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RESUMVEN

El area de distribucion del coyote en Mexico y Centroangrica se ha
anpliado en los dltinps 25 afios, pues en | os afios 80s y 90's se
reportaron por primera vez en areas que anteriornente no ocupaban, com
el norte de Panama, el norte de Yucatéan y Belice. Aunque no existen datos
suficientes para asegurarlo, se ha sugerido que |a expansi é6n del coyote
ha sido inducida fundamental mente por |a deforestaci 6n de | os bosques
tropical es para actividades agricolas y ganaderas, pues esta acci 6n crea
areas abiertas que son el habitat ideal para una especie que evoluciond y
esta adaptada zonas con baja cobertura vegetal comp el coyote. La
tendencia actual, en la cual |os bosques tropicales en México y
Centroanérica se deforestan a el evadas tasas, nuy probabl enente traera
cono consecuencia un aunento en el tamafio de | as pobl aci ones de coyot es,
asi conp | a expansi 6n del area de distribucién de |a especie. Conp
resul tado de estas condi ci ones, es de esperarse que |los conflictos entre
humanos y coyotes se increnmenten (principal mente dafos a productos
agricolas y depredaci 6n de aves de corral y ganado). Ante esta situacion
se hace urgente el proponer planes de nmanejo y control de |a especie en
areas tropicales que permtan tanto prever conp responder a | os posibles
incrementos en | as pobl aci ones de coyotes. Debido a la falta de
i nformaci 6n sobre respuesta de | os coyotes a |las &areas tropicales y la
deforestaci 6n de las msmas, en este trabajo se pretendi 6 generar
i nformaci 6n bi ol 6gi ca basica sobre | a especie (area de distribucioén
actual e histodrica, uso de habitat en un anbiente tropical y respuesta de
|l a especie a factores extrenps de intervenci én humana cono un basurero,
en un area tropical), que puede ser (til cono una herram enta en e
di sefio de pl anes de nmanejo para el coyote en zonas tropicales.

La i nformaci 6n exi stente hasta hace poco tienpo indicaba que e
limte sur de la distribucidn del coyote hacia el siglo XV al canzaba
Uni canente el centro de México y que el canbio en las activi dades
productivas, sobre todo el arribo del ganado europeo, favoreci 6 que e
coyote invadiera el sur de México (con excepci 6n de Yucatéan), asi conp la
costa del Pacificoy las tierras altas de Centroamérica hasta Costa Rica.
Sin enbargo, la revision de registros fésiles e histéricos de coyote
i ndi can que | a especie estuvo distribuida en el sur de México y
Centroanérica durante el Pleistoceno-Hol oceno tenprano, |a etapa

Precolombina y a la Il egada de | os europeos en el siglo XVlI. Los



regi stros proveni entes de col ecciones cientificas de México y Estados
Uni dos indican un increnento continuo en el area de distribucioén de
coyote durante el siglo XX. El avance y contracci 6n de | os bosques
tropicales en el sur de México y Centroanérica debi do a causas natural es
y humanas, tales conp canbios climaticos o variacion de |as densi dades
humanas, pueden ayudar a entender la distribucién histoérica del coyote.
La distribucion actual de esta especie obtenida a través de una
aproxi maci 6n al nicho ecol 6gi co de |a especie (GARP), nuestra que ademas
del area de distribuci édn reconoci da actual mente para el coyote, la
especi e tanbi én puede estar distribuida al norte de | a peninsula de
Yucatan y la |lanura costera del Golfo de Canpeche en Meéxico, y en
Centroamérica, el norte de Belice y el norte de Panamd. El nodel o nuestra
que, aln cuando |la especie no ha Ilegado a la regi én norte de Dari én en
el sur de Panama, dicho |ugar es apropiado para ser invadido por |os
coyot es.

El radi o-seguimento de dieciséis coyotes en un area cubierta
princi pal nente por bosque tropical caducifolio con intrusiones de
noder ada extensi 6n de areas agricolas y ganaderas (Reserva de | a Biosfera
Chanel a-Cui xmal a y zonas al edafias en | a costa de Jalisco, México), nostré
que | os ani mal es sel ecci onaban | as areas agricolas y ganaderas sobre | as
cubi ertas por bosque con relacié6n a su disponibilidad. Esta observaci 6n
permte concluir que nuy probablenente, |la anpliacién de |as areas
dedi cadas a ganaderia y agricultura en ésta regi 6n, favorecera a
crecinmento en el tamafio de | as pobl aci ones | ocal es de coyote, y
consecuentenente, el incremento en |os conflictos con | os humanos por
dafios a cultivos, ademds de | a depredaci 6n de aves de corral

Fi nal mente, |a observaci 6n de que | a presencia de un basurero en un
area tropical produce canbios inportantes en el tanmfio del area de
actividad de | os coyotes (coyotes que habitan en el area del basurero
ti enen areas de actividad mas pequefias que |as de | os coyotes que viven
en areas al ejadas del basurero) y el tamafio de grupo (coyotes que habitan
en el area de basurero se organizan en un grupo, mentras que |os coyotes
que habitan areas al ej adas del basurero parecen organi zase en parej as)
i ndica que este factor de intervenci 6n humana extrema beneficia |l a

presencia de coyotes.
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| . | NTRoDUCCI ON

El coyote (Canis |latrans) es un canido de origen neéartico que se
cree que originalnente habitdé en canpos abiertos y pastizal es (Bekoff,
1977). En la actualidad su area de distribuci 6n abarca desde Al aska, en
América del Norte, hasta la regi én norte de |la republica de Panama en
Anérica Central (Bekoff, 1977; Vaughan, 1983). En este extenso
territorio, |os coyotes habitan una gran vari edad de anbi entes, que
incluyen tanto pastizales y matorral es desérticos cono bosques tenpl ados
y tropical es (Bekoff, 1977).

Los coyotes son de tanmafio nedi ano siendo | os nmachos mas grandes que
|l as henbras (machos de 8 a 20kg y henbras de 7 a 18kg; Bekoff, 1977). Se
consi deran depr edadores generalistas (Bekoff, 1980; Vaughan, 1983;
McCracken y Hannsen, 1987), debido a su anplio espectro trofico que va
desde pequefios y medi anos maniferos (pocas veces grandes) hasta senmillas
y frutos pasando por aves, reptiles y carrofia (Andelt, 1985; Leopold y
Krausman, 1986; Vaughan y Rodriguez, 1986; Major y Sherburne, 1987). Son
ani mal es soci al es que viven normal nente en parejas establ es que perduran
hasta 3 o 4 afios. Son nocturnos, aunque presentan un alto porcentaje de
actividad diurna, principalmente en |lugares donde no existe presion
humana (Andelt, 1985). El tamafio del area de actividad del coyote,
definida cono el area en la cual el aninael encuentra |os recursos
necesari os para crecer, mantenerse y sobrevivir (Burt, 1943), varia
not abl emente entre un lugar y otro, desde menos de 4 kn? en Texas (Andelt,
1985)) hasta mas de 60 kn? en Canada (Bowen, 1982). Esta variaci 6n se
atribuye a factores tales conmo | a época del afio, |a condicioén
reproductiva y la densidad de presas (Litvatitis et al., 1986).

El coyote es considerado comp un conpetidor directo del ser humano,

debi do fundanental mente a que en nmuchas ocasi ones se alinenta de ganado,



aves de corral, aninmales de inportancia cinegética y de cultivos (Bekoff
,1977; McCCracken y Hannsen, 1987). Segln estimaci ones recientes, tan
s6lo en | os Estados Unidos | os coyotes producen pérdi das econdm cas
superiores a los 100 mllones de dél ares anual es (National Agricultural
Statistics Service 2000, 2001), razo6n por la cual, a través de intensivas
canpafias de envenenam ento y tranpeo, mAs de 400, 000 ej enpl ares son

el i m nados cada afio. A pesar de estas nedidas, y en contra de todo |lo
esperado, en los ultinps 100 afios el area de distribucion del coyote, asi
como el tammfio de sus pobl aci ones, se ha increnentado notabl enente tanto
en | os Estados Unidos comb en Canada (Voigth y Berg, 1987; Parker, 1995).
Se cree que la causa de este fenéneno es resultado de | a desaparicion de
| os grandes depredadores y | a degradaci 6n de |os habitats natural es por

|l a actividad humana. se ha observado que por ejenplo el |lobo (Canis
lupus) es el control ador naturales de |os coyotes, ademds de que la
fragmentaci 6n de | os habitats naturales trae compb consecuencia |la
creaci 6n de anbi entes heterogéneos que favorecen | a presencia de
depredadores generalistas comb el coyote (Litvaitis y Villafuerte, 1996).

Se ha denpstrado que el coyote es una especie inmportante en nuchos
ecosi stemas (Soul é et al., 1988; Vikery et al., 1992), pues en |lugares
donde son | os depredadores dom nantes, |as variaciones positivas o
negativas en el tamafio de | as pobl aci ones de esta especie, producen
ef ectos en cascada sobre |as comuni dades de depredadores nedi anos y
presas (Crooks y Soul & 1999; Henke y Bryant, 1999).

Debido a la creciente inportancia econdm ca y ecol 6gi ca de | os
coyotes y al fracaso en |l os programas de control y manejo de |a especie
en | os Estados Unidos y Canada, en |la actualidad se considera que es
necesari o realizar investigaciones intensivas sobre su biologia, ecologia

y conportam ento. De otra manera no se podréan |l evar a cabo canpafias



ef ectivas para dismnuir |os dafios produci dos por este canido (Parker

1995) .

Los COYOTES EN MEXI CO

El coyote es quiza el carnivoro nejor estudiado en | os Estados
Uni dos y Canada, debido principalmente a su inportancia econ6m ca conp
especi e perjudicial. En contraste, en México y Centroamérica se han
real i zado nuy pocos estudi os sobre |la ecol ogia de este canido (Hérnandez
y Delibes, 1994), a pesar de que habita en casi todo el pais (excepto e
sur de la peninsula de Yucatan) y es tambi én cominnmente consi derado conp
una pl aga (Cuar6n, 2000). La mayor parte de |os estudi os que existen para
Mexi co son descripciones de | os habitos alinentarios, principalnmente en
zonas cono bosques de pino (e. g. Aranda et al., 1995), bosques de pino-
encino (e. g. 1986; Salas 1987; Delibes et al.,1989; Servin y Huxley,
1991), pastizales (List-Sanchez, 1998), y mmtorrales xerd6filos (e. g.
Pérez et al., 1982; Arnaud, 1993; Hernandez y Delibes, 1994; Sanabria et
al ., 1995). Asi msnp, existen dos trabajos en areas tropicales (Villay
Aguilar, 1992; Hidalgo-Mhart et al. 2001) y uno en bosque nesofilo
(Esparza, 1991). En estos trabajos, se ha encontrado que | os coyotes se
al i mentan princi pal rente de mam f eros pequefios y nedi anos, material es
vegetal es, y conforne se vuelven mas tropical es, se observa una marcada
tendencia al incremento en el consunp de (Hernandez et al., 1994).

El tamafio del &area de actividad de | os coyotes en México se ha
estudi ado Uni canente para cuatro areas, dos con matorral es xer6fil os
(Hernandez et al., 1993; Carreén, 1998) donde se reportan areas de 4
hasta 11 knf, una zona de pasti zal donde se obtuvieron areas de 30 a 70
kn? (List-Sanchez, 1997) y un sitio de pino-encino (Servin y Huxl ey,
1994) en |l a que se encontro que | os coyotes usan areas de entre 3 y 13

kn?.



En cuanto al tipo de hébitat utilizado por |os coyotes, este varia
dependi endo de | as condiciones | ocal es de cobertura vegetal, abundancia
de presas y exposicion a depredadores (Bekoff, 1977). En | os Uni cos dos
estudi os en Méxi co donde se ha analizado el uso de habitat por |os
coyotes, se encontro que para un matorral xerofilo | os coyotes usaban
areas con una espesa cobertura vegetal donde |a densidad de presas era
mayor (Hernéandez et al., 1993). En otro estudio realizado en un area de
pasti zal es, se encontrd que | os coyotes prefieren areas con abundante
veget aci 6n, pues es ahi donde pueden evitar ser cazados conp parte de |as
medi das de control para mitigar dafios a | a ganaderia (List-Sanchez,

1997).

La i nformaci 6n exi stente para el pais sobre | os dafios econém cos
produci dos por el coyote son practicanente inexistentes, pues con
excepci 6n del trabajo de Villa (1960) donde se estinma que |os coyotes
producian inportantes dafios econdnicos en el norte de Chi huahua, no se ha
real i zado ninguna otra estimaci 6n sobre | as pérdi das produci das por esta

especi e.

LOS COYOTES EN AREAS TROP| CALES

La i nformaci 6n exi stente hasta hace poco tienpo indicaba que e
limte sur de la distribucion del coyote alrededor del siglo XV Il egaba
Uni camente hasta el centro de México (G er, 1975; Parker, 1995). De
acuerdo a esa informaci 6n, el canmbio en |as actividades productivas al
arribo de | os conqui stadores espafiol es, sobre todo |a entrada del ganado
europeo, habria favorecido | a expansi 6n del coyote tanto hacia el sur y
sureste de Meéxico (con excepci 6n de Yucatan), conp hacia |la costa de
Pacifico y las tierras altas de Centroanérica y cuyo linmte alcanzaria a
la actual Costa Rica (Young and Jackson, 1951). Nuevas i nfornmaci ones

proveni entes del hallazgo de fésiles pleistocénicos de este canido en |la
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Republica de Costa Rica (Lucas et al. 1997), asi conp del anéalisis
detal |l ado de infornmes de viajeros y religi osos europeos que nmencionan |a
presencia de coyotes en el siglo XVI en ese msnp pais, ademas de
Ni caragua y Guatemal a (Monge- N4j era y Morera-Brenes, 1986), nuestran que
muy probablenmente el limte sur de la distribucidn de esta especie antes
de la Il egada de | os europeos al continente americano era nucho mas al
sur de |l o que anteriormente se pensaba.

I ndependi entenente de esto, es un hecho que el area de distribucion
del coyote en México y Centroangérica se ha anpliado en los dltinos 25
afios, pues en | as décadas que conprendi eron |os afios 80 y 90 del siglo
XX, se avistaron ejenplares de este carnivoro por primera vez en areas en
donde anteriornente no se habian observado, conpb es en el norte de Panama
(Méndez et al., 1981; Vaughan, 1983), el norte de Yucatan (Sosa-Escal ante
et al., 1997) y en Belice (Platt et al., 1998). Aunque no existen datos
suficientes para asegurarlo, se ha sugerido que |a expansi 6n del coyote
fue inducida fundanental mente por |a deforestaci 6n de | os bosques
tropical es causada por el crecimento de |las actividades agricolas y
ganader as (Vaughan, 1983; Sosa-Escalante et al., 1997), pues esta accion
probabl emente crea anbientes sinilares a |los habitats abiertos donde |la
especi e evolucion6 y a los cuéles esta bien adaptada (Young y Jackson,
1951; Bekoff, 1977). En estos entornos, una especie generalista conpo el
coyote facil nente puede encontrar com da (H dalgo-Mhart et al., 2001).

La tendencia actual, en la cual |os bosques tropicales en México y
Centroangérica se deforestan a el evadas tasas (Chall enger, 1998), nuy
probabl emente traerd conp consecuencia un aunento en el tamafio de |as
pobl aci ones de coyotes, asi conp | a expansi 6n del area de distribucién de
|l a especie (Cuardn 2000). Conp resultado de estas condiciones, es de
esperarse que los conflictos entre humanos y coyotes (dafios a productos

agricolas y depredaci 6n de aves de corral y ganado; Hi dal go-M hart et
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al ., 2001) se increnenten (Méndez et al., 1981; Sosa-Escal ante et al.
1997; Cuaro6n, 2000; De |la Rosa & Nocke, 2000). Ante esta situaci6n se
vuel ve urgente el planteanm ento de planes de manejo y control de |la
especie en areas tropicales que pernmitan tanto prever conp responder a

| os posibles incrementos en | as pobl aci ones de coyotes.

OBJETI VOB

Debi do a que | a generaci 6n de infornmaci 6n basica del coyote en
anbi entes tropi cal es, puede ayudar a predecir la forma en que |as
pobl aci ones de | a especie responderan a factores cono | a deforestaci 6n
el objetivo general de este trabajo, fue generar infornmaci 6n que podria
ser util conmp una herramienta en el disefio de planes de manejo para e
coyote en zonas tropicales.

Los objetivos particulares de éste estudio fueron
1. Analizar desde un punto de vista histdrico |la expansi 6n del coyote en
|l as areas tropicales, asi conp determinar |a distribucién actual de |la
especie en México y Centroanerica
2. Determnar el uso de habitat de |os coyotes en un area tropica
est aci onal
3. Determinar la influencia que tiene un basurero sobre el &rea de

actividad y el tamafio de grupo de coyotes en un area tropical estacional
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|| . AReA DE ESTUDI O

El estudio se realiz6 en | a Reserva de |a Bi 6sfera Chanel a- Cui xmal a
y areas desnont adas al edafias, en la costa del estado de Jalisco. La
topografia del area se caracteriza por un sistenmn de |onmerios con
altitudes maximas de 200 ms.n.m La caracteristica climitica nas
inportante en la zona es que |la precipitaci 6n presenta una estacionalidad
mar cada. El 80 % de esta ocurre entre julio y octubre, alcanzando en un
aflo tipico niveles de hasta 750mm (Bul | ock 1986), |0 que provoca que en
el sitio se presenten sequias prolongadas y |a disponibilidad de agua se
encuentre nuy limtada sobre todo al final del estiaje.

En | a zona se distinguen dos tipos principales de vegetacié6n, e
bosque tropical caducifolio y el bosque tropical subcaducifolio
(Rzedowsky, 1983). El prinero se presenta en |los lonerios y se
caracteriza por perder casi en su totalidad |as hojas durante la
tenporada seca. El segundo se presenta principalnmente en los valles y a
la orilla de los arroyos y se conpone por arboles que no pierden en su
totalidad las hojas durante |a tenporada seca (Bullock, 1986). Oros
anbi entes conmunes en el area son | as zonas desnontadas, que son
utilizadas principalnmente para | a ganaderia aunque tanbi én existen
cultivos tenporales de maiz, frijol y sandia, asi conp cultivos
per manent es de mango, papaya y citricos. Junto a estas conuni dades
veget al es hay existen areas cubi ertas por bosques secundari os producto
del abandono de areas de cultivo y ganaderas.

En la costa de Jalisco, alrededor del 25% de |os habitats
originales han sido transformdos a pastizales y zonas agricolas en |os
Gl ti mos 25 afios (M randa 2002). Adenas, | a zona presenta un desarrollo
turistico inmportante, existiendo varios hoteles distribuidos a lo largo

de |l a costa.
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S| TUACI ON ACTUAL DE LOS COYOTES EN EL AREA DE CHAMELA- CUl XVALA

A pesar de que | os coyotes no son habitantes nuevos de |a Costa de
Jalisco pues fue reportada su presencia desde finales del siglo XI X
(Merriam 1897 cit en Bekoff, 1977), es nuy probable que | a destruccio6n
de | os bosques tropicales en el area (Mranda 2002) haya creado | as
condi ci ones ideales para el increnento en el tamafio de | as pobl aci ones
| ocal es de coyotes. Esta observaci 6n se ve apoyada por el hecho de que
|l os coyotes en el area se alinentan principal nente de roedores asoci ados
a zonas dénde | os bosques tropicales han sido desnontados (rata
al godonera; Signodon mascotensis), y de frutas cultivadas conmo | a papaya
y el mango (Hidalgo-Mhart et al. 2001). Ademas, nonitoreos de |la
abundanci a de carnivoros nediante el uso de estaciones ol fativas, han
nmostrado que | os coyotes son abundantes en zonas agricolas y ganaderas y

escasos en el interior del bosque tropical (Cantl-Salazar et al. 1998).

LI TERATURA Q TADA

Bekoff, M 1977. Canis latrans. Manmalian Species 79:1-9

Bul l ock, S.H 1986. Climate of Chanela, Jalisco and trends in the south
costal region of Mexico. Archives Meteorol ogy. and Geophi sical. Brod.
Serie. B 36:297-316.

Cant U- Sal azar, L., Hidalgo-Mhart, M G vy LOpez-CGonzalez, C. A 1998
Ef ect o del canbi o de uso de suel o sobre |a abundanci a de al gunos
mani f eros en un bosque tropical seco de |la costa de Jalisco. P.p. 65-
72 en Menorias del XVI Sinposio sobre Fauna Silvestre Gral. M.
Manuel Cabrera Valtierra, Mnterrey, N L. Facultad de Medicina

Veterinaria y Zootecnia, Universidad Naci onal Auténoma de Meéxico.

22



Hi dal go-M hart, M G., Cantu- Salazar, L., LOpez-Gonzélez, C. A
Martinez- Meyer, E. y Gonzél ez-Ronmero, A 2001. Coyote (Canis latrans)
food habits in a tropical deciduous forest of western México.
Anerican Mdland Naturalist 146:210-216

M randa A. 2002. Diversidad, historia natural, ecologia y conservaci 6n de
|l os maniferos de Chanela. P.p. 359-377 en Historia Natural de Chanel a
(F. A Noguera, J. H Vega-Rivera, A. N Garcia-Alderete y M
Quesada- Avendafio, eds.). Instituto de Biologia, Universidad Naciona
Aut 6noma de México, México, Distrito Federal, MXxico.

Rzedowsky, J. 1983. Vegetaci 6n de México. LIMJSA. México DF, Méxi co.

23



24



CAPITULO IIIl.-DISTRIBUCION HISTORICA Y
PRESENTE DEL COYOTE (CANISLATRANS) EN M EXICO

Y CENTROAMERICA

En prensa. Journa of Biogeography (Voal. 31, 2004)

25



26



Journal of Biogeography (J. Biogeogr.) (2004) 31, 1-14

ORIGINAL

ARTICLE

Historical and present distribution of
coyote (Canis latrans) in Mexico and
Central America

Mircea G. Hidalgo-Mihart"*, Lisette Cantt-Salazar’,
Alberto Gonzélez-Romero' and Carlos A. Lopez-Gonzélez”

"Departamento de Ecologia y Comportamiento
Animal, Instituto de Ecologia, A.C. Xalapa,
Veracruz, and “Licenciatura en Biologia,
Facultad de Ciencias Naturales, Universidad
Autonoma de Querétaro, Querétaro, México

*Correspondence: Mircea G. Hidalgo-Mihart,
Departamento de Ecologia y Comportamiento
Animal, Instituto de Ecologia, A.C., km 2.5
Carretera Antigua a Coatepec No. 351
Congregacion El Haya, A.P. 63 Xalapa 91070,
Veracruz, México.

E-mail: hidalgom®@ecologia.edu.mx

ABSTRACT

Aim Coyote (Canis latrans) distribution in Mexico and Central America has
expanded recently reaching the Yucatan peninsula, Belize and Panama, probably
promoted by deforestation of tropical areas. Historically, the southern
distribution of coyotes prior to European settlement in America was described
as reaching only as far south as central Mexico and that introduction of livestock
favoured migration of coyotes to southern Mexico and Central America.
However, coyote fossil records in Central America and Yucatan, as well as
observational records of travellers during the sixteenth century suggests that the
coyote’s arrival to the region was earlier. Because of the uncertainty of past coyote
distribution and the possible economic and ecological impacts due to recent
range expansion, the objectives of this study were to confirm if paleontological
and historical evidence support the hypothesis that the southernmost limit of
coyote distribution before the arrival of European settlers was the centre of
Mexico, to discuss the possible factors that have influenced historical shifts
in coyote distribution, and to model the present distribution of the coyote in
Mexico and Central America, determining the areas where they could invade in
the near future.

Location The research area comprises continental Mexico and the Central
American Isthmus countries: Guatemala, Belize, El Salvador, Honduras,
Nicaragua, Costa Rica and Panama.

Methods The historical distribution (Pleistocene—Early Holocene, Pre-
Columbian, sixteenth to nineteenth centuries and twentieth century) was
established from coyote records obtained from museum collections and
specialized literature. Present coyote distribution for Mexico and Central
America was modelled using the Genetic Algorithms for Rule-set Prediction
(GARP).

Results Historical coyote records show that this species was distributed in
southern Mexico and Central America during the Pleistocene—Early Holocene,
the Pre-Columbian period, and during the arrival of Europeans in the sixteenth
century. Coyote records indicate a continuous range expansion during the
twentieth century. Historical advance and regression of tropical forests in
southern Mexico and Central America produced by natural and human events
such as climatic changes and variation in human densities could help us
understand the historical coyote distribution. The modelled present-day
distribution included the north of Belize, the north of Panama, the north of
the Yucatan Peninsula and a corridor on the Gulf costal plain of Campeche in
Mexico in the coyote distribution. Also, the model predicted a region north of the
Darien in southern Panama as appropriate for the presence of coyotes, although
they have not been detected there so far.

© 2004 Blackwell Publishing Ltd www.blackwellpublishing.com/jbi
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Main conclusion Coyote records in southern Mexico and Central America
during the Pleistocene—Early Holocene, the Pre-Columbian period, and early
arrival of European settlers to the area indicated that coyotes were probably
already present there and did not recently disperse from the north of Mexico to
the south due to livestock introduction.

Keywords: Coyote, Canis latrans, Mexico, Central America, distribution,
Genetic Algorithms for Rule-set Prediction, range expansion.

RESUMEN

Objetivo La distribucién del coyote (Canis latrans) se ha expandido
recientemente en México y Centroamérica hasta alcanzar la peninsula de
Yucatan, Belice y Panama, probablemente favorecida por la deforestacion en
regiones tropicales. Histéricamente se ha creido que la distribuciéon de esta
especie a la llegada de los colonizadores europeos tenia su limite sur en el centro
de México y que la introduccién del ganado en el sur de México y Centroamérica
favorecio la migraciéon de los coyotes hacia estas areas. Sin embargo, registros
fosiles de coyotes en Centroamérica y Yucatan, asi como registros visuales de esta
especie por viajeros durante el siglo XVI, sugieren que la llegada de los coyotes a la
region fue anterior a lo que previamente se creia. Debido a la controversia sobre la
distribucion anterior del coyote, asi como por los posibles impactos econémicos y
ecologicos que los coyotes pueden provocar debido a su reciente expansion, los
objetivos de este estudio fueron determinar si la evidencia paleontologica e
historica apoya la hipétesis de que la distribucién de esta especie antes de la
llegada de los colonizadores europeos llegaba hasta el centro de México, discutir
los posibles factores que han influido sobre los cambios historicos en su
distribucion y modelar la distribucion actual del coyote en México y
Centroamérica, determinando las areas que los coyotes pueden invadir en el
futuro.

Area de Estudio El estudio comprendié la porcién continental de México y los
paises del Istmo Centroamericano: Guatemala, Belice, El Salvador, Honduras,
Nicaragua, Costa Rica y Panama.

Métodos Se establecié la distribucién histérica del coyote (Pleistoceno-
Holoceno temprano, Precolombina, siglos XVI al XIX y siglo XX) a partir de
registros de coyotes obtenidos de colecciones cientificas de museos y literatura
especializada. Se modelé la distribucion actual del coyote en México y
Centroamérica usando algoritmos genéticos (GARP).

Resultados Los registros historicos de coyote indican que la especie estuvo
distribuida en el sur de México y Centroamérica durante el Pleistoceno-Holoceno
temprano, la etapa Precolombina y a la llegada de los europeos en el siglo XVI.
Los registros indican un incremento continuo en el area de distribucion del
coyote durante el siglo XX. El avance y contracciéon de los bosques tropicales en el
sur de México y Centroamérica debido a causas naturales y humanas, tales como
cambios climaticos o variacion de las densidades humanas, pueden ayudar a
entender la distribucién histdrica del coyote. La distribucion actual de esta especie
obtenida a través del modelo, reconoce que puede estar distribuida al norte de la
peninsula de Yucatan y la llanura costera del Golfo de Campeche en México, y en
Centroamérica, el norte de Belice y el norte de Panama. Ademas, el modelo
muestra que, aun cuando la especie no ha llegado a la regiéon norte de Darién en el
sur de Panama, dicho lugar es apropiado para ser invadido por los coyotes.

Journal of Biogeography 31, 1-14, © 2004 Blackwell Publishing Ltd
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Conclusiones Principales Los registros de coyotes en el sur de México y
Centroamérica en el Pleistoceno-Holoceno temprano, la época Precolombina y
durante las primeras etapas de la Colonia Espanola indican que los coyotes
probablemente ya estaban presentes en el area a la llegada de los colonizadores
europeos, y no se dispersaron recientemente hacia el sur de México y
Centroamérica desde el centro de México con la introduccién de la ganaderia

en el area.

Palabras clave: Coyote, Canis latrans, México, Centro América, Distribucion,

GARP, Expansion.

INTRODUCTION

The size, shape, boundaries and internal structure of the
distribution of any species is the manifestation of complex
interactions between the intrinsic characteristics of the organ-
isms (environmental tolerances, resource requirements, life
history attributes, dispersal characteristics, etc.) and the
characteristics of their extrinsic environment (in particular
those features whose variation in space and time limit
distribution and abundance; Brown et al., 1996). The coyote’s
capacity to exploit clearings in the landscape caused by human
settlements and the eradication of larger predators and
competition are probably the key factors that have allowed
coyotes to change the structure and dynamics of their
geographic range and colonize most of North America over
the past 100 years (Parker, 1995). These factors may explain
changes in the distribution of coyotes in the USA and Canada,
but there is little information on the causes that have favoured
the expansion of coyotes in southern Mexico and Central
America. The recent deforestation of tropical areas by human
activities has been suggested as the key factor contributing to
the establishment of new coyote populations in northern
Panama (Méndez et al., 1981; Vaughan, 1983), the north of the
Yucatan peninsula (Sosa-Escalante et al, 1997) and Belize
(Platt et al., 1998). This suggestion is based on the supposition
that deforested areas are similar to open and semi-open
habitats where coyotes evolved and to which they are well-
adapted (Young & Jackson, 1951; Bekoff, 1977). In addition
forests appear to be marginal habitats for coyotes probably
because of their poor hunting abilities in dense forest
vegetation, as perhaps reflected by malnutrition and low
fecundity and population densities (Richer et al., 2002; see
Créte et al., 2001 for a review).

The current distribution of coyotes, with almost every site
between Alaska and Costa Rica being occupied (Bekoff, 1977;
Hall, 1981), contrasts with the coyote distribution prior to
the arrival of Europeans in the sixteenth century, when
coyotes were apparently restricted to the prairies of western
North America and extended south only to central Mexico
(Young & Jackson, 1951; Nowak, 1978). It was not until
European settlement and livestock introduction radically
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changed patterns of land use that coyote expansion occurred
throughout North America, including southern Mexico, and
Central America reaching the present-day distribution
(Young & Jackson, 1951). However, this distributional
hypothesis assumes a scenario in which the environment in
the south of Mexico and Central America before the arrival
of Europeans was stable and forests permanently covered the
area preventing coyote colonization to the south. Recent
findings indicate that from 30,000 yr BP (when the first
coyotes inhabited northern and central Mexico in the
Pleistocene) through the European arrival, geological and
historical events produced that enormous areas of forest in
southern Mexico and Central America advanced and retrea-
ted in response to climatic changes and impacts of popu-
lations of Native Americans (Leyden, 1984; Whitmore &
Turner, 1992; Metcalfe et al., 2000; Brenner et al., 2002).
This dynamic scenario, in which open and semi-open
habitats were present in southern Mexico and Central
America before the arrival of the Europeans, suggests the
hypothesis that coyotes might have moved to southern areas
earlier than previously thought. Thus, we predicted that, after
a review of the recent literature, paleontological and histor-
ical evidence would show that the southernmost limit of
coyote distribution before the arrival of European settlers was
farther south in Central America and not in the centre of
Mexico.

Understanding the processes that have affected the distri-
bution of this predator in Mexico and Central America may
yield insights into the consequences of coyote range expansion
in the future. Such consequences are not trivial, given the
observed extent of economic (i.e. National Agricultural
Statistics Service, 2000, 2001) and ecological (i.e. Crooks &
Soulé, 1999) impacts of this species in other areas of their
range. Thus, our second objective was to attempt to identify
the geological and historical events that influenced the
historical distribution of coyotes in the area.

If recent coyote range expansion in southern Mexico and
Central America has been influenced by the adaptation of
coyotes to man and habitat destruction (Vaughan, 1983;
Sosa-Escalante et al., 1997), expansion is likely to continue in
the future, especially with the accelerated deforestation rates
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(Kaimowitz, 1996; Challenger, 1998). Therefore, our third
objective in this study was to determine the present distribu-
tion of coyotes in Mexico and Central America and the areas
that this species could potentially invade in the future, by using
an approximation of the fundamental ecological niche of the
species — defined here as the complex of ecological conditions
within which the species is able to maintain populations
(Peterson et al., 2001).

METHODS

Study area

The research area comprises continental Mexico (hereafter
called Mexico) and the countries composing the Central
American Isthmus: Guatemala, Belize, El Salvador, Honduras,
Nicaragua, Costa Rica and Panama (hereafter called Central
America).

Study design

We divided the historical distribution of coyotes in Mexico
and Central America into four periods: Pleistocene—Early
Holocene, Pre-Columbian, sixteenth to nineteenth centuries,
and twentieth century. This division was based on the origin
and magnitude of environmental changes that occurred during
each period. During the Pleistocene, climatic variations
resulted in extensive modification of the environments in
Mexico and Central America (Leyden, 1984; Colinvaux, 1997,
Metcalfe et al., 2000). During the Pre-Columbian period, the
expansion and collapse of several indigenous cultures had
dramatic effects on the natural environment of the area
(Whitmore & Turner, 1992; Leyden, 2002). During the period
spanned by the sixteenth to seventeenth centuries, European
settlers colonized Mexico and Central America, introduced
livestock, and radically changed patterns of land use (Melville,
1994; Challenger, 1998). The twentieth century was character-
ized by severe human impacts on natural landscapes due to a
continuous expansion agriculture and cattle grazing (Kaimo-
witz, 1996; Challenger, 1998). Due to the differences among
literature sources containing coyote distributional records, we
used different approaches to compile information for each of
the historical periods.

Pleistocene-Early Holocene distribution

We defined this as the period from 30,000 to 3500 yr BP
Localities of Pleistocene—Early Holocene records of coyotes
from Mexico and Central America were obtained from
searching the Journal of Vertebrate Paleontology, the Journal
of Paleontology and the Journal of Mammalogy, as well as other
journals such as the Southwestern Naturalist, Revista Mexicana
de Historia Natural, Arqueologia, Cuadernos de Trabajo del
Departamento de Prehistoria del Instituto Nacional de Ant-
ropologia e Historia, and from other paleontological and
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natural history books (e.g. Flannery, 1967; Nowak, 1979;
Polaco & Buitron, 1997).

Pre-Columbian distribution

We defined this as the period from 3500 yr BP until arrival of
the European colonizers in the sixteenth century. Coyote
presence in the highlands of northern Mexico during Pre-
Columbian times has been previously confirmed (Young &
Jackson, 1951). Consequently, we decided to search only for
records in central and southern Mexico, and areas in Central
America where the coyote’s presence at that time has been
disputed. We obtained localities and dates of coyote records
from Mexico and Central America through an extensive
bibliographic search of archeological excavation reports and
books about Pre-Columbian civilizations in which archaeozo-
ological observations were present.

Sixteenth to nineteenth century distribution

Coyote records after the European settlers’ arrival were
obtained from texts of naturalists and travellers, following
Monge-Najera & Morera-Brenes (1986). As in the Pre-
Columbian distribution section, we only searched for coyote
records from central and southern Mexico, and Central
America.

Twentieth century distribution

Localities where coyotes were collected from Mexico and
Central America during the twentieth century were compiled
from museum collections of Mexico and the USA (see
Acknowledgments). Coyote records deposited in the mammal
collections of the University of Kansas, the University of
California at Berkeley and Cornell University were obtained via
Species Analyst (http://speciesanalyst.net/index.html. Records

from the Coleccion de Mamiferos de la Sierra Volcanica
Transversal de México (UAM- Iztapalapa), Museo Alfonso L.
Herrera, Facultad de Ciencias UNAM, Coleccion de Aves y
Mamiferos del Valle de Cuatrociénegas Coahuila and Mam-
iferos de Nuevo Leén were obtained using the World
Biodiversity Information Network REMIB (http://www.con-
abio.gob.mx/remib_ingles/doctos/remib_ing.html). We sup-
plemented these data with annotated mammal checklists,
miscellaneous scientific reports, unpublished theses, and
management plans of natural protected areas from Mexico
and Central America (see Appendix). All coyote records from
museums and literature localities were georeferenced to the
nearest minute of latitude and longitude via direct consulta-
tion of various map series.

Current distribution

The current distribution is the area presently occupied by
coyotes in Mexico and Central America. To predict the actual
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distribution of coyotes in Mexico and Central America, we use
the desktop version of the Genetic Algorithm for Rule-set
Prediction (GARP; http://www.lifemapper.org/desktopgarp/).
This is an iterative artificial-intelligence-based algorithm used
to approximate the fundamental ecological niche of a species.
In GARP, individual approaches to approximate species
fundamental niche, such as BIOCLIM (Nix, 1986) and logistic
multiple regression (Austin et al., 1990) among others, are
used to produce component ‘rules’ in a broader rule set.
Hence, portions of the landscape may be identified as inside or
outside of the niche (Stockwell & Peters, 1999). GARP
represents a superset of the other approaches (BIOCLIM,
logistic multiple regression, etc.) and should generally have
greater predictive ability than any one of them alone. Extensive
testing of GARP has indicated excellent predictive ability for
species geographic distributions (e.g. Peterson, 2001; Peterson
& Vieglais, 2001).

To build the model of the current distribution with GARP,
we used the georeferenced coyote records and localities
obtained for the twentieth century. Due to differences in the
origin and quality of the environmental layers available for
model construction for Mexico and Central America, we
decided to develop a different model for the two regions. For
the distributional model of Mexico, we used digitized maps of
potential vegetation, current vegetation, and categorical cli-
mate maps that summarized annual average temperature and
(http://
www.conabio.gob.mx), and digital elevation models (proc-

precipitation, obtained from Conabio-México
essed into maps of elevation, slope, aspect, and solar radiation)
obtained from the Defense Mapping Agency (http://
edcdaac.usgs.gov/gtopo30/hydro/namerica.html). For Central
America, we used the Leemans Holdridge Life Zones (Lee-
mans, 1990) from the National Geophysical Data Center
(http://www.ngdc.noaa.gov/seg/eco/), the digital elevation
models from the Defense Mapping Agency (elevation, slope,
aspect, and solar radiation), and the averages of mean annual
temperature and precipitation (1960-90; New et al., 1999)
from the Intergovernmental Panel of Climate Change (http://
ipcc-ddc.cru.uea.ac.uk/) as data layers. Because GARP requires
all data to be at the same spatial resolution, we re-sampled the
input environmental data for Mexico and Central America to a
standard 10 X 10 km grid size, although the native resolution
of the topographic data is finer (1 X 1 km) and that from the
climatic data is coarser (30 x 30 km).

Because coyote records for extensive areas in the south of
Mexico are limited, we decided to use all coyote occurrences in
the distribution model building (training) as this increases the
predictive capacity of GARP when the occurrence data are
scarce (Anderson et al., 2003). We developed 100 replicate
models of ecological niches for Mexico and Central America.
Since we used all coyote occurrences in model building, we
selected the best 10 models for each area from the entire set of
models using the intrinsic test proposed by Anderson et al.
(2003). Selected models were saved in ASCII raster grid
format, and imported into ArcView (version 3.2). Then all
models were superimposed to create a composite prediction
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showing the number of optimal models predicting presence in
each pixel across the study region. We considered a pixel to
form part of the coyote distribution if seven or more of the 10
best models indicated the presence of coyotes in the pixel. To
reduce bias obtained in the GARP model for Mexico due to
excessive coyote records in the north of the country (550 of the
610 coyote records from collections are from areas over 21° of
latitude), we decided to use only one randomly selected record
per 500 km? cell in the Mexican states of Baja California Norte,
Baja California Sur, Sonora, Chihuahua, Coahuila, Durango,
Zacatecas and San Luis Potosi.

RESULTS

Pleistocene-Early Holocene distribution

We found 14 coyote records for Mexico and Central America
in the literature (Fig. 1). Most of the records were located in
northern and central Mexico, but, two of them were found
in the southern portion of the present coyote distribution: one
in the Yucatan peninsula (Alvarez, 1982) and the other in the
Nicoya peninsula in Costa Rica (Lucas et al., 1997).

Figure 1 Location of Pleistocene coyote records for Mexico and
Central America. Numbers specify the original citation of the
record. The period of the record is cited when it was present in the
original publication. (1) Monte Flor Cave, Valle Nacional, Oaxaca
(Alvarez, 1963a); (2) Tequixquiac, Estado de México (Late Plio-
cene—Pleistocene; Alvarez, 1965); (3) Tehuacan valley, Puebla
(Late Pleistocene—Early Holocene; Flannery, 1967); (4) Valsequillo,
near Puebla (Late Pleistocene; Kurtén, 1967 cited in Nowak, 1979);
(5) Tlapacoya, Estado de México (Pleistocene—Recent; Alvarez,
1969); (6) San Josecito Cave, Nuevo Ledn (Rancholabrean—Post-
glacial; Kurtén, 1974); (7) El Cedazo, Aguascalientes, México
(Middle Pleistocene; Mooser & Dalquest, 1975); (8) Laguna de la
Media Luna, San Luis Potosi (Late Pleistocene; Hernandez-Jun-
quera, 1977); (9) Chapala-Zacoalco, Jalisco (Late Pleistocene;
Ferrusquia-Villafranca, 1978); (10) Loltan Cave, Yucatan (Late
Pleistocene—Early Holocene; Alvarez, 1982); (11) Yepémera, Chi-
huahua (Late Pleistocene; Lindsay, 1984); (12) Jiménez, Chihua-
hua (Late Pleistocene—Holocene; Messing, 1986); (13) Barra
Honda, Rio Nacaome, Nicoya, Costa Rica (Lucas et al., 1997); (14)
La Presita, San Luis Potosi; Polaco & Buitrén, 1997.
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Pre-Columbian distribution

The search of coyote records in the archaeozoological publi-
cations from the south of Mexico and Central America
revealed only one record in Tipu, now Belize (Emery, 1999;
Fig. 2). Dated during the Maya Post-Classic period (1100—
500 yr BP), this record was based on the presence of coyote
remains from the excavation and were clearly distinguished
from domestic dog (Canis familiaris) remains.

Sixteenth to nineteenth century distribution

We found 15 mentions of coyote sightings for Mexico and
Central America in the literature (Fig. 2). We found two
mentions of wolves (Canis lupus; Fernandez de Oviedo, 1856
cited in Monge-Najera & Morera-Brenes, 1986; Cockburn,

1976) in Central America. Since in several texts coyotes are
indifferently named coyotes or wolves (Ximenez, 1967; Belt,
1985), or recognized as small wolves (Sahagin, 1975), we
decided to classify these observations as coyotes. Other coyote
records were found, but due to the lack of accuracy in the
location of the sighting (e.g. Sahagin, 1975) or because the
sightings were located in the desert areas of the northern
Mexico, we did not include these data in the analysis. Coyote
records for this period were located mostly in central Mexico,
southern Nicaragua and northern Costa Rica. Guatemala, El
Salvador, and Honduras had one record each.

Twentieth century distribution

We obtained 802 coyote records for Mexico and Central
America. Only 693 had enough information to be georefer-

A Maya post-clasic
@ 16th century

W 17th century

* 18th century
o 19th century

Figure 2 Approximate location of Pre-Columbine and Colonial coyote records for Mexico and Central America. Symbols indicate the time
period where coyotes were recorded. The Mayan Post-Classic (1100-500 yr BP) record originated from zooarcheological excavations.

Colonial records originated from chronicles of travelers and priests of the centuries sixteen to nineteen. Numbers specify the original citation
of the record. Maya Post-Classic: (1) Tipu, Belice (Emery, 1999). Sixteenth century: (2) Rio de la Plata, Gobernacion de Castilla y Oro

(Fernandez de Oviedo, 1856 cited in Monge-Najera & Morera-Brenes, 1986); (3) San Raymundo las Casillas, Valle de Guatemala (Ximenez,
1967); (4) Santa Ana la Grande, Provincia de el Salvador (Ximenez, 1967). Seventeenth century: (5) El Salvador close to Choluteca (Wafer,
1934); (6) Tehuantepec, Oaxaca (Gage, 1986); (7) Provincia de Sinaloa (Pérez de Rivas, 1985); (8) Jilotepec, Estado de México (Torquemada,
1986). Eighteenth century: (9) Golfo de Herradura, Valle de Bagaces (Cockburn, 1976); (10) Chinantla, Alto Papaloapan, Oaxaca (Ajofrin,
1986). Nineteenth century: (11) Amecameca, Estado de México (Ladensio, 1868 cited in Iturriaga, 2003); (12) Turracaras near Alajuela

(Alfaro, 1897); (13) Tamarindo and Junquillal near Bay of Salinas (Alfaro, 1897); (14) San Ubaldo, Nicaragua (Belt, 1985); (15) Guanacaste,
Costa Rica (Meléndez, 1974 cited in Monge-Najera & Morera-Brenes, 1986); (16) Huasteca Potosina, San Luis Potosi (Lyon, 1984); (17)

Istmo de Tehuantepec, Sur de Veracruz (Sainte-Croix, 1992).
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enced to the nearest minute of latitude and longitude. Of these,
610 records were obtained from mammal collections of the
USA and Mexico and 83 from local mammal faunas and
miscellaneous scientific reports (Fig. 3).

Current distribution

After reducing the number of collection points to decrease the
bias in the GARP distributional models for Mexico, we
developed our final model for the country with 298 spatially
unique records. For Central America, we developed the
distribution model with 29 spatially unique records. The
model for Mexico showed that coyotes present a continual
distribution in the north and centre of the country (Fig. 4a),
with major gaps in the distribution present in the south of the
country. Large areas where the model indicated the absence of
coyotes are located in what is known as the Chimalapas, Selva
Lacandona, Sierra Norte de Oaxaca, Tabasco-Campeche wet-
lands, the Coast of Chiapas, and the Yucatan peninsula
(Fig. 4b). For Central America, the model predicted the
occurrence of coyotes mostly on the Pacific coast of Guate-
mala, Honduras, Nicaragua, Costa Rica, northern Belize, and
northern Panama, including potentially northern Darien
(Fig. 5a). Major gaps of coyote distributional predictions were
in Belize-Peten-Maya Forest, the Mosquitia coast, the Atlantic
forests of Nicaragua and Costa Rica, eastern and central
Panama, southern Darien, the Osa Peninsula, and central and
northern El Salvador (Fig. 5b).

DISCUSSION

Past coyote distribution

During the Pleistocene, fossils indicate that coyotes roamed in
extensive areas of north and central Mexico. However, coyote
records found in the Yucatan peninsula and Costa Rica show
that coyotes lived farther south than previously reported,

»  Collection
& Literature

Figure 3 Locations of known occurrences of coyotes from
Mexico and Central America. Symbols specify the origin of the
data: collection (records originated from a mammal collection of
Mexico or the USA) and literature (records obtained from lists of
mammal faunas and coyote citations in literature).
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Figure 4 (a) Predicted geographic distribution of coyote in
Mexico using GARP. Grey tone indicates presence of coyotes in
seven or more of the 10 best subset models. White tone indicates
absence of coyotes. A zoom to the south of Mexico is shown on the
right side of the (b) general areas of the south of Mexico where the
model indicates coyotes are absent: Sierra Norte of Oaxaca (1),
Chimalapas (2), Tabasco-Campeche wetlands (3), Yucatan Pen-
insula (4), Selva Lacandona (5) and Chiapas coast (6).

suggesting that environmental conditions during this time
allowed them to survive in these areas. Quaternary Paleocli-
matological data for Yucatan and Central America have shown
that cyclical dry conditions transformed extensive areas
covered with tropical forests to open forests or grasslands
with some exceptions such as the Darien in Panama, where
tropical forests were present during the whole period (Leyden,
1984; Colinvaux, 1997, Metcalfe et al., 2000). These open
environments in Central America favoured the arrival and
expansion of many North American mammals associated with
grasslands, like canids, and their posterior invasion to South
America (Webb, 1977; Berta, 1987). It is likely that these
conditions also favoured coyote survivorship in areas as far
south as Costa Rica.

The Post-Classic Maya coyote record in Tipu (Emery, 1999)
indicates that coyotes lived in the southeast of the Yucatan
Peninsula in this time. During Pre-Columbian period, human
civilizations in southern Mexico and Central America conver-
ted widespread areas of forest to agricultural lands
(e.g. Behling, 2000; Brenner et al., 2002). This effect, combined
with the fact that during this period global climatic changes
also had important effects on forest distribution in the area
(Whitmore et al., 1996; Brenner et al., 2002; Leyden, 2002),
resulted in large extensions of open landscapes. It is probable
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(a)

(b)

Figure 5 (a) Predicted geographic distribution of coyote in
Central America using GARP. Grey tone indicates presence of
coyotes in seven or more of the 10 best subset models. White tone
indicates absence of coyotes. (b) General areas in Central America
where the model indicates coyotes are absent: Belize-Petén-Maya
Forest (1), Mosquitia coast (2), Nicaragua and Costa Rica Atlantic
forest (3), East Panama (4), Darien (5), Osa Peninsula (6) and
North of El Salvador (7). Lake Nicaragua is represented by the
hatched area.

that the Tipu record came from coyote populations that
subsisted in these open-environments. Another possible
explanation for the origin of these remains is trade, although
commercial activities in the Tipu area were highly reduced
during the Post-Classic period (Emery, 1990 cited in Emery,
1999).

Observations of coyotes by travellers during the sixteenth
century in southern areas as far as Costa Rica suggest that if
coyotes dispersed from central Mexico to southern Mexico and
Central America after the European arrival, it was during the
early stages of the colonization. However, the impact of
livestock introduction from sixteenth to nineteenth centuries
in tropical ecosystems of Mexico and Central America was
fairly minor (Aguilar-Robledo, 2001; Castro-Herrera, 2001;
Sluyter, 2001), and human depopulation after the European
arrival (from 80% to 99% in some areas, Lovell & Lutz, 1995;
Whitmore, 1996) favoured a shift in large areas that used to
support intensive agriculture during the fifteenth century to
forests by the middle of the seventeenth century (Denevan,
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1992). This scenario in which open-habitats that should favour
coyotes were reduced suggests that the most likely explanation
for coyote presence in Central America in the sixteenth century
was that they were already there at the arrival of the Europeans.
The differentiation of three modern coyote subspecies in the
south of Mexico and Central America (C. latrans goldmani,
C. latrans dickey and C. latrans hondurensis) after migration
from central Mexico following the arrival of the Europeans is
questionable (Nowak, 1978), and thus does not provide
evidence to support the alternative that coyotes arrived after
the settlers. Cranial similarities between C. latrans hondurensis
and the Pleistocene subspecies C. latrans harriscrooky (now
extinct) suggest that the time of origin of Central American
coyotes was earlier than previously thought (Nowak, 1978).
A phylogeographic analysis of the coyotes of Mexico and
Central America will probably help to determine if this
hypothesis is true and if modern coyotes are related to those
who lived during the Pleistocene in the area or are emigrants
from northern populations.

The distribution of coyotes in the tropical forests of
southern Mexico and Central America during the first half of
the century is difficult to determine. However, during this time
historical events like the agrarian reform in Mexico and the
opening of new areas for agro-exportation in Central America
contributed to the reduction of important areas of forest in
Mexico and Central America (Heckadon-Moreno, 1997;
Challenger, 1998). These events may have benefited the
expansion and establishment of coyote populations in the
area. In the second half of the century, the area was
characterized by the continuous expansion of agriculture and
especially cattle grazing (Heckadon-Moreno, 1997; Challenger,
1998). Human-induced pasture expansion in tropical dry areas
of the Pacific and central regions of Costa Rica and Panama
from 1950 to 1980 (Kaimowitz, 1996) probably allowed
coyotes to invade new territories in the south of Costa Rica
by the end of the 1970s and the north of Panama in the
beginning of the 1980s (Méndez et al., 1981; Vaughan, 1983).

The path that coyotes followed to colonize the Yucatan
Peninsula was probably the costal plain of Campeche (Sosa-
Escalante et al., 1997) where recent reports established coyote
presence (Platt et al., 1998) and where extensive deforestation
occurred during the 1980s and 1990s (Mas-Caussel, 1996). The
new coyote record from the north of Belize (Platt et al., 1998)
was probably a result of the deforestation processes carried out
in the Peten and in the southern portion of the Yucatan
peninsula, where road construction and forest concessions
recently caused substantial forest losses (Turner et al., 2001;
Hayes et al., 2002).

Current and future coyote distribution

The ecological niche model of the distribution of coyotes in
Mexico and Central America included areas not recorded
before as part of the range of the species, although it is similar
to previously reported distribution (Hall, 1981). For Mexico,
the model indicated that the north of the Yucatan Peninsula
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and a corridor on the Gulf costal plain of Campeche are areas
with potential habitat for coyotes. For Central America, the
model included new areas in the north of Belize and the north
of Panama as regions where coyotes might be present. Also,
although the model showed that the region north of Darien is
appropriate for the presence of coyotes, they have not been
recorded in areas that far south.

The distribution model excluded most of the areas where
extensive patches of tropical moist forests persist such as the
Yucatan Peninsula—Belize-Petén-Maya Forest complex, the
Selva Lacandona, Chimalapas, the Central America Atlantic
forests, the Osa Peninsula, and the eastern Panama-Darien.
This result indicated that among all the landscape variables
used in the construction of the model, the most important
factor limiting coyote distribution was the presence of large
patches of tropical moist forests, which is coincident with the
hypothesis that recent deforestation of tropical areas by human
is the key factor contributing to the coyote range expansion
(Vaughan, 1983; Sosa-Escalante et al., 1997; Platt et al., 1998)

In the near future it is likely that coyotes will continue to
expand their range in southern Mexico. Intense human
pressure exists in the Selva Lacandona, Yucatan Peninsula,
the Petén, and the Selva Maya to open new areas for
agriculture and cattle grazing (Cuardén, 2000; Hayes et al.,
2002). The prediction that coyote will invade the Selva
Lacandona in the short time due to increasing deforestation
(Cuarén, 2000) could be supported by recent reports of
coyotes in the surroundings (March et al., 1996). Coyote
colonization of other areas, such as the north of Belize and
south of Yucatan, will probably continue in the coming years
due to the opening of new areas to agriculture and the arrival
of new settlers (Turner et al., 2001; Hayes et al., 2002). In
Chimalapas, deforestation trends are less severe (Arriaga et al.,
2000; Caballero, 2000) and coyotes will probably not be able to
invade the area in the near future.

The scenario in Central America is similar to southern
Mexico. Areas such as the Osa Peninsula and central and
southern Panama will probably be invaded by coyotes in the
future because strong human population pressures are
expected in these areas (Kaimowitz, 1996; Rosero-Bixby
et al., 200). New reports of coyotes at the province of Cocle
in central Panama (V. H. Tejera, Museo de Vertebrados,
Universidad de Panama, pers. comm.) are probably result of
this pressure. The possible invasion of coyotes into South
America following the completion of the Pan-American
Highway that will connect Panama and Colombia is an old
concern among naturalists (Monge-Najera & Morera-Brenes,
1986; De la Rosa & Nocke, 2000). The argument that a new
road through the Darien in Panama will favour the clearing
of large areas of forest and open a corridor for coyotes to
enter into Colombia is supported by our distribution model
in which areas north of Darien are suitable habitats for this
species. However, the road project is detained provisionally
(Webster et al., 1996), and the large extension of preserved
forest (more than 150 linear km) will probably prevent
coyote expansion, at least temporarily.

Journal of Biogeography 31, 1-14, © 2004 Blackwell Publishing Ltd

Coyote distribution in Mexico and Central America

As in other parts of their range, coyotes are considered pests
in southern Mexico and Central America, because they are
frequently in conflict with human interests (Cuardn, 2000). If
current land transformation trends continue, there will most
likely be a substantial increase in coyote populations and
distribution with the consequent rise in human-coyote con-
flicts (Méndez et al., 1981; Sosa-Escalante et al., 1997; Cuaron,
2000; De la Rosa & Nocke, 2000). Coyote range expansion in
the area will probably have ecological impacts, too. Coyotes are
competitors with, and predators of, a wide array of species, and
important effects of this predator have been documented in
coyote dominated ecological systems (e.g. Crooks & Soulé,
1999). It is important to identify the range and magnitude of
ecological effects produced by coyotes in tropical areas,
especially because coyotes will probably become the top
predators in the areas cleared for human activities (Cantu-
Salazar et al., 1998).
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APPENDIX

Coyote records for the twentieth century of Mexico and
Central America obtained from annotated mammal checklists,
miscellaneous scientific reports, unpublished thesis and man-
agement plans of natural protected areas. The name of the
locality is followed by the name of the state or the province
when was available.

Belize: Golden Button Ranch, Orange (Platt et al., 1998)

Costa Rica: Bahia de Salinas; Turrucaras near Alajuelas (Alfaro,
1897); Nicoya, Guanacaste; Bebedero, Guanacaste; Miravalles,
Guanacaste (Goodwin, 1946); Highway Liberia to la Cruz;
Playa Nancite; Santa Rosa National Park (Janzen, 1983);
Highlands of the Braulio Carrillo Nacional Park (Timm et al,
1989); Palo Verde (Vaughan & Rodriguez, 1986); Cerro de la
Muerte National Park; Monteverde National Park; San José
Volcano National Park (Rodriguez & Chinchilla, 1996).

Guatemala: Northeast of Guatemala city; Quetzaltenango;
Sierra los Cucumantes (Young & Jackson, 1951); Uaxactun,
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Petén (Platt et al., 1998); Valle de Motagua (Valle et al., 1999);
Laguna Barrona (Dix & Fernandez, 2001).

Mexico: Pochiutla, Guerrero (Leopold & Hernandez, 1944);
15 mi northeast of Morelia (Hall & Villa, 1949); Escuinapa,
Sinaloa (Young & Jackson, 1951); Reynosa, Tamaulipas;
Tampico, Tamaulipas; Mazatlan, Sinaloa; Alamos, Sonora;
Acatlan, Puebla (Ingles, 1958); Izticar de Matamoros, Puebla
(Van Gelder, 1960); Coalcoman, Michoacan (Brand, 1960
cited in Alvarez & Sanchez-Casas, 1997); Crater Paricutin
(Burt, 1961 cited in Alvarez & Sénchez-Casas, 1997); Nicolas,
Tamaulipas; Sierra San Carlos, Tamaulipas; 9.5 mi SW
Padilla, Tamaulipas (Alvarez, 1963b); Perote, Veracruz (Hall
& Dalquest, 1963); Chapulco, Puebla (Flannery, 1967);
Chamela, Jalisco (Lopez-Forment et al., 1971); Higueras de
Zaragoza, Sinaloa; El Carrizo, Sinaloa; Tecapan, Sinaloa
(Armstrong et al., 1972); Arriaga, Chiapas; Cintalpa, Chiapas;
Jiquilpas, Chiapas; Villaflores, Chiapas; Suchiapa, Chiapas
(Alvarez, 1977); El Tuito, Jalisco (Nufez-Gardufo et al,
1981); Sierra de Manantlan, Jalisco (Gonzalez-Pérez et al.,
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1992); Tocumbo, Michoacan (Lechuga & Nunez-Garduno,

1992 cited in Alvarez & Sanchez-Casas, 1997); Ejido el

Limon, Tepalcingo, Morelos (Sanchez & Romero, 1992 cited
1995); Salina
Cruz, Oaxaca (Cervantes & Yépez-Mulia, 1995); Huautla,
1995);
Zicuiran, Michoacan; La Salada, Michoacan (Alvarez &

in Sanchez-Hernandez & Romero-Almaraz,
Morelos (Sanchez-Hernandez & Romero-Almaraz,

Sanchez-Casas, 1997); Ticuman, Morelos (Alvarez et al.,

1998); Los Tuxtlas, Veracruz (Coates-Estrada & Estrada,
1986) Sierra del Carmen (Mercado-Reyes, 1998); Escarcega,
Campeche (Platt et al., 1998); La Ciradilla, Michoacan; El
Molino, Michoacan; El Mirador, Michoacdn; Rio el Huaco,
Michoacan; Cerro de la Gallina, Michoacan (Reyna-Esca-
name, 1999); El Tajin, Veracruz (Gobierno del Estado de
Veracruz, 2001); El Cielo, Tamaulipas (Vargas-Contreras &

Hernandez-Huerta, 2001); Bahias de
(Hernandez-Hernandez, 2002).

Huatulco,

Panama: Guacala 70 km south of Costa Rica, Chiriqui;

Boquete, Chiriqui (Méndez et al., 1981).
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CAPITULO IV .-USO DE HABITAT POR EL COYOTE
(CANISLATRANS) EN UN BOSQUE TROPICAL
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Abstract: In tropical regions, information about coyotes (Canis latrans) is
rather limted even though the species is widely distributed in these habitats
and has recently expanded its range to new areas. |t has been hypot hesi zed
that deforestation of tropical forests, produced by human activities, is the
nost i nportant factor that has favoured coyote expansi on; however, no
enpirical analysis has been achieved to probe such assunption. To test if
coyotes are attracted to open and seni-open habitats created by the clearing
of a tropical region, in an area of the coast of Jalisco, Mexico (covered by
tropical forests and open habitats of human induced origin) we exam ned the
habitat use of 16 radi o- marked coyotes using conpositional analysis at the
study area and honme range | evels. No seasonal (dry season vs. rainy season) or
gender (male vs. femmle) differences were observed in habitat use at any
scal e. Habitat selection was not detected at the study area |evel but
sel ection for open habitats was observed at the honme range |level. At the honme
range |l evel, results show that coyotes are attracted to open habitats, and at
the study area |l evel they indicate that coyotes are probably using tropica
forests to travel between patches of open habitat. Continued deforestation for
cattle grazing and agriculture in the area will result in the rise of |oca
coyote popul ations, increasing their ecol ogical inpact and the extent of
coyot e- human conflicts.

JOURNAL OF W LDLI FE MANAGEMENT 00(0): 000- 000
Key words: Canis |atrans, Coyote, deforestation, habitat use, Jalisco, Mexico,

tropi cal deciduous forest.

Coyotes are one of the nost intensively studied carnivore species of the
New Worl d. However, nost information on coyote ecol ogy has been obtai ned from
individuals living within the northern portion of their distribution. In their
sout hern range (Mexico and Central America), home range estimations (e.g.

Servin and Huxl ey 1995, Hernandez et al. 1993) and food habits anal yses (e.g.
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Her ndndez et al. 1994, Sanabria et al. 1996) have been carried out in
tenperate areas or in subtropical deserts and scrublands. In tropical areas

i nformati on about coyotes is rather Iinted to sonme diet anal yses (Vaughan and
Rodr i guez 1986, Hidal go-M hart et al. 2001) and recently home range estinmation
(Hidal go-M hart et al. in press). However, coyotes are widely distributed in
these regions, and their presence have been recorded in areas where they were
absent 25 years ago, such as northern Pananma (Méndez et al. 1981, Vaughan
1983), the northern Yucatan peninsula (Sosa-Escalante et al. 1997), and Belize
(Platt et al. 1998).

The exact causes contributing to the establishment of new coyote
popul ations in tropical areas of Mexico and Central Anmerica are unclear, but
it has been hypothesized that deforestation of tropical forests produced by
human activities would be the nost inportant factor (Vaughan 1983, Sosa-

Escal ante et al. 1997), probably because these cleared areas are simlar to
the open and sem -open habitats where the species seemto have evolved and is
wel | adapted (Young and Jackson 1951, Bekoff 1977). Besides, it has been
docunented that forests are margi nal habitats for coyotes, nobst |ikely because
they are poor hunters in dense forest vegetation, which is perhaps reflected
in malnutrition, low fecundity and | ow popul ation densities (Richer et al
2002) .

In Mexico, tropical forests have been intensively during the |ast 30
years (see Challenger 1998 for a review). Therefore, in these areas it is
necessary to get information on habitat selection by coyotes (i.e. habitat
attributes selected for or against) in order to determ ne the role that human-
opened areas play for this species and test if coyotes are attracted to these
environnents. Habitat selection by animals is considered an optim zation
process involving factors such as food supplies, density of co-specifics, body
size, competitors, predators, landforns, etc. (Mdrrison et al. 1998), and

consequently, research on coyote habitat selection in tropical areas is a
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fundanental tool to estimate future population trends of this predator

especi ally because current |land transformation nmay lead to an increase in
coyot e- human conflicts (Cuaro6n 2000), such as damage to agricul tural products,
as well as poultry and |ivestock predation (Hi dalgo-Mhart et al. 2001).

Thus, our objective was to determ ne habitat selection patterns of
coyotes along the tropical deciduous forest (TDF) of the coast of Jalisco,
Mexi co. This ecosystemoriginally occupied 14% of the Mexican territory
(Rzedowski 1983), but by the turn of the XX century, only 27% of it remined
intact (Trejo and Dirzo 2000). In the coast of Jalisco, around 25% of the TDF
has been transformed to croplands and i nduced grasslands for cattle ranching
in the last 25 years (Mranda 2002). Even though coyotes are not new
i nhabitants of the coast of Jalisco (Merriam 1897 cit in Bekoff 1977), it is
nmost likely that the clearing of the TDF in this area has created a suitable
envi ronnent for the expansion of |ocal coyote populations. This is supported
by the fact that coyotes in the region feed npstly on rodents that invade
areas where the TDF has been cleared, such as the Jaliscan cotton rat
(Si gmpdon mascotensis), and on cultivated fruits |i ke papaya and nango
(Hi dal go-M hart et al. 2001). Also, scent station surveys have shown that
coyotes are nore abundant in croplands and i nduced grasslands than in the
interior of forested areas (Cantu-Salazar et al. 1998).

Therefore, we predicted that, if coyotes are benefited by the open and
sem - open habitats created by the clearing of the TDF, and if forests are
mar gi nal habitats for this species, then, along the Coast of Jalisco coyotes
woul d sel ect the open | andscapes created by humans for cattle grazing and

agriculture and woul d avoid the remaining tropical forests patches.

STUDY AREA
The study was conducted in a region of approximtely 250 kn?, which

i ncl uded the Chanel a- Cui xmal a Bi osphere Reserve and surroundi ngs areas to the
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north and south (hereafter called Chanela). It was |ocated on western Mexico
in the coast of the State of Jalisco (19°30' to 19°33" N; 105°00' to 105°04
W. Clinmate in the region was warm sub-hum d with an average tenperature of 18
°Cin the coldest nmonth and 24 °C in the warnmest. Annual average precipitation
was approximately 750 mm concentrated in a relatively short wet season.

El evation varies fromO to 500 m above sea | evel (Bullock 1988). Tropica

deci duous forest was the npst abundant vegetation type. Domi nant tree species
of this systemwere Cordia alliodora, Caesal pina eriostachys, Lonchocarpus
spp., Jatropha chanel ensis, Bursera spp., Guapira spp. and Croton spp.

(Bull ock 1988, Lott 1993). The second npbst wi despread natural vegetation type
in the area was the tropical seni-deciduous forest, located in valleys and
riparian areas. This system was doni nated by Brosimum alicastrum

Sci adodendr on excel sum Astroni um graveol ens, Tabebuia donnell-smithii, Ficus
spp. and Thoui ndi um decandrum (Bul | ock 1988, Lott 1993). Around Chanel a, somne
areas of the tropical deciduous forest has been converted to plantations of
corn, papaya, mango and coconut. There are al so open areas with induced
grasslands for cattle grazing, covered nostly by exotic grasses (Panicum

maxi mum), costal sand dunes doni nated by Opuntia excel sa, Acacia spp. and

M nosa spp., and secondary tropical forests that resulted fromthe abandonnent
of croplands and i nduced grassl ands, where dom nant species are Acacia spp
and M npsa spp. The area is turistically inportant, with several hotels and

resorts distributed al ong the coast.

METHODS
Coyotes were trapped from January to May of 1996, 2000 and 2001 using

number 3 “Victor” soft-catch |eg-hold traps with neoprene protection to reduce
danmage to the animals (O sen et al. 1986). Traps were placed in trails and
road intersections and baited with comrercial coyote attractants (coyote gl and

lure and coyote urine; Lenon Animal Lures, Mnistique, Mchigan). To avoid

47



capturing small and non-target animals, we set trap pan tension devices to
catch individuals > 8 kg. Traps were covered during the day and opened again
at night to avoid capturing animals during diurnal hours, as reconmended by
the Animal Care and Use Conmmittee of the American Society of Mammal ogists
(1997). Once captured, coyotes were immobilized with a nmixture of Ketam ne
Hydrochl oride (4.5 ng/kg) and Xil aci ne Hydrochloride (1.8 ng/kg; Servin et al.
1989). Conventional measurenments and nass were obtained. |ndividuals were ear-
tattooed with progressive nunbers and fitted with radio-collar transnitters
(Wldlife Materials, Inc., Carbondale, Illinois). After recovery from

anaest hesia, coyotes were inmediately released in the capture site.

Coyot es were radio-tracked using 4-el ement yagi handhel d antennas and
permanent nul|l-peak systens. We obtained point |ocations at randomtines
during day and night, and nost radio-collared coyotes were | ocated >5
times/ week. We assuned i ndependence of successive observations for |ocations
separated by >6 hours (Swi hart et al. 1988).

Because in the study site food resources for animals undergo substantia
tenporal and spatial fluctuations between seasons (wet and dry) and years
(Lister and Garcia 1992, Val enzuela and Macdonal d 2002), and sone carnivores
(including coyotes) inhabiting this areas nodify their habits as a response to
seasonality (e.g., Nuiiez et al. 2002, Val enzuela and Macdonal d 2002, Hi dal go-
M hart et al. 2001), data were categorized by season to evaluate the possible
consequences of seasonality on our prediction, even though it was not our main
obj ective. The wet season (July-COctober) and dry season (Novenber-June)
corresponded to periods when resource abundance was hi gh and | ow,
respectively. We estimated seasonal hone range size and boundaries by the
Adaptive Kernel Method (Worton 1989) with 95% utilization distributions
(Shivik and Gese 2000) using CALHOVE software (Kie et al. 1996). We anal ysed
only those coyotes that had >20 | ocations per season (for details of hone

range see Hidal go-M hart et al. 2004).
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From a series of 1:75000 black and white georeferenced aeria
phot ographs of the study area (1996, Instituto Nacional de Estadistica,
Geografia e Informatica, Aguascalientes, Mxico), we devel oped a Geographic
Information System (ArcView 3.2; ESRI, Redlands, California, USA) and
classified the area in 9 vegetation types (in order of inportance according to
the area covered in the study region: tropical deciduous forest, induced
grassl ands and seasonal crops, tropical sem -deciduous forest, secondary
tropical forests, mango plantations, beach and sand dunes, coconut
pl antations, aquatic vegetation and urban areas). Structurally, the areas
covered by induced grasslands and seasonal crops, sand dunes and beach, nmango
and coconut plantations operate as open | andscapes, thus, we decided to
classify these areas in a single habitat type named open habitat. W
classified the urban areas as unsuitable for coyotes, due to the persecution
by |l ocal inhabitants. Aquatic vegetation was also classified as unsuitable.
After elimnating the unsuitable habitats and pooling the areas covered by
open habitats we had a final classification of 4 vegetation types: tropica
deci duous forest, open habitat, tropical sem -deci duous forest and secondary
tropical forest.

Habitat selection was investigated followi ng the framework devel oped by
Johnson (1980) and Aebischer el al. (1993) under the assunption that animals
make deci sions about habitat use at hierarchical stages, namely sel ection of
home range within a study area (second-order selection) and sel ection of
pat ches within hone range (third-order selection). First-order selection
(selection of a species” geographic range) was beyond the scope of this study.
To deternine second-order selection (hereafter called study area sel ection),
habitat use was defined as the percentage of total area occupi ed by each
habitat type within the boundaries of the seasonal hone range of each coyote,
and habitat availability as the total area occupied by each habitat type

within the boundaries of the study area. For each season, we defined our study

49



area as the boundaries of the hone range obtained with all radio-telenetry

|l ocations of all coyotes present during that particul ar season, estimted by
the Adaptive Kernel Method with 95% utilization distribution. For the third-
order selection (hereafter called hone range selection), we defined habitat
use as the nunber of radio-telenetry |ocations of each coyote in each habitat
type, and habitat availability as the percentage of the total area occupi ed by
each habitat type within the boundaries of the hone range of each coyote.

We used conpositional analysis (Aebisher et al. 1993) to exam ne
seasonal habitat selection. W tested for differences of |log-ratio habitat use
and availability across seasons at each habitat selection order with a
repeated neasures multivariate analysis of variance (MANOVA) using Statistica
for Wndows ver. 98 (Statsoft Inc., Tulsa, OK). Small sanple size precluded us
fromonly using data of coyotes present in consecutive seasons; therefore we
conmbi ned data of coyotes that were present in different years of the study.

Studi es on coyotes have found m xed results on the effect of gender in
habi tat selection. Some authors indicate that differences in habitat selection
exi st due to gender (e.g. Gidner and Krausman 2001), neanwhile others have
been unable to detect differences (e.g. Chanmberlain et al. 2000). Even though
it was not our primary objective to evaluate the possible consequences of
gender in our prediction, we tested for differences of log-ratio habitat use
and availability, between males and females with a one-way MANOVA usi ng
Statistica for Wndows ver. 98.

VWhen habitat use was significantly non-random (P < 0.05), we cal cul ated
the mean and standard deviation for all log-ratio differences and constructed
a matrix, ranking habitat types in their order of use (Aebischer et al. 1993).
To assess differences between ranks, we used a paired t-test to conpare nean
utilization between all pairs of habitats. When seasonal or gender differences
were detected by the MANOVA, we created a separate ranking matrix for each

gender or season. |If gender or seasonal differences in habitat selection were
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not detected, we pooled all radio-telenetry | ocations of each coyote to

determine a single ranking matrix of habitat use and habitat availability.

RESULTS

Si xteen coyotes (10 nales and 6 femal es) were radi o-tracked during the
study, but the nunber of aninmals varied during years and seasons. Four of the
radi o-tracked animals died during the research. One was predated and the other
three were poisoned by farmers (2 of themafter poultry predation and the
ot her one because of danmmge on papaya pl antations).

We found that 4 of the coyotes (2 males and 2 femnl es) were part of the
same group (for details see Hidalgo-Mhart et al., 2004). Aebisher et al
(1993) indicate that caution is needed with gregarious ani nals, because one of
the nmost inportant assunptions of conpositional analysis is that each aninmal
provi des an i ndependent neasure of habitat use wi thin popul ations, and group
dynami cs may influence the position of an animal’s hone range with respect to
the overall study area (study area selection). For this reason, at the study
area selection |level we pooled the data of these 4 coyotes and consi dered them
as 1 in the analysis. On the contrary, at the home range selection |level the
conparison of utilized vs. available habitat may not be affected by group
formation (Aebisher et al. 1993), thus at this |level we considered the 4
coyotes as independent sanpl es.

Ten animals (6 males and 4 femal es) had enough data for the dry and wet
season. For the study area level, after pooling |ocations of the grouped
coyotes, we had a sanple size of 7 animals. We did not find significant
differences in the repeated neasures MANOVA of the |og-ratios between seasons,

either at the study area level (WIlks” | = 0.59, F34 = 0.92 P = 0.51) or at

the home range level (WIlks” | = 0.83, F3; =0.47 P =0.71).
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For the gender analysis, due to the |ack of seasonal differences, we
pool ed data for both seasons. At the study area level we did not included the
data of the grouped coyotes because the pack was conposed by fermal es and

males. We did not find differences in habitat selection between feml es and

mal es either at the study area level (WIks™ | 0.73, F3s = 0.98 P = 0.44) or

at the home range level (WIlks” | = 0.65, F3 1> 0.59 P = 0.86).

Because no seasonal nor gender differences were found, we pool ed al
data for all coyotes for each |evel of analysis. W found that coyotes at the
study area |level were using all the habitats in proportion to their
availability (¢ = 2.05, df = 3, P=0.56). In contrast, proportional use of
vegetation types at the hone range |level was significantly different from
availability (c¢? = 13.51, df = 3, P = 0.004). In order of relative selection

at this level, coyotes selected open habitats, tropical sem -deciduous forest,

tropi cal deciduous forest and secondary tropical forests (Table 1).

DI SCUSSI ON

The results partially supported our prediction that coyotes in the study
area were selecting open habitats. The fact that habitat selection at the
study area level was not different fromavailability, contrasts with the
observed sel ection of open habitats at the home range |evel.

Chanberlain et al. (2000) explain the | ack of habitat selection at the
study area level as a result of coyotes being omivorous aninmals and using a
variety of habitats. In our case, we consider that the |ack of habitat
selection is probably a reflex of the |l ocal deforestation patterns that have
occurred in Chanela, where, as in other tenperate and tropical areas of
Mexi co, they do not occur as a continuous process in tinme and space but are
defined by the conplex interactions between |and tenure, environnental

conditions and econonic alternatives, which determ ne where and how much
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forest will be transformed and which productive activity will be undertaken
(e.g. Ochoa-Gaona 2001). Therefore instead of |arge individual patches of
different vegetation types, areas of TDF in Chanela are m xed up with patches
of induced grasslands and cropl ands of various sizes, nobst of themin areas of
gentl e sl opes where agriculture and cattle grazing activities are nore
favourable. As a response to this patchiness, coyotes probably have to travel
through the forested areas that separate one cleared patch from another. These
nmovenent s create hone ranges that include the areas of TDF where coyotes nove,
and therefore habitat conposition of coyotes home range was not different from
the habitat conposition of the study area.

The highly significant selection for open habitats at the honme range
| evel by coyotes indicates that the clearing of the TDF benefited this
speci es. Habitat selection by coyotes varies across their range, but in
general they tend to prefer open habitats in an area (Kam er and G pson 2000),
as these facilitate their cursorial hunting strategy (Kl ei nan and Ei senberg
1973). Thus, our observation that coyotes in Chanela used open habitats nore
than expected at this |evel could be because of the greater suitability of
this habitat type for hunting. Also, habitat selection by coyotes is
i nfluenced by prey availability (i.e. coyotes usually select habitats
contai ning the nost abundant prey [see Gosselink et al. 2003 for a review])
and human pressure (i.e. coyotes avoid humans in areas where coyote hunting is
a common practice [e.g. Roy and Dorrance 1985, Neale and Sacks 2001]). In
Chanel a coyotes feed on prey itens typicallyof open areas |like the Jaliscan
cotton rat and cultivated fruits, such as papaya and mango (Hidal go-M hart et
al. 2001); so it is possible that selection of open habitats would be a
response to the presence of their primary food itens in these habitats. During
this research, human-rel ated coyote fatalities were | ow conpared to other
studies (e.g. Althoff and G pson 1981, Roy and Dorrance 1985). This probably

had an effect on our results of coyote habitat selection in Chanela, because

53



| ow persecution possibly facilitated the use of human-influenced areas |ike
i nduced grassl ands and cropl and.

| nportant aspects of habitat selection could be masked by a study
confined to only 1 scale. The observed di vergence in the coyote habitat
selection at the different scales (i.e. study area level not different from
availability and hone range | evel selection to open habitats) is probably a
consequence of a process that involves coyote adaptability to open areas,
| andscape configuration, prey availability and human pressure anong ot hers.
This class of discrepancy has been previously reported (e.g. Chanberlain et
al . 2000). However, the response of coyotes is not constant, and the absence
of divergence between scales is usual (habitat selection observed at the home
range and study area levels [e.g. Gosselink et al. 2003]) or even in sone
cases the contrary situation occurs (habitat selection at the study area | eve
but not at hone range |level [e.g. Gidner and Krausman 2001]), indicating that
this result may be a response to local conditions. In our study, the nost
pl ausi bl e hypothesis to the divergence between both scales, could be that
coyotes are selecting open habitats but, due to the spatial configuration of
the land cover, they nust travel across the forest in order to reach other
open areas to fulfil their requirements. If this interpretation is true, the
observed | ack of selection at the study area | evel would be supporting our

prediction that coyotes are selecting the open habitats in the study area.

MANAGEMENT | MPLI CATI ONS

As in other parts of their range, coyotes in Chamela are consi dered
pests, because they are frequently in conflict with human interests. Although
coyote elimnation is a common practice in the area, it is not a coordinated
action and it mainly takes place when predation or danage to agricultura
products occurs, and frequently, the ranchers absorb the damage wi t hout taking

any action. Confirmation that coyotes are selecting open habitats suggests
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that, if current land transformation trends persist, |ocal coyote popul ations
in Chanela will increase, probably growi ng the extent of coyote-human
conflicts. Under this scenario, new research will have to be focused on
quantifying the amount of damege by this predator and the potential ways to
manage it.

The increase in coyote popul ations will probably have ecol ogi cal inpacts
too. Coyotes are conpetitors with, and predators of, a wi de array of species.
In other areas, top-down coyote domi nated communiti es have been document ed
(e.g. Crooks and Soul é 1999), besides negative effects on endangered species
or populations (e.g. Créte and Desrosiers 1995). This is of great inportance
in the Chanmela area, where coyotes will nost |ikely become the top predator in
the agricultural and cattle grazing areas, because other big predators of the
region (e.g. jaguar [Pantera onca], cougar [Puma concol or] or ocel ot
[ Leopardus pardalis]) are adapted to forest environments. Thus, it is
important to determ ne the inpact of coyotes on open-habitat communities and
the possi bl e consequences on forest species.

Even though it is difficult to conclude patterns for the entire
distribution of coyotes in tropical areas froma | ocal study, the observed
results lead us to speculate that the range expansion of this carnivore in the
tropics may be a result of human activities, and the enl argenent of the
agriculture and cattle ranching frontier will probably have as a consequence

the invasion of new areas by this predator
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Table 1. Mean habitat selection ranks and relati on of use between the 4
habitat types at the hone range | evel for coyotes in a tropical deciduous
forest of western Mexico. Values for nmean rank of habitat selection goes from
0 (least selected habitat type) to 3 (nmpst selected habitat type). The
relation columm indicates how coyotes were using the habitat type Ain
conparison to habitat type B. Each relation was replaced by its sign; a triple

sign represents significant deviation fromrandomat P < 0.05.

Mean rank of

habi t at

Habitat type A Rel ati on Habitat type B
sel ection
- Tropi cal deci duous forest
Secondary P
0 tropical forest - Tropi cal sem -deci duous forest
- Open habitats
Tropi cal - Tropi cal sem -deci duous forest
1 deci duous + Secondary tropical forest
f orest )
--- Open habitats
Tropical semi - + Tropi cal deci duous forest
i .
2 deci duous + Secondary tropical forest
f orest )
--- Open habitats
+++ Tropi cal deci duous forest
3 Open habi tats +++ Tropi cal sem -deci duous forest
+ Secondary tropical forest
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Abstract

The effect of an open landfill and the seasonality of a tropical deciduous forest in Jalisco, Mexico, was tested on
the home range and group size of coyotes Canis latrans under the Resource Dispersion Hypothesis (RDH), which
proposes that in social carnivores dispersion of patches of limited resources determines home-range size, whereas
independently, abundance of resources affects group size. The predictions in this study were that coyotes using
the landfill, where food is available all year due to the continuous arrival of food wastes that are concentrated in
a single patch, would have smaller, seasonally constant home ranges than coyotes living outside, where food is
distributed in several patches. In this area, coyotes would increase their home ranges during the dry season due to
seasonal changes in resource availability. Also, a larger coyote group size should exist in the landfill, where food
abundance is greater. Home-range size and group size of coyotes living in and outside the landfill were estimated
by radio-tracking. Home ranges of coyotes in the landfill varied from 0.9 to 9.5 km?, whereas home-range sizes
of coyotes outside the landfill varied from 10.9 to 43.7 km?. Seasonality had no effect on the home-range sizes.
We identified a group of four adult coyotes in the landfill and no group formation in coyotes outside. These results
support the predictions about home-range and group size of coyotes in relation to landfill presence, and indicate

that under the circumstances of our study, coyotes follow the postulates proposed by the RDH.

Key words: Canis latrans, home range, group size, landfill, tropical deciduous forest

INTRODUCTION

Coyotes Canis latrans exhibit great intraspecific variation
in their home-range size and social behaviour, both
between populations and within the same population,
seasonally and annually (Moehlman, 1989). The adult
breeding pair is the typical social unit in most coyote
populations, where subadults usually disperse in their
first year. In some populations, however, subadult coyotes
delay dispersal until subsequent litters are born, favouring
the formation of packs composed of three or more
members (Bekoff, 1977). This group size variation has
been linked in canids to allometric traits (Bekoff, Diamond
& Mitton, 1981; Moehlman, 1989) and to patterns of
resource availability (Geffen et al., 1996). For coyotes,
this behaviour has been usually explained as an adaptation
for food defence (Bekoff & Wells, 1981; Bowen, 1981),

*All correspondence to: Mircea Gabriel Hidalgo-Mihart.
E-mail: hidalgom@ecologia.edu.mx

as a response to high coyote densities that produce habitat
saturation (Andelt, 1985) and sometimes as a consequence
of food resource abundance and distribution (Gese et al.,
1988a,b; Mills & Knowlton, 1991 but see Patterson &
Messier, 2001).

Typically in social carnivores, when group size
increases via recruitment of additional members, home
range must be enlarged to meet the increased metabolic
requirements. However, contrary to these theoretical
predictions, under some circumstances territory size does
not increase when more members are added to the
group (e.g. red fox Vulpes vulpes; Macdonald, 1983).
This phenomenon has been explained by the Resource
Dispersion Hypothesis (RDH; Macdonald, 1983), which
states that there is no correlation of territory or home-
range size with group size —i.e. home range is constrained
by the distribution of patches of available food (or other
resources), increasing its size when resource patches
are more spread out, whereas the number of group
members that can be sustained in a group is limited
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independently by richness of available patches and its
pattern of availability (see Johnson et al., 2001; 2002 for
a review). Several studies have tested the RDH under the
assumption that blocks of different habitat types in the
environment can be interpreted as resource patches (e.g.
Geffen ef al., 1992). Such an assumption is rarely tested
satisfactorily because it may be false that overall food
availability is necessarily different between habitat types,
and resources may be spatially aggregated within one
habitat type (Johnson et al., 2001). Because coyotes are
opportunistic carnivores known to feed on food discarded
by humans (e.g. McClure, Smith & Shaw, 1995; Fedriani,
Fuller & Sauvajot, 2001) and receive a direct benefit in
areas where carrion protein, and consequently energy, is
abundant (Rose & Polis, 1998), a small habitat patch with
substantially more concentrated resources compared to the
surrounding ones, like an operational landfill, can be used
as a practical model to test the RDH. Additional food can
change the spatial ecology of coyotes, as documented by
Shrago (1988, cited in Bounds & Shaw, 1997), or increase
their densities (Fedriani et al., 2001) probably because
they have access to a wide range of foods of human origin,
including garbage.

Opportunistic tropical carnivores may vary the way
resources are used relative to availability (Ray, 1998).
According to the RDH, our first prediction was that if
group and home-range sizes of coyotes in a tropical area
are determined by availability of food resources, then
coyotes living in a landfill area, where food is abundant and
clumped in a single patch that could cover their metabolic
needs, would have smaller home-range sizes than coyotes
living outside the landfill, where food is dispersed in
several patches. In relation to group size, coyotes in the
landfill area would live in a larger group than coyotes
outside the landfill, because the abundance of food in the
landfill patch is greater than in any other patch outside.

In the tropical deciduous forests of our study area, the
net primary productivity (Martinez-Yrizar & Sarukhan,
1990), and therefore the food resources for animals
undergo substantial temporal and spatial fluctuations,
between seasons (wet and dry) and years (Lister & Garcia,
1992; Valenzuela & Macdonald, 2002). Carnivores in-
habiting this area modify their home-range size as a
response to resource scarcity of the dry season (e.g.
Nufiez, Miller & Lindzey, 2002; Valenzuela & Macdonald,
2002). Because coyotes may respond to changes in
resource abundance as documented in other areas (Mills &
Knowlton, 1991), our second prediction was that coyotes
outside the landfill would increase their home-range size
during the dry season due to the seasonal changes in
resource availability, but that home ranges of landfill
coyotes would not change due to the continuous arrival
of food resources during that season.

Most information on coyote home-range size has been
reported from individuals living within the northern range
of this species. In Mexico, studies on coyote home-range
size have been conducted in temperate areas like pine-oak
forests and grasslands (Servin & Huxley, 1995; List, 1997)
or in subtropical deserts and shrublands (Hernandez,
Delibes & Ezcurra, 1993; Carre6n, 1998). Very little is
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known about coyotes in tropical forests, even though this
species is distributed widely in these areas, and coyote
populations are likely to expand with deforestation and
other human activities (Vaughan, 1983; Sosa-Escalante
etal., 1997). Our paper represents the first analysis of
home range and group size of coyotes in a tropical
environment.

Our objective in this paper was to evaluate the influence
of a landfill and the seasonality of a tropical environment
on the home range and group size of coyotes, under the
RDH postulates.

MATERIAL AND METHODS
Study area

The study was conducted in an area of approximately
250 km? that included the Chamela-Cuixmala Biosphere
Reserve (Ch-CBR) and surrounding areas to the north
and south. The area is located on the Pacific coast
of the State of Jalisco, Mexico (19°30" to 19°33' N;
105°00" to 105°04’ W). Climate in the region is warm
sub-humid with an average temperature of 18°C in the
coldest month and 24 °C in the warmest. Annual average
precipitation is approximately 750 mm concentrated in
a relatively short, wet season (July—October). Elevation
varies from 0-500 m above sea level (Bullock, 1988).
The most abundant tree species are Cordia alliodora,
Caesalpina eriostachys, Lonchocarpus spp., Jatropha
chamelensis, Bursera spp., Guapira sp. and Croton spp.
(Bullock, 1988; Lott, 1993). Tropical deciduous forest
is considered the most endangered tropical ecosystem in
the world (Janzen, 1988). The second most widespread
vegetation type in the area is the tropical semideciduous
forest, located in valleys and riparian areas. This system
is dominated by Brosimum alicastrum, Sciadodendron
excelsum, Astronium graveolens, Tabebuia donnell-
smithii, Ficus spp. and Thouindium decandrum (Bullock,
1988; Lott, 1993). Around the Ch-CBR, some areas of
the tropical deciduous forest have been converted to
plantations of corn Zea mays, papaya Carica papaya,
mango Manguifera indica and coconut Cocos nucifera.
Other important habitat types are open areas with induced
grasslands for cattle grazing covered mostly by exotic
grasses (e.g. Panicum maximum) and costal sand dunes
dominated by Opuntia excelsa, Acacia spp. and Mimosa
spp. Tourists are important to the area with several 5 star
hotels distributed along the coast.

In the study area, coyotes are known to feed primarily
on small mammals and cultivated fruits (Hidalgo-Mihart
etal.,2001). Scent station surveys have shown that coyotes
are more abundant in induced grasslands and croplands,
and scattered in the interior of forested areas (Cantu-
Salazar, Hidalgo-Mihart & Lopez-Gonzalez, 1998).

The landfill area

In the central part of the study area an operational open
landfill of approximately 2 ha surrounded by an area of
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induced grasslands of about 3 km? has been in use since
1980. The landfill receives trash from several sources
including the town of Careyes, the recreational area of
Rincoén de Careyes and occasional discharges from other
nearby towns. The landfill provides services every day
to at least 110 local inhabitants (Instituto Nacional de
Estadistica, Geografia e Informatica, 2000), and from
November to April of each year, it receives the trash of
more than 600 persons/day from the 2 resorts in the area.
Estimated daily average garbage production in Mexico
for 2000 was 1.03 kg/inhabitant. Of this, food remains
make up 31.6 % (Instituto Nacional de Ecologia, 1997).
Using this figure as a base, we estimated that at least
35.8 kg of food remains become available to scavengers
daily, and during the peak of the tourist seasons this
could increase up to 231 kg of food remains per day. This
elevated amount of food available for scavengers contrasts
with the surrounding areas of tropical deciduous forest,
where the net primary productivity has been calculated
as 9500 kg per ha by year (Martinez-Yrizar et al., 1996).
Besides coyotes, the scavenger community of the landfill
consists of a permanent group of at least 15 feral dogs
Canis familiaris (M. Hidalgo pers. obs) as well as black
vultures Coragyps atratus and feral cats Felis cattus.

Capture and radio-telemetry

Coyotes were trapped from January to May of 1996,
2000 and 2001 using number 3 ‘Victor’ soft-catch leg-
hold traps with neoprene protection to reduce damage
to animals (Olsen et al., 1986). Traps were placed in
trails and road intersections and baited with commercial
coyote attractants (coyote gland lure and coyote urine;
Lenon Animal Lures, Manistique, Michigan). To avoid the
capture of small and non-target animals, tension devices
were fitted on the traps and set to catch animals larger
than 8 kg. Traps were covered during the day and opened
again at night to avoid capture of animals during diurnal
hours, as recommended by the Animal Care and Use
Committee of the American Society of Mammalogists
(1997). Once captured, coyotes were immobilized with
a mixture of Ketamine hydrochloride (4.5 mg/kg) and
Xilacine hydrochloride (1.8 mg/kg; Servin, Huxley &
Veneces, 1989). Conventional measurements and mass
were obtained. Coyotes were aged (adult or subadult)
depending on size, tooth wear and dental condition.
Individuals were ear tattooed with progressive numbers
and fitted with radio-collar transmitters recommended
for coyotes by Wildlife Materials, Inc., Carbondale,
Illinois. After recovery from the anaesthesia, coyotes were
immediately released in the capture site. In the 3 coyotes
that were re-captured, there were no abrasions caused by
the collars.

In 1996 trapping efforts were concentrated inside an
area of preserved tropical deciduous forest in the Ch-
CBR, but due to low capture success (5 coyotes in 2050
trap/nights), during 2000 and 2001, traps were set in
induced grasslands, coastal dunes and croplands. Trapping
during these years was concentrated in 3 areas, the landfill

and its vicinity (with an effort of 850 trap/nights), an area
of induced grasslands and agricultural lands located 8 km
north of the landfill (with 860 trap/nights), and a mosaic of
coastal dunes and induced grasslands located 9 km south
of the landfill (with a trapping effort of 1240 trap/nights).

Coyotes were radio-tracked using 4-element yagi
handheld antennas and permanent null-peak systems. We
obtained point locations at random times during the day
and night, and most radio-collared coyotes were located
> 5 times/week. Frequency of locations was similar in the
landfill area and elsewhere. We assumed independence
of successive observations for locations separated by
> 6 h (Swihart, Slade & Bergstrom, 1988). Data were
categorized by season, to reflect important changes in
resource availability produced between them. For coyotes
outside the landfill influence, the wet season (July—
October) and dry season (November—June) corresponded
to periods when resource abundance was high and
low, respectively. We estimated home-range size and
boundaries by the Adaptive Kernel Method (Worton,
1989) with 95% utilization distributions (Shivik &
Gese, 2000) using CALHOME software (Kie, Baldwin &
Evans, 1996). We only calculated home-range size for
coyotes that had > 20 locations per season. Coyotes were
classified as residents, transients or dispersals according
to the movement pattern observed during the study. We
considered resident coyotes those that remained within
one main activity area for > 3 months. Transient coyotes
were defined as coyotes that never remained in any area
> 3 months (Atkinson & Shackleton, 1991). Dispersers
were those that abandoned the area during the study
period.

Statistical analyses

We divided the studied coyotes in 2 categories depending
on their relationship to the landfill. Coyotes influenced
by the landfill (hereafter called landfill coyotes) were
those whose home ranges included any portion of the
landfill, and coyotes not influenced (hereafter called
outside coyotes) were those whose home ranges did not
include any portion of the landfill.

To determine if there were differences in home-range
sizes due to the seasonality of the study area, and
presence of the landfill (dry season vs. rainy season;
landfill coyotes vs. outside coyotes), we used a Repeated
Measures Analysis of Variance (Zar, 1999). Small sample
size precluded us from only using data of coyotes present
in consecutive seasons; therefore we combined data of
coyotes that were present in different years of the study.
Even though these results allow us to determine if the
seasonality of the area had an influence on the home-range
size of the coyotes, it is important to note that differences
resulting from inter-annual variations could not be tested
and remained in the analysis as part of the mean square of
the error.

Most studies on coyotes had not found differences in
home-range sizes between males and females (see for a
review Gridner & Krausman, 2001). However, to evaluate
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Table 1. Seasonal home-range size (km?) estimated with the 95% Adaptive Kernel (ADK) of coyotes Canis latrans radio-tracked on a
landfill area and outside it during 1996, 2000 and 2001 in a tropical deciduous forest of Mexico. M, male; F, female; 2, transient during

the season

Home-range size (km?)

1996 2000 2001

Radio-tracking Status at the end Dry Rainy Dry Rainy Dry Rainy
Sex period of study season season season season season season
Coyotes outside the landfill
Ml 01/96-12/96 Death 12/96 17.7 10.0
M2 01/96-12/96 Unknown 28.1° 23.9 16.8
06/00-11/00
M3 01/96-6/96 Unknown 139
M4 01/00-11/01 Alive 88.5% 111.5° 43.7 10.9
M5 01/00-10/01 Alive 18.0 355 22.8 18.0
M6 07/00-11/00 Dispersed 29.5
M7 05/00-12/00 Death 12/00 32.8
F1 01/96-06/96 Unknown 16.7
F2 01/96-12/96 Death 12/96 134 19.1
F3 02/00-08/01 Alive 14.1 29.1 40.9
F4 03/01-07/01 Unknown 22.9
Coyotes inside the landfill

M8 02/00-11/01 Alive 5.5 7.7 3.6 2.9
M9 12/00-11/01 Alive 2.5 0.9
MI10 03/01-07/01 Death 07/01 21.3%
F5 02/00-08/01 Dispersed 3.1 4.2 31.0°
F6 06/00-11/01 Alive 9.5 7.1 22

the possible consequences of sex on our prediction of
the effect of the landfill on the home-range size, we
simultaneously determined the influence of the landfill
and the sex of the resident coyotes, using an Unbalanced
Factorial Analysis of Variance (landfill coyotes vs. outside
coyotes; males vs. females), following the procedure
described by Milliken & Johnson (1992). We used this
method because the number of landfill coyotes was not
equal to the number of outside coyotes.

To assess the level of association between coyote pairs
and its pertinence to a group, we examined the temporal
interactions among coyotes with overlapping home ranges
using the Dynamic Interaction Test proposed by Doncaster
(1990). This is a non-parametric procedure that evaluates
the simultaneous movements of 2 individuals. The test
determined if 2 coyotes radio-tracked simultaneously
during a time interval were located within a critical
distance more or less often than expected if the 2 animals
were moving independently (Doncaster, 1990). Observed
separation distances between pairs of coyotes were
calculated from paired x, y coordinates within a 15-min
interval. Expected differences were estimated from all
possible combinations of unpaired coordinates. The
distance at which coyotes become aware of conspecifics
is unknown; therefore, we established 500 m as the
critical distance to the test as done by Chamberlain,
Lovell & Leopold (2000) for coyotes in a forest
environment. A significant positive interaction occurred
if observed frequencies (paired) were significantly greater
than expected (unpaired) frequencies for each distance
interval. A significant negative interaction occurred if
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expected frequencies (unpaired) were significantly greater
than observed (paired) frequencies. Two coyotes were
considered to be associated with each other when the
observed frequencies of locations were significantly
greater (P < 0.05) than the expected frequencies. We used
Chi-square 2 x 2 test to identify positive and negative
interactions. We classified the interactions between coyo-
tes depending on their status to the landfill as interactions
of landfill coyotes, interactions of outside coyotes and
interactions between landfill coyotes with outside coyotes.
We determined that coyote pairs with significant positive
dynamic interaction were part of the same group.

RESULTS
Home-range size and landfill presence

Sixteen coyotes were radio-tracked during the study (five
in the landfill and 11 outside it), but the number of animals
varied during years, sites and seasons (Table 1). Seasonal
home ranges of coyotes in the landfill varied from 0.9 to
9.5 km?, whereas home-range sizes of coyotes outside the
landfill varied from 10.9 to 43.7 km? (Table 1, Figs 1 &2).

The coyote’s home-range size exhibited an intense effect
of the landfill (F(1 5y = 42.99, P < 0.001) and no effect
of the seasonality of the area (F(; 3y = 0.05, P = 0.99)
or the interaction between the seasonality and the landfill
(F(1,8=0.02, P = 0.99). Similarly, the home-range size
differed markedly between the landfill and the outside
(Fa,10) = 15.68, P = 0.003), but there was no effect of
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Fig. 1. Home range configuration of coyotes Canis latrans radio-tracked during 1996, 2000 and 2001 relative to the presence of a landfill
in a tropical deciduous forest of Mexico. (a) Dry season 1996; (b) rainy season 1996; (c) dry season 2000; (d) rainy season 2000; (e) dry
season 2001; (f) rainy season 2001. Bold lines represent males and dashed lines females. Scale is 0-3 km.
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Fig. 2. Mean seasonal home-range size (km?), estimated with the
95% Adaptive Kernel, of coyotes Canis latrans radio-tracked on a
landfill area and outside it during 1996, 2000 and 2001 in a tropical
deciduous forest of Mexico. Lines on the top of the bars represent
one standard deviation. White bars represent the coyotes outside the
landfill and dashed bars the coyotes inside the landfill area.

sex (F(1,10) = 0.02, P = 0.96), and no interaction between
sex and the landfill (ANOVA F; 19y = 0.28, P = 0.61).

Coyote group size and landfill presence

To determine the coyote group size in the landfill and
outside the landfill, we did not use data from 1996, the

dry season of 2000 and the rainy season of 2001 because
there were a small number of coyotes with functioning
radio-collars. We only found significant positive dynamic
interactions on the landfill coyotes (Table 2). We did
not find any positive interaction between outside coyote
pairs or in landfill coyote pairs with outside coyotes.
According to our definition of group, the landfill coyotes
were forming a group of three adults — two females (F5
and F6) and one male (M8) — during the rainy season of
2000, and a group of four adults — two females (F5 and
F6) and two males (M8 and M9) — during the dry season
of 2001. During this last season, the four individuals of
the landfill were located together several times in the same
area in which we suspected was a common den.

DISCUSSION
Landfill presence and home-range size of coyotes

The results support our prediction that differences in food
availability may produce differences in the home-range
sizes of coyotes. According to the RDH, territory size may
be affected by changes in the spatial distribution of patches
of available food (Macdonald, 1983). In this study, coyotes
outside the landfill may have access to a greater number
of patches compared with landfill coyotes. However, these
patches do not have the same amount of food as in
the landfill. The greater availability of patches with less
food may cause the enlargement of territories, because
coyotes in these areas have to use a greater number of
patches to attain their energy requirements. Coyotes in the
landfill may satisfy their energy requirements in a single
patch because of the large quantity of food available, thus

Table 2. Temporal interactions among coyotes Canis latrans with overlapping home ranges during the rainy season of 2000 and the dry
season of 2001 related to the presence of a landfill in a tropical deciduous forest of Mexico. The value of the Chi-square test (obtained
in the 2 x 2 test)® was obtained using the Dynamic Interaction Test proposed by Doncaster (1990) with a critical distance of 500 m.
M, male; F, female; *, P < 0.05; **, P <0.01; *", negative interaction P < 0.05

Coyotes outside the

Landfill coyotes and coyotes

Landfill coyotes landfill outside the landfill
Season Interaction Value? Interaction Value? Interaction Value?
Rain 2000 F5 F6 19.4** F3 M4 0.7
M8 4.1* M7 0.4
F6 M8 5.1% F3 M6 0.2
M2 M5 1.3
M4 M6 0.0
M7 0.8
M6 M7 0.1
Dry 2001 F5 F6 5.0% F3 M4 1.5 F4 F5 1.7
M8 4.1 F4 M5 33 MI10 0.2
M9 4.6 M5 F5 0.7
Fé6 M8 53.1** M10 0.2
M9 36.7
M8 M9 48.8
M10 F5 0.01
F6 4.4*n
M8 1.8
M9 0.2
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reducing their home-range size. This probably represents
the extreme condition of the territory postulate of the
RDH. Under these circumstances, it would be interesting
to test the hypothesis that removal of the landfill patch may
render the territory untenable for the group of coyotes that
depend on it.

Our second prediction, that home-range size of coyotes
would increase in response to the seasonality of the
area, was rejected. The absence of a seasonal effect
on the home-range size of outside coyotes could be
explained by the fact that they feed mostly on cotton
rats Sigmodon mascotensis, which are associated strongly
with induced grasslands, and whose greatest densities
have been observed in the dry season (A. Miranda,
Fundacion Ecoldgica de Cuixmala, pers. comm.), and
cultivated fruits, especially papayas which are available
throughout the year because of irrigation during the dry
season (Hidalgo-Mihart et al., 2001).

Landfill presence and coyote group size

The data obtained during the rainy season of 2000 and
the dry season of 2001 suggest that our prediction that
group size of landfill coyotes would be larger than group
size of outside coyotes is correct. Although there is a
possibility that some coyotes outside the landfill were
not captured, and therefore that certain coyote pairs were
associated with non-captured residents, we assumed from
our intensive trapping that most coyotes were caught. Also,
during field work we found no evidence of coyote groups
outside the landfill, neither visual observations of grouped
coyotes nor tracks of more than two individuals walking
together.

We propose two different explanations of group for-
mation in the landfill. First, coyotes are considered to
follow an expansionist strategy (Kruuk & Macdonald,
1985), in which benefits obtained by group formation are
associated typically with rewards related to cooperative
behaviours, such as breeding and food acquisition. Under
this strategy, the advantages of the presence of secondary
animals are sufficient to compensate the costs of enlarging
territories. However, our results suggest that under special
circumstances, like abundance of human food waste,
the landfill resident pair may have more resources than
those needed by them alone and therefore can sustain
subordinate coyotes forming a group. This suggests that
landfill coyotes in our study area operate as contractors
(Kruuk & Macdonald, 1985) and not as expansionists. The
contractor strategy explains group formation in animals
that maintain a small economically defensible area, which
will encompass sufficient resources for a breeding pair
and may support additional residents. According to this
strategy and the RDH, in these minimum territories
the group size is affected primarily by patch richness,
indicating that an increase in the amount of food available
for each patch, without any concomitant change in patch
distribution will affect only group size (Macdonald, 1983).
Under these circumstances, it may be possible that a
manipulation on amount of trash received by the landfill

would produce a parallel change in number of coyotes of
the group that depends on it.

A second explanation, alternative to the contractor —
expansionist strategy for group formation in the landfill,
is the defence of this area from other coyotes or feral
dogs. The formation of groups to defend food resources
has been previously documented for coyotes (Bekoff
& Wells, 1981; Bowen, 1981). In our study area, the
landfill represents a continuous food source for coyotes
throughout the year, contrasting enormously with the
surrounding areas where food resources are limited during
the dry season (Valenzuela & Macdonald, 2002). Thus,
resident coyotes might need to strongly defend the area
from invasions of neighbouring coyotes and the large
group of feral dogs that inhabits the landfill. Aggressions
of feral dogs to coyotes have been observed in the
proximities of the landfill (A. Pefia, Fundacion Costa
Careyes, pers. comm.), thus suggesting that competition
for space and food resources between both species could
be present. Aggression between canid species are well
documented (Palomares & Caro, 1999; Fedriani et al.,
2000), and usually explained as a strategy of competitive
exclusion. Also, feral dogs are effective scavengers on
human food waste and carrion, often displacing native
scavengers because of their high plasticity and elevated
numbers near human-disturbed areas (Butler & du Toit,
2002).

Coyotes in tropical areas

Human activity has an important effect on the availability
and abundance of coyote prey items in our study area
(Hidalgo-Mihart et al., 2001). Some authors suggest that
food habits of coyotes are influenced strongly by changes
in land use associated with agriculture and urbanization
(Brillhart & Kaufman, 1994). It also has been documented
that coyotes are increasing their range as a consequence
of landscape alteration by human activities, creating
habitats where coyotes can easily find food (Quinn,
1997). We have little information about the processes
involved with the expansion of coyotes in tropical areas.
However, deforestation and roadways produced by human
activities probably contributed to the establishment of
coyote populations in areas like Costa Rica (Vaughan,
1983), the Yucatan Peninsula (Sosa-Escalante et al., 1997)
and Belize (Platt, Miller & Miller, 1998) where they were
absent only a decade or so ago. The results of this study,
where a landfill was strongly beneficial to coyotes, lead
us to speculate that populations of this carnivore will tend
to increase as a direct consequence of human activities in
the tropics.
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Los COYOoTES EN CHAMELA, JALI SCO

La sel ecci 6n de habitats abiertos (zonas agricolas y ganaderas
princi pal rente) por |os coyotes en Chanela al nivel de area de activi dad
(local i zaci ones dentro del é&rea de actividad), aunado al hecho de que se
ven anpliamente beneficiados por |a presencia de un basurero, indica que
esta especie se ve favorecida por |la apertura de nuevas areas agricolas y
ganaderas, asi cono por |a presencia humana. A pesar de que |l as razones
de esta sel ecci6n no son claras, muy probabl enente se deba a que son e
héabitat ideal para una especie cursorial conp el coyote, es decir, una
especi e muy bien adaptada para caninar y cazar areas abiertas(Kleimn y
Ei senberg, 1973), ademas de que | os coyotes han nobstrado ser una especie
poco adaptada a sobrevivir en bosques densos (Richer et al., 2002). De |la
m sma forma, otros factores que podrian estar influyendo sobre esta
sel ecci 6n son el hecho de que es en | as zonas abiertas donde se
encuentran | a mayor parte de sus presas (Hidalgo-Mhart et al., 2001),
ademas de que en la regi 6n no exi sten canpafias extensivas para el contro
de este depredador, | o que probablenmente da |libertad a | os coyotes para
moverse en |la cercania de |ugares con gran presencia humana. Un factor
mas que qui za esté favoreciendo el uso de areas abiertas, es que en el
interior del Bosque Tropical Caducifolio (BTC) del area de Chanel a,
exi sten altas densi dades de otros grandes y nedi anos carnivoros cono el
jaguar Pant hera onca, el puma Puma concolor, el ocelote Leopardus
pardalis y el coati Nasua narica (Fernandez, 2002; Nufiez et al. 2002
Val enzuel a, XXXX) | os cual es son potenci al es depredadores y conpeti dores

del coyote, lo que podria estar provocando que esta especie evite entrar

77



al BTC conp una estrategia para evadir |os peligros de |a depredaci 6n o
| a conpetenci a.

La transformaci 6n de al rededor del 25% de | os bosques tropicales
originales en | a costa de Jalisco a zonas agricolas y ganaderas en | os
ulti nos 25 afios (M randa, 2002), posiblenente ha beneficiado a | os
coyotes en el éarea, anpliando | as zonas donde pueden vivir y
pot enci al mente aunentar el tamafio de sus pobl aci ones. La tendencia actua
de deforestaci 6n en la regi 6n (al rededor del 2.2% anual; Mranda, 1998),
muy probabl emente tenga conb consecuencia un continuo aunento de |as
pobl aci ones de coyote. Ante este escenario, es de esperarse que |os
conflictos entre humanos y coyotes en el area se increnenten (sobre todo
| a depredaci 6n de aves de corral y el dafio cultivos conercial es; Hidal go-
M hart, 2001). De la misma formm, debido a que |os coyotes en el area
probabl enente son | os depredadores dom nantes de | os anbi entes
def orestados (CantU-Sal azar et al., 1998), es de esperarse que |la
dinam ca de |la conuni dad de depredadores nedi anos y presas se vea
af ectada por el aumento de | as pobl aci ones de coyote, pues se ha
docunent ado que vari aci ones positivas o negativas en el tamafio de |as
pobl aci ones de esta especie tienen efectos en cascada en aquel |l os |ugares
donde | os coyotes son | os depredadores principales (Crooks y Soul é, 1999;
Henke y Bryant, 1999). Debido a esta situaci én, es necesario e
desarroll o de programas de manejo y control para | os coyotes adecuadas a
la estructura natural y econénico-social de la regi 6n que permtan
dism nuir el dafio econ6ém co, asi conp reducir el inpacto ecol 6gico de |a
especi e.

En |a actualidad el control de coyotes y otros depredadores conmo
mapaches (Procyon lotor), tejones (Nasua narica) y zorras grises (Urocyon
cinereoargenteus) en el area de Chanela, se basa principalnente en la

col ocaci 6n de cebos envenenados y se realiza por esfuerzos individuales
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de productores de cultivos conerciales conp papaya y sandia, asi conp en
| os casos de depredaci 6n de aves de corral. Estos esfuerzos a pesar de
que dan conp resultado | a elimnacién indiscrimnada de una gran canti dad
de ani mal es (depredadores y no depredadores), tienen un efecto tenpora

en la dismnuci6n de | os dafios. La causa mas probable de esta situaci én
puede ser sinmlar a la que se presenta en otras area a lo largo de la

di stribuci én del coyote, donde en poco tienpo individuos transeuntes
sustituyen a | os individuos elininados. Para evitar este tipo de

si tuaci ones, se ha recomendado que | os esfuerzos de control deben

coordi narse entre una gran canti dad de productores, de nodo que |as areas
sujetas a control se incrementen y se evite la rapida reinvasi 6n por
coyotes transeuntes (Knowlton et al., 1999). Sin enbargo, debido a que
baj o condi ci ones nornal es | os coyotes en |l a regi 6n ocupan areas de
actividad de entre 15 y 36 kn?, un esfuerzo de control adecuado requiere
de grandes superficies, |o que bajo el npdelo actual de tenencia de la
tierra inmplica la coordinaci én de ejidatari os y pequefios propietarios,

| os cual es en nuchos casos tienen visiones encontradas sobre | a necesi dad
de invertir tienmpo y recursos para control ar coyotes, sobre todo porque
estos aparentemente no tienen efecto al guno sobre nmuchas de | as

activi dades econom cas de la regi én (e. g., producci 6n de mango o chile,
0 actividad turistica).

Debi do a estas visiones encontradas y a que en un futuro es de
esperarse un aunento en | as pobl aci ones de coyotes en el area, es
necesario que en la regi6n se Ileve a cabo una estinmaci 6n peri 6di ca de
| os dafios econdéni cos produci dos por | os coyotes de tal forma que se pueda
establ ecer si la relacién del beneficio del programa de control y manejo
contra su costo es positiva o negativa (Bodenchuck et al., 2002). En caso
de que la relacio6n fuera positiva se debe concertar qué program

preventivo de control es el mAs adecuado (e.g., tranpeos extensivos 0 uso
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de pistolas de cianuro M44), |os cual es deben ser pagados por aquell os
beneficiarios del control. En caso de que la relacién fuera negativa se
deben de reconmendar programas de nanej o Uni camente en aquellos lugares y
monment os donde se producen | os dafos, incluyendo ademas del control |a
utilizaci 6n de nétodos no |l etales conpb el uso perros guardi anes y cercas
para el caso de los cultivos, y gallineros para | as aves de corra

(Knowton et al., 1999).

LOS COYOTES EN LAS ZONAS TROPI CALES DE MEXI CO Y CENTROAMERI CA

El resultado del npdelo de nicho indicé que en el sur de México y
Centroangérica | os coyotes no se encuentran potencial nente distribuidos en
| as areas donde se conservan aun grandes areas de bosque tropical hunmedo,
|l 0 que puede considerarse comp un indicador de |la inportancia de estas
areas para detener | a expansi 6n de esta especie. Sin enbargo, la
tendenci a actual de deforestaci6n, en la cual entre 324,000 y 431,000 ha
de bosque son deforestados cada afio en Centroamérica (Kainowitz, 1996) y
para 1990 s6lo el 10% de | as selvas altas perennifolias y el 45% de |as
subcaduci fol i as mantenian un buen estado de conservaci 6n en México
(Chal | enger, 1998), inplica que nuy probabl emente en el futuro continuara
| a expansi 6n del area de distribuci 6n de esta especie

Areas conp | a Lacandona y el sur de Yucatan en México, el Petén 'y
Sel va Maya en Cuatemala, |la peninsula de Osa en Costa Rica o el centro y
sur de Panama pueden ser potencial nente invadidas en un futuro por |os
coyotes, debido a que en ellas existen intensas presiones por anpliar |la
frontera agricola y ganadera conmp resultado de |a apertura de cam nos y
la |l egada de nuevos pobl adores (Kainmowitz, 1996; Cuar6n, 2000; Hayes et
al ., 2002; Rosero-Bi xby, 2002).

Un caso especial es el Darién al sur de Pananmh, en donde a pesar de

que | os coyotes aln no han invadi do, el nodel o de distribuci6n nmostrd que
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al nenos en su parte norte es un habitat potencial nente favorable para
| os coyotes. Esta regi 6n ha funcionado para evitar la |l egada de una gran
cantidad de especies de habitats abiertos a Sudanmérica (Wbb, 1985), pues
ha conservado su estatus de bosque tropical hunedo desde el Pleistoceno
(Col i nvaux, 1997). Se cree que el macizo de bosque de esta regi 6n
(al rededor de 150 km lineal es) pueden evitar | a invasion del coyote a
Sudamérica. Sin enbargo nuevos proyectos de desarrollo conp |la carretera
que comuni caria Panama con Col onbi a (tenporal nente detenida por |os altos
costos y conflictos anbientales; Wbster et al., 1996) pueden favorecer
| a deforestacion en el area y la potencial nigraci 6n de | os coyotes hacia
el sur (Monge-Najera y Mrera-Brenes, 1986; De La Rosa y Nocke, 2000).
Los efectos de esta invasi én son inpredeci bles pues |la |l egada de un
nuevo y adaptabl e depredador al area puede alterar tanto | os ciclos
econodm cos como | os ecol gi cos. Desde el punto de vista econdnico existe
el peligro de depredaci 6n de ganado (principal nente ovino y caprino) y
dafios a productos agricolas. Desde el punto de vista ecol6gico la |Ilegada
de |l os coyotes a un area de alto endeni sno de céni dos (G nsherg y
Macdonal d, 1990), puede provocar |la declinaci 6n de |as cani dos de pequefio
tamafio comb se ha visto en otras areas de su distribuci én (Cohn, 1998).
En | a actualidad no se han desarrol |l ado netodos especificos de
control de coyotes para areas tropicales. Cominmente se utilizan
procedimientos letales a baja escala conop el envenenani ento
indiscrimnado o |la caceria con rifle, pero no existen datos sobre |la
efectividad de éstos para reducir | os dafios. Tanpoco existe infornmaci én
sobre el efecto de la aplicacion de nedidas no letales conp el uso de
perros guardi anes o de cercas. Oras alternativas tales cono |a
restauraci 6n de depredadores natural es del coyote, han denpstrado tienen
efectos inportantes sobre |los |as pobl aci ones de esta especie en el norte

de su distribucion (Crabtree y Sheldon, 1999), pero tienen poca
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aplicaci 6n para éareas tropicales, pues |os potencial es depredadores conp
el jaguar o el pumm, son cominnente especialistas del interior de bosque
y debido a | a seleccién de |os coyotes por habitats abiertos y

def orest ados, es poco probable que tengan un efecto sobre |as pobl aci ones
de este céanido. Es asi que quiza la Unica opcion viable en este nonmento
para evitar |a expansi 6n del coyote sea |l a conservaci 6n y restauraci 6n de
bosques naturales, |os cuales |a especie parece no sel eccionar; sin
enbargo, es una opci 6n poco realista al observar |as el evadas tasas de

pérdi da de habitat naturales en el sur de México y Centroanerica

Li NEAS DE | NVESTI GACI ON FUTURAS

La expansi 6n del area de distribucion y tanmafio de | as pobl aci ones
de coyote en Mexico y Centroanmérica podria ser el detonador de nuevos y
conpl ejos conflictos entre humanos y fauna silvestre. Sin enbargo, al
m smo tienpo esto representa una oportuni dad para el desarrollo de
proyect os de investigaci 6n que formul en planes de manejo de |a especi e,
en los cuales se aplique el conocimento cientifico a la resolucién de
conflictos econdm cos.

Las | ineas de investigaci 6n que en un futuro ayudaran entender
mejor la forma en |a que | os coyotes responden a |las zonas tropicales y
por lo tanto a desarrollar nejores planes de nanejo para |a especie en
estas areas pueden dividirse en dos tipos: bioldgicas y econdm cas.

Bi ol 6gi cas.- Es inportante determinar si |os coyotes responden a
grandes areas agricolas y ganaderas de la msma forma conmo | o hicieron en
este trabajo, en el que se determndé el uso de hébitat de esta especie en
un regi 6n donde se conbi naban zonas abi ertas con zonas de bosque tropica
conservado. Esto debe hacerse debido a que | as condiciones existentes en
una extensa zona donde no existen areas sin influencia humana, pueden

reducir por ejenplo la disponibilidad de sitios de refugio y crianza o
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canmbiar la dinam ca de |as presas potenciales, |lo que tendria
consecuenci as sobre | as pobl aci ones de coyotes, de tal forma que | as
reconendaci ones de manej o pueden ser diferentes.

Se debe de trabajar en la inplenentaci én y nmejoram ento de técnicas
que perm tan conocer canbios en | a abundanci a de coyotes en grandes areas
geogr aficas (nivel estado o provincia). Una de | as posibles sol uciones a
esto es la utilizaci 6n de estaciones ol fativas. Sin embargo, debido a que
éste nmétodo no ha sido adaptado a zonas tropical es, es necesario
determinar |as nmejores técnicas de nuestreo (e. g., densidad de
transectos, longitud de transectos, tipo de atrayente, etc.) asi conp
desarrollar las técnicas de analisis estadistico que dism nuyan sesgos Yy
mejoren |a calidad de |os resultados.

Es i nprescindible una revisién del estatus taxoném co de |os
coyotes en toda su area de distribucion y en particular para el sur de
Mexi co y Centroamérica, pues muchos de |as subespeci es han sido descritas
con base en unos pocos ejenplares. Un analisis filogeografico permtiria
conocer si los coyotes en el sur de Mxico y Centroamérica son
i nmi grantes de | as pobl aci ones del centro de México o son restos de |as
pobl aci ones que vivieron en el Pleistoceno en el area. Estos resultados
ayudarian a establecer la historia de |os coyotes en el area asi com
estipular qué factores geol 6gicos e historicos han determnado |a
di stribuci é6n pasada y presente de | os coyotes en la regidn

Econdm cas. - Es necesari o establecer |a magnitud de | os dafios a
cultivos y ganado produci dos por | os coyotes en zonas tropicales. Para
esto es preciso determinar |las nmejores estrategias que pernitan
cuantificar | os dafios de forma nmas adecuada dependi endo de la escala a la
que se trabaje (local o regional). En el caso de una escala local, se
deben precisar los costos y posibles sesgos de técnicas conp |as

entrevistas o | a inspecci6n visual de dafios, de tal forma que se
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establ ezcan mét odos estandari zados que pernmitan inplantar |as mejores
formas de manejo y control, asi conp realizar conparaciones entre areas
A nivel regional se deben determnar las formas de cuantificar |os dafios
basados en reportes de asociaci ones de productores de tal forma que se
puedan establ ecer nejores progranmas gubernanmental es para el nanejo de
esta especie.

Se debe trabajar en el desarrollo de protocol os de control que
sustituyan al envenenam ento indiscrimnmnado. Al gunas sol uci ones posibles
son por ejenplo el uso de pistolas de cianuro (M44), |as cuales se han
desarrol |l ado especificamente para canidos y se usan anplianmente en otras
areas de la distribucién del coyote. De la misma forna se deben
establ ecer protocol os de nonitoreo que permtan determ nar el efecto de
| os programas de control tanto en | as pobl aci ones de coyotes asi conmp en
| os dafios pensando sienpre en el nejoram ento de | a relaci 6n costo-
beneficio

Es necesario finalmente determinar la mejor forma de incluir e
costo anbi ental asociado al programa de control dentro de la relaci6n de

beneficio del programa de control contra su costo econdm co
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VI1.- APENDICE. TAMANO DEL AREA DE ACTIVIDAD
ESTACIONAL DE LOSCO YOTESESTUDIADOSEN
CHAMELA, JALISCO CONTRA NUMERO DE
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Figura 1. - Tamafio del area de actividad estacional de |os coyotes

estudi ados en Chanela, Jalisco durante 1996 contra el nanero de

| ocal i zaci ones. A) Tenporada seca B) Tenporada de |luvias. El area de
actividad se obtuvo por nmedio del método del Poligono Mninm Convexo. Las
| ineas continuas representan a | os machos y | as discontinuas a | as
henbras. Los sinbolos representan el nanero de identificaci 6n de cada uno

de | os coyotes estudi ados.

Figura 2. - Tammfio del area de actividad estacional de | os coyotes

estudi ados en Chanel a, Jalisco durante 2000 contra el nunmero de

| ocal i zaci ones. A) Tenporada seca B) Tenporada de |luvias. El area de
actividad se obtuvo por nmedio del método del Poligono Mninm Convexo. Las
| ineas continuas representan a | os machos y las discontinuas a |as
henbras. Los sinbolos representan el nimero de identificaci6n de cada uno

de | os coyotes estudi ados.

Figura 3. - Tammfio del area de actividad estacional de | os coyotes

estudi ados en Chanel a, Jalisco durante 2001 contra el nunero de

| ocal i zaci ones. A) Tenporada seca B) Tenporada de |luvias. El area de
actividad se obtuvo por nmedio del método del Poligono Mninm Convexo. Las
| ineas continuas representan a | os nmachos y las discontinuas a |as
henbras. Los sinbolos representan el numero de identificaci6n de cada uno

de | os coyotes estudi ados.
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