly chooses an arrival cell. It

then assesses the probability of moving to such cell by multiplying the probability in the

MPM tirnes the probabilities of the r¡odifiers. The algorithm then compares such
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probability with a random number that is the result of rnultiplyilrg n uniforurly

distributed random numbers betrveen 0 and 1, with n being the number of modifiers used

in the algorithm. If this latter number is srnaller, it executes the nlovement. Othenvise

the individual chooses another cell. This procedure is repeated a maxirnum ol'five tirnes,

after which the individual stays in the origin cell. The algorithm is applied to all

individuals, with the exception of fawns, that move along with their rnothers.

Because huemules are known to swírn, the model allor.ved individuals to pass through

cells containing lakes or rivers. However individuals were not allotved to "stay" in such

cells. For that purpose, each time an individual entered a cell covered by water, it

increased its movement speed, performing up to five movements in a normal 1-week

time step. After that, if the individual still rernained in a water cell, it drowned. Besides,

each time an individual was present in a water cell an additional death probability was

applied (see "mortality sub model").

Morlality:uh nodcl: each week. deaths could happen dtre lo tlrree factors. Frst. age-

specific annual mortality rates at weekly scale (WMR). Second, there is a landscapc-

related mortality rate that takes values greater than 0 when individuals are in a cell with

a river, lake, livestock, road or town (Table 6). Third, males face an addilional source of

mortality when they fight for females. We used a low probability (0. I%) due to studies

that indicate that fights leading to death or serious injury are rare. Clutton Brock (et al.

1979) found two cases of ir¡ury in a total sample of 107 observed fights of Ccnrr.s
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elaphus. For the huemul the observed fights present a low level of injury with those

individuals that didn't have death as the direct cause.

Reproduttion sub model: this sub model ís invoked when males enter into rut. Then they

search for a female in estrous present withur a rnaximum search distance of 8 km (max-

dist). Secondly, males move torvards dre female and they face the landscape-r elated

mofiality their route, If they survive, they assess a fighting probability with other males.

If there a¡e not other males in the female's cell or if the individual wins the fight, rnating

occurs.

Calibration

Parameters used in the movement sub model (maximum distance of weekly movernents,

lnale attraction to rnates, home range tendency, memory span and gravity) were

subjected to calibration using telemetry data from 12 individuals from the Tamango

National Reserve. The procedure cornpared the position of the virtual deer over the

simulation period with those fiom the telemetry database. The proportion of matching

locations was used as an index parameter performance. The extent ofhome ranges was

rused as a control given flrat home ranges should fall between the size ranges reported in

the literature {25 - 444 ha, Povilitis 1983, 1984; Gill et al. 2008). For all parameters

except maximum distance of weekly movement, values ranging between 0.1 and 0.9

were tested. For every parameter cornbination a total of 50 simulations were run. For

maxúnum distance of weekly movement, the model assumed that juvenile or single
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males and pregnant females can move up to 1000 m (2 cells) per week, this was based

on the literature on other deer species (Rosenbeny et al. 2001; Bowman et al. 2002;

Long et al. 2005).

Experiments

Four different initial population sizes (100, 300,600 and 1200 individuals) and tkee

general Iocation pattems (aggregated, semi-aggregated and disaggregated) were tested.

The chosen initial population sizes reflect the level of uncefainty regarding the total

population size lbr the region. Recent estimates vary liom 300 to 1200 individuals

(including the Argentinean side, Aldridge & Montecinos 1998; Srrith-Flueck, 2000;

Aldridge & Velasquez 2006; park rangers, pers. comm.). Therefore the range used

includes the best and worst ofthese situations.

A sirnilar situation exists regarding the spatial distribution of populations. Using

available information on "stable" huemul populations in the region, 16 population areas

were defined (Aldridge & Velasquez 2006; park rangers, pers. comm.; Villa et al. 2004).

The aggregated population pattern randomly assigned all initial individuals in these

areas. ln the serni-aggregated pattem 35% of all individuals started in places of known

populations and the rest were randomly located in any area of the region. In the

clisaggregated pattem all individuals were randomly located in the region. All

individuals were located in grid cells containing suitable huemul habitat.



19

Scenarios

Three different scena'ios of future dcvelopment *ere simulated. The first one (..normal

scenario") rnaintained the present landscape configuration. The second scenario

("livestock scenario") considered a 50% livestock increase in the region. Tire latter was

generated by clianging the present livestock map by increasing the nr:mber of AIJ per

point by 50%. This means that, at a regional level, there is more a¡ea used by cattle but

they tend to concentrate in the same general areas as in the normal scenario. This

conservative approach was used because no information was available to predict the

creation ofneu Iirc>rock ranchins areas

-fhe 
third scenario ("reservoir scenario") considered the creation of fi.,e rescryoirs to

produce hydro eiectrical power. This was simulated by changing the hydrographic map,

adding lakes where tlie dams are planned to be built (Hidroaysen 2007). Each

expcriment involved 20 replicates.

Expression of results

At the end of each year, the model rccordetl the geographic location, age, and status

(dead or alive) of each individual. The total number of living individuals was then used

as the total population size. For that purpose individuals located in a landscape border of

5 kln r, l0 cellsT ilere not t¡llicd.
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Because of progamming constraints the model could only handle a maximum of 2000

individuals. For that reason, populations g.reater than 2000 were truncated in tliat

nunrber. When the total population size was smaller than l0 individuals, the population

was considered extinct and simulation was ten¡i¡rated.

Persistenoe probability (PP) was calculated as the proportion of simtrlation replicates in

which the population did not go extinct. For each scenario the population size at any

given time was the average of the population size of all 20 replicates at that time.

Confidence intervals for population size were created using the standard deüaüon of all

20 replicates.

Sensitivity analysis

Persistence probability (PP) was used as the variable on witch the sensitivity analysis

was conducted. The sensitiüty ofthe r¡odel was analyzed as the change in PP relative to

change in the value ofa given parameter (Parameter*) (Jorgense 1994). An initial

condition of600 individuals and semi-aggegated location was considered as a base

condition and the parameters values are indicated in Tabie 7.

We assessed sensitivity of the model to four paraaeters: weekly mortality probability

due to age (WMPA), male maximum search distance (max-dist), weekiy mortality

probability due to roads (WMPR) and weekly mortality probability due to livestock
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(WMPL). The range of values used for sensitivity analysis tried to cover the maximum

rarge ofbiologically meaningful values (Table 8).
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RESULTS

Model behavior

Population trajectories experienced a process of adjustmett during the first l0 years, in

rvhich an increase of the population during two first years and a later decrease of the

population size was generally observed. Most likely this was due to the adjustment of

the age distribution lo the curve ofthe age specific annual mortality rate and an effect of

larnily fornation lvhich is the result of individuals' initial location.

Model Calibration

The best set of paralneters produced by the calibration gave the value parameter

presented in Tabte 9. With these values the individual home range varied from 125 to

550 has. The average maximum movement distance showed similar values to the adult

indivi<lual observed with estabiished horne range. Because there are not radioteiemetry

data lbr -Voung huemules, values for the latter were estimated from the literature

(Rosenberry et al. 2001: Bownran et al., 2002; Long et al. 2005).
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Normal scenario and base condition

The population trajectory for the "normal" scenario and the "base" condition (600

individuals and semi-aggtegated location) showed a sustained growth from year 20 until

reaching a population size of 2000+ indiüduals by year 50. Persistence probability was

100% (Fig. 3). Emigration to Argentina ocurred at an average I to 2o/o of the population

each year. The main rnortality cause was associated with the weekly mortality

probability due to age (WMPA), with an average of 7 4o/o of the deaths during the 50

years of simulation. The second cause was fawn death due to the deadr of the mother.

Mortality due to livestock (WMPL) was on average 2.57o, representing approximately

five indiüduals per year. Mortality due to roads (WMPR) was of 0.7o/o, which represents

an average of one to two individuals per year. The latter values are similar to CONAF

reco¡ds of no rnore than three individuals hit by cars in a year (park rangers, pers.

comm.).

Effect of initial conditions

Wren initial population size was 300 or more indiüduals, hajectories showed a positive

growth rate. These rates increased with greater initial population sizes. Persistence

probability was 100% in all populations of 300 or more individuals with the only

exception of the population of 300 individuals with a disaggregated location. A decline

was observed for initial populations of 100 indiüduals with persistence probabilities

ranging between 5 md 40% (Fig. 4a). The initial population location had an important
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effect on the rate of population growth. For initial population sizes of 300, 600 and

1200, an ag$egated initial location produced greater growth rates, followed by semi

aggregated and finally a disaggregated initial location (Fig. 4b, c, d).

Future development scenarios

Populations had sirnilar trajectories in all simulated scenarios. The livestock scenario

showed a slightly smaller rate of growth than the "nonnal scenario", but i¡ most cases,

this difference was not statistically signifioant (overlapping 95% confidence intervals,

Fig. 5a, b, c). Only when initial population size was 1200 (Fig. 5d), the livestock

scenano had a sigrrificantly smaller population between years 12 and 20, but after that,

differences were attenuated. The reservoir scenario showed an increased gowth rate in

relation to the "normal scenario" but, again, this dífference was insignificant (Fig. 5).

The latter trends were similar for different initial population sizes, but differences were

less evident when starting with 300 or fewer individuals (Fig. 5a, b).

For initial population sizes of 600 and 1200 individuals at the end of simulation period

all of the trajectories converged (Fig. 5c, d), but this is an artifact of averaging 20

population trajectories that are truncated at 2000 indiüduals (appr. 1600 without the

edge).

In all scenarios population persistence was 100% for initial populations of 300 or more

individuals. For 100 individuals it was 55% for the reservoir scenario, 40oA for tbe
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normal scenario and 35% for the livestock scenario' although these values are not

significantly different (z <-1.27 , p >0 1)'

Sensitivi§ analYsis

The model was very sensitive to weekly mortality probability rates due to age (WMPA)

andtomalemaximumsearchdistance(max-dist)(Table10);thismeanstlratsmall

changes in these parameters will have an important effect on population persistence

probability.For example persistence probability was 307o when male maximum search

distance was 2 km, whereas persistence rose to 10070 when max-dist was 4 and 8

kilometres.

ontheotherhand,forwMPLandWMPR,thepersistenceprobabilitywasl00%ina11

tested values. However, in spite of the latter' there were evident differences in the

population trajectories (Fig. 6a, b, c, d)'
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DISCUSSION

There is a geat degee of uncertainty regarding the huemul population status in spite of

the amount info¡mation available for the species. Ours is the first formal attempt to use

such information to estimate a population trend for this ra¡e deer.

Unfortunately there are not independent souroes of information to validate the present

model. We used radiotelemetry data to calibrate the model in relation to some of the

parameters governing movement behavior, but these datasets were obtained inside and

around a protected area, which may bias the esümation of variables such as home range

size. However, there is sorne evidence that, at least, the model performed qualitatively

well. For exarnple, although the model showed a high sensitivi§ to some ofthe studied

parameters, it is interesting tlat most cases and scenarios resulted in a positive

population growth. This trend agrees with census data obtained by CONAI in Tamango

since the year 1985. Although it is not possible to discard the fact that the trend observed

in Tamango may be partly due to a re-grouping of indiüduals in an area with a greater

level of protection than the surroundings, anecdotal evidence (e.g. increasing sighting

reports by tourists a¡d researchers) suggests that the trend is widespread in the region.

The latter pattern suggests that some limiting factor(s) rnight have ceased to operate in
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the last decades. For exanple, a significant reduction in hunting, which was previously

legal (Smith-Flueck 2000) could explain part of the hend. In 1933 the Chilean

government started a colonization program for the Aisén region, givurg aí important

amount of land to settlers, who, between 1933 and 1952 bumed more than 35,000 km2

of forests to clea¡ land for raising livestock (Quintanilla, 2007). Atthough there a¡e not

di¡ect accounts on the effects that these fires (some of which lasted for years) and the

associated disturbance had on wildlife, it seems reasonable that they might have had a

long lastrng impact on some species.

Numerotr studies emphasize the importance of some key demographic parameters in

determining population viability for tkeatened species, particularly those related to the

mortality rates and the factors that influence recnütment (Wiegand et al. 1998,1999;

Kramer-Schadt et al 2004b; Wiegand 2004a). The present model was particularly

sensitive to weekly rnortality probabilities. We obtained an age-specific weekly

mortality curve from surüval data for several known individuals collected by CONAI'

park rangers in and around Tarnango National Reserve. Besides üe "informal" nature of

these data, it might be argued that they probably suffer from the same bias as the

movement dataset because mortality is expected to be lower in a reserve. However,

being close to the town of Cochrane, human influence on ltuemules is important in this

reserve. In fact, an important number of fawns born in the reserve have been killed by

dogs that come from the surrounding ranches. Besides, in the model we explicitly

incorporated additional mofality sources associated to factors more important outside
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mentioned bias was substantially reduoed.

In several scenarios the regional population size surpassed the maximum allowed by the

sirmrlation rnodel (2000, approximately 1500 when discounting for edge effect).

However, had the r¡odel considered some density dependent factors (e.g. competition,

disease transmission, etc.), gowth rates might have decreased at high population sizes.

In the present study, the initial conditions ofthe model (i.e. population size and location)

had an important effect on population dynamics and persistence probabilities. The fact

that persistence decreased significantly when the initial population was 100 individuals

suggests that at a population th¡eshold exists, under which the regional population tends

to become extinct. If the latter assumption is correct, it may be predicted that the isolated

populations rrr central Chile (approximately 40 individuals, Povilitis 2002) may be

declining to extinction. Unfortunately for the species, different studies giving account of

a population decrease in this region (Povilitis 1998; 2002; Aldridge & Montencino

1998) support our prediction.

Related to the mentioned threshold is the positive effect that initial population

aggregation had on persistence probability. At a regional level, populations may persist

only where densities are higher than a minimum viable density (Silva & Downing 1994).

Therefore, when overall population sizes are small, metapopulation persistence may be
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favored be local aggregation of irrdividuals produced either by landscape configuration

or conspecific attraction (Stephens & Süherland 1999, Greene & Stamps,2001).

The high sensitivity of the model to male maximum search distanoe (i.e. the distance at

which males were capable of detecting females in heat) highlights the importance that

conspecific atEaction had in súucturing spatial population configuration in this rnodel,

and reaffirms the importance of the scale at which indivicluals perceive the landscape in

understanding huemul population dynamics (Povilitis 1998).

Both evaluated scenarios of ftLture developrnent had negligible impacts on the regional

huernul population fajectories, and certainly their cffect was much smaller than that of

lnany parameters and initial conditions ofthe model.

The livestock scenario sirnulated a hypothetical 507o increase in the regional livestock

population, However, this scenario was incomplete because the census upon which we

built the livestock map did not include the geographic location of approximately 33% of

the ranches. If there is a th¡eshold in the effect of regional livestock mass on huemul

populations, this missing information might have reduced the relative impact of this

scenario. Additionally, we took a conservative approach and projected the increase in

livestock mass in areas that already had cattle and sheep ranches- Had we spread the new

livestock mass throughout the region, the effect on huemul populations might have been

higher. However, we could no do that because we had no way to estinrate the location of

new economically and technically suitable livestock ranching areas.
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Although we modelled the effect of livestock as one parameter, there are two main

mechanisms by which livestock might negatively affect huemul populations. First is

direct courpetition for space and other resources. However, experiences witli other

cervids suggest that main impacts occur at high cattle densities (1.7 AU/ha) whereas at

low densities (less than 0.5 AU/ha) the coexistence of the species is observed and there

is a low effect on habitat selection (Kie et al. 1991;1996; i,oft et al. 1991;1993). Our

model considered a maximum of 0.5 AUiha based on the livestock densities used in the

region (Scheu et al. 1998, Cnrces et al. 1999), which suggests that this mechanism might

not be very important.

The second mecha¡isrn is the impact through the effect of other organisms associated to

livestock. It has been argued that disease might have played a role in the past species

decline (Povilitis 1984, Simonetti 1995). AJso park rangers have detected several cases

ofhuemules (mostly young) killed by dogs associated to cattle ranches.

Overall, the effect of hvestock on huemules seems to be one of the weakest parts of our

model. The fact that, on average, or/ry 2.5o/o mortality (approximately five individuals

per year) was associated to livestock and the low sensitiüty of the model to this

pararneter (of known biological significance), suggests that other approach is needed.

Although dogs seem to be the most important of the known causes ofhuemul mortality,

currently their direct effect is difficult to model because they are not recorded in the

livestock census.
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In the reservoir scenario we simulated the flooding of 5.9 km2 distributed in five

artificial lakes that will be used to run a hydroelectric facility. This large project has

been subjected to much criticism because ofthe impact it may have on part ofthe unique

Patagonian biota. However, not only did the reservoir scenario not reduce huemul

population sDe or persistence but even showed a positive, although not sigaificant,

effect. This counterintuitive pattern might be a result of the very barrie¡ effect of

reservoirs. Populations in fiagmented landscapes tend to be more aggregated (Bjornstad

et al. 1998, Hoyle 2005), and the present model showed an important effect of

aggregation on population size. Although huemules were allowed to swim by the model,

most frequently individuals would avoid crossing water and therefore "accumulate" near

reservoirs likely increasing their rate of encounter,

It is irnportant to highlight the fact that although the direct effect of water reservoirs on

the regional huemul population trends may be rninirnal, our model did not include a

sedes of factors associated to reservoír building and operation such as, roads, camps,

powerlines and land change around the lake shore, that may indeed be more han¡ful

than the existence of a f'ew new water bodies.

Additionally, the model did not take mto account population genetics, a factor that might

be negatively affected by an increase in landscape fragmentation. However, we believe

that the overall effect of the planned water reservoirs in changing the regional landscape

connectivity 1br the species should be rninimal. Also, theoretical and ernpirical studies
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suggest that the effects of fiagmentation only reach significant levels when the

rernaining habitat is less than 40% of the landscape (Fahrig 1997;1998). Huemules use

an important diversity of vegetation types (Smith-Flueck 2000), concordant with their

ample distibution in the past. Overall, suitable huemul habitat covers 63.70A of the

regional landscape which is rnuch higher than the mentioned threshold.

Managemenf implications

Alürough lirrited in its ability to produce accurate quantitative predictions, the present

model is helpful in identifring relevant information that should be the basis of a

successful recovery progam for the species.

For example, the importance that initial population size and spatial aggregation had on

population trajectories underscores the urgency of conducting a study airned at

estimating total population size and distribution for the species throughout its range.

Although haüng such an estimate might seern an obvious goal, it is interesting to note

that tlie official Conservation Plan for the species in Chile (CONAF & CODEFF 2001)

does not even mention it, likely because it is deemed as an unsurmountable task.

Alternatively, the plan is based on studying and quantifying individual (presumably

discrete) "populations" but there is not a formal rationale to transform those values into

an estimate of total population size. Nowadays there are several techriques that allow

for the esumation of total population szes from local dat¿ (e.g. Robertson et al. 1995,

Barber & Gelfand 2007, Pople et al 2007). Most líkely these techniques will require a
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redesign oflocal sampling efforts, shifting from a "census" paradigm to an estimation of

point densities and to define suitable covariables to be used in the interpolation models.

Other crucial biological information includes survival data (preferably outside protected

areas), juvenile dispersal pattems and spatial perception of individuals. Research efforts

should be drected to fill the latter information gaps.

Indirectly, the model also highlighted the need for information on dogs, and theír effect

on huemul mortality and habitat selection patterns. A fortunate "by product" of this

study is that, after attending a preliminary presentation of results, local officials are

considering including information on dogs in the next livestock census. The importance

of the latter is hvofold. Fi¡st, it will allow to incorporate the abundance of dogs as a

separate variable from livestock in a future version of the model. But the most

significant consequence is that it may become a first step to work along with the

ranchers to reduce damage by dogs (e.g. eventually \ ¡ith the use of dog breeds adapted

for the protection ofboth the cattle and the wild fauna, Marker et al. 2005).

Although highly disturbed by past fires and land use change, Arsén remains as a largely

unpopulated region, with roughly 50% of the area under some level of legal protection.

The amount of apparently suitable habitat (approximately 183,000 km2 in the region)

contrasts witli the reduced population size of the species, again, pointing to the past

effect of fi¡e, hunting and,/or disease.
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The evidence proüded by this model suggests that the huemul population in Aisén

region has üe potential to recover if limiting factors are kept under control. Unlike the

situation in Argentina, where populations are apparentiy declining (Flueck & Smith-

Flueck 2006), probably due to low densities and high level of habitat fragrnentation, the

species seems to be increasing in t}te studied area.

If our interpretation of the resnlts of the present model is correct and huemules are, in

fact, rncreasing in the Aisén region, by no means this implies that a "laissez faire"

managernent approach shouid be adopted. On the contrary, the disproportionate effect

that stochastic events have on small populations (Shaffer 1981) underscores the

importance of actively facilitating recovery, until the species has reached a "safe"

population level, The latter requires understanding the way in which the species

naturally recovers and how it responds to management actions such as reintroductions

and habitat restoration (Gardmark et al. 2003).
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TABLES

Ecotones

Slope (%)

Altltude (m)

Aspect

Hidrography

Road

Tor,r.n

Livestock
Animal Units (UA)

Nothofagus iorest
Steppes
Scmb
Grassland
Bogs
Herbaceous vegetation
No vegetatioil
Urban areas
lce ca,'rlp and glaciers

250 mete¡s from the forest border
More than 250 metros from the lbrest
border

0- 15

15 - 50
More tlan 50

0-800
800-1200
lvlore than 1200

Northeast to Norwest
South

River
Lakes

Paved road
Unpaved roads
Prints(i.e. loot prints)

Cities ( t00O to 5000 habrt¿nts)
Smaller towns (50 to 1000 habitants)

0.5 UA,há in scrub, steppes and grassland

0.25 UA/há tn fo¡est
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Table 2. Movement probatrility matrix.

Grass- Bogs
land

No
aceous vegeta areas camp
vegeta -tion and

Ice

glaciers

I

50

Argen
-tina
border

50

duous -fagus ppes

forest forest

Deciduous.l4i3ll0
lorest
Nothofagus l0
torest
Steppes 16

Scrub 5

Grassland 50
Bogs 10
Herbaceous l0
vegetatlon

-tion

l0 10 l0 6 5

10505
50405
l0 40 5
50 10 5

50 105
50 l0 5

l0 180 10 l0

t&205050
t4 3 78 l0 l0
50 50 50 50 50
10 50 50 10 50

l0 50 10 50 50

15550
155s0
15550
15550
15550
15550

No 71 50 40 40
vegetatron
I Irban areas 95 95 95 95
lce-camP 99 99 99 gg
and glaclers
Lake 95 95 95 95
River 95 95 95 95
Argentina 50 50 50 50
border

10 10 10 29 5 I

95 95 95 95 1l
99 99 99 99 11
95 95 95 95 95 1

95 95 95 95 95 I

50 50 50 50 50

5550
5550
ll50
ll50
ll50
50 50 50

@inovcmerrtamonggridsbe1vee¡ac1ua1lá¡duse(row)a¡dttrcnextgridc¿¡ls(m1umn).
- Grcy vah¡cs wcre cstimatod irom telenrc§y data snd t+'hile Yalues }r'erc estimated from the literatu¡e.



Table 3. Survival data.

Ind¡v idual
Age

Age-spcctfic annual moftaliry* rates (%)

Base vaiue lbr model 125%o from based value 75oí from based valLra

(sensrtrvityanalysrs) (sensitivityanalysis)

1

2

3

4

5

6

7

8

i0
11

12

13

14

40

10

5

5

5

5

5

5

5

5

10

35

50

100

50

12.5

6.25

6.25

6.25

6.25

6.25

625
6.25

12.5

43.7 5

62.5

100

30
'7 .5

3 75

3.'7 5

3.'15

3',75

3.75

3.7 5

7.5

26.?5

37 .5

75

Table 4. Movement pattern.
Start week Annual durantion

1 1 ds:5
26 ds4
9 ds=5

't

Reproductlve season
Winter season
Birlh season

9 ds:3
12 ds:3
41 ds:5
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Table 5. Movement probabilities modifier due to landscape attributes,
Layel:s Category Adult lvlale and female Young Pregnant female

Summer Wüler All yeá¡ R€st oflhe year Bifh s€ason

Huemuls 0
density

(urdiüduaYcells) 1 - 4

100

50
10

100

50

100

50
l0

100

50

l0

100

75

t00
50

50

30

50

100

l0
?o

100

20
l0

100

75
50

50

100

100

50
10

r00

75

50

100

75

100

50

50

30

50

100

l0
20

100

30
l5

100

75

75

100

50

r00

75
50

100

75

50

100

75

r00

50

50

30

50

100

l0
20

100

30
15

100

50
l0

50

100

25

75
100

100

75

50

100

50

100

50

50

l5

25

100

5

5

100

10
5

100

25
I

25

100

10

75

100

75

100

50

100

50

100

25

25

5

5

100

I

I

100

5

2

Ecotone

Slope

Altitude

Aspect

Hidrography no

river
lake

Roads

>5

+250m
- 250 rn

0 - 10yo

t0-50%
> 50y;

0-800m.
800 - 1200
m.
+ I200 m.

north

south

Unpaved
road
Foot print

no

Cities

Smaller
towns
OUA
0,25 UA
0,5 UA

Town

Livestock



Table 6. Landscape-related mortality.

Town

Road

l,ivestock

Lake

Cities
Smaller towns (50 a 1000)

Unpaved road
Foot print

0.25 AU(Animal unit)
0.5 AU(Animal unit)

Table 7. Parameters for model based condition.
Parameters

Population location
Weekly mortali§ probability (WMPR)
Male maximum search dista¡rce (Max-dist)
Weekly mortah§ probability due to roads
(wMPR)
Weekly mortality probability due to livestock
(wMPL)

Parameter based value

Semiaggregate
See table 3
8km
0.1 %

1% (for 0.?5 UA)
2 % (for 0.s UA)
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Table 8. Parameters used in sensitivity analysis.
Parameters Base value used

in the model
Pa¡ameter values

probability (wl,f PR)
Male maximum sea¡ch

moYement distance

Male attraction

Home Memory
range span
tendency

Gravity

8 kilometer
value

2 kilometer

0.5 %

value
4 kilometer

lyo
distance (Max-dist)
Weekly mortality 0.1 %
probability due to roads
(wMPR)
Weekly mortaliry-
probability due to
livestock

I Yo (for o.25 UA) 2oA (for 0.25 UA.) 4 Yo (for 0.25 UL)
2 % (for 0.5 UA) 4 % (for 0.5 UA) 8 % (for 0.5 UA)

1997, Kie. 2002), snd a¡e values related to lánds$pe f,erception ed msle movemenr b p€ak *asons. Distaqces futhcr
than 8 kñ l,verc not tested since this value assures a I007o suNival rate WMPR r¡¡ge valu€s wer€ obtained Fo¡n
iiterature.
WMPL as lhe same as age-s?ecific annual moÍality ütcs, base %lues were etimat€d by interviewing the parti rmger
and rEsearchers the rangc values fy to cover the b€st and wo¡sl eslimated conditions as suggeted by lic resesrch.

Table 9. Calibration result
Parameters Individuals fenology

Male with Male Female Pregnant Young
couple without Female

1000 r

l+

0.6 *

08*

0.6 *

0.8 *

0.6 *

08*

* 1000

0.8 *

0.6 *

0.8 *

0.6

0.5

(*) Parameters adjusted with relemetry data.
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Table 10. Sensitivity analysis result.
Change in parameter

Parameters 25% 50o/o 75% 100% 125% 200% 400% 500o/o 1000%
Weekly mortality 0 0 -0.64
probabili§ (WMPR)

Male maximum search 0.93 0 0
distance (Max-dist)

Weekly mortality - 0 - 0 0
probabili§ due to
roads (WMPR)

Weekly mortality - 0 - 0 0 -
probabih§ due to
livestock (WMPL)

SF (?.P., -P.P.qY P.Ptr
(?úameterrParaDeterQ/Püameterp

Sx: Scr¡sitiüty.
P.Po PersistcDce Fobability tor basic modcl situ¿tion.
P.P. ¡ Pcrsidcrice probability áfter changc the parameter.
Pa¡amete.o Psrameter value in the model base condition.
Paramelerr ChaDge iÍpal ameter vdllc.
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FIGURES

Figure 1: Study area
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Figure 2: Model diagram

This flow chart shows the different model components. The entry variables are size and

initial population location. The exit variable is the population size. This takes into

account weekly and monthly cycles.

REPRODUCTION
SUB MODEL
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Figure 3: Normal scenario

Population trajectory for present landscape scena¡io. The Initiai population size was
composed of 600 individuals and the initial location was semi-aggegated.
The population trajectories ct¡¡ve showed a process of adjustment during the first 10
years, in which there was a population increase dwing two first years followed by a
decrease in the population size (grey zone). This situation was attributed to model
adjustment. After this adjustrnent trajectory showed a stable population gowth. 'Ihe

Persistence probability was 100%.
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Figure 4: Model sensitivity to the initial conditions

Population trajectories of different sizes and initial population location. Population sizes

= 5a: 100 individuals; 5b: 300 individuals; 5c: 600 indiüduals; 5d: 1200 individuals.
Initial locations = aggregated; semi-aggregated and disaggregated
Persistence probability P.P. : number of reoetitions that did not eradicate

number ofrepetitions
Populations that weren't eradicated are considered when the population size at 50 years
of simulation is greater than 30 individuals.

* s.d{cqn!.r.d {roo% ), Db¡gqrEg.t <l(100*)

+ s.lrl<sqÉsebd (¡o% )
-' Dls.CgÉsabd(5%)

r seml¡qsEC.t¿d (100% )
,- D¡saeg6lEl.d (l0o%)

"ffi'*' -,,"r

.H 100n

I aoo

a
3 600

1600

1200

.$ ,*
i 30o

3 eoo

51

+ Áorn!.t d foo%)
+- ssnr.¡gf!¡.¡d (tolr¿)
, o¡sagñqat d (9f¿)



55

Figure 5: Effects of the landscape changes on the population dynamic

Population trajectories for the distinct simulated landscape soenarios.
Population sizes : 5a: 100 individuals; 5b: 300 individuals; 5c: 600 individuals; 5d:
1200 individuals.
Initial location is semiaggregated.
In parenthesis is the survival probability of the PP population.
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Figure 6: Effects of sensitivity analysis over population trajectories

Population trajectories for the distinct parameters evaluated (see table 7). 6a: Weekly
mortality probability (1VMPR); 6b: Male maximum search distance (Max-dist). 6c: Weekly
mortali§ probabiirty due to roads (WMPR); 6d: Weekly mortality probability due to livestock
(WMPL)
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APPENDIX I EXTENDED MODEL DESCRIPTION

The main purpose of this model is to describe üe dynamics and, particularly, the
viability of huemul populations under different development scenarios in the Aisen
region. The model simulated the movements, reproduction and deaths of inclividuals
duing a 5O-year period through three sub models; movement, mortality and
reproduction (Fig. 2).

The model used hvo basic matrices: the ñrst is a collec¡ion of individuals (the
population) and their attributes and the second, a raster representation ofthe landscape.

All individual are characterized by the following state variables: identity number, sex,
age, and spatial location. A unique identity number and sex label (male or female, 1/1
proportion) is given to each individual at the beginning of the simulation or when they
are born. Age is assigned randomly (3-14 years, uniform distribution) to all individuals
at the beginning of the simulation. Newborns are 0 years old. Age is increased by one at
the end of the year. Spatial location of indiüduals is determined by the movement sub
model (see Sub models), or during the initialzation process (see initialization).

Females are characterized by two additional codes: "offspring code" which is equal to
the identity number of thei¡ offspring (twins are not allowed by üe model) and "family
code", a unique identifier for the mothe¡ and tleir present couple. Males are also
charactenzed by this "family code" identifying the females impregnated by them during
the present season ard a "couple code" identifying mates, with a maximum oftwo.

Family groups forrned each year with a maximum number of th¡ee, one male afld two
female. Formation is in mating period, if the male "Couple code" is less than 3, then the
female will have the same "family code".

Individuals less than one year old are considered fawns. Males one to two years old are
considered juveniles, and males more than hvo years old and females more than one year
old are refened to as adults. Fawns have the same family code as their mothers.

Randotnness in the model operates at two hierarchical levels, seasonality and ildividual
behavior. Seasonality íncludes the simulation of processes and events related to change
in a seasonal fashion, such as reproductive behavior and general movement and habitat
selection patterns. The processes are male rut, reproductive season, winter movement
and buth season. Movement patterns are represented by a nonnally distributed function
composed by biological ürformation from the literature (Aldridge y Montecinos, 1998,
Smith-Flueck, 2000), and a¡e calculated every year with a random variation of initial
week and length of period to i¡clude some differences, in climate condition that exist
behveen years (Table 4). Individual behaüor includes movement and mating decisions.
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Initialization

Inittal population size and general location pattern of individuals are parameters that are
defined before the beginning ofthe simulation. At initialization individual state variables
are assigred values. Following the general location pattern (see Experiments)
individuals are located randomly in grid cells containiug appropriate habitat conditions
(excluding lakes, river, ice camp, roads, towns, and cattle presence). Farnily groups are
formed by grouping individuals at 8 kilorneters distances or less a maxir¡um ofone male
and two females per farnily.

Submodels

Moventent suh model: This sub model defines individuals' location through time based
on a "movernent probability mahix (MPM)" containing the relative probabilities of
weekly movements among grid cells with different land uses (see "movement data")
plus a series of modifiers derived from seasonality, sedentariness and landscape features.

1. - Seasonality'. individuals change their gene¡al movement during the year accordtrg to
seasonal changes in the species' phenology and weather (e.g. snow). At the beginning of
the year the model built the normal distribution function for "movement pattern". Each
week, individuals randomly choose a number, which is uniformly disÍibuted between 0
and 1, and if it is srnaller than the movement pattem number for that week, they assume
this movement pattern changing its habitat selection (Table 4).

2. - Sedentarine.r.r; This elernent is composed ol tlree factors: maxir¡um distance of
weekly rnovements, male attraction to mates, and home range tendency. Maxirmrm
distance of weekly movement defines the maxi¡num number of cells that an individual
can move in one week. Male attraction defines the male tendency of movement close to
his present mate(s). Home range tendency is defined by the tendency ofan individual to
move towards a "gravity center" and it is governed by two parameters: "memory span"
referring to the number of previous spatial locations that are saved in memory to
calculate the gavity center, and "gravity" that defines the influence of&e gravity center
on the futue position.

3. l,andscape attributes . Movement probabilities are eventually modified by information
regarding landscape featu¡es such as ecotones, hidrography, slope, altitude, aspect,
¡oads, towns and lívestock and co specific density (Table 5). The effects ofmost ofthese
variables on huemul movement were estimated from biological information on the
species (Povilitis 1983; Aldridge & Montecinos 1998; Povilitis 1989; Frid 1994; Frid
1999; Frid 2000; Smith-Flueck, 2000). The effects of livestock and co specific density
were estirnated from literature on other deer speoies (Kie et al. 1991; Loft et al. 1991;
Kie et al. 1996; Abbotr et al. 1997;Kie etal.2002).

The movement algorithm starts when an individual randomly chooses an arrival cell, It
then assesses the probabiliry of moving to such cell by multiplying the probability in the
MPM times the probabilities of the modifiers. The algorithm then compares such
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probability with a random number that is the result of rnultiplying n uniformly
distributed random numbers between 0 and 1, with n being the number of modifiers used
in the algorithm. If this latter number is smaller, it executes the movement. Otherwise
the individual chooses another cel1. This procedrrre is repeated a maximum of five tímes,
after which the indiüdual stays in tíe origin cell. The algorithm is applied to all
indrvidmls, with the exception of fawns, that move along with ther mothers.

Beca¡:se huemules are known to swim, the model allowed individuals to pass througli
cells containing lakes or rivers. However indiüduals were not allowed to "stay" in such
cells. For that purpose, each time an individual entered a cell covered by water, it
increased its movement speed, performing up to five movements in a normal l-week
time step. After that, if the individual still remained in a water cell, it drowned. Besides,
each time an individual was present in a water cell an additional death probability was
applied (see "mortality sub model").

Mortalitv sub model: each week, deaths can happen due to three factors. First, age-
specific annual mortality rates (see survival data) are transformed into weekly rnortality
probabilities (WMRA). Second, there is a landscape-related mortality rate that takes
values greater than 0 when individuals are in a cell with a river, lake, livestock, road or
town (Table 6). Third, males face an additional sowce of mortality when they fight for
females (0.1 %). We used a low value of probability due to studies that indicate that
figlrts leading to death or serious injury are rare. Clutton Brock (et al. 'i979) found t',vo
cases of injury in a total sample of 107 observed fights of Cemus elaphus. For the
huemul the observed fights present a low level of injury with those individuals that did
not have death as the direct cause.

In all of the cases these probabilities are contrasted with randoln numbers uniforrnly
distributed between 0 and 1, and if greater, individuals are "killed" and taken out of the
sirnulation.

Reproduclion sub model: this sub model is invoked when males test their individual
probability of entering into rut. As a fust phase males search for a female in estrous
present within a rnaxirnum search distance of 8 km (max-dist). Secondly, males move
towards the female in a straight line within one time step. During this phase males face
the landscape-related mortality in all grid cells present in thei¡ route. If ma'les survive to
reach the female's grid cell, they look for other adult males present in the cell, and, if
other adult males are present they engage in a fight (that neither may or may nor result in
the death ofone of the opponents). If there are not oüer males in the female's cell or if
the individual wins the fight. mating occurs.

Calibration

Parameters used i¡l the movement sub model (maximum distance of weekly rnovements,
male attraction to mates, home range tendency, memory span and gravity) were
subjected to calibration using teleme§ data fiom 12 individuals from the Tamango
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National Reserve. Tlie procedure compared the position of the virtual deer over the
simulation period with those from the telemetry database. The proportion of rnatching
locations was used as an index parameter performance. The extent of home ranges was
used as a control given that home ranges should fall between the size ranges reported in
the literature (25 - 444 ha, Povilitis 1983, 1984; Gill et al. 2008). For all parameters
except maximum distance of weekly movement, values ranging behveen 0.1 and 0.9
were tested. For every pararneter combi¡ation a total of 50 sirnulations u,ere run. For
maximum distance of weekly rlovement, the model assumed that juvenile or single
males and pregnant females can move up to 1000 rn (2 cells) per week, flris was based
on tlre literatu¡e on other deer species (Rosenberry et al. 2001; Bowman et al. 2002.,
Long et al. 2005)

Parameters used in the movement sub model (i.e. "male attraction to mates" and "home
range tendency") were subject to calibration using telemetry data from 12 individuals
from the Tamango Natlonal Resele. For that purpose the model simulated a population
of 50 individuals over a 5 year period. From these, the rnodel chose 12 individuals
featuring sirnilar attributes to those of the radio tracked animals (e.g. initial spatial
location, sex, age, f'amily groups, etc). The model recorded the position of the virtual
deer over the simulation period and compared these locations with those from the
telemetry database. The proportion of matching locations was used as an index
parameter performance. Additionally, the model recorded the extent of the resulting
home ranges. The latter was used as a control given that home ranges should fall
behveen the size ranges reported in the lite¡ature (25 - 444 ha, Povilitis 1983, 1984; Gill
et al. 2008).

For all tluee parameter values between 0.1 and 0.9 were tested, and for every parameter
cotnbination a total of 50 simulations were nu.

Pararneter "Maximul distance of weekly movements" was not included in the
calibration, because telemetry data showed almost no movement beyond one grid cell
(500 m) for a week, probably due to the fact that most individuals had well established
home ranges. Based on the literature on other deer species (Rosenberry et al. 2001;
Bowrnan, and col, 2002; Long et al. 2005) the model assumed that juvenile or single
rnales and pregnant females can move up to 1000 m (2 cells) per week.

Ex¡reriments

Four different initial population sizes (i00, 300, 600 and 1200 individuals) and tlree
general location patterns (ag$egated, semi-aggregated and disaggregated) were tested.

The cl.rosen initial population sizes reflect the level of uncertain{ regarding the total
population size for the region. Recent estimates vary fiom 300 to 1200 individuals
(including the Argentinean side, Aldridge & Montecinos 1998; Srnith-Flueck, 2000;
Aldridge & Velasquez 2006; park rangers, pers. comm.). Therefore the range used
includes the best and worst of these situations.
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A similar situation exists regarding the spatial disfibution of populations. Using
available info¡mation on "stable" huemul populations in the region, 16 population areas
were defined (Aldridge & Velasquez 2006; park rangers, pers. comm.; Villa et al. 2004).
The aggregated population pattem randomly assigned a1l initial individuals in these
areas. In the semi-aggregated pattern 85% of all individuals st¿rted in places of known
populations and the rest were tandomly located in any area of the region. In the
disaggregated pattem all indiüduals were randomly looated in the region, All
individuals were located in grid cells containing suitable huemul habitat.

For sensitiüty a¡alysis a "basic model situation" with 600 individuals as an initial
population size and semi-aggregated spatial disfribution was considered (Table 7).

Scenarios

Three different scenarios of future development were simulated. The flrst one ("normal
soenario") maintained the present laadscape con"figuration. The second scenario
("livestock scenario") considered a 50% livestock increase in the region. The latte¡ was
generated by changing the present livestock map by increasing the number of AU per
point by 50%. This means that, at a regional levei, there is more area used by cattle but
they tend to concentrate in the same general areas as in the normal scenario. This
conservative approach was used because no information was available to predict the
creation of new livestock ranchilg areas.

The third scenario ("'reservoir scenario') considered the creation of five reservoi¡s to
produce hydro elecfical power. This was simulated by changing the hydrographic map,
adding lakes where the dams are plamed to be built (Hidroaysen 2007).

Each expe¡iment involved 20 replicates.

Expression of results

At the end of each year, the model recorded the geographic location, age, and status
(dead or alive) of each individual. The total number of living indiüduals was then used
as the total population size. For that purpose indiüduals located in a landscape border of
5 km (10 cells) were not taliied.

Because of programming conshaints the model could only handle a maxirnum of 2000
individuals. For that reason, populations greater than 2000 were truncated in that
number. When the total population size was smaller than 10 huemules, the population
was considered extinct and simulation was terminated.

Pe¡sistence probability @P) was calculated as the proportion of simulation replicates in
which the population did not go extinct.
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For each scenario the population size at any grven tiure was the average of the
populatron size of ail 20 replicates at that time. confitlence intervals for popuñtion size
uere createcl using thc sta¡rd¿Lrd deviation of all 20 replicates.

Sensitivity analysis

Persistcnce probabrlity (P.P.) rvas used as the variable on rvitch the sensitivity anal¡,sis
r.vas conducted. The sensitivrty of the rnodel was analyzed as the change in P.P. ¡elative
to change in the value ofa given parameter (Pararneter,) (Jorgense 1994). An initial
condition of 600 individuals and semi-aggegated location was considcrcd as a bo.ye
t'ondition and thc parameters valucs are indicated in Table 7.

Sensitir.itl (Sr) rvas calculated as follows:

Sx- (P.P.i_ J-P.qy ryo
(Parameter 

1 
-Pat'arnetcrq),Faramete16

Where PP1 is the value of persistence probability after a change the Paralreterg, PP,- is
the value for basic model situation. Parameterl is the test value ofparameter P, (all other
par-ameters kept at staldard value during test), and Parameter¡ rs the parameter value fbr
basic rnodel situation (Jorgense 1994).

We assessed sensitivit¡r of the rnodel to four parameters: weekly rrorlaiity probability
dLre to age (WMPA), male maximum search dlstance (max-dist), weekl), mortalitlJ
probability due to roads (WMPR) and weekly mortality probability due to livestock
(WM]']L). Thc rarge of values used for sensitivi¡, analysis tried to cover the maximuur
range ofb'iologically meaningful values (Tabie 8).
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APPENDIX 2, MODEL CODE

Ra¡cicmize iime!

'!ar netros

?bnr:i.=200
lbnleg.=200
:bnDue¡-l ¡ 0
?bna io=: i0

Pbnu¿i=raa
!bnua2=2Cal

open I'ajsenrnd.dat" as +2 Ien=i6
Í1etd*2, 2 as uso§,2 ¡s eco9/ 2 as pendg, 2 a:; á1c19, 2 as expo9, 2 as h1c:c$, 2 as u¡bg,

fo. cy= i to 116

fcr cx= 1!o 29ó
re!jrsa.ro = (cy-i) +28b+c:{
getii:, reqrsrro
uso-cvi lrsog)
eco=cvr (eco$)
pen.i=c.rr leenc§ )

a1t1=c.r1 (a1r1S )

expc=cvl (expo§ )

h: d¡o=cvl (hldroS )

urb=c1,r 1.rrb$ )

pset (c7+20,300 cx) / ¡rso
,set t cy-2L, lat-.f,), na

:110P
' its¡: lluEi,fut vl
.pen "Pbuso0l.csw" for:lrrput as +l
'+2 es e] uso de 5uelo sn .dat
opeD "PBn10. csv" fo¡ ripui as +3
open !'cheiot¿l.csw" ior ]lnpL:r: as #1

,DI],:ENS IOI{A I.ÍATRIU TE¡,lPORq], DE HUE]"II],ES
Cr:i: hterLpo! (2000, 15)

' DII,IEN"S ION :fJ1TRl Z DE IROB I]E CATYBIO DE GR¡ POR USO DE SUftO
d1m pbcusot { 16, 16 )

for b=1 to 15
irput+,, pL,cusoi (b,1), pbcusot {b.2), pbcusoi (b,.1), pbcúsón (b,4) , pbcusoa,lb,5) ,
pbcLrsoi¿, (b, 6) , pbcu5o. ib/r), pbcusol(b,8),

pbcusot (b,9), pbcuso+ (b, 10) , pbcusot (b/ 11), pbcusos (b,12) , pbcuso? {b, t:t ,
pbcusot (b, 14), pbcusot. (b, l5), pbcusol ilr, 16)

'DIMENSiON II\TB.IZ DE PROts DE l"ilJERTE AIEATORIA
dim pbnécád¿ (14 )

for f=i to 11
rnirutri 3 / r,bi¡ledaCi (:)
nent f
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'DIMENSION MATRIZ DE I¡¡MIGRACION
dim pbiru¡is (282,2)
far f=l to 282
r.nput# {, pbln\Ig (f ,1), pbinmi*(f,2)
next f

open rrld$.csv" foI append as *5
open 'tnue¡les.c§v" for append as +?
open rrcensos,csv" fo! append as #8
open "1oca.csv't for append as *9
'!rrite*6, "repeti", "ano", thuemules", "nacinientos",'rmue!tesr',

, "pueb10", "atdea", "pavtr, "nopav", 'tganado', 'peleas', 'madr€",
"argentina",'nado'
'r.¡!ite+7, "repeti", nanor, trsemú, ,(h,6),, ,(h,1),, n(h/2)n, ¡(h,4)n/ r(h.5)r
'r,rrite#8, "repeti", huernules", "torafjuvenil", "roraI adultos". "tota1
crias", "machojuv", "hembrajuv", "nacho adul!o", "he¡üra adulta',
' rrte*g, "repeti", '(h,6)", '(h,1)", "{,},,2)", "t,h,3)", ,'(h,4)r', "(h,8),,
" (h,9) ", "(h, 10),, , (h,11) ", " (h,12)'

fo.r ¡epeti = 1to 20
I DIMESIONA ¡,BTRI Z 1NDIVIDUOS ]NICIA.L DE], MODEI,O

'2 : y
'3 : sexo / maclo=o / herüra=1 / henbr:a presada=2 / muerto=-t

r5 : causa de muerte/1=variesgo/2=aleatorea/3=pelea/r6 : codhueñuf
17 : para eI macho si visito u¡a henbra
'8 r codigo mad.e
'9 : codigo hijo/a
| 10: codiqo padre/fanilla
'11: A,.¡bito de hogar en x
'12: Añbito de hogar en y
' 13: Ntmero de familiares
r14: Ntmero de hj.jola de las madres,,

huemuLes = 100 'IiUEMULES
din huemulg (huemules, 15i,input ',',,.pp
'beep
codrgo=100
cod.aadre=500
codfamilia=? 0 0. CONDICIONES IN]CIAIES EN E¡ MODEIO
f o-r h=1 to huenules

ccastitto=rnt (1/ 100 " huemules )
g¡alcarre¡a=int ( 1/100*huemules)
1eo¡1=lnt (2/ 100 *huemules 

)

baker=int (2 /100*huemules )

chnorte=int ( 4/100*huemutes )
j e inemeni=j.nt ( s/100*huemules )

baguala=inl (5/ 100*huemules )

!amango=int (?,/ 100 *hueñu1es )

chacabuco=int ( s/1,00*huenules )

3urcochr=int ( 2 /100*hue¡üutes )

canalesl=int { 5/100+huemules )

canales2=int ( 5/10 0*huemules )
pascua=int ( 10/ 100 *huenules )

la!a¡nona=int ( 5/100*huemulés )

ohigqi¡s=int ( 10/100*huemules )

ohigg ins norte=int ( 10 / 10 0 *hueñule s )

huemulg (h,1) = int (rnd*250)+15
huemul* (h.2) = j.Dt {.ndr550} +15

if h>=1 and h<ccasti-Ilo then
if huemul*(h/1)<75 o¡ huemulg (h, L)>168 or huemult(h,2)<1 o.r huemult(h,2)>23 then goto

end if
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ii h>-.casiitto aDC h<-(ccast!ltorgralcarrera) rh.n
rf huer¡rl.',(h, 1).::ln6 or iLe¡1utt ih, 1)>123 ar huenutri¡,2)<99 ór huemJti (h,21>115 the:1 qoto

i: h>(ccas!illo+q:dicarrera) and h<=(ccastltio+q.atcarrera+Leon) then
1f hlreiiuliih,i)<18 o-r hrer..rl:- (h,I) >l: ór huenult(h,2)<115 cr hu¿rr,u I ! i h , 2 ) > 1¡! 2 rheD qoto

as rgn¿xy

rf h>(ccastillo+graica¡re¡ai1éon) and h<=(ccastltto+g¡atcar-rera+teon+baker) :hen
r: Iuenrll. (h, 1) <S! or huenLul: (h, | >107 cr huemrjt¡(ht2)<2)t or huemutt{h,2)>229 :he:.! goto

en,i if
rf h> (ccastillo+Er:aI.arrerá+leon]baker) an.i h<= (ccas!i11c+g¡¿tcarrera+ieon+baker+chnorre)

r: huenuL\(h,11<26 o: hrlemuln ih, l)>46 ó¡ huemut!(1r,2)<1Se cr truenut!i(h,Zi>113 then qato

1f h>(ccasrillo+gralcarrera+leon+baher+chno;le) and
h<= ( ccastil.lo+gral.ar.e¡a+leon+L,aker+ j elnenen:I ) then
1: huenu-i ih, 1)(1!! or huemul¿(h, I)>219 cr huenuli(h,2)<224 cr Luenu:!(h,2)>252 t]]en

g.t. a5:lnaxv

rf h>(ccasaillc+!,¡¿ll.ár¡e.a+feon+baker.+chnorte+jein.neia) a.C
h<=(c.es]]illo+gral:arrer¿+leon+bake:+chno¡te+_-einemenr+baguala) ihen

a: hLrLrr,u,iih,.r)<190 c¡ huemui¡(ir, 1)>219 or hLenuI,r (h,2)<224 o¡ huenuit(h,:)>25: t:1en
.o Eo a5a!trar'/

1f i>lccastill.+.Jralca:rc¡a+leon+baker+ch¡o.te+jeineneni+raguala) and
¡<=iccesti.ilo+qral.carre.a+1éon+bake¡+ch.orte-te1ne¡reni+baquala+tanaoqo) ttren

r¡ huer¡uli |ti, t).<l)9 o¡ hüeúLü]t, (tr, t)i,169 .f hLremut,tfh,:)<214 or huemuil iir,:)>251r rten
q.:o aslEraiy

ri h>iccastilio+qrálcarrera+i¿on+baker+chr,orte+ternemenl+baguata+rana:lqo) and
L<. (cc¡ s: i I1o-grdlcarr.era+ 1e o.+baker+chnorte+l et nemeni+baguata+t arnanqo+.hacabuco ) rhen

1f huernuliih,l)<165 .r huemut* (h,1) >208 or huenLt+(h,2)<205 or huenuli (1,2)>2:,1 then
gcto á5ig:lary
enrl tf
1f h>iccastliio'gralcerrera+leon+baker+chnorte+lernemeni+baquala+ianalqo+chacabücol and
:r. = t ccas: r11o+gra1c arrera+leon+baker+.hnort e+j eioeneni+bagual a+rarnanqo+chacabuco+surcochr

rf buerLul!ih, L)<59 or huemull(h, 1)>7á or huenutr_1h,2)<140 or truemulilh,2)>15, rhen soto

af
h>icc-sii11o-.lraLcarrere+león+baker+ch¡orte+lea.erne i+baguala+tana.g.+.h¿¡cabLrcc+surco.hr)

h<= ( cca ei r lio r'gralcarr:era+leonrba¡er:-ichnorte+j eineneni+baqual a+t anango +chaca¡uc c+ s u.¿ ochr
. cana 1e sn) then
1f huenu.l.i (h, r) <2 o. huenuli{h, 1l>35 or huemuil(h,2)<361 or huenul-*ih,2)>398 thel scio

1i
j1> i cca: ¡i I I c+gr.alcarreralleon+baker+chnorte+l e ineneni.+bae,uala+tamanqc+cha.abuco-sDr.cochr+
c arla l e s.-r ) an.L
h<: (ccartr llo+grdrcerre¡a+ ieon+ba).er+.hnor:t e + I e:neneii+baquala+: axtango+cha.abuc o+su¡cocl:r:

;ce:1a1esi+ca¡álessl then
if huenul¡i5,i)<2 o¡ hue¡.,ul! th,1) >30 o.r huenul:1h,2)<i60 or huenutt(11,2)>5!5 .hen soro

erd rf

b>lc.ast1:tc!q¡alcarre!a+Ieo.+baker+cLno.te+lernerne¡i+baguala+tanaDqc+chacabuco:surcoch:-
caDale s.-ca¡a I es s ) ai.l
h.:- (ccd s t: lio+q¡efcarr era+-Le o:l+baler+.inorte+j elne eri+baguala+ia¡na¡gó+chacabuco+su:cochr:
-,-canalesn+can31e5s+pascue) lhen

af h,jenui:(h,1)<50 or hDemuli:,(h, L)>3s or huemul.(h,2)<481 ar huenuti.(h,2)>5te ihen qo!o
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,]
h> ic.as i1l lo+gralcarrere+feon+baker+chnorte+ je iner(eni+baguata+rananqo+chacalr.rco+surcocirr +.r:..'l-5n..e: s ,: d
h<= I ccast r I Lo'r'gral'ca¡re;ar leon+baker rchnó¡te.r^j ei¡e¡ren1+baguala+rarnahso+chacabLrco+s urcochr,,.oos .o-,o.,¿l Ja ]én

rf huenull, ¡h, it <23 oi hllemut_ij(h..ll>84 o¡ huemut?(h,2)<549 or huenuti(h,2)>5t6 then gor:o
rsiqtna:1y

1f
h> (ccas i:i i io+g¡a icarr.eral ieon+baker+chnorte+j e inemenl+baguata+tanango+chacabr.ico+surcochr:+
'cr.a :- o o'es r.9o:
h<= (c.as ¡iIIo+q¡ a Lcarre¡a +l eon+baIer+chiort e+j eineneni+b¿qual. a+ramanqo+chacabu.ro+sur.coch¡

1 ca.¿l esn+.anales:+pascua+t;rran..¿+oh.j qq:LDs ) rtlen
rt hLemul:ih/1)<112 or huemütiih, 1)>151 or huemutt,(h,2)<41É o¡ Luenut.:(¡,:)>532 then

_!-oLo aslqiary

h)(.:ca5ta1hc+gr¿rcarrera+:ecnrbaier+chnorre+teinemen]Li.asuafa.irananqo+c¡acabu¿o+s..Lrcoctr1
e- o:.n .re-o: . ,o. . . ;. -]1<= l.cas: I l- lo+gra l ca¡r er a+leon+bal(er ichnorte+j elnemeni rbagüa1a+tananqo+chacaauco+s u.cochr

ica¡a ies r+canales:r +pascua+ Laramona+oh1sq ir)s r.chi.rq rns no:re I u,cx
ii ¡uer,ulrih,1t<Ltr o: iruenul. ¡,1 149 tr ¡uc¡ur. r.,2r-149 or: huemul:ih,2)>¡:'i Lh.rqoi. a::gnaxy

.r'=r1uenüI; i5, 1)
cy=h.r,i'nui'1 (h,2)

qosrb:egist
1f u5o > É taeir qcto asiq¡axy
1f Den.i= 3 :hen goic asrqna;{y 'pénd
ai attr=l .hen qoro aslgnaxy ,att
ri hr.ir:c> 0 theD qoLo asagnaxy ,hidro
i¡ urb > 0 rSen go:o asiqnaxy ,urb
if ua> 0 then goto asiqnaxy ,ganado

hler¡ul+ ih,: ) = rntlrnd*2)
hremiLlt (h.1) = inr (rnC*9)+3
hueiluln (h, 51 = 0
hriemuli (h,6) = co.irgo

codiqo=co.tiqo+i
hue¡n.rl! (h, i1) = huemul. (h, L) +10
huemult (h,12) = huemult (h/ 2)*10

pset (24+hlremul,n {h,2) , :cc huemut3 (h,1) ) , 15
' circle (20+huenxli (h,2)r 100-iuenu_I¿ (h,1) ),3, 15

' iI41TE5 ZONAS INC]AJ,ES

' Aslsna fanrlias a poblacron lnrcial
f.r h=l io huenules

:re¡ürasfan=0
rf huenul*(:r, 6) >=r-0C rhen qoto yatienefaniira
]]uenul. ih, É ) =codf¡nI1ra

ror hh:l to huernules
rf huenul: (l:h, ! ):0 the)r
eu.rlr-sqr Í I irueruil (h,1) huenul!(hh,t))^2+(thuenu:t+(h,2) huen.-t:(hh,2))-2))l

li eLr.]1 < tt ancl hh><h ihen
r f hucnuL rr ( h]1, 3 ) =i rhe. her¡.¡as f an=hemirras f aln+r
1i iI:rLer,ii L+ ih, 3 ) -l then machos f am=machos tan+l
r I hrernül i, (hh, 3 )=0 then nachosian:¡Echosf¿m+1
iI hex!.rasfan<3 a¡d nachosf am<=1 rhen huemuti {hh, ú) -¡uemutr (h, 3 )

enC rÍ

.iod¡enll 1a-codf anrlra+1
]a.ienefanilra:
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I MOVIMÍE¡ITO HUÚMUI,ES

A.{O AYO
iorano=lto:5
colo¡:10

ICAI'!]].O ],¿,S CURVAS DE PRCB,\3i!IDADES A],IUAI,ES, EL COI,IO VA A SER E5¿ AYO
l. PEIEAS !L¡.C;iOS {machos)

' la!os: senanas I 20, dura.,ion = t3 semanas, ds=2
senile lea = ro¡ (rnd*3)+6
irira)e lea : 1nt irnrll3)+12
pronpelea = (semipeLea*2+.iurpele¿) /2
dsapel éa = r1r¡ (rnd-2)-r.2
cdsd!,elea : 2+ { dsapejea+dsape:ea)

' 2. AprlREi¡,l.4iE¡,,TO lnachos y her¡bras)
Da¡os: senanas 9 - :2, du¡acron = 1-i semanas, ds:5

s¿mrapa = in! (:rd*3r +8
durapa = iit (rnd*3)+10
pronrlre = (sé¡¡rapa.2+durápa) 12
dsapa = anr irnd*2),4
cosapa : 2* id5¿paldsapal. 4. I"llVIi.lIENTO INVIERNO

' D¿:os: :ena:las t2 - 38, duracron = 26 sema¡as, ds=4
sE:..ri.rl.r = rnt (rnd+3)+l I

proni¡w = (semai.v"2 +duri.w) /2
ds1uv = iit (rnd-3)+3
cds 1nv = 2* ldslnvldsinv)

' 3. PA-RicIONEs (henbras)
' !atos: seLanas 41 52, duracron = 9 semanas, ds=5
semrp¿.a = 1nr (rnd+5)+,i0
duráparr = rnr(¡ad*5)+8
promparl = (sem1par1,2+durparl) /2
dsapari = 1n¡ (rndi2) r4
cds apa¡i = 2* (dsapari*dsapari)

f.r sen = L tó 52 ,SEMANA5

'calc.r1a ias probabiLdades semanates
PBpelea - rnr {2. 7i83^ 1 ( ( - 13em-prompelea) ^2 ) ) /cdsapetea) }100)
PBapa = ln! (2.71e l^ ( ( (- ( sem promapaj^2))/cdsapa)*100)
Ptsin!, = rnt (2.1153^ (((- (sem-prorüanvl ^2))/cdsiiv)-i001
PBpari = lnt(2-l'133^((( (sem pror,pall)^2))/cdsapari)*100)

locate:4, 1:prrri "répeticicn: ,,, repetj
locate 25, 1:p¡int "aio: ,,i ano
Icca.e 25, 13:pr:nt t'semana:t'l seEL
locate 26, 1:prlnt,'huemules:',/ huemules
Locate 27, 1:pr1it,nacrmleltos:,', nacimientos
1¡care 27, 20:prinr,,muert€s:,r/ muerres
'lRc3ÁtsIi:DAD DE ¡fJ¡IRTE aleator:ia 1,/10.C00 por serLana
:.r h-r tó hr-enules

rf h,:emü]t(il,3)=-.1 cr iuemutt,(h,.1)=,2 then soto dead
if huemul- (h,3r >=0 the:r

mdá¡rLedad*rn. ( r:1d*10C00 ) +1
norlred¿.1:I,bnedadi lhuemuti (i.l, 4 ) )

r¡ ndamedac<nor I r eda d or huemul¿ (h, 1) >=14 rhen
huenul?- lh,5):2
hue¡iutr lh,: )= 1

ñ:r.e+1, repe:i/ hLenxln(h,6), huemutn{h,i), huenuil{h,2), huemule(n,4),
ruemuls (h,5)

en.i r:

rf huenuli(h,3)= : rhe. c1¡cte (hucmr:ri (h¡ r) +:00, huemutii(h,2)+25),5,14
,CUTI.iT.A I{IJAS Y I]EMBR{S EA]{IIIA
for h=i ¡o huenules
lf lluenLjr (h,:)--1 o. huém]t (h,3)=-2 then qoro ot¡óhh
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nf am= 0
Íf huemult (h, 8 )=0 lhen

huemult (h/ I ) =codf aml1ia
codf ani Iia=codf aroilia+1

1f huemulg (h,3)>=0 lhen
fo¡ n=1 !o huenules

if huenul?(h,3)=huemul?(n,8) and h><n and huemulr{n,3)><-1 then nfan=nfam+1
huemul¿ (h, 13 ) =nfan

end 1f
if huemult (h, 3)>=1 then

for n=1 to huenüles
1f huenu]31h,9)=huemlr]t(n,10) and huemul*(n,3)>=1 and h><n rhen nhilos=nhijos+1
if huemult(h.9)=huemülg(n,10) and huemuf*(n,3)=0 and h><n and hue¡nu]t(n,4)<=2

then nhrj os=nhij os+1
huernult (h, 14) =nhr jos

'CENsO TA¡4ANGO
if sem=16 the!

mac ht u1,- 0

hemjur,-0
hemadult=0
machadult=0

if huemul¿1h/3)=-f or huemult(h,3)= 2 the¡ goto nocenso
for h=1 to huemules

if huemul*1h/1)>=139 and huelnul*(h,1)<=169 and hüemutt(h,2)>=234 and
huemult (h, 2)<=250 then

if huemul*(h/3)=0 and huemult(h,4)=2 then machj u.\Fmachj uv+ 1
if huemult(h/3)>=1 and huemult(h,4)=2 then henj lrv:hemj uv+1
if huemult(h,3)=0 and huenul$(h,4)>=3 rhen machadutt=nachadult+l
1f huemult (h,3)>=1 and huemul* (h,4) >=3 then hemadult=hemadult+1
if huemult (h/ 4 ) =1 lhen banüi=ba¡bi+1

end if

,r pnr'l es-m¿-l juv, nenrLv
adultos=machadult+hemadulr
t othuenule s=j uveni 1e s+aduttos +banrltri
rrrile+8, repeti, ano¡ torhuemules, juvenites, adultos, ba¡lbi, machjuv, hemjuv, machadutt¡

j uvenites=0

tothuemules=0

end if
'cEto l4\cHo
'ver sl nacho se aparea y no se mueve normal
fórh=ltohuemules

if huemul*(h,3)>=1 or huému]3(h,3)=-1 or huemufs(h,3)=-2 or huemulB(h,4)<=1 then goto

if huemult(h,3)=0 and huemul*(h/4)>2 and huerBr.rlS (h,7)<3 then
mdapelea=rnt ( rnd*100) +1
if mdapelea<=PBpelea rhen

huemul* (h, 7 )=1
sosub celonacho

eñd if

!MOVIMIENTO

for h=l to huemules
1f hue$ult(h,3)=-1 or huemulg{h¡3)=-2 rhen soro hmuert o
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cy-huenuii (h/ 2)
cx=huei¡uli (h,1j

qosul] réqis!
rf huenuls (h, 3) >=0 thon pset (2O+lruemul: (\/ 2), 300 huenul: th/ 1) ) / 1s
crrclei20rhuemuliih,2), 30C huenuliih,l) ),1,15
'af hue Lrl!(h,.1)< l ..hen ci:cie(:0+huemuli(h,2),:Co-huemuli(h,l)), rl, 12
ri huemuli l\,41<=2 a.i huenui?(h,l)>=:L then gcto c;.ia1 es cria herü¡a
ri huen!Lilh,,j)<--2 and jll1enult(h,3)=0 tré. sóto c:ra2 'es cr1¿ machc

1f hue Llaih,li)-0 or lluenuli(h,12)=0 thel
hrenul ¡ l h, :1) = hüem li (h, 11 i 10
nlrcnuli (ir, r:l) = n'Jer¡'rji (h,2)*10

erld 1f

reP-a

tira=tir:r+1

larqo- I
if \uer.rrti1]1/:l=2 ther la¡-5: largo-2
:f iuenul:.(h,3)=a and hüemu]r.th,,1l<É and huen'ul¡(h,l)><2 ihe. lar=5: larq.-2

trü-iat L rncl* La¡ ) largc
r,y=:L¡l (rrd*lar) - larso
ez.rx-huenula (h/ 1) +ru
az¿rl,=huenulq (h/ 2 ) +:ny

rf az¿rx<=]0 or azary<:10 aid rep<10 then go!c repitexy
:.f azarx<=10 or azar:y<=10 and ¡ep>=10 the¡

iui:{=huenuLi th,1)
ÍL:iy=5uemül:1h,2)
goto muv

prcmx-hu€r,Lrl:¡ (h, 1l ) /ac
pronLy=hllemull (h, i2 ) /i0

phr=C. ¡
1: h'.renüIt (h,4)<=5 then Phr=ar.i
a¡ Luemul! (h, 3 )=2 the. Phr=C.s

'brisca idnr Lra
pesop=4. 3

Pesof=O. 2

rf huer,ulnlh,lll-0 then pesop=.l: pe5of=0: goto l.lsr:o
if ruenul.'(h,l)>=1 lhen pesop=]: pesof=C: qoto listo
af hue:nuln(h,9)=0 lhen pesop-l: pesof=0: soto lasto

rf hücnul!,(h,3)-a a.d huer,ul-11h,13) >C then 'si es nacho busca her.bra
ii rBapa>1 th¿r: pesop=1: Desof=li Soto listo

io: f=L to huemules
rf ]1><f a¡d h,,"*"r: ln,e;=¡""*ult{f,81 and huemui*(f,3)>=t then

ppx=hu-.:tr! I + ( f , j. )
PPY=huenul'i (f ,21

end r.i
.eil i

1f ppx-0 or PPy-0 then pesoP-1: pesof=0
¡urxx= I iazarx+ I 1-pltrl +pr:orla-phr) ipesop+ {ppx"pesaf ) i *100
fntyy= I \azary* 11.-ph¡) +próny*phr) -pesop+ (ppy-pes.f) ) *100
t rtx- I a:a.x+ | i-pirr ) +pronx¡phr ) +pesop+ (ppr*pes or )

iu.y= i a.a:)r+ ( I p11r ) +p:cnyrphrl *pesop+ (ppy*pe§of )

if futx<3 or fu::{>280 cr futy<: or futy>570 then
if tird < l0 the;1 goto liraolrawez
if tir¿>=10:hei1

frlrx=hu..nu1i (h, ll
ILrIl -hh-'nuI! (h,2)
goto muv

cy-hrLeltr rli (h,2)
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cx=huem!¡tt (h, 1)
gosub regist

aa=uso
ah=hidro

cy=1n! (futy)
cx=inr (fur¡)
qosub reqist
bb=uso
bh=hidro

pbmo\,'1¡so=pbcuso* (aa, bb)
mdausos=1nt {rnd*100 ) +1
if mdausos>pbmovuso and tira<5 then goto riraorravez

if uso=10 then
futx=huemufg (h.1)
futy=huémult (h,2 )

end if
'REGUIA MOVIMIENTO

' Densidad de huemutes
for c=i to huemules

denh=0
denslocal=0

if c<>h and huemul* (c,1) =huemult (h, furx) and huemutg (c, 2)=huemulg (h, futy) rhen
denh=denh+1

encl 1f
if c<>h and huemul* (c/ 1) =huemulr {h, 1) and huemutt (c, 2 ) =huemuts {h, 2 ) then
denslocal=dens Iocal+1

end if

denh=denh-denslocaf
gosub regulamov
,MOV POR MUIT]PITCACION
mult i=dh*e cot *penda *alt * ep*hid*urba*gand ' ecot pendi att ep hid urba qand
if dh=o or ecot=O or pendi=O or alt=O or ep=o or hid=o or urba=O or gand=o thenpbtop=100: goto ya
pbtop=mul!i/100000000000000

pbtopcali= (pbtop/pbat ust )
mdatop=int (rnd*100) +1
if mdatop>pbtopcali and tir:a<6 then goto tiraotravez

cy=int ( futy)
cx=inr (futx)

gosub regist
rf hldro=2 then gosub natacion
lf hidro>O or urb>1 o.r ua>o then gosub riesgos
if uso>=15 then

mdamexr- r nL (¿nd. 00) r.L

if mdamext<50 then
huemul* th, 3) =-2
huemulg (h,5)=13
r.¡rite#7? repeti¡ huemutr(h/6), huémutg(h,1), huemuts(h,2), huemult(h,4),

huemult (h/ s)
goto hmuerto:

if mdamext>=50 then futx=huemult (h,1) : futy=huemul*(h,2):qoto muv

rf 1ar=s then
}f ru=2 or rLr=-2 or my=2 or my: 2 then
cx=int ( (azarx+huemul* (h, 1) ) /2 )
cy=int ( (azary+huemul.B (h/ 2) )/2)j _ . x.. L or 'y. I lhen qoco seguir :

qosub reqis!
if hidro>o or u!-b>f or ua>O then gosub riesgos
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cx=huemulg (h,1)
cy=huemul?, (h.2)
qosub reqist
pse! (20+huemu1,¡ (h/ 2 ) ,300-huemult (h/ t) ) , uso

huemult (h/ 11)=10* ( (pxor¡r*lrhr) +futx* (1 whr) )
huemult (h, 12 ) =10* ( (promy*ü'hr ) +futy* ( l-whr) )
hueinult (h,1)-futx
huemulrü (h,2)=futy

huemulmuer!o:

cria2:

'MOVIMIENTO CRIAS SEPARA¡O POR SEXO
for h=1 to huemules
'lf huemulr¿ (h/ 4 )<:2 and hr¡emult {h,3) >=1 and hr.remul* (h, 3)>=0 then 'es cria heÍüra
if huemult(h,4)<=2 and hueÍrult (h/ 3) >=1 then'es cria herüra

for n-1 to huemules
lf huemul¡(h,10)=huemult(n,9) and n><h then ,busca su madre

huemult (h, 1) =huemult (n,1)
huenulg (h, 2 ) =huenulg (n, 2 )
goto criamov

end if

end af
'if buemul*(h,4)<=2 and huemul*(h,3)-0 and hrjemul*(h,3)>=0 then ¡es crla macho
if huemul?lh,4)<=2 and huemult(h,3)=0 then ,es cria macho

for n=l to huemufes
1f huemult (h, 10) =huenul* (n, 9) and n><h then

huemult (h/ 1) =huemul* (n,1)
huemulB (h, 2) =huemul* (n,2)
goto criamolm

end if

end if

forh=ltohuemules
cx=huenu13 (h/ 1)
cy=huemulZ (h, 2 )
qosub regist

'¡,TUERTE DE CRIAS POR MUERTE DE MADT€ MA¡RES VIVDAS
for h=1 to huemules

il huemultrn, ) .- or hlemu]8th, l)--2 then
for c=1 to huemule§

if huemult(c,4)=1 and huemulg(h,9)=huemult(c,l-0) and h><c then
huemulz (c, 3) =-1
huenult (c/ 5)=12
!¿rite+?, repeti¡ huemult(c/6)/ huemult(c,1), hüemurt{c,2)/

huemult (c.4), huemult ( c,5)
end lf

end if

forh=ltohuemules
if sem=9 or sem: 28 or sem=50 then
write#g, repeti, huemult(h,6)/ huenult(h/1), huemult(h,2), huemutt(h,3),
huemult(h,4), huemult(h,8), huemulg(h,9), huemulB(h,10)
end if

if sem=52 t]leñ gosub ¡edrrnensrona
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eraso hxemtLi

r SUBiuÍI]'JAS
,RECISIR'5

:egasiro= (cy l) *:!iÉ+.x
qet+:, regisi¡o

uso=.vr (uso$)
ecc=cvr (eco5 )

pend=c1'- (pendS )

,, ir j-..vr i¡it:ir)
¡ip¡=..\,, ic::Polr I

hrdro=cvr (h i.ir.. $ l
urb=c1.i {u.b$)

, cc¡"1i_ENZ_A EL CEl,O l)E :,OS tf,qClJOS

'Recoiccei he¡¡nbras y van donCe eLtaslLueqo se ve s1 hay peleas entre machos
'Peconccen hembras
hrias ce:cana=¡
ri r. s tb¡a s c e r.dna=nrn.l i s t

for x=l :o huer,uies
af huemul:(x,3)-L and huemuL:(x,4)>1 then

ndaapa=1.t (rnd"11,rC) + L

at ndaapa<=PBapa then
¡uenul! (w,l)=l
dx= hueñu]1 1¡,1) huemuli (x, 1)
d!= hueriul'" th, 2 ) -huemul+ 1x, 2 )
dlst=sqr ( (ihuenul! th, 1)-huenuli (x,1)) ^2+ ( (huenul? (h,2) -huemul¡ (x,2))^2)) )

if cllst<Cislhmascercana thei
hnasce¡cana=r

di s !hnas ce¡cana'.di5t
errd if
ead 1i

if .irslhnascercana<njndj.:ri tien gosub visitahe¡üra

, SUBRU,I'INA DE V-SITA HENIB.RAS

'á: v13 ita herüra
'b: pelea con otros rnachos
'c: ¿parenlne:o

drix=hue'¡uij (u, 1) huenul! (h,1)
.i:Íy-huenur! r,,,) -\nenuL¡ (h, 2 )

runpunros=iJ1t i.iI:timascerca.a )

.pt o 5:nm!.rint os T,
fo¡ k=.l to nptos
ncix=:rrt i(¡üenüit th, -) + lcafx?,nptosl *k) l
ncry=rni i (hrLemul! {h,2)+ (C:Liy/nptos)*k) )
if nci::<=l or rciy<=L rher gólc olrak

if hi.i-rc>l o. u¡b>1 o¡ ua>O ther, huemulr(h,5):1: sosub I:iesqcs
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huem¡l¡ (h, 1) =huerRuli (\,, 1)
h,remuit th. 2 ) =huenut* (v,/ 2 )

'b. Machós pelean
fo: t=1 to huemules

lf hue¡rul* (t,3)=0 and huemuli it,4) >2 and h><t and huemult (h,1)=huenul! (t,l) and
huemul¡ (h,2) =huemul¡ (t/ 2) then

ndapelea=int (nd*10 000 ) +1
if mdapelea<=Pbmpef ea lhen

huemull (h,3)=-1
huenü1* (h,5)=11
§rite#7¡ repeti/ huenult(h,6), huenult(h,t), huemrts(h,2),

huemult (h, 4), hüénul.! (h, 5)
qoto mur:iopelea

end 1f
end if

;nurlopelea:
'3 ApareaÍrento
1f huemuliih,3)=-1 or huemult(h,3)--2 then goto machomuerto
rf huemullih,l)=huemult(w,1) and huemull{h,2)=huélnu}?.(}],2) and huenuli(w,l)=1 therl

if hteRuln (h,7)=1 the]l huemult(h,7)=2
1f iue!¡ru1t(h,Ii=2 :hen huemul¡(h,7)=3: huenult(w,3)=2

if huemult (h, 13)<4 t¡en huenuls(iv.8)=huemult(h,8)
rf huemul*(w,9)-0 then

]rü(]mirlg (v, 9 ) =codnadre
codmadr:e=codnadre+1

macho¡nuerto:

'SUBRUT]N¡ DE RIESGOS

1f huenul* (h, 5) =1 then
hueñuji (h, 1) =nclx
huemul"*(h,2)=ncly

rf hr-dro=1 then ' rio
mdarro=1nt (rnd+10000) +1
if mdario<=Pbiu:1o then

huemLrl$ (h/ 3 )= 1
huenui* (h, 5):3

t rite+7/ repeli/ aoo/ sem/ huemul*(h,6), huenult(h,1), huemirt-t(h,2), huemull,(h,4),
huemul! (h,5)

if hidro=2 then 'lago
mdalaqo=1nt ( rnd*10000 ) +1
:f mdalaqo<=Pbmlago illen

huemult {h, 3) =-1
r,uerlLu-r {n, :l =4

uri!e#1. repeti, huemult(h/6), huemult(h,.I), huemul¿(h,2)? huemul?.(h.4),

end r-f

iJ urb= 2 then 'pueblo
mdapuebic=int (rnd* 10C 00 ) +i
if m.iaDueblo<=lbmpueb then

huenul+ {h,3)=-1
huernul: (h, 5i=6

U¡ite+7, repeti, ano/ sen/ huemult(h,6), huétrLrit(h,1). huemult(h,2), hüe¡nu1g(h,4),

erd if
end if
rf urb= 3 then 'aldea
mdaalde=lnt 1r:nd*10 C00 ) +1
if mdaaldea<=Pbmald then

huenui:(h,3)=-1
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huemult (h,5)=7
i.¡rite+?/ ¡epet1, huenul¿(h,6), huemutt(h,i), huemult(h.2), huenulr(h,4),
huernult (h,5)
eid if

end If
if urb=4 then rpavlroentado
ñCapav=:nt ( rnd+10000) +1
if mdapav<=?bmpdv rhen

huemult(h,:)= 1
huenult (h, s)=8

lrritelil, repeti, huemul$ih,6), huemul*(h,1), huemult(h,2), huenult(h/4),
huemul¡ (h,5)

end if
end rf
1f rrb = 5 then rnopavimentado
mdancpal"-1n: ( !nC*100001 +1
1f mCenopav<=llimnopav then

nue¡mill(h,3)=-1
hüenu1¿ {h, 5) =el

n,r1he*7, repetl/ huemult(h,6), hueÍrul¡(h,1). huemul¡(h/2), h¿enuln(h,4),
huemul: (h,5)

e:1d ii
1: ua - i ihen '§.L ado en pradera maEor:ral

]l1 iaqanado=ant (¡.d*10C0C) "iif ndaganacic<=Pbmtal then
luenult (h, l)--1
hr.emul!j (h, s)=10

wri.e+7, repeti, hüenult(h/5)/ huemul!ih,1), ¡ue¡L1ur¡{h,2), huemult(h,4),
huemul! (h,5)

end 1f
end 1f
rÍ ,ra = 2 tien rganado er bosque
rdaqanado=int ( rn.i*1C000) +1
rf ,nd¿93¡ado<=Pbmua2 then

huemul: (h,3)=-1
huemuli (h, 5)=10

l.Jrite#l/ repeti/ huemul!(h,6), huemul*(h,1), huemult(h,2), huer¡ült(ir,4),
huenuln (h,5)
enc il

end ii
, REGUIADORES DN I'{CVIMIENTO

' aduitos verano - aduitos invaernob - luvenlles henüras preuadas paricion
'Adultos ve¡ano e invierno
rf huemul! (h, 3) =! or huemutB {h, 3)=1 and huemu}3 (h? 4 ) >3 theñ

lndaln!*lnt (rnd*100 ) +1
1f mdainv>PBanv then gosub üLoweiano
.I ldarnv. _ P3rnv rne:r qosub

if huenDLn(h,4)<=3 and hüemu]3(h/3)=<1 thén qosub movjuvenil
'rienüra pre¡ada y pa¡icioné3
1f huemult th, 3) :2 then

mdapari=1n! (rnd*10C I +1
if ]I1iapari>rBpar.i then qosub nowrenaCa
r' :oa-nv.-PB-1v Ln-¡ 90"ú ¡oq)¿r_cro'1

'MACHOS Y iJEMAF,¡,S ADJITOS 1''ERqNO

i; cienh<=0 tLen dh=10ó
if cienh>= 1 and denh <=4 then dh=50
if denh>s thei dh=10

if eco=o then ecot=1oo
if eco=l then ecot=5C
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].f pend=l then pendi=loo
li pend:2 then penii=so
1f pend=3 then pendi=10
if altl=1 then alt-100
if alri-2 then a1r=50
if altr=3 ther alt=10
if expó<=l then ep=10 0

if e:ipo=2 then ep=75
if hidro:0 the¡ hid:100
if hidro-1 then h1d=5C
if hidro=2 then hid=s0
af urb=o then u¡ba=i0o
rf ur:b=2 then urba=l0
rf urb=3 then urba=20
1f ürb=4 then u.ba=]5
if urb:5 lhen urba=3C
lf ,r:b=6 then urba=sO
if ua=O rhen gand=l00
rf ua=i ihen gand=20
if ua=2 theD gand=10
pbalust=0.52

'¡4AC¡iOS Y L,iEMBR¡.S AIDUI,TOS INVIERNO

if denll=O then dh=100
if denh>= 1 arld denh <=4 lhen dh=75
:f denh>s ihel} dh=5¡

gosub regis!
rf eco=o then ecot=50
if eco=l then ecoc=l00
1f pend=t then pen.ii=10C
1f peDd=2 then pendi=50
if pend:3 then pendi=1o
ii alti=i then:.It=100
if al.i=2 then alt=50
1f alti=3 then alt=10
1i expo<=i then ep=100
ii expo=2 then ep=25
ii hrdro=o then hid=100
if hidro=1 thén hid=50
if hidro-2 then hid=50
if urb=0 lhen urba=100
if ur5=2 then urba=10
if urb=3 then urba=20
if urb=4 then u¡ba=15
if u.b=5 then urba=30
if urb=6 !hen urba=50
iJ ua=o then gand=100
1f ua=1 then gand=30
af ua=2 ihen gand=]5
pbal Lrst=0. 58

'¡ryENII-ES
movl uvenil :

1f de h=0 then dh-100
if denh>= 1 and denh <=4 then dh=75
if Cenh>s then dh=75

gosub feqis:

r: ec.=l then ecot=5o
rf pend=1 ihen ¡endi=100
af pend=2 lhen pendl=7 5
if pend=3 then penCl=s0
1f a1t1=1 then alt=i00
Íf alti=2 then a1t=7s
if alti=3 lien alt=50
1f éxpo<=l lhen ep=100
rf expo=2 ther ep=15
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af hldro=O then hid=i00
1f hidro-1 then hid=50
1f hrdro-2 then i.rid=50
if urb=C ther urba=100
1f urb=2 then urba=10
af urb=3 then -rrba=20
if u¡b=4 then urba*I5
if .r¡b-5 then lLrba=30
if u¡b=rt then urba=so
if ua=o rhen ga.d:100
if ua=] thén Sand=3 0

if ua=2 then gand-15
rbal ust=0. 61

I ¡iEMBFA IREYA¡A

if denh=o then dir=lC 0
if denh>= 1 a.C denh <=4
if .lenh>3 theD dh=lC

if e cc=0 then ecot=so
if eco-1 then ecct=100
if ¡rend=1 Ehen Dendl=2 5
rf pend-2 then pendr=7 5
if pend-3 then pendi:1oo
1f altr:1 then alt=10 0

if altr=2 then aIt=75
rf alti=3 then alc=50
1Í expo<-1 then ep=1C0
af expo=2 then ep=sC
if hrdro=! then hid=100
if hidro=l then hr-d=50
if hldro=2 then hiC=50
if urb=O lhen urba=loo
iÍ urb=2 then u¡ba=5
if urb=3 then urba=5
if ]rb=4 then urba-10
if u¡]r=5 t5én urba=]s
rf u rb=6 lhen urba=25
rf üa=0 lhen qaDd=100
if ua=l ther Sand= 10
rf ua'2 :hen qand=5
pbaj ust=0 - 5l

, ?A¡1CtCN

r: denh=ú then dh=100
i: denh>= I and denh <=4
ri denh>4 then dh=l

:f eco=o then ecoE=2 5

if eco=1 lrher ecot=-00
if penC-l lhen pendi=lO
if pe:1d=2 then pendr=l5
rf pend=3 then pendi=i00
if alti=r then a]t=]5
ii a1!r=2 then a1t=10C
if alti=3 lhen alt=50
if expo<:1 thén ep=100
if expc=2 then ep=50
af hidró=0 then hi.i=10C
rf hriro=i then hid=25
rf hrd.ó=2 then hi.d=25
if urb=o then urba=1oC
if ürb=2 then u¡ba=1
ai urb=3 Ehen urba=.t
1f:rrb=4 then urba=1
1f ürb=5 the¡ urba=5

rhen dh=50

then dh=25
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rf,rrb=6:hen urba=5
if ua=0 then gand=1o0
1t ua=l then qand=s
-i u. : ei. Eáno-.
pbal ust=0. 47

, NATAC]ON

nada=0

nada=neda+1
nadamo!-x=int lrnd*5) +l
nadarlovY=int (rnd+s) r1
agLrax=tutx+nadamo¡rx
aquay=fu!y+nadamor!¡y

cx=1nt (aguax)
cy=1nt (aguay)
if cx<=1 or: cy<=1 then goto pasarnado:
gosub regist
if hidro>O and nada<iC rhen

furx=rnt (asuax)
f uty-r'nt (aquay)
goto otr:onado

enc if
-- .ridro and nodá - Lne_

hL:eÍ.u]3 (h/ 3)=-1
huemul¿ (h, 5)=14

,",riteil]. repetÍ, hüemut*(h,6), huemulr(h,1), huenutt(h,2), huenuti(h,4),
huemult {h,5)

end if
futx=rnt (eguax)
futy=rnt (agu¿y)

,REDIMENS]O}ÍA }ATR] Z DE IjUE}f!'!ES
redrmens'ono:
rlacimlen!os=0

elirl q=0

'causas de muerte

lago=0

p a1'E0

f oi. nur=1 to hlrernul,es
af huemulg(nnt/s)= 2 then e.lad=edad+l
af huemult(]lm/5)= 3 then rio=rio+1
lf huenul¿(nm,5): -¿ then lago=1ago+l
ri hue¡nulg(ñm,s)= 5 then c i.rdad=c iudad+ 1
rf huemull(m,5)= 6 then pueblo=pueblo+l
j.f huemul+(m.5)= ? then aldea=aldea+1
if huenult(m?s)= I then par":pav+l
if huemult(mn,5)= 9 then nopav=nopav+1
rf huenul*(rw,5)= 10 then ganadó=qanado+1
.r_ l remr:. rü¡,',- 11 rhér opleos=pe-(¿sl:
rf huemull{rrrn,5)= 12 then mmadre=ffnadre+l
1f huemllli{¡r¡r,5)= 13 then ma.rgen=nargen+l
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if huenul!iiin/5)= 14 then ¡nna.io=nnadc r1

f.,r IU= l _!o huenules
lf hu€mul: (uü,3) 2 then nacimientos = nacimientos + 1
:if huanult{uu,3): t r:hen nuert--s = nuertes + 1
1: huemul¡(uu,:)- 1 ane huenuL+(uu,4)=1 lhen nüebe = xüebe + 1

if hue¡Lul!j (uu,3l= 2 then emi=ernl+1

lromlv=a

I Fa

for h-i:c huemrles
i,' hiemü.i'(h,l)--i or iue:nu:I,l(h,3)=-2 then goto nodenro

r a huentul¡ ih,.l)=rr ¿h.i huenul-r 1i1,4)-2 tl.eD maDtv:.¡anlv+1
l: ¡rc.¡u]¡1h,l):=l and h]emulx(h,4)=2 then Íon¡v=Fcmtw+1
i: n;enul¡lh, 3)=r,r anc huemüli.ih,{)>=l then mana.1=nana.l+1
ii h'iemu]¿1h,3)>=1 and huenultih,4)>=3 then irornad:,romad+l
: a irrenul: íh, 1) =1 thén Iraby=baby+r

I v=nanj v+rorl- v
¿.1=rrai¿ii+xonad
tothuem=bab!'+j w+ad
ltIite#6/ repetl¡ anc/ huenllles/ tothuem, lv, ad, baby, na!}tv, ^ro:n_rv, manad, rüonad,
iaciñientos, uertes/ eni/ imr, nücbe, edad, .r1o, 1aqc, ciudad, pueblo, aldea, pav,
::oPa1¡/ qanadoi peleas/ ¡.¡rad¡e/ ÍD¿do
ca.il-ue¡¡u1 es=huemuf es+nac ini enros-nue ¡tes-emi+rmi
rf :artl^-ue¡¡ules>195¡ qcto hecerotra¡ep

f o-r gg=1 to huemuLes
li 5ueaul! 1gg.l)= I then qot. slquesq
.j h .:*l .1. -- :ell go.. r..mrgr¿c.on
cuentahuen=cuentahuern+i

for atr=1 to:5
hienpói (cuentahuém, at¡ ) =huelllul.t (qg, at¡ )

af atr=4 then h¡empoi (cuentahuem¡ a!r) =hternpo! (cüeihahuen/ ar.) +1
rf arr:7 :hen htempot (cuentahuem, arr)=0
ii atr=15 rhen htempoi (cuentahuem, atr ) =C

af h!e:.r1.1 ig.i/ :) =2 thén
htenpo! (cue¡ta:luen, 3 ) = L

.Jentahue;ir=c-ien t¿hueln+1
hler.po¡ (cuentah!en, 1) =hL1emu11 1sq, 1)
i:eraoi icuenl.lhuen, 2 ) =huemull. (qq, 2 )

h'ie¡rrol i cuentahJem, 3 ) =int l rnd-2 )

htempon (cueDiahuen, 4 ) =i
htennoi (cuentahuén/ 6i =codigó
cod.iqo-codago+1

ai htertpónicueDi:ahuem,3)-i rhen hienpog(cuentahuen/3)=hüenult(9q,8) ,coi hrjo .ie 1á

hie:npcl (cüenrahuer¡/ 10)=huenrlrll (gq/9)'cod hiro de L3 nac¡e

ri hue:rulf iqq,3l =-2 ihen
.üeniahueÍl=c ¿ent¿huemr 1

iapcs=in: i rnd*: l9 ) +i
i:empor, (cueltahuem/ l) =pb]tu¡.r-Ij (IlL rapos, i) -2
h:enpot (cueniahrem/ 2 ) -pbrnnil (ndapos. 2 )
.ircle i2C+hlempoi (cL1e.ta¡1uen, 2 ), 3il0-htenqoi ( cnentahuem, 1 ) ), 5, ?

h:e:¡Qo: ic"reor:ahuen/ 3) =1nr (rnc+3 )

hie¡ipol lc.rentahuem/ 4 ) =1nt rrnd*8)12
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ntempol (cuentahuem, 6) =codlqo+2000
coiiqo=codigo+1
h.énpó! (cúentahuén, 11) =htempoS (cuenta5ue¡l¡ 1) * 1o
hteÍLpo! (cuentahuem, i2 ) =htempot {cuentahuem/ 2 ) *10

end 1f
siguegg:

next gq
' canthuemules=huerxules +nacimtentos -nuertes- emi+in¡ri

if canthuenules<=1 then
eras e huenull
faltanan= i 55 ano)
for es crib ir=.1 to faitanan

siganó=ano+escribi r
,rite+6/ ¡epetr, sigano/ 1, tothuém/ lv/ ad/ baby, manlw/ wonjv/ na¡ad, womad/

nacinientos/ muer:!es/ emj¡ rnml/ nüebe/ edad/ rio/ Iago, crudad, puebio, aldea/ paw,
nopav/ qanadó/ peleas, IIlliadre/ mado

next escribir
goro c'o:ép

1f canthuenules>=l I50 then
erase huenul+
faitanan= (s5-ano )

for escrlbrr=t co faltanan
s igano-ano+esc¡ibi¡
write+6/ repeti, slqano/ 20C0/ tothuem, lv, ad/ baby, ma¡rjv/ womlv, manadi womad/

nacim:entos/ muertes/ emi/ inm1, m¡ebe, edad, rio, laqo/ ciüdad, pLreblo, a1dea, pav,
nopav/ qanado/ peleas, nrnadre, mnado

nex+- escribir
goto ólrarep

huenules=canthuenul es
dln huenJii thuenules, 15)

for gq=1 to huémL1les
fa,r atr=1 to 15

huemuln (qg, atr ) =htenpot (gq, atr)
next atr

for 1,h=1 to 2000
for arr=1 to i5
htempo'i (vh, a¡t) =0


